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  Pref ace   

 Erectile dysfunction is defi ned as the persistent inability to attain and/or maintain erec-
tion suffi cient for a satisfactory sexual intercourse. Erectile dysfunction is frequently 
encountered in the general population, and its frequency increases with age. Erectile 
dysfunction exerts a major impact on patients’ and their sexual partners’ quality of life 
and signifi cantly affects self-confi dence and self-esteem with substantial psychologi-
cal consequences. Erectile dysfunction has been considered for very long the territory 
of psychiatrists and urologists. However, advances in the pathophysiology and treat-
ment of erectile dysfunction during the last two decades uncovered a strong vascular 
component, rendering erectile dysfunction a primarily vascular disease in most cases. 

 Erectile dysfunction is more prevalent in patients with cardiovascular disease 
than in the general healthy population. The vascular origin of erectile dysfunction 
and its frequent coexistence with cardiovascular disease and/or cardiovascular risk 
factors and shared pathophysiological process set the basis for the in-depth exami-
nation of the association between erectile dysfunction and cardiovascular disease. 

 Assessing the association between erectile dysfunction and cardiovascular dis-
ease is a reciprocal, bidirectional task. Cardiovascular disease has to be proac-
tively and thoroughly searched in patients with erectile dysfunction, since erectile 
dysfunction may precede coronary artery disease by 3–5 years. Erectile dysfunc-
tion can thus be considered as an “early diagnostic window” for the detection of 
asymptomatic coronary artery disease. On the other hand, patients with overt car-
diovascular disease or cardiovascular risk factors (hypertension, diabetes mellitus, 
dyslipidemia, obesity, metabolic syndrome) need to be assessed for erectile dys-
function, since erectile dysfunction is highly prevalent in these disease conditions 
and affects signifi cantly patients’ quality of life, and the therapeutic management of 
these patients needs caution in some cases. 

 The European Society of Hypertension has acknowledged the signifi cance of 
erectile dysfunction in the management of patients with arterial hypertension dur-
ing the last decade, and relevant newsletters were published. A working group on 
sexual dysfunction and arterial hypertension was formed on 2009, and its inaugural 
session took place in Oslo during the 2010 annual meeting of the society. Since 
then, this group published a position paper regarding the association between erec-
tile dysfunction and arterial hypertension, continued the intense efforts in clinical 
research, and tried to spread current knowledge in this fi eld not only to the European 
 hypertension community but to other international societies as well. 
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 This book aims to provide a comprehensive and up-to-date presentation of the 
strong and clinically meaningful association between erectile dysfunction and car-
diovascular disease. It gives us a great pleasure and honor that some of the most 
eminent, widely recognized, and highly respected experts in the fi eld of erectile dys-
function and cardiovascular disease from both sides of the Atlantic joined this proj-
ect and provided valuable contributions. Moreover, we would like to emphasize the 
multidisciplinary nature of this book, since contributing authors come from a wide 
variety of medical specialties (cardiology, internal medicine, nephrology, endocri-
nology, urology, family medicine). In addition, health-care professionals who are 
strongly involved in the management of patients with erectile dysfunction such as 
psychologists have been also involved in the authorship. It is with great honor that 
a distinguished team of basic research from the École Polytechnique Fédérale de 
Lausanne (EPFL) has also joined this effort and provided a different view on current 
research and future directions. 

 This book is actually divided into three parts. The fi rst part covers the epidemiol-
ogy and the pathophysiology of erectile dysfunction, highlighting the connection 
between erectile dysfunction and cardiovascular disease and unveiling the role of 
erectile dysfunction as a marker of silent coronary artery disease and as a predictor 
of future cardiovascular events. The second part discusses the presence of erectile 
dysfunction in the various diseases of the cardiovascular continuum and associ-
ated conditions. The last part deals with the broad spectrum of erectile dysfunction 
therapy, while the assessment and management of patients with erectile dysfunction 
represent the “grand fi nale” of this book. 

 We would like to express our sincere gratitude to all contributing authors for 
embracing this effort and providing well-written chapters of the highest scientifi c 
quality. We would also like to cordially thank the contributing authors for comply-
ing with our wish of presenting a book which will be easy to read and appropri-
ate for a wide variety of practicing physicians, such as general practitioners and 
primary health physicians, cardiologists, internists, nephrologists, endocrinologists, 
pneumonologists, urologists, and psychiatrists. Finally, we cannot forget Roberto 
Garbero for his continuous efforts and the valuable help during all stages of book 
production, and Springer for providing the chance to present this book.  

    Tallinn ,  Estonia      Margus     Viigimaa   
    Athens ,  Greece      Charalambos     Vlachopoulos   
    Thessaloniki ,  Greece      Michael     Doumas       

Preface
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  1      Definition and Assessment of Erectile 
Dysfunction 

             Charalambos     Vlachopoulos    

1.1            Definition of Erectile Dysfunction 

 Erectile dysfunction (ED) is the most common sexual problem in men. Inadequate 
penile erection, otherwise known as ED, is defi ned as the inability to attain or 
 maintain a penile erection suffi cient for successful vaginal intercourse [ 1 ]. 
This symptom must be present for at least 3 months before a diagnosis can be made. 
In some instances of surgically induced ED (e.g., following radical prostatectomy) 
or trauma, the diagnosis may be made prior to 3 months [ 2 ]. Objective testing 
(or partner reports) may be used to support the diagnosis of ED, but these measures 
cannot substitute for the patient’s self-report in classifying the dysfunction or 
 establishing the diagnosis [ 2 ]. ED often causes serious distress, prompting men to 
seek medical attention they may not otherwise seek. It affects intimate relationship, 
self-esteem, and quality of life and has signifi cant unfavorable consequences.  

1.2     Distinction Between Organic and Psychogenic ED 

 Normal erectile function has been described as a process that involves the 
 coordination of psychological, vascular, endocrine, and neurological systems. For 
clinical purposes, ED is categorized into three types according to their etiology: 
type I, psychogenic; type II, organic; and type III, mixed [ 3 ]. Types II and III differ 
according to the absence or presence of signifi cant mental (cognitive) or emotional 
(affect) distress. In type II ED, resolution of the main symptom adequately 
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diminishes mental and/or emotional distress, whereas in type III ED complemen-
tary psychotherapy is indicated. Usual type II (organic) etiologies are vasculogenic, 
 hormonal, and neurogenic. Due to the relationship of vasculogenic ED with 
 cardiovascular disease, it is important to distinguish men with predominantly 
 vasculogenic ED from those with predominantly psychogenic ED (type I) or non-
vasculogenic organic ED. 

 Table  1.1  offers elements for distinction between type I (psychogenic) and type 
II (organic) ED [ 4 ]. The most common organic etiology of ED is vasculogenic. 
Coexistense of vascular disease, advancing age, and the presence of cardiovascular 
risk factors and metabolic disorders increase the likelihood that ED is of vasculo-
genic etiology. The etiology of predominantly psychogenic ED is multifactorial, 
and components may include psychiatric disorders (especially depression), inter-
personal problems with the sexual partner, or misconceptions about normal sexual 
activity. Identifying and getting treatment for those patients with psychogenic 
causes of ED such as depression that may also increase cardiovascular risk is also 
important [ 4 ].

1.3        The Importance of the Medical History 

 While additional workup is usually necessary, the medical and sexual history is 
essential and frequently the most revealing aspect of the ED assessment process [ 5 ]. 
Although not always defi nitive, a detailed history may provide suggestive evidence 
for or against the role of specifi c organic or psychogenic factors and should be 
obtained in all cases of ED. A detailed description should be made of the rigidity 
and duration of both erotic and morning erections and of problems with arousal, 
ejaculation, and orgasm [ 6 ]. Documenting a medical history has several goals [ 6 – 8 ]. 
First, it is important to evaluate the potential role of underlying comorbidities. ED 
may be symptomatic of an underlying comorbidity, such as atherosclerosis or dia-
betes. Second, a possible association with cardiovascular conditions to differentiate 
among potential organic and psychogenic causes in the etiology of a patient’s sexual 
problem must be investigated. Third, the history helps to assess the use of concomi-
tant medications. Some of these medications can either cause or contribute to ED, 
and a change in medication may result in an improvement in sexual function. 

   Table 1.1    Differential characteristics of psychogenic versus organic ED   

 Characteristic  Predominantly psychogenic ED  Predominantly organic ED 

 Onset  Acute  Gradual 

 Circumstances  Situational  Global 

 Course  Intermittent  Constant 

 Noncoital erection  Rigid  Poor 

 Nocturnal/early AM erections  Normal  Inconsistent 

 Psychosexual problems  Long history  Secondary to ED 

 Partner problems  At onset  Secondary to ED 

 Anxiety/fear  Primary  Secondary to ED 

  From Persu et al. [ 4 ]  

C. Vlachopoulos
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Additionally, the use of certain medications (e.g. nitrates) may be important 
 contraindications for specifi c treatments. Interviewing the patient’s partner during 
the ED assessment is also usually advisable. 

 Standardized questionnaires are frequently used to confi rm that the disorder is 
truly ED and to measure its severity. They are also valuable research aids that help 
assess the response to different treatments of ED. Several questionnaires are 
 available. Two of the most practical and easily administered are the International 
Index of Erectile Function (IIEF) and the Sexual Health Inventory for Men (SHIM) 
[ 9 ,  10 ]. The IIEF, a 15-item, self-evaluation questionnaire is a validated instrument 
for assessing erectile function, orgasmic function, desire, and satisfaction after sex-
ual relations [ 9 ]. An abridged version of the IIEF is a fi ve-item questionnaire the 
SHIM or IIEF-5 (Table  1.2 ). Responses to the fi ve questions range from 1 (worst) to 
5 (best). Questions 2–4 may be graded 0 if there is no sexual activity, or no sexual 
intercourse attempt) and the fi nal score ranges from 1 to 25 points; a descending 
score indicates worsening of erectile function, with values ≤21 being diagnostic of 
ED [ 10 ]. Importantly, validated questionnaires correlate with the extend of coronary 
artery disease and improve the predictive value of ED for total cardiovascular events 
compared to a single-question ED diagnosis [ 11 ]. It cannot be overemphasized that 
the SHIM can be effectively used not only by andrologists and urologists but by a 
wide array of medical specialists, such as cardiologists, diabetologists, primary care 
physicians, etc.

1.4        Physical Examination 

 The physical examination may corroborate aspects of the medical history and can 
sometimes reveal unsuspected physical fi ndings (e.g., decreased peripheral 
pulses, atrophic testes, penile plaque). In addition to identifying specifi c etiolo-
gies or comorbidities, the physical examination may provide an opportunity to 
inform the patient about aspects of his sexual anatomy or physiology as well as to 
provide reassurance about body appearance and function [ 5 ,  6 ]. It should be rec-
ognized that the physical examination can also be a source of shame, embarrass-
ment, or discomfort for many patients. Every effort should be made to ensure the 
patient’s privacy, confi dentiality, and personal comfort during the examination. It 
is important to review the major fi ndings of the examination and address any 
questions or concerns of the patient regarding his physical appearance or 
normality.  

1.5     Biochemical and Hormonal Testing 

 The laboratory investigation for ED depends on information gathered during the 
medical history. Laboratory testing is necessary for most patients, though not for all. 
On the basis of laboratory tests, it is crucial to determine the medical status of the 
patient, to identify and characterize the type of dysfunction, and to determine the 
need for additional specialized testing (e.g., penile or pelvic blood fl ow studies, 
nocturnal penile tumescence testing, or other blood tests). 

1 Defi nition and Assessment of Erectile Dysfunction
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 All patients must undergo a fasting glucose and lipid profi le if not assessed in the 
previous 12 months. Total (and free) testosterone should be measured in all ED 
patients because there is documented evidence of a high incidence of impairment in 
pathways of cavernosal homeostasis and penile vascular remodeling related to low 
androgen level [ 12 ]. Tests that measure bioavailable or calculated-free testosterone 
are preferred to total testosterone tests because they are better at establishing testos-
terone defi ciency [ 13 ]. There are many studies showing a signifi cant association of 
low testosterone levels with the presence and extent of vasculogenic ED; however, 
age-adjusted cutoff testosterone values for exclusion of vasculogenic ED presence 
or severity have not been identifi ed yet [ 12 – 14 ]. Additional hormonal tests, e.g., 
prolactin, follicle-stimulating hormone (FSH), and luteinizing hormone (LH), must 
be carried out when low testosterone levels are detected [ 13 ]. If any abnormality is 
observed, referral to an endocrinologist may be necessary. 

 The rationale for assaying proinfl ammatory markers is the potential bidirectional 
association between endothelial dysfunction and infl ammation [ 15 ]. The majority 
of these markers are upregulated in men with ED, irrespective of the etiology result-
ing in ED [ 16 ,  17 ], but most importantly, combining proinfl ammatory markers such 
as fi brinogen or interleukin-6 has been shown to have a satisfactory negative- 
predictive value for ED (few false-negative results), and perhaps they may comprise 
a useful tool to rule out ED in high-risk profi le patients. Among a wide range of 
proinfl ammatory and endothelial-prothrombotic markers, the negative-predictive 
value of the combination of fi brinogen <225 mg/dL with interleukin-6 <1.24 pg/mL 
for excluding ED was 91.7 % [ 16 ].  

1.6     Specialized Testing 

 Table  1.3  lists the most common specifi c diagnostic tests for ED and their benefi ts 
and limitations. The classical specialized tests such as penile color Doppler ultra-
sound accurately assess cavernous artery infl ow and venous leakage [ 18 ]. 
Neurological testing (penile biothesiometry, dorsal nerve conduction velocity) is 
useful to assess somatic pathways [ 8 ]. However, these tests frequently do not add to 
data already available from the medical history and assessments based on patient 
self-report, physical examination, and laboratory testing [ 3 ]. Furthermore, it should 
be born in mind that these tests are expensive, time consuming, invasive, prone to 
complications (prolonged erections), and prone to error except in experienced 
hands.

   Nevertheless, evaluation by color Doppler ultrasound still remains the corner-
stone of the diagnostic workup of the patients with vasculogenic ED. The measure-
ment of peak systolic velocity by using a dynamic penile Doppler ultrasound (with 
intracavernous injection of alprostadil and audiovisual stimulation) alone represents 
a reliable marker for detecting penile vascular damage and diagnosis of vasculo-
genic ED in patients with CV risk factors because this is a parameter that strongly 
correlates with functional erection [ 18 ]. Criteria for evaluating the study results vary 
to some degree. A peak systolic velocity lower than 25 cm/s is generally agreed to 

1 Defi nition and Assessment of Erectile Dysfunction
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indicate arterial insuffi ciency. The proposed value for the lower limit of normal 
ranges from 25 to 35 cm/s, but a peak systolic velocity of 35 cm/s or higher clearly 
rules out arterial insuffi ciency. End-diastolic velocity serves as a proxy for venous 
outfl ow; a velocity of 5 cm/s or lower when the penis is at full rigidity indicates the 
absence of abnormal venous leakage. 

 Nocturnal penile tumescence and rigidity testing using Rigiscan should take place 
for at least two nights. A functional erectile mechanism is indicated by an erectile 
event of at least 60 % rigidity recorded on the tip of the penis lasting for ≥10 min. 

 Recent research-based techniques that attempt to assess penile endothelial dys-
function [ 19 ] and to differentiate men with vasculogenic ED from those without 
include the penile nitric oxide release test and Endo-PAT2000 [ 20 ].  

    Conclusions (Fig.  1.1 ) 
    A comprehensive evaluation of ED is the foundation of the management plan. 
The initial assessment should focus on identifi cation of the actual presence of the 
consensus defi nition of ED. Administration of various questionnaires focused on 
ED could be a part of the initial assessment. A further step includes a detailed 

   Table 1.3    Advantages and disadvantages of commonly used specifi c ED tests   

 Advantages  Disadvantages 

 Color Doppler 
ultrasound 

 A defi nitive and accurate diagnosis 
for arteriogenic ED 

 Incomplete smooth muscle 
relaxation due to anxiety or 
sympathetic overtone might lead to 
false-positive results 

 Peak systolic velocity is related to 
incident major cardiovascular 
events. Association with the degree 
and distribution of atherosclerotic 
lesions in other vascular beds 

 Pharmaco-
arteriography 

 Mandatory prior to 
revascularization procedures. 
Outlines anatomy of pudendal and 
penile arteries before arterial 
surgery in post-traumatic and 
congenital cases 

 Invasive. Affected by methodology 
and timing 

 Pharmaco- 
cavernosometry or 
cavernosography 

 Suggests veno-occlusive 
dysfunction. It is recommended 
before venous surgery to confi rm 
the diagnosis and to locate the site 
of venous leakage 

 Moderately invasive. Incomplete 
smooth muscle relaxation due to 
anxiety or sympathetic overtone 
might lead to false-positive results 

 Neurological 
testing 

 Detect somatic motor pathways, 
sensory pathways, refl exes 

 Does not directly assess autonomic 
nerve function. Complex and time 
consuming 

 Nocturnal penile 
tumescence 
monitoring 

 One of the most commonly used 
tests to distinguish psychogenic 
from organic ED 

 Age dependent, it does not detect 
sensory defi cit impotence. 
False-positive results can occur if 
patients do not sleep well. Assesses 
only radial, not axial rigidity. Does 
not correlate well with IIEF domain 
scores 
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medical history, psychiatric history, psychosocial assessment, assessment of 
 lifestyle factors, and medication review. Physical examination should be com-
prehensive, with a focus on genitourinary, vascular, and neurological systems 
and inspection of secondary sexual characteristics. Biochemical and hormonal 
testing should be tailored to the individual patient and should focus on the pos-
sible etiological factors of ED. Additionally, proinfl ammatory biomarkers with 
good performance characteristics (i.e., sensitivity, specifi city, positive- and neg-
ative-predictive values) can assist in the diagnosis of ED, discriminate the cause 
of ED, and estimate the severity of ED. Further focused, specialized testing 
could include penile vascular assessment and neurological testing.     
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2.1            Introduction 

 Erectile dysfunction has been called the “prima ballerina” of hypertension-related, 
quality-of-life complications. This is because erectile dysfunction is frequently 
encountered in hypertensive patients and exerts a major impact on the quality of life 
of patients and their sexual partners [ 1 ,  2 ]. Several mechanisms have been impli-
cated in the pathogenesis of erectile dysfunction in hypertensive patients. Studies of 
Doppler ultrasonography of the penile arteries, with or without papaverine injec-
tions, suggested that in 89 % of these hypertensive patients, the cause of erectile 
dysfunction was penile circulation disability, probably due to atherosclerosis [ 3 ]. 

 Erectile dysfunction may actually be a risk marker of cardiovascular 
 complications in hypertensive patients [ 4 ] as well as an early diagnostic indicator 
for asymptomatic organ damages (higher common carotid intima-media thickness, 
higher carotid-femoral pulse-wave velocity, and lower fl ow-mediated dilation of 
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the brachial artery) [ 5 ]. Treatment of erectile dysfunction with phosphodiesterase-5 
 inhibitors may also improve adherence to antihypertensive therapy [ 6 ]. 

 This review aims to present epidemiological data regarding the impact of hyper-
tension on erectile function, the prevalence of erectile dysfunction in hypertensive 
patients compared to normotensive individuals; critically evaluate available data; 
and summarize the determinants of erectile dysfunction in hypertensive patients.  

2.2     The Impact of Hypertension on Erectile Dysfunction 

 Available data on the risk for erectile dysfunction in the presence of hypertension 
come mainly from large studies in community-based populations that include 
 subgroups of hypertensive men [ 7 – 16 ]. In these studies, the odds ratio for erectile 
dysfunction in hypertensive individuals ranges from 1.30 to 2.79 (Table  2.1 ).

   Specifi cally, Derby et al. [ 7 ] reevaluating the results of the Massachusetts Male 
Aging Study (MMAS) found an 80 % greater risk for erectile dysfunction in 
 hypertensive individuals aged 40–70 years (age-adjusted odds ratio 1.80). In the 
Cologne Male Survey which was performed by Braun et al. [ 8 ] in 4,489 men, 
30–80 years of age in the Cologne urban district, an age-adjusted odds ratio 1.58 
(95 % confi dence intervals 1.29–1.93) was found for erectile dysfunction in the 
subgroup of hypertensives. Martin-Morales et al. [ 9 ] conducted a large cross-sec-
tional study in 2,476 individuals in Spain including 850 hypertensives. The 
International Index of Erectile Function (IIEF) questionnaire was used for the 
assessment of erectile dysfunction. The study included both younger and older 
patients (age range 25–70 years) with a mean ± SD age of 48 ± 12 years. It has to be 
noted, however, that the majority of study participants was of older age (50–70 years: 
68 %). Hypertension was associated with a 58 % increased risk for erectile 
 dysfunction (odds ratio 1.58). Marumo et al. [ 10 ] evaluated the signifi cance of 

   Table 2.1    Odds ratio for 
erectile dysfunction in 
hypertensive subgroups from 
larger cohorts studied [ 7 – 16 ]    Study (authors – year) 

 Age of 
participants 
(years) 

 Odds ratio 
for erectile 
dysfunction in 
hypertensives 

 Derby et al. 2000 [ 7 ]  40–70  1.80 a  

 Braun et al. 2000 [ 8 ]  30–80  1.58 a  

 Martin-Morales et al. 2001 [ 9 ]  25–70  1.58 

 Marumo et al. 2001 [ 10 ]  40–79  2.79 

 Nicolosi et al. 2003 [ 11 ]  40–70  1.45 a  

 Mirone et al. 2004 [ 12 ]  17–98  1.30 

 Ponholzer et al. 2005 [ 13 ]  20–80  2.05 

 Saigal et al. 2006 [ 14 ]  ≥20  1.56 

 Laumann et al. 2007 [ 15 ]  ≥40  1.60 

 Selvin et al. 2007 [ 16 ]  ≥20  2.22 a  

   a Adjusted for age  
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several risk factors for erectile dysfunction in 1,014 men aged 40–79 years, 
 according to a univariate logistic regression analysis and found a 48 % prevalence 
of erectile dysfunction and a 2.79 odds ratio (95 % confi dence intervals 2.05–3.80) 
for erectile dysfunction in the 223 hypertensives included in the study. 

 Nicolosi et al. [ 11 ] assessed the epidemiology of erectile dysfunction in 
community- based populations in four countries (Brazil, Italy, Japan, and Malaysia). 
It was a cross-national study performed in a random sample of approximately 600 
men in each country aged 40–70 years. An age- and country-adjusted odds ratio for 
erectile dysfunction 1.45 (95 % confi dence intervals 1.15–1.84) was found in the 
group of 540 hypertensives included in the study. Mirone et al. [ 12 ] sought to assess 
determinants of erectile dysfunction in men aged 17–98 years who asked for a free 
of charge andrologic consultation during a week focused on andrologic prevention 
in Italy. They found an increased risk of ED (odds ratio 1.30, 95 % confi dence inter-
vals 1.10–1.40) in men with hypertension. Ponholzer et al. [ 13 ] assessed the preva-
lence and risk factors for erectile dysfunction in 2,869 men aged 20–80 years 
participating in a health-screening project in the area of Vienna. Participants com-
pleted the IIEF questionnaire for the evaluation of erectile dysfunction. Risk factors 
for erectile dysfunction included hypertension with an odds ratio 2.05 (95 % confi -
dence intervals 1.61–2.60). Saigal et al. [ 14 ] analyzed data from the 2001–2002 
National Health and Nutrition Examination Survey (NHANES) to evaluate predic-
tors and prevalence of erectile dysfunction in a racially diverse population (3,566 
men, 20 years and older). They found several modifi able risk factors that were inde-
pendently associated with erectile dysfunction, including hypertension (odds ratio 
1.56). Laumann et al. [ 15 ] conducted in the United States the Male Attitudes 
Regarding Sexual Health (MARSH) study, a cross-sectional, nationally representa-
tive probability survey of 1,955 men aged 40 years or older that oversampled blacks 
and Hispanics. They aimed to estimate, by race/ethnicity, the prevalence of erectile 
dysfunction and the impact of sociodemographic, health, relationship, psychologi-
cal, and lifestyle variables. An odds ratio for erectile dysfunction 1.60 (95 % confi -
dence intervals 1.00–2.40) was found in the subgroup of patients with hypertension. 
Selvin et al. [ 16 ] also performed a cross-sectional analysis of data from 2,126 adult 
male participants in the 2001–2002 National Health and Nutrition Examination 
Survey (NHANES) to assess the prevalence of erectile dysfunction and to quantify 
associations between putative risk factors and erectile dysfunction in the US adult 
male population (20 years and older). Slightly less than half of individuals with 
treated hypertension (44.1 %) were affected by erectile dysfunction (age-adjusted 
odds ratio 2.22, 95 % confi dence intervals 1.30–3.80).  

2.3     Prevalence of Erectile Dysfunction 
in Hypertensive Patients 

 The prevalence of erectile dysfunction in patients with essential hypertension, either 
treated or untreated, has been evaluated in studies dedicated to that purpose and was 
compared to the prevalence of erectile dysfunction in normotensive individuals in 
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some of these studies [ 17 – 23 ]. According to these studies, some degree of erectile 
dysfunction is present with a prevalence that ranges from 17 to 79 % in untreated 
hypertensives, from 25 to 72 % in patients under blood pressure-lowering treatment 
while from 7 to 24 % in normotensive subjects (Table  2.2 ).

   Specifi cally, Bulpitt et al. [ 17 ] described a study of 302 patients in which erectile 
dysfunction was observed in 7 % of normotensive men, 17 % of men with untreated 
hypertension, and 25 % of men with treated hypertension. The effects of antihyper-
tensive medications on reported distress over sexual symptoms over a 24-week 
treatment period were examined by Croog et al. [ 18 ] as part of a multicenter, ran-
domized, double-blind clinical trial in which 626 men with mild to moderate hyper-
tension participated. On entry into the clinical trial, 58 % of patients taking 
antihypertensive medications and 44 % of men not receiving antihypertensive drugs 
reported some degree of erectile dysfunction. Düsing [ 19 ] designed an open, pro-
spective study to investigate the effect of the angiotensin II receptor blocker valsar-
tan on sexual function in hypertensive males. The patients’ sexual function was 
assessed before valsartan and after 6 months of treatment using the IIEF question-
naire. At baseline, 65.0 % of the 952 patients without previous antihypertensive 
treatment could be diagnosed as having erectile dysfunction, according to the 
IIEF. Valsartan therapy markedly reduced the prevalence of erectile dysfunction to 
45 %. In a sample of 634 Greek young and middle-aged men (31–65 years), erectile 
dysfunction was at least twice as common in treated hypertensives compared to 
untreated hypertensives and normotensives (40 % versus 20 % and 14 %, respec-
tively), as reported by Doumas et al. [ 20 ]. 

 A matched case-control study was conducted by Bener et al. [ 21 ] at primary 
health-care clinics with 296 Qatari hypertensive participants and 298 normotensive 
men aged 30–75 years. The mean ± SD age was 54.8 ± 11.5 years for hypertensives 
as compared to 54.5 ± 12.1 years for non-hypertensives. Sexual function was evalu-
ated with the IIEF questionnaire. Among the 298 non-hypertensive participants, 
only 71 had erectile dysfunction (24 %), while of the 296 hypertensive patients, 196 
participants reported erectile dysfunction (66 %). Moreover, among the 53 treated 
hypertensives, 38 were found with erectile dysfunction (72 %), while of the 

   Table 2.2    Prevalence of erectile dysfunction in hypertensive and normotensive individuals 
from respective studies [ 17 – 23 ]   

 Study (authors – year) 

 Prevalence of erectile dysfunction (%) 

 Treated 
hypertensives 

 Untreated 
hypertensives  Normotensives 

 Bulpitt et al. 1976 [ 17 ]  25  17  7 

 Croog et al. 1988 [ 18 ]  58  44  – 

 Düsing 2003 [ 19 ]  45  65  – 

 Doumas et al. 2006 [ 20 ]  40  20  14 

 Bener et al. 2007 [ 21 ]  72  65  24 

 Baumhäkel et al. 2008 [ 22 ]  64  79  – 

 Cordero et al. 2010 [ 23 ]  71  –  – 
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remaining 243 untreated hypertensives, 158 reported an erectile dysfunction (65 %). 
Of the 296 hypertensive participants studied, 25 % had severe, 29 % had moderate, 
and 12 % had mild erectile dysfunction. Frequency and severity of erectile 
 dysfunction increased with advancing age. Baumhäkel et al. [ 22 ] aimed to deter-
mine the infl uence of irbesartan on erectile dysfunction in a total of 1,069 consecu-
tive hypertensive patients with a metabolic syndrome recruited from the 
documentation of hypertension and metabolic syndrome in patients with irbesartan 
treatment (DO-IT) survey. Erectile dysfunction was assessed using the IIEF ques-
tionnaire. Erectile function increased signifi cantly after 6 months of treatment with 
irbesartan, irrespective of dosage and independent of additional treatment with 
hydrochlorothiazide. Prevalence of erectile dysfunction declined to 64 % from 79 % 
at baseline. Cordero et al. [ 23 ] designed a cross-sectional and observational study in 
1,007 high- risk hypertensive male subjects treated with any beta-blockade agent for 
at least 6 months (mean ± SD age of participants 57.9 ± 10.6 years). Erectile dys-
function was assessed by the IIEF questionnaire. The prevalence of any category of 
erectile dysfunction was 71 % (38.1 % mild, 16.8 % moderate, and 16.1 % severe 
erectile dysfunction, respectively). Patients with erectile dysfunction had longer 
time since the diagnosis of hypertension and higher prevalence of risk factors and 
comorbidities. The prevalence of ED increased linearly with age. ED patients 
received more medications and were more frequently treated with carvedilol and 
less frequently with nebivolol. 

 The prevalence of erectile dysfunction in hypertensive men is even higher when 
diabetes mellitus coexists (77 % versus 67 %), as reported by Giuliano et al. [ 24 ]. 
Moreover, the previous studies clearly demonstrate that the severity of erectile 
 dysfunction is worse in patients with hypertension than in the general population.  

2.4     Comments on Variation in Odds Ratio and Prevalence 
of Erectile Dysfunction in Hypertensive Patients 

 The large variation in the reported odds ratio and prevalence may refl ect different 
sample populations, different assessment methods (e.g., telephone interviews, face-
to- face interviews, mailed questionnaires, in-offi ce questionnaires), different sever-
ity of erectile dysfunction, different medications, cultural differences in the 
willingness of individuals to discuss such issues and accept the social stigma of 
erectile dysfunction, as well as ethnic differences (genetic and environmental fac-
tors affecting erectile function) [ 2 ]. Considering the various methods for the assess-
ment of erectile dysfunction, some trials have used a single question about sexual 
satisfaction while others have adopted multiple-scale validated questionnaires like 
the IIEF that checks all fi ve major domains of sexuality: sexual desire, erectile 
function, orgasmic function, intercourse satisfaction, and overall satisfaction with 
sexual life. 

 The aforementioned factors may explain the lower prevalence of erectile 
 dysfunction in hypertensive patients (12.2 %) reported in the Treatment of 
Mild Hypertension Study (TOMHS) [ 25 ], one of the fi rst large-scale studies in the 
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fi eld: (i) the study included only mildly hypertensive patients since diabetic and 
severely hypertensive individuals were excluded; (ii) patients’ age ranged from 45 
to 69 years, excluding older patients; and (iii) there was only one question assessing 
sexual dysfunction.  

2.5     The Role of Antihypertensive Drugs 

 An interesting and perhaps paradoxical observation among the previous studies is 
that treated hypertensive patients often were no better or perhaps even demonstrated 
higher prevalence of erectile dysfunction. This paradox is explained, in part, by the 
concept that some of the antihypertensive medicines that are used may actually 
worsen erectile dysfunction. Specifi cally, older antihypertensive drugs (diuretics, 
traditional beta-blockers, centrally acting) exert negative results [ 1 ,  17 ,  18 ,  20 ,  26 ], 
whereas newer agents have either neutral (calcium antagonists, angiotensin- 
converting enzyme inhibitors) [ 1 ,  18 ,  20 ] or even benefi cial effects (angiotensin 
receptor blockers) [ 1 ,  19 ,  20 ,  22 ,  26 ]. In regard with the vasodilating beta-blockers, 
it seems that they do not share the unfavorable effects of traditional beta-blockers 
though precise data on this issue are lacking [ 1 ,  27 ]. Development of erectile 
 dysfunction in connection with beta-blockers might be biased by psychological 
effects derived from the awareness of being treated with a certain substance [ 28 ]. 
This is an important point since patient’s concerns about the adverse effects of drugs 
on erectile function might limit the use of essential medications in high-risk patients 
[ 28 ]. Available data point towards signifi cant benefi ts in sexual function when prior 
antihypertensive therapy is switched to either nebivolol or angiotensin receptor 
blockers [ 19 ,  22 ,  29 ].  

2.6     Determinants of Erectile Dysfunction 
in Hypertensive Patients 

 Major determinants of the frequency and severity of erectile dysfunction in 
 hypertensive men include the duration and severity of hypertension, the age, and 
the type of antihypertensive therapy [ 1 ,  20 ,  21 ,  23 ]. No difference in the prevalence 
of erectile dysfunction was found among hypertensive and pre-hypertensive men 
aged 25–40 years compared with normotensive controls, pointing that the damage 
caused by hypertension may take years to become evident [ 30 ]. Long-standing 
hypertension (>5–6 years) has been associated with more frequent and more severe 
erectile dysfunction compared to hypertension of recent onset [ 20 ]. The results of 
a recent study further suggest that non-dipping status is a risk indicator for early 
deterioration of erectile function in hypertensive patients [ 31 ]. No defi nite data 
exist regarding the role of smoking, alcohol intake, and the level of physical activ-
ity on erectile function in patients with essential hypertension [ 20 ,  27 ]. The effect 
of lifestyle modifi cation on erectile function has not been adequately addressed but 
there are reports for benefi cial results: an interval exercise program implemented 
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for 8 weeks in hypertensive patients with severe erectile dysfunction had positive 
effects on sexual functioning [ 32 ]. A recent meta-analysis suggests a benefi cial 
effect of lifestyle modifi cation on erectile function [ 33 ]; however, available data in 
patients with hypertension is not of adequate power and quality to permit for 
 defi nite conclusions [ 34 ].  

    Conclusions 
 Patients with essential hypertension present with erectile dysfunction more fre-
quently than matched normotensive individuals, a condition with a major effect 
on their quality of life. Because erectile dysfunction is a topic of potential embar-
rassment, doctors must be motivated to discuss such issues. Main determinants 
of the prevalence and severity of erectile dysfunction in hypertensive individuals 
are the age, the severity and duration of hypertension, and the type of antihyper-
tensive therapy. Blood pressure-lowering treatment may even increase the preva-
lence of erectile dysfunction, with older drugs (diuretics, traditional beta-blockers, 
centrally acting) showing a worse profi le than newer drugs (vasodilating beta-
blockers, calcium antagonists, angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers). By identifying hypertensive individuals with erectile 
dysfunction, a cautious antihypertensive drug selection is mandatory. Changing 
the antihypertensive drug class in a treated patient with erectile dysfunction may 
also improve his sexual function.     
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  3      Pathophysiology of Erectile Dysfunction 

             Dragan     Lovic    

        Erectile dysfunction (ED) is a major problem in a life of the modern men. It affects 
10–25 % of middle-aged and elderly men. ED is the failure to achieve erection, ejacu-
lation, or both. Normal erectile function requires the involvement and coordination of 
multiple regulatory systems and is thus subject to the infl uence of psychological, hor-
monal, neurological, vascular, and cavernosal factors. An alteration in any of these 
factors may be suffi cient to cause erectile dysfunction (ED), but in many cases a com-
bination of several factors is involved [ 1 ]. Some conditions such as diabetes, athero-
sclerotic, and drug-related causes account for 80 % of causes of ED in elderly. 

 Evidence suggests that ED may result from three basic mechanisms:

    1.    Failure to initiate (psychogenic, endocrinologic, or neurogenic)   
   2.    Failure to fi ll arteriogenic (atherogenic)   
   3.    Failure to store adequate blood volume within the lacunars network (veno- 

occlusive dysfunction)     

 Psychological factors are involved in a signifi cant number of cases of erectile 
dysfunction alone or in combination with organic causes. An important psycho-
genic factor related to erectile dysfunction is performance anxiety (fear of failure 
during intercourse). 

 There is a lot theory explaining psychological factors in erectile dysfunction have 
described multiple developmental, cognitive, affective, and interpersonal factors that 
predispose men to sexual dysfunction [ 2 ]. At present, psychogenic erectile dysfunc-
tion is thought to be primarily related to a group of predisposing, precipitating, and 
maintaining factors. 
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3.1     Neurogenic Erectile Dysfunction 

 Certain neurological disorders are frequently associated with erectile dysfunction, 
including multiple sclerosis, temporal lobe epilepsy, Parkinson’s disease, stroke, 
Alzheimer’s disease, and spinal cord injury [ 3 ]. 

 Events that disrupt central neural networks or the peripheral nerves involved in 
sexual function can cause ED. Evidence suggest that this form of ED has been 
termed “neurogenic impotence” [ 4 ]. 

 The etiologies of neurogenic ED can be classifi ed as:

•    Peripheral (peripheral ED)  
•   Spinal (sacral-peripheral ED, suprasacral-central ED)  
•   Supraspinal (suprasacral ED)    

3.1.1     Peripheral ED 

 Peripheral ED can be secondary to the disruption of sensory nerves that bring local 
information to the brain and contribute the afferent arm of refl ex erection or to the 
disruption of autonomic nerves which mediate arterial dilation and trabecular 
smooth muscle relaxation.  

3.1.2     Erectile Dysfunction in Spinal Cord Injury 

 Patients with lesions above the sacral parasympathetic center maintain refl exogenic 
erection. In these patients, minimal tactile stimulation can trigger erection, although 
of short duration requiring continuous stimulation to maintain erection. If the lesion 
is incomplete patients can receive input from psychogenic erection and maintain 
erectile function. Patients with signifi cant lesions affecting the sacral parasympa-
thetic center do not have refl ex erections and have severe ED [ 5 ].  

3.1.3     Erectile Dysfunction After Radical Pelvic Surgery 
(Supraspinal) 

 The neurologic lesion occurs in the pelvic plexus or in the cavernosal nerves located in 
the posterolateral aspect of the prostate. Maintenance of erectile capacity with nerve-
sparing procedures varies between 35 and 68 % depending on the surgical technique, 
the clinical and pathological staging of the tumor, and the age of the patient [ 5 ]. 
Recovery of erectile function after radical pelvic surgery can be slow over the course of 
12–18 months. Intracavernosal administration of vasoactive agents improves the prob-
ability of recovering erectile function, probably by preventing prolonged ischemia. 

 However, recent advances in surgical techniques have signifi cantly lowered the 
incidence of post-pelvic-surgery erectile dysfunction [ 6 ].   
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3.2     Atherosclerosis and Erectile Dysfunction 

 Most important risk factors are connected with penile arterial insuffi ciency, includ-
ing atherosclerosis, hyperlipidaemia, hypertension, diabetes mellitus, cigarette 
smoking, and pelvic irradiation. 

 Consistency of evidence association of ED to systemic vascular diseases is clear. 
There is notice a high prevalence of ED in patients having cardiovascular disease 
(CAD), peripheral arterial disease, and cerebrovascular disease [ 7 ]. The prevalence of 
ED looks to be increased with severity of vascular disease. Patients with lesions in two 
or more coronary arteries had worse erectile function than patients with normal coro-
nary arteries or single vessel CAD. However, cardiovascular diseases are also preva-
lent among patients with ED. Furthermore, CAD has been revealed in patients 
reporting ED without any other symptomatology of vascular disease [ 8 ]. ED has also 
been associated to the presence of peripheral atherosclerotic lesions. Among patients 
with ED, 66.4 % presented atherosclerotic lesions, while lesions were only present in 
36.5 % of patients without ED. In rabbit’s chronic ischemia provoked by atheroscle-
rotic stenosis of the proximal iliac artery is also associated with functional changes in 
the distal part of the penile vasculature such as nitric oxide synthase (NOS) activity. 
Neurogenic contractions were potentiated, while endothelium-dependent and neuro-
genic NO-mediated relaxations were reduced in cavernosal tissue. Reduced NOS 
activity and impaired endothelium-dependent and neurogenic NO-mediated relax-
ation of cavernosal tissue have been confi rmed in a rabbit model of cavernosal isch-
emia without hyperlipidemia. An elevation of the cavernosal content of endogenous 
inhibitors of NOS was proposed to be responsible for these effects. 

 Inman and colleagues in their studies suggested that erectile dysfunction shares 
the same risk factors as CAD, with endothelial dysfunction being an important 
underlying pathological change in both diseases. Other potential mechanisms 
involved in the development of endothelial dysfunction that can lead to erectile 
dysfunction and CAD include a dysfunctional L-arginine NO pathway, increased 
peripheral sympathetic activity, vascular structural alterations leading to decreased 
vascular dilatation capacity, and increased specifi c [ 9 ]. 

 Evidence from studies of Montorsi suggested that infl ammatory phenomenon might 
be related to the caliber of the blood vessels. Whereas the penile artery has a diameter 
of 1–2 mm, the proximal left anterior descending coronary artery is 3–4 mm in diam-
eter. Thus, an equally sized atherosclerotic plaque developing in the smaller penile 
arteries would more likely compromise fl ow, presenting itself as an erectile dysfunc-
tion complaint much earlier than if the same amount of plaque developed in the larger 
coronary artery, causing angina. Inadequate venous occlusion is another important 
cause of vasculogenic erectile dysfunction [ 9 ]. Inadequate venous occlusion can occur 
as a result of the development of large venous channels draining the cavernous tissue. 
It might also be caused by severe degenerative, functional, or anatomical changes in the 
tunica albuginea, such as those that occur in Peyronie’s disease [ 10 ]. 

 The present Princeton III Consensus guidelines recognize erectile dysfunction as 
a strong predictor of CVD. This association between CVD and erectile dysfunction 
was confi rmed in a study that reported that erectile dysfunction is a potent predictor 
of adverse cardiovascular events in high-risk cardiovascular patients [ 11 ]. 
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 Recent fi ndings that erectile dysfunction is a strong predictor of CAD and that the 
development of symptomatic erectile dysfunction might precede the occurrence of a 
cardiovascular event by 2–3 years have led to stricter measures during the assessment 
of patients who present with poor erections [ 12 ,  13 ]. A strong recommendation is that 
all men with erectile dysfunction who are free from any cardiac symptoms should be 
considered to be cardiac (or vascular) patients until proven otherwise (Fig.  3.1 ).

3.3        Hyperlipidemia and ED 

 It is an important association of ED and hyperlipidemia which has been found in 
several clinical studies. Most of them suggest that hypercholesterolemia at baseline 
was also shown as a predictor of ED. High concentrations of low-density lipopro-
tein seem to be related to ED, although low levels of high-density lipoproteins have 
been shown to be predictive of ED [ 15 ]. 

 The selective action of the endothelial NO/cGMP pathway in hypercholesterol-
emia could be due to increased superoxide production by nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase or to increased plasma levels of asym-
metric dimethylarginine, an endogenous inhibitor of NOS [ 16 ].  

3.4     Hypertension and ED 

 High blood pressure is an independent risk factor for development of ED [ 17 ,  18 ]. 
Cardiovascular complications following hypertension such as ischemic heart dis-
ease and renal failure are associated with an even higher prevalence of ED. 

 Hypertension affects blood vessels by shear stress, which can lead to endothelial 
abnormalities such as an altered production and activity of vasoactive substances. It 
has been proposed that in hypertension, the increased blood pressure per se does not 
induce an impairment of erectile function; therefore, it is thought that the resultant 
dysfunction could be caused by the associated arterial stenotic lesions [ 19 ]. 

 In hypertensive population, ED was associated to older age, longer duration of 
hypertension, and a more severe hypertension. ED was also related to the antihyper-
tensive therapy [ 20 ]. 

 Together with high blood pressure, it should be emphasize that some endocrino-
logical disorders and hormone irregularity can lead to ED. 

 Endocrinological erectile dysfunction thru androgens plays important parts in 
enhancing sexual desire and maintaining adequate sleep-related erections but have a 
limited effect on visually induced erections. It is spot that testosterone is important in 
the regulation of the expression of NO synthase (NOS) and PDE5 inside the penis 
[ 21 ]. Testosterone defi ciency or hypogonadism has been recently associated with car-
diovascular morbidity and mortality. Hyperprolactinemia leads to sexual dysfunction, 
due to low testosterone concentrations. Increased prolactin concentration leads to the 
inhibition of gonadotropin-releasing hormones, which, in turn, decreases the secretion 
of luteinizing hormone, which is responsible for testosterone secretion [ 22 ].  
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  Fig. 3.1    Pathophysiological links between endothelial dysfunction, infl ammation, testosterone 
defi ciency, and acute or chronic coronary artery disease (Modifi ed with permission by Vlachopoulos 
et al. [ 14 ]).  ACE  angiotensin-converting enzyme,  ADMA  asymmetric dimethylarginine,  CAD  coro-
nary artery disease,  CNP  C-type natriuretic peptide,  CRP  C-reactive protein,  ET - 1  endothelin-1, 
 ICAM - 1  intercellular adhesion molecule,  MCP - 1  monocyte chemotactic protein-1,  NO  nitric 
oxide,  PGI2  prostaglandin,  VCAM  vascular cell adhesion molecule       
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3.5     Cigarette Smoking and ED 

 Cigarette smoking is an important independent modifi able risk factor and it 
appears to have a deleterious effect on penile hemodynamic integrity. Mannino 
showed an odds ratio (OR) of 1.4 for smokers vs. nonsmokers. Some  researchers 
furthermore demonstrated an OR of 1.7 and also that the risk of ED increases 
with duration of this habit [ 23 ]. Cigarette smoking showed also to increase the 
age- adjusted risk of ED in addition to increasing the relative risk for antihyper-
tensive medications, cardiac drugs, and systemic illness as diabetes mellitus (50 
vs. 45.4 % of complete ED, smokers vs. nonsmokers, respectively). The authors 
reported that there are strong parallelisms and shared risks among smoking, 
CAD, atherosclerosis, and ED [ 7 ]. Clinical and basic science studies provide 
strong indirect evidence that smoking may affect penile erection by the impair-
ment of endothelium- dependent smooth muscle relaxation. They also confi rmed 
that the association of ED with risk factors such as CAD and hypertension 
appears to be amplifi ed by cigarette smoking [ 24 ]. 

 From a pathophysiological point of view, nicotine may inhibit smooth muscle 
function or the neurovascular mediators, such as prostacyclin, causing many types 
of hemodynamic alterations. Hypercoagulability and increased platelet aggregation, 
the release of fatty acids and catecholamines, or direct toxic effects on the vascular 
endothelium have also been considered as possible mechanisms. Recently, literature 
data showed that smoking may act as a risk factor for ED by reducing high-density 
lipoprotein (HDL) and increasing fi brinogen concentrations [ 25 ].  

3.6     Increased Vasoconstriction and ED 

 Enhanced basal and myogenic tone has been observed in arteries from hypertensive 
rats [ 26 ]. It is unclear whether enhanced myogenic constriction refl ects a primary 
pathological defect contributing to the hypertensive state or a secondary adaptive 
process protecting the exchange vessels from elevated pressures [ 27 ]. Although the 
role of myogenic tone in the penile vasculature for erection remains to be clarifi ed, 
the increased vasoconstriction could contribute to decreased arterial infl ow and 
erectile response [ 28 ]. 

 Enhanced adrenergic activity keeping the penile smooth muscle contracted is 
expected to result in ED. Sympathetic nerve activity accompanies hypertension in 
man and hypertensive animals [ 29 ]. However, in corpus cavernosum from spontane-
ously hypertensive rats, the content of sympathetic neurotransmitters was found to 
be unchanged [ 30 ]. Neither the contractions evoked by the ά1-adrenoceptor agonist, 
phenylephrine, nor the contractions induced by electrical fi eld stimulation were 
enhanced in arteries or erectile tissue from renal hypertensive compared to normo-
tensive rats. 

 In view of these fi ndings, it is unlikely that changes in the peripheral sympathetic 
neuro-effectors junction or responsiveness to ά-adrenoceptor agonists play a role 
for the decreased erectile function observed in hypertensive rats [ 31 ].  
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3.7     Impaired Neurogenic Vasodilatation and ED 

 Immunohistochemical and functional studies of isolated penile small arteries indi-
cate that NO is the main neurotransmitter mediating nonadrenergic noncholinergic 
relaxations to electrical fi eld stimulation [ 32 ]. 

 In patients with essential hypertension, endothelium-dependent vasodilatation 
elicited by infusion of agonists such as acetylcholine, bradykinin, or fl ow is dimin-
ished [ 33 ,  34 ]. 

 There is a lack for studies addressing whether endothelium-dependent vasodila-
tation in the penile circulation is altered in hypertensive men.  

3.8     Diabetes and ED 

 Diabetes mellitus type 2 is the second most common risk factor for erectile dysfunction, 
which in turn develops in 50–75 % of diabetics. The prevalence of ED is three times 
higher in diabetic men (28 % vs. 9.6 %), occurs at an earlier age, and increases with dis-
ease duration, being approximately 15 % at age 30 rising to 55 % at 60 years [ 35 ]. 
Diabetes mellitus may cause ED through a number of pathophysiological changes affect-
ing psychological function, central nervous system (CNS) function, androgen secretion, 
peripheral nerve activity, endothelial cell function, and smooth muscle contractility [ 36 ]. 

 In diabetic patients, insulin is thought to enhance nitric oxide synthase (NOS) 
activity by increasing transport of L-arginine into the cell and furnishing greater 
quantities of the essential cofactor NADPH. These effects are reversed in the insulin 
lack or insulin resistance of diabetes. Plasmatic concentration and vascular content 
of L-arginine are reduced in diabetic rats [ 37 ]. Arginase is an enzyme that competes 
with NOS for the 30 substrate, L-arginine. The inducible form of the enzyme, argi-
nase II, is overexpressed in corpus cavernosum from diabetic patients, where inhibi-
tion of arginase restores NOS activity. Intracellular availability of L-arginine in 
diabetic cavernosal tissue could be reduced not only by transport impairment but 
also by excessive metabolization through arginase pathway. 

 The ratio of reductase cofactors NADH/NAD + is increased in diabetes. This 
reduces the levels of NADPH, an essential cofactor for NOS, and increases the lev-
els of calcium-elevating second messengers such as diacylglycerol and protein 
kinase C (PKC) thus increasing smooth muscle contractility [ 38 ].  

3.9     Chronic Renal Failure and ED 

 Men suffering chronic renal failure (CRF) requiring renal replacement therapy 
have a high prevalence of sexual dysfunction (20–50 %) [ 39 ]. Many of the patho-
physiological effects of persistent uremia can potentially contribute to the devel-
opment of ED including disturbance of the hypothalamic-pituitary-testis sex 
hormonal axis, hyperprolactinemia, accelerated atheromatous disease, and psy-
chological factors [ 40 ]. 
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 Uremia results in a decrease in bioavailable NO in erythrocytes. Sarioglu and 
coworkers demonstrated that a chronic uremic state resulted in impaired nerve 
and endothelial-mediated relaxation of rabbit cavernosal smooth muscle while 
relaxation induced by NO donors or purinergic activation was preserved [ 41 ]. 

 Cavernosal vascular function in men undergoing renal replacement therapy 
showed that 80 % had both arterial insuffi ciency and veno-occlusive dysfunction. A 
link with possible impairment of the NO/cGMP pathway relating to failure of cav-
ernosal relaxation is provided by the fi nding of increased serum levels of endoge-
nous inhibitors of NO synthesis in uremic patients [ 42 ].  

3.10     Drug-Induced Erectile Dysfunction 

 Treatment using higher doses of a thiazide showed a signifi cant increase in ED 
compared to placebo [ 43 ]. Addition of a thiazide to existing treatment with propa-
nolol or methyldopa also increased the prevalence of ED, while this effect did not 
occur when the thiazide was combined with an ACE inhibitor [ 44 ]. Data from a 
large UK trial showed that twice as many men taking thiazides for treatment of mild 
hypertension reported ED compared to those treated with propanolol or placebo, 
this being the commonest reason for withdrawal from the bendrofl uazide arm of the 
study [ 45 ]. In the Treatment of Mild Hypertension Study (TOMHS), the prevalence 
of ED at 2 years in men taking low-dose thiazide was twice that of both the placebo 
group and those on alternative agents [ 46 ]. 

 Psychotropic drugs are among the most common drug classes involved in the 
development of erectile dysfunction. In a fi rst place, antidepressants are the most 
common psychotropic drugs associated with signifi cant rates of erectile dysfunc-
tion, including the selective serotonin reuptake inhibitors and venlafaxine. 
Antipsychotics such as risperidone and olanzapine have the highest likelihood of all 
psychotropic drugs of causing erectile dysfunction [ 47 ]. 

 In conclusion, several mechanisms related with ED are well done, described, and 
known. Despite the fact that some conditions joined with ED increase risk for car-
diovascular disease, we need some more evidence to have clear picture on how to 
bring a gap between potential in distinctions in pathophysiology of ED.     
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4.1            Testosterone and Hypertension 

 There has been some debate about testosterone levels and high blood pressure (BP). 
Studies in experimental animals and in men with withdrawal of sex hormones indi-
cate that androgens may be important determinants of the sex-specifi c differences in 
arterial BP (higher BP in men compared to women till menopause) [ 1 – 3 ]. On the 
other hand, in most of the observational studies in humans, levels of testosterone 
(when below normal limits) relate inversely to systolic blood BP [ 4 – 7 ]. Men with 
low levels of testosterone have a greater risk (up to 20 %) of developing high blood 
pressure over the next 5 years when compared to men with the higher testosterone 
levels [ 7 ]. Testosterone defi ciency defi ned as total testosterone (TT) below 300 ng/
mL is highly prevalent among hypertensive men (42.3 %), and the relative risk for 
having testosterone defi ciency is signifi cantly higher in men with hypertension (rel-
ative risk = 1.84) than in normotensive individuals [ 8 ]. Notably, testosterone levels 
undergo age-related decline; risk factors, such as high BP or insulin resistance, may 
hasten this age-related fall [ 4 ,  9 ]. A number of hypotheses have been proposed to 
explain the fi nding that hypertension is associated with lower levels of plasma tes-
tosterone as compared to normotensive controls: (1) serum testosterone infl uences 
BP regulation; (2) elevated BP can negatively affect steroidogenesis or clearance, 
and (3) there are genes involved in the regulation of BP that also affect steroidogen-
esis [ 4 ,  10 ]. Finally, this inverse relationship of testosterone and BP may be partly 
due to reduction in the testosterone levels because of antihypertensive medications 
that are known to affect the sexual function in hypertensive men on therapy. Indeed, 
decreased testosterone levels have been reported in hypertensive patients under 
treatment with β-blockers or spironolactone [ 11 ,  12 ] (see below).  
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4.2     Testosterone and Erectile Dysfunction in Hypertension 

 Although the mechanisms are to a certain extent unclear, hypertension itself is 
 associated with sexual dysfunction and the incidence of sexual problems is 
 considerably higher among untreated hypertensive men than among normotensive 
ones [ 13 ,  14 ]. The relationship between hypertension and decreased testosterone 
levels may be partly responsible for the impaired sexual function observed in 
 hypertensive men [ 4 ]. Indeed, increasing attention is focused on the effect of testos-
terone on penile arterial function. On one hand, testosterone defi ciency leads to 
erectile dysfunction (ED). Testosterone is required for maintenance of penile struc-
ture and functional integrity [ 15 ]. Doppler studies show that penile arterial insuffi -
ciency is frequent, and of higher severity, in men with testosterone defi ciency [ 16 ]. 
Appropriate testosterone levels are necessary for maintenance of intrapenile nitric 
oxide (NO) synthase levels [ 17 ]. On the other hand, testosterone defi ciency and 
penile arterial dysfunction appear to be pathophysiologically interrelated through 
endothelial dysfunction and activation of infl ammatory state [ 18 ]. These associa-
tions have led to the hypothesis that testosterone defi ciency contributes to the onset 
and progression of penile vascular disease, a hypothesis that is continuously gaining 
grounds in terms of evidence. Thus, testosterone defi ciency which is frequent in 
aged males with hypertension [ 8 ] may be also implicated in the common pathoge-
netic pathways of hypertension and vasculogenic ED. 

 While hypertension per se seems to be related to ED, in many patients the onset 
of erectile dysfunction is related to the initiation of antihypertensive therapy [ 11 ,  13 , 
 19 ]. Decreased levels of testosterone and, in part, of the follicle-stimulating hormone 
by metoprolol, pindolol, atenolol, and propranolol have been suggested to be involved 
in reduction of sexual function and desire [ 11 ,  12 ]. Thiazide diuretics are reported to 
have unfavorable effect on erectile function; however, their infl uence on sex-related 
hormones is not likely, because there was no effect on testosterone in humans [ 11 , 
 13 ]. Spironolactone decreases erectile function and sexual desire supposedly due to 
androgen suppression by competing with testosterone and dihydrotestosterone for 
peripheral androgen-binding sites [ 20 ]. Additionally, spironolactone seems to be a 
weak inhibitor of testosterone synthesis [ 11 ]. Regarding statins, the largest body of 
evidence point towards a benefi cial effect on erectile function [ 21 ]. A negative effect 
has been reported in high statin doses, possibly related to a potential reduction in 
serum testosterone levels, which directly needs cholesterol as its main substrate, but 
this dose dependency warrants further investigation [ 22 ].  

4.3     Testosterone and CVD Risk 

4.3.1     Testosterone and CV Events 

 There is a signifi cant inverse association between low testosterone levels and CV 
events [ 23 – 34 ] (Table  4.1 ), although not all studies confi rm this [ 35 ,  36 ]. Seen 
from a different angle, there is a protective link between higher endogenous 
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testosterone levels and CV events as it was reported in a prospective study in males 
aged 61–80 years [ 37 ]. Interestingly, androgen-deprivation therapy in prostate can-
cer patients increases CV risk [ 38 ]. In a recent study we demonstrated a signifi cant 
association of low testosterone with increased risk for major adverse cardiovascu-
lar events in hypertensive males without clinical atherosclerosis (Fig.  4.1 ) [ 32 ]. 

   Table 4.1    Low testosterone levels and increased all-cause mortality/CVD events in recent 
 publications [ 23 – 32 ]   

 Reference  HR 
 Men 
( n ) 

 CVD 
(%) 

 Hypertension 
(%) 

 Mean 
follow- up 
(years) 

 All-cause 
mortality/CVD 

 Shores et al. [ 23 ]  1.88  858  20.7  NA  8.0  All cause 

 Khaw et al. [ 24 ]  2.29  2,314  0  20  10  All cause and 
CVD 

 Laughlin et al. [ 25 ]  1.40  794  35  75  20  All cause 

 1.38  CVD 

 Tivesten et al. [ 26 ]  1.65  3,014  26.5  NA  4.5  All cause 

 Vikan et al. [ 27 ]  1.24  1,568  17  NA  11.2  All cause 

 Haring et al. [ 28 ]  2.32  1,954  9  29  7.2  All cause 

 2.56  CVD 

 Malkin et al. [ 29 ]  2.27  930  100  42.6  6.9  All cause 

 Menke et al. [ 30 ]  1.43  1,114  0  NA  9.0  All cause 

 Corona et al. [ 31 ]  7.10  1,687  11.6  27.4  4.3  CVD 

 Vlachopoulos et al. [ 32 ]  3.83  228  0  100  3.8  CVD 

   CAD  coronary artery disease,  CVD  cardiovascular disease,  HR  hazard ratio,  NA  no data available  

  Fig. 4.1    Kaplan-Meier curves for major adverse cardiovascular events ( MACE ) and coronary 
artery disease ( CAD ) events by tertile group of total testosterone (TT). Cut-offs of the TT tertiles 
were 4.0 and 4.9 ng/mL (With permission from Vlachopoulos et al. [ 32 ])       

 

4 Erectile Dysfunction and Testosterone



32

This predictive ability of low testosterone was independent of hypertension sever-
ity and related metabolic components. Importantly, when added to standard risk 
models such as the Framingham Risk Score, total testosterone reclassifi es cor-
rectly a considerable percentage (38.8 %) of patients to a higher or lower-risk 
category in the whole population. A particular strength of this study is that it 
excluded patients with a history of cardiovascular disease and diabetes; this 
allowed assessing the level and predictive role of testosterone more likely related 
to hypertension itself and not to other conditions or risk factors. Also, the mean age 
of patients in this study (56 years) underscores the clinical importance of measur-
ing plasma testosterone in middle- aged patients, an age group that is in need of a 
potent biomarker.

4.3.2         Testosterone and Target Organ Damage 

 Screening for subclinical organ damage is of paramount importance, because 
asymptomatic alterations of the cardiovascular system and the kidney are crucial 
intermediate stages in the disease continuum that links hypertension to cardiovas-
cular events and death [ 39 ]. Low testosterone may be implicated in the common 
pathogenetic pathways of ED and CVD through changes in vascular function and 
structure. Testosterone has been reported to inhibit vascular smooth muscle cell 
proliferation and neointima formation, suggesting a direct action of testosterone 
on the vasculature [ 40 ]. Indeed, testosterone has been associated with increased 
 arterial stiffness  [ 41 ],  carotid intima-media thickness  ( IMT ) [ 42 ], and  ankle - bra-
chial index  [ 43 ]. Interestingly, in a recent study we reported a more prominent 
effect of testosterone defi ciency on aortic stiffness in young men and in subjects 
with higher blood pressure levels (Fig.  4.2 ) [ 41 ]. This fi nding identifi es 
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  Fig. 4.2    Impact of the relation between ( a ) age groups, ( b ) BP (mean pressure) groups, and tes-
tosterone defi ciency ( TD ) on carotid-femoral pulse wave velocity ( PWV c–f). In younger categories 
(<50 year and 50–59 years), patients with TD had higher blood pressure-adjusted PWVc–f com-
pared to subjects with normal TT, indicating an “aging effect” of 10 years, whereas in older age 
categories such a difference was not observed. In men with a higher mean pressure (102–108 mmHg 
and >108 mmHg), patients with TD had higher age-adjusted PWVc–f compared to subjects with 
normal TT, indicating a synergistic unfavorable effect of TD and blood pressure on aortic stiffness 
(With permission from Vlachopoulos et al. [ 41 ])       
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testosterone as a marker of arterial damage with special emphasis on young and 
hypertensive individuals and supports its role as predictor of events. Of particular 
importance is the fi nding that aortic stiffness is a potent biomarker within the 
context of ED that identifi es patients who are at higher risk [ 44 ]. Finally, changes 
in cardiac function may also be involved: low testosterone has been associated 
with  left ventricular hypertrophy  [ 6 ].

4.4         Measurement of Testosterone in the Evaluation 
of ED Hypertensive Men 

 In the ED patient, measurement of testosterone levels is justifi ed to be included in 
the clinical evaluation of the patient because it serves the following purposes: (1) to 
assist in the diagnosis of ED, discriminate the cause of ED, and estimate the severity 
of ED; (2) to identify patients at higher cardiovascular risk and predict CV events in 
ED patients (i.e., to predict CVD incidence); (3) to identify hypertensive males with 
subclinical organ damage; and (4) to enhance the ability of the clinician to optimally 
choose the correct treatment for patients in whom phosphodiesterase-5 (PDE5) 
inhibitors have failed [ 45 – 47 ]. Importantly, it has been integrated as fi rst tool in the 
most recent, third (2012) Princeton Consensus for the assessment and management 
of patients with hypertension of organ ED [ 48 ].  

4.5     Testosterone Therapy 

  To whom : Testosterone therapy (TTh) should be reserved for patients who (i) are 
symptomatic (ED or reduced libido) of testosterone defi ciency and (ii) they have 
biochemical evidence of low testosterone (TT <8 nmol/L or 2.3 ng/mL) [ 49 ]. In 
men with borderline TT levels (8–12 nmol/L or 2.3–3.5 ng/mL), a TTh trial (for 
3–6 months and continuation if effective) may be envisaged. Improvement is depen-
dent on the testosterone levels with best results being obtained when TT is below 
10.4 nmol/L (3 ng/mL). Men treated with testosterone require long-term, careful 
follow-up. There should be careful follow-up of men with severe obstructive sleep 
apnea and men with severe hypertension, due to the risk of fl uid retention in case of 
overdosing [ 49 ]. 

  Effect on BP : Currently, available evidence derived from a meta-analysis of 30 
trials supported a neutral effect of testosterone supplementation on systolic 
(0.8 mmHg; 95 % CI, −4 to 5 mmHg,  P  = NS) and diastolic (2 mmHg; 95 % CI, −2 
to 6 mmHg,  P  = NS) BP that was consistent across trials [ 50 ]. However, in a recent 
prospective, observational study of the use of injectable long-acting testosterone 
undecanoate in men during routine clinical care (of them, 26 % were hyperten-
sives), blood pressure changed in a signifi cant and favorable manner [ 51 ]. Data on 
the impact of TTh on BP levels in treated and untreated hypogonadic essential 
hypertensive patients with no other conditions or risk factors are not yet 
available. 
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  Effect on lipids : The majority of prospective clinical studies indicate that TTh 
within physiologic limits has benefi cial or neutral effects on lipid profi le other than 
HDL-C, benefi cial or neutral effects on infl ammatory mediators, and generally ben-
efi cial effects on glycemic state [ 52 ,  53 ]. Lean body mass is typically increased in 
hypogonadal subjects, and visceral adiposity is decreased in several studies and 
unchanged in the remainder [ 54 ]. Such metabolic effects have raised interest on the 
potential impact on cardiovascular health. 

  Effect on TOD : Regarding the effect of TTh on markers of organ damage, a 
decrease in aortic stiffness measured as pulse wave velocity was evident after 
48 weeks; likewise, a decrease in large artery compliance was found after 3 months 
[ 55 ]. A reduction on carotid artery intimal thickness was observed at 12 months in 
one study, but this did not reach signifi cance because of the small cohort size [ 56 ]. 
The effect of TTh in men with left ventricular hypertrophy or microalbuminuria has 
not been examined yet. 

  Effect on CV risk : Most studies have shown neutral [ 57 ] or even benefi cial [ 58 ] 
effect of TTh on cardiovascular risk. However, in two recent studies there was an 
increase in cardiovascular events with TTh [ 59 ,  60 ]. In both of these studies, 
 hypertension was highly prevalent (~90 %). The increase in adverse events with TTh 
reported in the Testosterone in Older Men with Mobility Limitations (TOM) trial 
may have been related to a high rate of comorbidities and the use of high and rapid 
escalation dosing regimens [ 59 ]. The study by Vigen et al. retrospectively compared 
rates of death, myocardial infarction, and stroke from a dataset of 8,709 men who had 
undergone coronary angiography with prior documentation of serum T concentration 
<300 ng/dL; however, credibility of this article is deeply  compromised by major 
errors, and subsequent attempts to correct, in values  presented [ 60 ]. It cannot be over-
emphasized, therefore, that prospective data from large, well-designed, long-term tri-
als of TTh in hypertensive males without clinical atherosclerosis are warranted.  

    Conclusions 

 Human studies indicate that men with lower testosterone levels tend to have 
higher blood pressure levels and incidence of hypertension. Testosterone defi -
ciency is a common pathogenetic mechanism linking hypertension and vascu-
logenic ED. The relationship between hypertension and ED may also be due 
to reductions in testosterone levels due to antihypertensive drugs such as 
 β -blockers and spironolactone that are known to affect the sexual function in 
hypertensive men on therapy. Emerging evidence supports that lower andro-
gen levels are associated with indices of organ damage and predict poor car-
diovascular risk profi le. Measurement of testosterone also allows better 
prediction of CV risk compared with conventional risk assessment and identi-
fi es high-risk individuals in whom a more intense treatment is needed. 
Increased recognition of the potential of looking for testosterone defi ciency in 
hypertensive men with ED, followed by appropriate replacement therapy, can 
improve sexual function and may decrease blood pressure levels and affect 
incidence of adverse CV events. We recommend that measurement of testos-
terone is part of cardiovascular risk assessment in all hypertensive males.     
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5.1            Introduction 

 The renin-angiotensin system (RAS) is a peptidergic hormone system that plays a 
central role in cardiovascular hemostasis [ 1 ,  2 ]. In fact, the relevance of this system 
became evident in the last decades due to the therapeutic success achieved by the 
angiotensin-converting enzyme inhibitors (ACEi) and AT1 receptor blockers 
(ARBs) [ 1 ,  2 ]. 

 In a classical view, the RAS is an endocrine system orchestrated by a sequential 
enzymatic reactions culminating in a linear generation and actions of angiotensin II 
(Ang II), the primary system effector [ 3 ]. However, this classical concept, taken 
purely as an endocrinal system, has greatly expanded over the years. Several organs 
express all the major RAS components, suggesting paracrine actions [ 3 – 5 ]. Therefore, 
the RAS may be locally autonomous, capable of signifi cant regulatory functions and 
potential pathophysiological impact [ 3 ,  6 ]. For instance, the existence of a local RAS 
in the heart, kidney, blood vessels, and brain has been shown by numerous studies [ 3 , 
 5 – 7 ]. Likewise, evidence has indicated the existence of  relevant RAS directly within 
erectile tissue [ 8 ], where most RAS components have been identifi ed, specifi cally in 
cavernosal tissue [ 8 ,  9 ]. Interestingly, the physiological quantity of Ang II produced 
in the corpus cavernosum is signifi cantly higher than those found in the systemic 
circulation [ 10 ], suggesting an augmented role and intense activity of RAS-based 
erectile tissue. Under pathological conditions,  exacerbated stimulation of Ang II pro-
duced contraction of corpus cavernosum smooth muscle, cellular proliferation, oxi-
dative stress, infl ammation, and fi brosis [ 8 ], which collectively mediates a direct 
infl uence on erectile dysfunction (ED)  initiation and progression [ 8 ]. 
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 Another transformation of the classical RAS view has been observed in peptide 
cascade, effectors, and functions. The simplistic paradigm of the RAS as a linear cas-
cade leading to a unique main effector has expanded into a complex and multi- 
regulated system. In the last decade, fi ndings have demonstrated the existence of 
previously unknown signal transduction pathways, alternative metabolic cascades, 
and the discovery of additional components [ 3 ,  11 ,  12 ]. For instance, in addition to the 
Ang II/AT1 receptor axis actions, the RAS has a counter-regulatory axis composed of 
angiotensin-(1–7) [Ang–(1–7)] and the Mas receptor. Within the corpus cavernosum, 
the Ang-(1–7)/Mas axis increases nitric oxide (NO) production and facilitates penile 
erection [ 13 ]. Overall, it is well accepted that the RAS is modulated by two major 
axes, one deleterious triggered by Ang II and another protective triggered by Ang-(1–
7) [ 11 ,  12 ]. Furthermore, it is known that disturbances between these two major axes 
are associated with several cardiovascular diseases [ 3 ,  11 ], as well as ED [ 8 ] (Fig.  5.1 ).

  Fig. 5.1    Schematic representation of the current RAS cascade: focusing on the two major axes 
and its main effects on erectile tissues.  Ang I , angiotensin I,  Ang II , angiotensin II,  Ang -( 1 – 7 ) 
angiotensin-(1–7),  Ang -( 1 – 9 ) angiotensin-(1–9),  ACE  angiotensin-converting enzyme,  AT2  angio-
tensin II type 2 receptor,  AT1  angiotensin II type 1 receptor,  ACE2  angiotensin-converting enzyme 
2,  Mas  Mas receptor,  His - Leu  amino acid residues histidine and leucine,  Phe  phenylalanine,  NEP  
neutral endopeptidase       
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   This chapter will summarize the most current literature, addressing the 
 pathophysiological role of RAS on erectile function. Moreover, it highlights the 
recent suggesting that the protective axis of RAS may represent a therapeutic target 
for ED treatment.  

5.2     Renin-Angiotensin System: Current Paradigm 

 Traditionally, RAS biosynthesis is comprised of a sequential linear enzymatic 
cascade initiated by renin, an enzyme released from the juxtaglomerular cells in 
response to a reduction in blood pressure [ 3 ]. When found in the circulation, 
renin cleaves the zymogen angiotensinogen, which is synthesized and secreted 
mainly by the liver, forming the inactive decapeptide angiotensin I (Ang I). Ang 
I is sequentially cleaved by ACE, an enzyme mainly expressed on the surface of 
vascular endothelial cells, forming the octapeptide Ang II [ 3 ,  14 ]. Ang II demon-
strates a high affi nity with two distinct G protein-coupled receptors, AT1 and AT2 
receptors. Under both physiological and pathological condition, AT1 receptor 
activation leads to blood pressure increase by stimulating vasoconstriction and 
sodium retention. Moreover, chronic AT1 receptor activation induces cellular 
proliferation, fi brosis, and infl ammation [ 3 ,  15 ]. The relevance of Ang II/AT1 
receptor actions on the cardiovascular system is underscored by the remarkable 
achievement of ACEi and ARBs, which inhibit Ang II formation and AT1 recep-
tor stimulation, respectively. Nowadays, these drugs are considered the main 
class of pharmacotherapy in the treatment of hypertension and cardiovascular 
diseases [ 2 ,  15 ]. 

 Ang II also binds to the AT2 receptor, producing effects that often opposite those 
produced by AT1, such as vasodilation and antiproliferative and anti-infl ammatory 
actions [ 16 ,  17 ]. During Ang II stimulation, AT1 receptor actions mask that of the 
AT2 receptor, principally due to increased expression and high distribution of AT1. 
Although a comprehensive understanding of the role of the AT2 receptor has yet to 
be fully elucidated, evidence indicates that AT2 receptors may participate in mecha-
nisms where ARBs induce cardiovascular protection [ 17 ]. This suggests that AT2 
receptor agonists are a potential therapeutic tool for the treatment of cardiovascular 
diseases [ 18 ,  19 ]. 

 The recent discovery of novel RAS components has illuminated alternative met-
abolic cascades and actions, thus expanding the traditional RAS paradigm [ 11 ,  12 ]. 
ACE2, an ACE homologous enzyme, acts as key enzyme by cleaving the C-terminal 
phenylalanine of Ang II, leading to Ang-(1–7) formation [ 20 ,  21 ]. Ang-(1–7) is a 
heptapeptide with biological actions that frequently oppose those attributed to Ang 
II [ 12 ,  22 ]. Acting via the G protein-coupled Mas receptor [ 23 ], Ang-(1–7) mediates 
vasodilation [ 11 ,  12 ], NO release [ 24 ], and antiproliferative [ 25 ], antifi brotic [ 26 ], 
and anti-infl ammatory [ 27 ] effects. Therefore, Ang-(1–7) is well accepted in the 
scientifi c community as the primary endogenous counter-regulator of Ang II [ 3 ,  11 , 
 12 ,  22 ]. ACE2 appears to be the major Ang-(1–7)-forming enzyme; however, addi-
tional pathways, such as neutral endopeptidase (prolylcarboxypeptidase [PCP] and 
prolylendopeptidase [PEP]), are also involved in the generation of Ang-(1–7) [ 21 , 
 28 ,  29 ] (Fig.  5.1 ). 

5 The Role of the Renin-Angiotensin System in Erectile Dysfunction: Present and Future



42

 In the current scenario, RAS is regulated by two opposing axes, one deleterious 
branch composed of ACE/Ang II/AT1 receptor, and the other, a protective branch 
formed by ACE2/Ang-(1–7)/Mas receptor [ 11 ,  12 ]. Recent studies suggest that 
these two axes modulate cardiovascular homeostasis, while a chronic and sustained 
imbalance may contribute pathological etiologies [ 11 ]. For instance, in erectile tis-
sues, elevated Ang II production has been observed in humans with ED [ 10 ]. 
Additionally, deletion of the Mas receptor gene signifi cantly impaired erectile func-
tion and augmented collagen deposition within the corpus cavernosum in mice [ 13 ].  

5.3     ACE/Ang II/AT1 Receptor on Erection Function 

 The RAS is highly involved in disturbances of the cardiovascular system, as well; it 
is considerably involved in ED pathophysiology [ 8 ,  9 ,  13 ,  30 ,  31 ]. The existence of 
a local RAS within the penis has been confi rmed by several studies [ 9 ,  10 ,  13 ], sug-
gesting a paracrinal modulation independent of systemic circulation. In fact, ACE, 
AT1 receptor, Ang I, and Ang II were detected in human corpus cavernosum [ 32 ]. 
In 1997, Kifor et al. found that human corpus cavernosum produces and secretes 
physiologically relevant amounts of Ang II [ 32 ]. Moreover, in the same study, intra-
cavernosal injection of Ang II resulted in cavernosal smooth muscle contraction and 
eliminated spontaneous erection in anesthetized dog. On the other hand, when 
administered the Ang II receptor antagonist, losartan, a consistent and prolonged 
increase in cavernosal pressure was observed [ 32 ]. Interestingly, other studies have 
observed that human corpus cavernosum produces and secretes physiological 
amounts of Ang II in greater quantities than those found in the systemic plasma [ 8 , 
 10 ], indicating an intense local modulation of erectile function by RAS. Supporting 
these reports, Iwamoto and coworkers demonstrated that ACE activity in canine 
corpus cavernosum was 30-fold higher than in canine common carotid artery [ 33 ]. 

 Physiologically, Ang II mediates tonus contraction of the smooth muscle in the 
corpus cavernosum [ 8 ,  9 ,  30 ]. In fact, the local blockage of AT1 receptor by intra-
cavernosal losartan administration increased the cavernosal pressure, suggesting the 
fundamental role of Ang II in the maintenance of the penile fl accid state [ 32 ]. 
Furthermore, Becker et al. compared the level of Ang II in blood samples acquired 
from the corpus cavernosum during various stages: penile fl accidity, tumescence, 
rigidity, and detumescence [ 9 ]. They found that Ang II cavernosal level was signifi -
cantly higher in the detumescence stage, suggesting an essential role of this peptide 
on the detumescence process [ 9 ]. 

 The main actions of Ang II are mediated by AT1 receptor. This receptor is 
expressed on the cavernosal smooth muscle and endothelial cells [ 3 ]. The activation 
of AT1 receptor initiates multiple intracellular signal transduction pathways that are 
complex and specifi c but converge, yielding multiple short- or long-term responses 
[ 34 ,  35 ]. One of the major pathways trigger by AT1 stimulation involves the classi-
cal phospholipase C (PLC) activation, resulting in the generation of inositol trispho-
sphate IP3 and diacylglycerol (DAG). IP3 and DAG regulate two distinct pathways 
that lead to an increase in intracellular Ca 2+ , culminating in the activation of myosin 
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light chain kinase and smooth muscle contraction [ 35 ]. Additionally, AT1 activation 
may also stimulate the RhoA/Rho-kinase pathway prompting inhibition of myosin 
light chain phosphatase (MLCP), thereby regulating smooth muscle contraction 
[ 36 ]. These independent pathways make Ang II one of the most powerful endoge-
nous vasoconstrictors. Therefore, its action on the tonus and contraction of the cor-
pus cavernosum might be critical to erectile pathophysiology [ 8 ]. 

 The activation of AT1 receptor also produces additional actions with critical 
repercussion for erectile function. Stimulation of this receptor can activate nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidase, the main enzyme respon-
sible for reactive oxygen species (ROS) production [ 34 ]. ROS is involved in the 
physiologic redox of cellular function; however its overproduction is closely associ-
ated with the development of vasculogenic ED [ 37 ]. In fact, Jin et al. reported that 
the development of hypertension-associated ED caused by Ang II infusion was 
associated with an increased NADPH oxidase expression and ROS production into 
the corpus cavernosum [ 38 ]. In addition, during long-term stimulation, AT1 activa-
tion may also induce a proinfl ammatory response, cell proliferation, hypertrophy, 
increased collagen deposition in the extracellular matrix by regulating mitogen- 
activated protein (MAP) kinases, and transcription factors [ 39 ,  40 ]. 

 Ang II also can activate the AT2 receptor, resulting in cardiovascular conse-
quences often opposite to that of the AT1 receptor. The AT2 receptor is highly 
expressed in fetal tissues, then production quickly declines following birth [ 16 ]. In 
light of this, the receptor still remains present and can be detected in various adult 
tissues. Nevertheless, its role in cardiovascular hemostasis is not completely estab-
lished. To date, the role of AT2 in erectile tissues remains unknown. Previous reports 
have demonstrated that the specifi c binding of Ang II in the corpus cavernosum of 
rabbit was displaced by a selective AT1 antagonist, but not by an AT2 antagonist, 
suggesting a marginal role of AT2 in erectile tissues [ 30 ]. However, to the best of 
our knowledge, this is the only study addressing AT2 in the corpus cavernosum, and 
therefore future studies are needed to further explore the role of this receptor erec-
tion pathophysiology. Evidences point out that following injury, the AT2 receptor 
can be upregulated and its actions become more relevant during the pathological 
condition [ 16 ,  41 ]. Therefore, an in depth investigation of AT2 during ED would be 
relevant to compliment the overall understanding of RAS in this pathology. 

 Several reports indicate a positive correlation between increased Ang II activity 
and ED [ 8 ]. Indeed, Ang II plasma levels were elevated in the cavernous blood of 
patients with an organogenic etiology of ED [ 10 ]. This was complimented by the 
observation that ACE mRNA expression was upregulated in the penis of rats with 
arteriogenic ED [ 42 ], while Ang II-induced contraction was signifi cantly increased 
in the cavernosum strips from older and diabetic rabbits [ 43 ]. Additionally, diabetic 
ED rats demonstrated a signifi cant increase in Ang II intrapenile    levels [ 44 ]. 
Reinforcing these reports, continuous subcutaneous infusion of Ang II has become 
a common method to produce an ED animal model, underscoring the central role of 
Ang II/AT1 receptor in the pathophysiology of ED [ 8 ]. 

 The link between the ACE/Ang II/AT1 receptor axis hyperactivity and ED sug-
gests that the application of ACEi and ARBs would be an interesting strategy to treat 
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vasculogenic ED. In fact, several preclinical and clinical studies report benefi cial 
 outcomes on the sexual function by ACEi and ARB treatment [ 45 – 53 ]. In a hyperten-
sion-induced ED rat model, captopril treatment normalized both the blood pressure 
and erectile response, completely restoring the impaired erectile function [ 46 ]. 
Accordingly, in a rat model of diabetes-induced ED, losartan treatment markedly 
improved the erectile response [ 47 ]. Additionally, in a mouse model of 
hypercholesterolemia- induced ED, both telmisartan and ramipril (ARBs and ACEi 
respectively) restored the impaired cavernosal endothelial function by reducing the 
oxidative stress and normalizing the endothelial nitric oxide synthase expression [ 48 ]. 

 Importantly, the benefi cial effects produced by ACEi and ARBs on erectile func-
tion have also been documented in humans. Several antihypertensive drugs possess 
the undesirable adverse effect of causing or worsening ED [ 49 ], while ACEi and 
ARBs may have less of an effect to merely improve erectile function [ 50 – 53 ]. In a 
comparative study between different antihypertensive agents, trichlormethiazide, 
atenolol, and nifedipine all negatively infl uenced the sexual activity, with the excep-
tion of captopril [ 54 ]. Supporting that fi nding, a study of hypertensive men without 
a history of sexual dysfunction found that atenolol treatment signifi cantly worsened 
erectile function, as assessed by the number of sexual intercourse episodes per 
month, while lisinopril showed minimal infl uence during the fi rst month which was 
later fully recovered [ 55 ]. In a cohort of 124 diabetic patients with ED, it was 
observed that losartan has signifi cantly improved sexual activity, assessed by 
International Index of Erectile Function-5 [ 45 ]. Interestingly, the combination of 
losartan and tadalafi l was more effective in improving sexual satisfaction than the 
single use of one of these drugs [ 45 ]. In another study, 12 weeks of losartan treat-
ment signifi cantly improved satisfaction and frequency of sexual activity in hyper-
tensive patients with ED [ 51 ]. Interestingly, the positive effect of ABR has also been 
documented in patients with ED caused by nerve-sparing radical prostatectomy. In 
a retrospective cohort, it was found that irbesartan treatment signifi cantly increased 
sexual activity and avoided early loss of stretched penile length, an important com-
mon adverse issue in post-prostatectomy patients [ 56 ]. Contrary to these reports, a 
retrospective cohort study from 1990 to 2006 that was based on spontaneous reports 
in the Swedish adverse drug reaction database indicated a relatively high prevalence 
of ED in patients treated with ARBs, suggesting these drugs may have a negative 
effect on ED [ 57 ]. Several limitations of a retrospective exist and therefore should 
be taken into account, especially when interpreting data from spontaneous reports; 
however this contradictory fi nding demonstrates that large and well-controlled clin-
ical trials are indeed necessary to clarify the benefi ts of ACEi and ABR use in ED.  

5.4     ACE2/Ang-(1–7)/Mas Receptor Axis on Erectile Function 

 In the last decade, Ang-(1–7) emerged as the main endogenous counter-regulatory 
effector of Ang II [ 11 ,  12 ,  22 ]. Acting through the Mas receptor, Ang-(1–7) pro-
duces several cardiovascular-protective actions, such as vasodilation, inhibition of 
oxidative stress, and anti-infl ammatory, antithrombotic, antiproliferative, and 
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antifi brotic actions [ 3 ,  11 ,  12 ,  22 ]. Likewise, Ang-(1–7) facilitates penile erection 
and preserves penile structure against pathological alterations [ 8 ]. 

 Exogenous administration of Ang-(1–7) was able to produce concentration- 
dependent relaxation in isolated rabbit corpus cavernosum [ 43 ]. Also, its intracaver-
nosal injection potentiated the erectile response induced by electrical stimulation of 
the major pelvic ganglion of rats and mice [ 13 ]. Nevertheless, evidence suggests 
that endogenous Ang-(1–7) possesses an essential role on penile physiological erec-
tion. Intracavernosal administration of A-779, a Mas receptor antagonist, was able 
to singly reduce erectile response [ 8 ,  13 ]. Moreover, rabbit corpus cavernosum con-
traction induced by Ang II was enlarged by coadministration of A-779 [ 43 ]. 
Supporting this fi nding, Mas receptor gene-deleted mice showed a marked reduc-
tion in erectile response [ 13 ]. 

 Based on the protective role of Ang-(1–7)/Mas axis in erectile function, investi-
gations have been conducted targeting and exploring the contribution of this axis in 
ED. Indeed, Ang-(1–7)/Mas axis activation may ameliorate or even reverse vascu-
logenic ED, as was demonstrated by the restoration of impaired erections in DOCA- 
salt hypertensive rats by acute administration of Ang-(1–7) [ 13 ]. Accordingly, 
treatment with an oral formulation of Ang-(1–7) [Ang-(1–7)-CyD] produced sev-
eral benefi cial effects against hypercholesterolemic-induced corpus cavernosum 
damage [ 58 ]. In particular, Ang-(1–7)-CyD chronic treatment reduced corpus cav-
ernosum fi brosis, which is associated with an attenuation of oxidative stress. 
Additionally, Ang-(1–7)-CyD improved the cavernosal endothelial function and 
NO bioavailability [ 58 ]. Supporting these observations, Ang-(1–7) treatment was 
also demonstrated to prevent corpus cavernosum smooth muscle degeneration and 
oxidative DNA damage in a rat model of diabetic ED [ 59 ]. 

 The mechanisms underlying the protective actions of Ang-(1–7) in erectile tis-
sues are still poorly understood. It appears the Ang-(1–7) facilitates erection mainly 
by increasing the NO bioavailability within the corpus cavernosum [ 8 ,  13 ,  60 ]. In 
endothelial cells, the activation of Mas receptor by Ang-(1–7) leads to the activation 
of the Akt/PKI3 pathways, culminating in the phosphorylation and dephosphoryla-
tion of Ser1177 and Thr495 residues, respectively (the stimulatory and inhibitor site 
of eNOS, respectively), consequently inducing NO production [ 24 ]. Accordingly, 
the in vitro and in vivo actions of Ang-(1–7) on the corpus cavernosum were blocked 
by the nitric oxide synthase inhibitor, Nω-nitro-L-arginine methyl (L-NAME) [ 13 , 
 43 ]. A similar effect was observed with A-779, a synthetic Mas agonist [ 60 ]. Using 
a fl uorescent probe to directly measure NO production, rat and mouse corpus caver-
nosum strips incubated with Ang-(1–7) markedly increased NO production, whereas 
electrically stimulated release of NO (neuronal-derived) in the rat corpus caverno-
sum was potentiated by Ang-(1–7) [ 13 ]. Consistent with this, chronic treatment 
with Ang-(1–7)-CyD [an oral formulation of Ang-(1–7)] increased the protein 
expression of the endothelial and neuronal nitric oxide synthase isoforms in a mouse 
model of ED [ 58 ]. Therefore, it is evident that NO is a crucial factor contributing to 
the Ang-(1–7)/Mas axis-mediated pro-erectile function. However, it still remains 
unclear as to the main source of NO, whether neuronal derived or endothelial 
derived, that participates in Ang-(1–7)/Mas action [ 8 ]. 
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 In addition to the acute effect of Ang-(1–7)/Mas receptor on erection, this axis 
produces profound protective actions on penile structure [ 8 ]. Chronic treatment 
with Ang-(1–7) markedly inhibits the penile fi brosis in a hypercholesterolemic- 
induced ED mouse model [ 58 ]. Moreover, Mas receptor gene-deleted mice showed 
a robust increase of collagen deposition within the corpus cavernosum [ 13 ]. It 
appears that different pathways are involved in the antifi brotic effect of Ang-(1–7)/
Mas, such as attenuation of cytokine signaling cascades [ 61 ], modulation of MMP 
activity [ 62 ], inhibition of MAPK signaling cascades [ 63 ,  64 ], and oxidative stress 
reduction [ 26 ,  58 ]. Nevertheless, the direct mechanism by which Ang-(1–7) inhibits 
penile fi brosis remains unknown.  

5.5     Future Directions 

 The RAS plays a fundamental role in erection physiology, while its unbalance state    
is associated with ED [ 8 ]. Consequently, it is rational to consider RAS as a putative 
target to treat vasculogenic ED. ACEi and ARBs are potentially effective treatment 
options for ED; however, more investigation is necessary to elucidate its relevance 
in clinical practice. Most clinical studies evaluating the effect these drugs on sexual 
activity present several limitations, such as narrow cohort or lack of proper control. 
Therefore, large and well-controlled clinical trials are needed to clarify the advan-
tages of the actual RAS blockers against ED. 

 In addition to Ang II/AT1 axis blockage, the activation of the Ang-(1–7)/Mas 
receptor axis has emerged as potential target to treat ED. Many studies showed the 
benefi cial actions of this axis on penile erection and structure [ 8 ]. Presently, there 
are no drugs available on the market that activate the Ang-(1–7)/Mas axis. However, 
several investigations are currently devoted to develop such pharmacological tools 
[ 12 ]. Indeed, some initiatives appear to be promising, including a formulation of 
Ang-(1–7), based on the inclusion of this peptide in cyclodextrin that allows for the 
oral administration of Ang-(1–7) [ 12 ,  65 ]. Because of its peptidic nature, the clinical 
use of Ang-(1–7) is hampered by their rapid proteolytic degradation. The formula-
tion is able to avoid Ang-(1–7) degradation into the gastrointestinal tract, enhancing 
its stability and absorption across biological barriers. Additionally, synthetic Mas 
receptor agonists have been developed and are also potential candidates to manage 
vasculogenic ED [ 12 ,  60 ]. 

 Despite of the described protective action of Ang-(1–7)/Mas receptor axis against 
ED, the relevance of this axis on human erectile function still remain uncertain. 
Further preclinical and clinical studies are essential to establish the potential of 
drugs activating Ang-(1–7)/Mas axis against ED.     
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6.1            Target Organ Damage in Hypertension 

 Several arguments support the investigation for target organ damage (TOD) in 
hypertensive patients to quantify total cardiovascular (CV) risk before deciding the 
treatment strategy [ 1 ]. Subclinical (or asymptomatic) organ damage involving the 
structure and/or function of the heart, brain, kidney, or vessels predicts CV death 
independently of Systematic Coronary Risk Evaluation Project (SCORE), and a 
combination of both may improve risk prediction, particularly in individuals at low 
and moderate risk (SCORE 1–4 %) [ 2 ]. This has important implications for treat-
ment because therapeutic strategies differ in high- vs moderate-, or low-risk hyper-
tensive patients [ 3 ]. Therefore, Guidelines of the European Society of Hypertension 
and the European Society of Cardiology recommend assessment of asymptomatic 
organ damage in the diagnostic workup of hypertensive patients [ 3 ] (Table  6.1 ). 
Furthermore, looking for damage in different organs is meaningful because the risk 
increases with the increase in the number of organs affected, while evidence exists 
that this happens even with different measures of damage within the same organ. In 
the kidney, for example, microalbuminuria and reduced estimated glomerular fi ltra-
tion rate are associated with a greater risk of renal and CV events than either abnor-
mality alone [ 4 ].
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6.2        Target Organ Damage in Patients with Hypertension 
and Erectile Dysfunction (Table  6.2 ) 

    Vasculogenic erectile dysfunction (ED) is considered an early manifestation of 
 generalized arterial disease. ED is frequent in patients with established coronary 
artery disease (CAD) [ 5 ], it co-exists with occult CAD [ 6 ], and it is an independent 
predictor of CV outcomes [ 7 ]. In hypertensive patients, it is currently unknown 
whether ED is related to any additional risk on top of hypertension. Furthermore, 
data regarding the extent of hypertension-related TOD in hypertensive men with ED 
are scarce. 

 Ultrasound examination of the carotid arteries with measurement of  intima - 
media   thickness  ( IMT ) or identifi cation of the presence of  plaques  is a reliable 
 surrogate of systemic atherosclerosis, including CAD [ 8 ]. The presence but not the 
severity of ED (as quantifi ed by the International Index of Erectile 

   Table 6.1    Asymptomatic organ damage   

 Pulse pressure (in the elderly) ≥60 mmHg 

 Electrocardiographic LVH (Sokolow–Lyon index >3.5 mV; RaVL >1.1 mV; Cornell voltage 
duration product >244 mV*ms), or 

 Echocardiographic LVH [LVM index: men >115 g/m 2 ; women >95 g/m 2  (BSA)] 

 Carotid wall thickening (IMT >0.9 mm) or plaque 

 Carotid–femoral PWV >10 m/s 

 Ankle-brachial index <0.9 

 CKD with eGFR 30–60 mL/min/1.73 m 2  (BSA) 

 Microalbuminuria (30–300 mg/24 h), or albumin–creatinine ratio (30–300 mg/g; 3.4–34 mg/
mmol) (preferentially on morning spot urine) 

   CKD  chronic kidney disease,  eGFR  estimated glomerular fi ltration rate,  IMT  intima media thick-
ness,  LVH  left ventricular hypertension  

    Table 6.2    Association with erectile dysfunction, availability, response to treatment, prognostic 
value and cost of markers of asymptomatic organ damage in men with hypertension (scored from 
0 to 4+)   

 Target organ damage 
 Association with 
vasculogenic ED 

 Overall CVD 
predictive 
value 

 CVD 
predictive 
value in ED a   Availability  Cost 

 LVH (ECG/Echo)  −/+  +++  −  ++  ++ 

 Aortic PWV  ++  +++  +  ++  ++ 

 IMT  +++  +++  −  ++  ++ 

 ABI  ++  +++  −  +++  + 

 eGFR  −/+  +++  −  ++++  + 

 Microalbuminuria  +  +++  +  ++++  + 

   ABI  Ankle-brachial index,  eGFR  estimated glomerular fi ltration rate,  IMT  intima media thickness 
 LVH  left ventricular hypertension,  PWV  pulse wave velocity 
  a Data available from studies in the ED population  
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Function- IIEFquestionnaire) has been associated with increased carotid IMT 
 specifi cally in hypertensive patients [ 9 ]. Other studies have shown a trend towards a 
more severe impairment of vascular function and structure at penile arteries (by 
measurement of dynamic penile peak systolic velocity and IMT) in ED patients 
with higher carotid IMT [ 10 ,  11 ]. 

 Measurement of  carotid - femoral pulse wave velocity  ( PWV ) provides a 
 comprehensive non-invasive assessment of aortic stiffness [ 12 ,  13 ]. Aortic stiffness 
has been associated with the presence and severity of penile vascular disease as 
measured by penile Doppler in hypertensive (treated and never treated) individuals 
[ 9 ]. In men without hypertension or other traditional risk factors (as well as in 
 individuals with early stage high blood pressure) aortic PWV level was similar 
between the ED patients and men with normal erectile function [ 14 ,  15 ]. 

  Left ventricular hypertrophy  ( LVH ) is highly prevalent among hypertensive 
patients. The association of LVH and increased CV morbidity and mortality has 
been convincingly documented [ 16 ]. Left ventricular diastolic function is impaired 
in ED patients with hypertension but without overt cardiovascular disease compared 
to men with normal erectile function [ 17 ], however, differences in LV structure are 
not evident between ED patients and non-ED subjects, at least in the early stages of 
hypertension [ 15 ]. 

 A  low ankle - brachial blood pressure index  ( ABI ) signals peripheral artery dis-
ease (PAD) and, in general, advanced atherosclerosis, and relates to further develop-
ment of CV morbidity and mortality [ 18 ]. In a study evaluating the relationship 
between ED and PAD, Polonsky et al. showed that ABI successfully identifi ed PAD 
in men with ED and suggested that men with ED be targeted for ABI examination 
[ 19 ]. The association of ABI with ED in the context of hypertension has not been 
studied yet. 

 The fi nding of an impaired renal function in a hypertensive patient, expressed 
as  increased urinary protein excretion  and/or a  reduced estimated glomerular fi l-
tration rate , constitutes a very potent predictor of future CV events and death [ 20 ]. 
The association of ED with glomerular fi ltration rate and albuminuria, particularly 
in men with hypertension has not been adequately addressed. Although albumin-
uria has been associated with ED in type 2 diabetes patients [ 21 ], data on the 
impact of ED in treated and untreated essential hypertensive patients are not yet 
available [ 22 ].  

6.3     Target Organ Damage and CV Prediction Within ED 

 As there are no data on the predictive value of TOD specifi cally for hypertensive 
patients with ED, we rely on the evidence available from studies in patients either 
with hypertension or with ED. It should be noted, however, that patients in ED stud-
ies were to a large percentage hypertensives [ 7 ] (Table  6.2 ). Recent data show an 
independent predictive ability of  aortic PWV  for future cardiovascular events spe-
cifi cally in ED patients without established cardiovascular disease (Vlachopoulos 
et al. submitted). Subjects in the highest PWV tertile (>8.8 m/s) had a fourfold 
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higher risk of MACE compared to those in the lowest PWV tertile (<7.6 m/s). When 
added to standard risk models, such as the Framingham Risk Score, aortic PWV 
reclassifi es correctly a considerable percentage (27.6 %) of patients to a higher or 
lower risk category in the whole population. In addition,  pulse pressure , a crude 
index of arterial stiffness, has also been shown to predict outcome in ED patients: 
the risk of cardiac events is increased by 60 % for each 10 mmHg increment in pulse 
pressure [ 23 ].  Microalbuminuria , as defi ned by albumin/creatinine ratio 3.4–34 mg/
mmol and albumin excretion ratio 30–300 mg/day, is an easily measured non- 
circulating marker of microvascular injury. Microalbuminuria has been shown to 
predict CV events specifi cally in a population of diabetic ED patients with angio-
graphically proven CAD; in this studied population, hypertension was highly preva-
lent [ 24 ]. 

 Further to the identifi cation of organs that can serve as risk predictors, it would 
be important to assess whether TOD regression predicts risk reduction. Such evi-
dence, documented in hypertensive patients [ 3 ,  25 ], offers valuable information on 
whether specifi c treatment confers additional therapeutic benefi t. Currently there 
are no data in the ED population to document the impact of antihypertensive drugs 
(with neutral or even a positive effect on erectile function) on TOD regression. 
Likewise, whether treatment-induced reduction in TOD affects incidence of adverse 
CV events is also an interesting, yet unexplored, fi eld.  

6.4     Is Erectile Dysfunction a Target Organ Damage Per Se? 

 The frequent co-existence of hypertension and ED and the impact of antihyperten-
sive drugs on sexual function raise the question whether ED is the result of hyper-
tension per se, an adverse event of antihypertensive treatment, or a combination of 
both [ 26 ]. Several lines of evidence indicate that drugs used in the treatment of 
hypertension can indeed deteriorate sexual function, but such an effect appears 
mainly with older generation drugs (older beta blockers, diuretics), while newer 
agents (nebivolol, renin-angiotensin-aldosterone system blockers) might even 
improve sexual function [ 27 ]. On the other hand, hypertension appears to cause ED 
per se, through a multitude of mechanisms that include prolonged exposure to ele-
vated levels of systemic blood pressure, endothelial dysfunction and circulation of 
vasoactive substances (with a pivotal role of angiotensin II) that lead to structural 
and functional alterations in the penile arteries [ 28 ]. Penile doppler studies have 
shown that the presence of hypertension is associated with a approximately twofold 
increase in the likelihood of having an abnormal penile blood fl ow [ 29 ]. Specifi cally, 
patients with hypertension exhibit a signifi cantly low penile blood infl ow and 
venous leakage as expressed by reduced penile peak systolic velocity (PSV) and 
increased end-diastolic velocity (EDV) respectively, compared to men without vas-
cular risk factors. 

 Screening for vasculogenic ED as a TOD per se could be incorporated in 
diagnostic algorithms for the management and treatment of arterial hypertension 
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[ 30 ] in men for three reasons: First, ED is easy to recognize and it gravely 
affects a man’s quality of life. Second, the presence of ED per se increases the 
risk for future CV events [ 7 ]. The predictive ability of ED is higher in young 
subjects and in subjects with intermediate baseline CV risk [ 7 ]. Third, testoster-
one defi ciency, which is frequent in aged males who suffer from vasculogenic 
ED [ 31 ], is associated with subclinical organ damage (LVH, IMT, aortic stiff-
ness, ABI) [ 31 – 33 ], and it is an important predictor of future CV events in men 
with hypertension [ 34 ].  

6.5     Screening for Target Organ Damage 
in Hypertensive ED Patients 

  ED as a TOD : The use of the Sexual Health Inventory for Men (SHIM) validated 
questionnaire for diagnosis and evaluation of ED as a TOD should be incorporated 
in the investigation of all hypertensive patients [ 35 ,  36 ]. Importantly, according to 
recent evidence validated questionnaires correlate with the vascular markers of 
TOD [ 9 ,  19 ,  37 ] (aortic PWV, carotid IMT, ABI) and improve the predictive value 
of ED for total CV events compared with a single question [ 7 ]. Evaluation of penile 
vasculature by dynamic color Doppler ultrasound (with intracavernous injection of 
alprostadil) still remains the cornerstone of the diagnostic workup of the patients 
with vasculogenic ED, by differentiating psychogenic and vasculogenic causes of 
ED [ 38 ,  39 ]. Penile doppler indices strongly correlate with atherosclerotic lesions in 
other vascular beds and major adverse CV events [ 40 ]. 

  Screening for TOD in ED  (Table  6.3 ): Within the context of ED and hypertension 
combined, tests to reveal TOD that appear appealing include those that assess vas-
cular function and structure, ventricular hypertrophy and function, and renal func-
tion. As such, a resting electrocardiogram, estimation of glomerular fi ltration rate, 
conventional echocardiography, carotid ultrasonography (for measurement of IMT 
and identifi cation of plaques), aortic PWV, ABI, and detection of microalbuminuria 
are principal screening tests to identify TOD. Although many of these tests have not 
yet been evaluated in hypertensive ED patients, as stated earlier, their use is 
 progressively being extended from the research to the clinical fi eld [ 36 ,  41 ,  42 ].

  Table 6.3    Searching for 
asymptomatic organ damage 
in hypertensive patients with 
ED  

 Screening test  Necessity 

 Electrocardiography  Necessary 

 Estimation of GFR 

 Echocardiography  Recommended 

 Aortic PWV 

 Carotid IMT and plaques 

 ABI 

 Microalbuminuria 
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       Conclusions 
 ED is considered to be an independent CV risk factor and an early diagnostic 
indicator for asymptomatic or clinical organ damage. Although the links between 
hypertension and ED are increasingly recognized, data regarding the presence of 
TOD and their prognostic role within the context of ED and hypertension are not 
ample. Assessment of target organ damage allows better prediction of CV risk 
compared with conventional risk assessment, and identifi es high-risk individuals 
in whom a more intense treatment is needed. Cardiac echocardiography, carotid 
ultrasound, aortic PWV, ABI and microalbuminuria should be considered as 
 recommended tests in hypertensive ED patients. ED per se can also be perceived 
as organ damage in hypertension due to its prognostic ability. Increased 
 recognition of the potential for TOD in hypertensive men with ED, followed by 
appropriate preventive action, can improve sexual function and may affect 
 incidence of adverse CV events. We recommend that inquiry of ED is part of 
recommended cardiovascular risk assessment in all hypertensive males.     
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7.1            Introduction 

 Erectile dysfunction (ED), coronary artery disease (CAD), and heart failure (HF) 
represent highly prevalent conditions, especially in the aging population. These 
complex conditions share many common risk factors and pathophysiological 
 mechanisms. As a consequence, several authors proposed that they might be 
 considered as different manifestations of the same systemic disorder; in this context, 
ED would precede cardiovascular events in the majority of cases. Additionally, ED 
could also become clinically evident in patients with HF as a consequence of a 
global cardiovascular impairment that involves both the heart and the arteries. In this 
chapter, we analyze the complex relationship between ED, CAD, and HF. Particularly, 
we focus on the clinical implications for the cardiologist and urologist.  

mailto: gandaglia.giorgio@hsr.it
mailto: briganti.alberto@hsr.it
mailto: Montorsi.francesco@hsr.it
mailto: piero.montorsi@unimi.it
mailto: cvlachop@otenet.gr


60

7.2     Erectile Dysfunction and Coronary Artery Disease 

7.2.1     Common Risk Factors Between Erectile Dysfunction 
and Coronary Artery Disease 

 Erectile dysfunction is considered a primarily vascular disease in the majority of the 
cases. Numerous risk factors that contribute to the development and onset of ED are 
principal for the development of CAD [ 1 – 3 ]. These risk factors may be classifi ed as 
modifi able and non-modifi able. While the former principally include aging and 
genetic susceptibility [ 4 ], the latter are mainly related to lifestyle habits [ 3 ]. 
Hypertension, smoking, diabetes, dyslipidemia, hypertriglyceridemia, obesity, and 
metabolic syndrome are well-known modifi able risk factors for both ED and cardiac 
diseases [ 2 ]. In this context, a prospective study comprehensively demonstrated that 
age, increased BMI, cholesterol and triglycerides, as well as cigarette smoking were 
signifi cantly associated with an increased risk of ED at a 25-year follow-up [ 2 ,  5 ]. 
Therefore, it should be emphasized that improving cardiac risk factor profi le would 
result not only in reduced risk of cardiac events over time, but it would also help 
patients to maintain adequate sexual activity [ 2 ,  5 – 7 ]. 

 Although endothelial dysfunction and penile atherosclerosis have been proposed 
as the common denominators between ED and cardiac conditions, the relationship 
between these disorders is complex and might involve other pathophysiological 
mechanisms [ 8 ,  9 ].  

7.2.2     Pathophysiological Mechanisms Explaining 
the Association Between Erectile Dysfunction 
and Coronary Artery Disease 

    The Artery-Size Hypothesis 
 The empirical knowledge derived by the effectiveness of the administration of phos-
phodiesterase type-5 inhibitors in patients with ED was comprehensively founded 
by Ganz et al. in 2005 who described that NO activation pathway leads to the vaso-
dilatation necessary for achievement of erections [ 10 ]. Accordingly, although nor-
mal erectile function is a neurovascular event modulated also by hormonal and 
psychological factors, endothelial integrity plays a major role in the physiology of 
erections [ 6 ,  7 ,  11 – 13 ]. 

 The initial impairment in endothelial-dependent vasodilatation might lead to a 
number of structural vascular abnormalities, resulting in penile artery atherosclero-
sis and fl ow-limiting stenosis [ 14 – 16 ]. The observation that ED usually precedes 
CAD raised the hypothesis that ED and CAD might be two different manifestations 
of the same systemic disorder and that their onset might be related to the size of the 
arteries supplying the different districts [ 6 ,  7 ,  17 ,  18 ]. Under this perspective, the 
pioneering study by Montorsi et al. [ 17 ] proposed the so-called artery-size hypoth-
esis. According to this concept, all vascular beds would be affected to the same 
extent by endothelial dysfunction and atherosclerosis, given their systemic nature 
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[ 15 ,  18 ,  19 ]. However, the reason why ED and CAD do not become clinically 
 manifest simultaneously can be explained according to differences in the artery size 
of the penile and cardiac territories. Indeed, larger vessels better tolerate the same 
amount of endothelial dysfunction and atherosclerosis compared to the smaller 
ones. Since the size of penile arteries is smaller (1–2 mm) compared to that of 
 coronary arteries (3–4 mm), the same level of endothelial dysfunction and athero-
sclerosis may lead to a more signifi cant reduction of blood fl ow in erectile tissues 
compared to that in coronary arteries [ 15 ]. This, in turn, would result into an earlier 
onset of ED compared to CAD. 

 Although this concept is, at least, intriguing, studies reported contrasting results 
according to which not all patients affected by CAD have hemodynamically rele-
vant penile artery lesions [ 18 ,  20 – 22 ]. Consequently, it was hypothesized that other 
pathophysiological mechanisms might be involved in the complex relationship 
between ED and CAD.  

    Hormonal Alterations 
 The detection of low androgen levels has been proposed as a common denominator 
in the pathogenesis of ED, diabetes, and CAD [ 23 – 26 ]. Besides the well-known 
association between testosterone and erectile function (and dysfunction), androgen 
levels have been shown to be associated with the risk of cardiac events. Particularly, 
patients with low testosterone are considered at higher risk of CAD and cardiac 
mortality compared to their counterparts with normal androgen levels [ 24 ,  26 ,  27 ]. 
Of note, androgens act on arterial tissues and vascular remodeling both directly, 
allowing the preservation of smooth muscle homeostasis, and indirectly. For exam-
ple, low androgen levels might have proinfl ammatory and proapoptotic effects on 
endothelial cells [ 23 ,  28 ]. Thus, testosterone plays a crucial role in the homeostasis 
of vascular tissues and the presence of low androgens might in part explain the 
association between ED and CAD.  

    Chronic Inflammation 
 The development of ED has been shown to be associated with an increased expres-
sion of markers of infl ammation and endothelial dysfunction, as well as prothrom-
botic factors [ 28 – 31 ]. Similarly, increased expression of proinfl ammatory factors 
has been found in patients with metabolic syndrome and diabetes [ 7 ,  30 ,  32 ]. 
Previous studies investigating the role of chronic infl ammation in patients with ED 
and CAD showed that patients with ED alone have similar expression of proinfl am-
matory markers as compared to their counterparts with CAD alone [ 28 ]. Thus, these 
two pathological conditions are characterized by a similar proinfl ammatory and 
prothrombotic environment. This might predispose to the rupture of unstable coro-
nary plaques, thus increasing the risk of CAD in patients with ED. On the other 
hand, this might also favor endothelial dysfunction at the penile circulation level in 
patients with CAD, predisposing to the development of ED. 

 Taken together, these three pathological mechanisms (i.e., “the artery-size 
hypothesis,” low androgen levels, and chronic infl ammation) might be responsible 
for the complex relationship between ED and CAD.   
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7.2.3     Clinical Evidence for the Association Between ED and CAD 

 The fi rst evidence of an association between ED and CAD comes from the study by 
Montorsi et al. [ 18 ] in 2003. By evaluating 300 consecutive patients with acute 
chest pain and angiographically documented CAD, the authors showed that 49 % of 
them had a history of ED. Of note, ED symptoms became clinically evident before 
cardiac disorders in 70 % of the patients, and the mean time interval between ED 
onset and CAD was approximately 3 years. Similarly, the COBRA trial showed that 
ED prevalence differs across subsets of patients with CAD (i.e., patients with acute 
coronary syndrome vs. those with chronic coronary syndrome) and might be related 
to coronary clinical presentation and extent of CAD (Fig.  7.1 ). Indeed, in patients 
with chronic coronary syndrome, ED became clinically manifest before CAD in the 
vast majority of cases by an average of 2 up to 3 years [ 20 ]. Based on these results, 
the authors concluded that ED might be considered as a predictor of CAD [ 18 ,  20 ]. 
Other retrospective studies confi rmed successively these fi ndings [ 33 – 35 ].

   It is also important to stress that ED severity might impact on the risk of CAD 
events and extent of CAD [ 20 ,  36 – 40 ]. In this context, the erectile function domain 
of the International Index of Erectile Function (IIEF), a validated 15-item self- 
administered questionnaire used to assess the degree of erectile dysfunction, has 
been shown to be correlated to the plaque burden calculated according to the 
Gensini’s score [ 20 ,  37 ,  39 ]. 

 These mounting pieces of evidence coming from retrospective studies led to an 
increased attention to the relationship between ED and CAD. This ultimately 
resulted in the planning and execution of prospective studies that tried to better 
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  Fig. 7.1    Relation between erectile dysfunction prevalence and type of coronary syndrome ( a ). 
Time interval (months) between erectile dysfunction and coronary artery disease symptom onset 
in chronic coronary syndrome according to the number of vessels involved ( b ).  ACS  acute coro-
nary syndrome,  CCS  chronic coronary syndrome,  G1  ACS and 1-VD,  G2  ACS and 2-,3-VD,  G3  
CCS,  VD  vessel disease,  C  the control group with normal coronary angiography (With permission 
from Montorsi et al. The COBRA trial [ 20 ])       
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characterize the role of ED in patients with CVD. Large investigations that included 
elderly patients as well found a strong association between sexual dysfunction and 
the subsequent risk of cardiovascular events: individuals complaining of ED had 
roughly 1.5–2-fold higher risk of experiencing CAD during follow-up compared to 
their counterparts with satisfactory erectile function [ 38 ,  41 ]. Of note, this held true 
even when considering patients at increased risk of CAD, such as diabetic individu-
als [ 42 – 45 ]. On the other hand, confl icting results have been reported by other 
smaller prospective studies [ 46 ,  47 ]. However, the validity of these observations is 
undermined by the inclusion of relatively young patients at lower risk of CAD with 
an inadequate follow-up period. 

 Recently, two meta-analyses provided additional evidence in favor to the asso-
ciation between ED and the risk of CAD [ 48 ,  49 ]. The most recent one included 
more than 90,000 patients from 14 studies and showed that, after a mean follow-up 
of 6.1 years, patients with ED had a risk of cardiovascular events, myocardial infarc-
tion, and overall mortality by 44, 62, and 25 %, respectively [ 48 ].   

7.3     Erectile Dysfunction and Heart Failure 

 Erectile dysfunction is a highly prevalent condition among patients with HF, 
where up to 90 % of these individuals complain of decrease in sexual interest or 
varying degrees of cessation of sexual activity altogether [ 3 ,  50 ,  51 ]. Although ED 
and HF might share many risk factors and pathophysiological conditions, this 
relationship might be more complex than what observed in patients with 
CAD. Indeed, HF itself might profoundly affect patients’ sexual activity, eventu-
ally causing ED [ 3 ,  50 ,  51 ]. 

7.3.1     Association Between Erectile Dysfunction 
and Heart Failure 

    Endothelial Dysfunction 
 As previously discussed, endothelial dysfunction is a key factor in the pathogenesis 
and development of ED [ 6 ,  7 ]. Similarly, it plays a major role in HF progression and 
impairment of the patient’s general health status. Indeed, HF is a complex syndrome 
associated with several metabolic alterations, which include impairment of nitric 
oxide synthase activity and vascular relaxation [ 3 ]. This, in turn, leads to the pro-
duction of free oxygen radical products and ultimately to a decrease in peripheral 
oxygen supply [ 52 – 54 ].  

    Cardiac Drugs in HF Patients and ED 
 The administration of many drugs used in patients with HF is known to be associ-
ated with an increased risk of ED. This is mainly related to their multiple metabolic, 
vascular, and neural activities. 

 Diuretics are one of the most commonly implicated drugs in the pathogenesis of 
ED in HF patients. Sexual dysfunction is a well-known side effect in patients treated 
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with thiazide diuretics, such as hydrochlorothiazide, chlorthalidone, and 
 bendrofl umethiazide [ 55 ]. Despite their benefi cial effect in treating hypertension, 
these agents have been shown to cause endothelial dysfunction, increased oxidative 
stress, stimulation of the sympathetic nervous system, hyperlipidemia, and insulin 
resistance [ 3 ,  56 – 58 ]. As a consequence, ED may ensue in the long term [ 56 ]. 
Similarly, spironolactone, an effective anti-aldosterone agent, has been associated 
with breast tenderness, gynecomastia, and ED [ 59 ]. 

 The administration of beta-blockers is also associated with an impairment of 
sexual function in patients with HF. First- and second-generation beta-blockers 
might act both on the central nervous system and peripherally, fi nally resulting in an 
increased risk of ED [ 55 ,  60 ]. Particularly, these drugs might induce sexual dysfunc-
tion through the inhibition of the sympathetic nervous system, which is involved in 
the control of erection and ejaculation [ 55 ,  61 ]. On the other hand, it should be 
emphasized that nebivolol, a novel third-generation beta-1 blocker, appears to be 
associated with neutral or benefi cial effects in hypertensive patients [ 55 ,  61 ,  62 ]. 

 When considering lipid-lowering medications, results are confl icting regarding 
the role of these drugs on sexual function [ 3 ,  55 ]. While some authors proposed a 
protective effect of statins on erectile function [ 63 – 65 ], other studies demonstrated 
an increased risk of ED in patients using statins and fi brates [ 3 ,  55 ]. Finally, digoxin 
use has been shown to be associated with an increased risk of experiencing ED [ 66 ]. 
However, the underlying mechanism has not been completely understood yet. 

 Despite the fact that the abovementioned medications might be associated with 
an increased risk of ED, other classes of drugs, such as ACE inhibitors, angiotensin 
II receptor antagonists, and calcium channel antagonists, have been shown to be 
safe in terms of sexual side effects [ 55 ]. Additionally, recent studies suggest that 
these agents might include improved erectile function in their array of actions [ 55 , 
 67 ,  68 ].  

    Psychological Factors 
 The impact of psychological factors on the subsequent risk of sexual dysfunctions 
in patients with HF should not be underestimated. Indeed, HF patients often suffer 
from depression, which might result in decreased libido and impaired erectile func-
tion [ 3 ,  69 ]. Additionally, these individuals might be afraid of triggering new car-
diovascular events during sexual activity [ 3 ]. On the other hand, moderate physical 
exercise is not contraindicated in patients with stable HF, but it is benefi cial for their 
general health status. In this context, accurate individual risk assessment and 
detailed counseling is mandatory in HF patients interested in sexual activity [ 70 ].   

7.3.2     Sexual Activity in Patients with ED and HF 

 Sexual intercourse requires a modest exertion. It is equivalent to walking 1 mile on 
the fl at in 20 min or briskly climbing two fl ights of stairs in 10 s. Sexual intercourse 
averages 2–3 metabolic equivalents (METs) in the pre-orgasm phase and 3–4 METs 
in the orgasm phase [ 3 ]. Consequently, sexual activity leads to a modest increase in 
myocardial oxygen demand with a peak lasting only for a short time period. 
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 In 2012, the Third Princeton Consensus Conference developed a novel algorithm 
for the management of patients with ED [ 70 ]. The objective of this tool was to esti-
mate the risk associated with sexual activity in patients with ED and known CVD 
(Fig.  7.2 ). These recommendations are based on the most widely used clinical clas-
sifi cation of HF, which is the New York Heart Association (NYHA) classifi cation.

     Low-Risk Patients 
 In patients included in the low-risk group (i.e., NYHA I and II or individuals who 
achieved 5 METs without ischemia on exercise testing should be included in this 
category), sexual activity does not represent a signifi cant cardiac risk [ 70 ]. These 

  Fig. 7.2    Management of a patient with CVD ( a ) or without known CVD ( b ) (With permission 
from Vlachopoulos et al. [ 51 ]). *Low-risk patients include those with complete revascularization 
(e.g., via coronary artery bypass grafting, stenting, or angioplasty), patients with asymptomatic 
controlled hypertension, those with mild valvular disease, and patients with left ventricular dys-
function/heart failure (NYHA classes I and II) who achieved fi ve metabolic equivalents of the task 
( METS ) without ischemia on recent exercise testing. **Indeterminate risk patients include diabet-
ics, those with mild or moderate stable angina pectoris, past myocardial infarction (2–8 weeks) 
without intervention awaiting exercise electrocardiography, congestive heart failure (NYHA class 
III), and noncardiac sequelae of atherosclerotic disease (e.g., peripheral artery disease and a his-
tory of stroke or transient ischemic attack); this patient with ED may require assessment for addi-
tional vascular disease using carotid intima-media thickness or ankle-brachial index and subsequent 
reclassifi cation to low or high risk. ***High-risk patients include those with unstable or refractory 
angina pectoris, uncontrolled hypertension, congestive heart failure (NYHA class IV), recent myo-
cardial infarction without intervention (2 weeks), high-risk arrhythmia (exercise-induced ventricu-
lar tachycardia, implanted internal cardioverter defi brillator with frequent shocks, and poorly 
controlled atrial fi brillation), obstructive hypertrophic cardiomyopathy with severe symptoms, and 
moderate to severe valve disease, particularly aortic stenosis. ‡Where appropriate  CVD  cardiovas-
cular disease,  FRS  Framingham risk score,  PDE5i  phosphodiesterase type 5 inhibitors,  RF  risk 
factor,  Tth  testosterone therapy;  NYHA  New York Heart Association       
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patients can safely perform sexual activity without further testing or evaluation. 
Additionally, they might benefi t from the administration of pharmacological treat-
ments for ED, such as phosphodiesterase type-5 inhibitors [ 6 ].  

   High-Risk Patients 
 These individuals have CVD severe enough to pose a signifi cant risk of events with 
sexual activity. Patients in the NYHA IV class are included in this group [ 70 ]. 
Patients in the high-risk group should defer sexual activity until the cardiologic 
condition has been stabilized [ 6 ].  

   Intermediate-Risk Patients 
 The intermediate-risk group includes patients with NYHA III. These men should 
receive exercise stress test in order to be reassigned to low- or high-risk groups [ 6 , 
 70 ]. Of note, completing 4 min of the Bruce treadmill protocol (equivalent to 5–6 
METs) without symptoms identifi es the safety of sexual activity in patients in the 
intermediate-risk group [ 70 ].   

7.3.3     Use of Phosphodiesterase Type-5 Inhibitors 
in Patients with HF 

 Phosphodiesterase type-5 inhibitors represent a safe treatment for ED in patients 
with CVD. Additionally, (PDE-5) the well-known pathophysiological association 
between ED and CVD led to the hypothesis that patients with CVD and HF might 
benefi t from the administration of PDE-5 inhibitors not only in terms of improved 
erectile function but also to improve HF [ 52 ]. Studies have evaluated the effect of 
PDE-5 inhibitors on HF both at short- and long-term follow-up. For example, the 
acute administration of sildenafi l decreased heart rate during exercise, leading to a 
reduction of oxygen demand and risk of ischemia [ 71 ]. This drug signifi cantly 
decreases resting mean pulmonary artery pressure and pulmonary and systemic vas-
cular resistance and increases cardiac index [ 72 – 75 ]. 

 Regarding the chronic effects, PDE-5 inhibitors’ administration in HF patients 
has shown that these drugs may lead to NO-mediated vasodilatation, improved 
exercise capacity, reduced pulmonary hypertension, and improved ventilatory per-
formance [ 76 – 79 ]. The benefi cial effects of PDE-5 inhibitors might be attributed to 
increased production of cAMP which, in turn, activates protein kinase A, leading 
ultimately to an increase in intracellular calcium concentration and improvement of 
myocardial contractility [ 80 ]. Moreover, other mechanisms that decrease fi brosis, 
apoptosis, and hypertrophy, and prevent cardiovascular remodeling may also be 
responsible [ 78 ,  79 ]. 

 In patients with preserved ejection fraction, results are neutral. Administration of 
sildenafi l for 24 weeks, compared with placebo, did not result in signifi cant 
 improvement in exercise capacity or clinical status [ 81 ]. 

 Importantly, when considering the use of PDE-5 inhibitors in HF patients, some 
clinically relevant issues warrant discussion. Indeed, the concomitant use of 
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nitrates represents one of the main contraindications for the administration of these 
agents. A time interval of at least 24 h is recommended between the administration 
of nitrates and PDE-5 inhibitors (24 for sildenafi l and vardenafi l and 36 for 
tadalafi l) [ 82 ]. 

 Finally, it should be noted that other substances, such as L-arginine or capsaicin, 
might be benefi cial in terms of improved erectile and cardiac function in HF patients 
since they act through an improvement of endothelial function [ 83 – 85 ]. However, 
clinical evidence regarding the effi cacy of these agents is still poor and further well- 
designed prospective studies are needed.      
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      Erectile Dysfunction as an ‘Early 
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8.1            Introduction 

 Erectile dysfunction (ED) is common and increases with increasing age [ 1 ]. As we 
are an ageing population, management will become an increasing challenge. In 
the 1990s, ED and cardiovascular disease (CVD) were fi rst recognised to fre-
quently coexist [ 2 ]. However, it was 2001 before angiographic evidence demon-
strated ED occurring before coronary artery disease (CAD) was symptomatic [ 3 ]. 
Since then there has been an overwhelming body of evidence linking ED with 
CAD in particular, in that ED often precedes a cardiovascular event and ED is 
common in patients with CVD. Unfortunately, ED is not discussed proactively by 
many cardiologists or general physicians. So the fi rst premise in the management 
of ED is talking about sex, because giving sexual advice to cardiac patients is an 
important aspect of their overall management, no matter the cardiovascular dis-
ease condition [ 4 ]. The 2nd Princeton Guidelines stated that ED and CVD shared 
the same common denominator, namely, endothelial dysfunction, with the result 
that the principal problem of ED was vascular. Their conclusion was ‘the recogni-
tion of ED as a warning sign of silent vascular disease has led to the concept that 
a man with ED and no cardiac symptoms is a cardiac (or vascular) patient until 
proven otherwise’ [ 5 ].  
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8.2     ED and CVD: Examining the Link 

 The endothelium is the same throughout arterial tree; it follows that if there is a 
problem at one part of the circulation (ED), there could be a problem elsewhere 
which need not be symptomatic (e.g. ‘silent’ CAD or carotid disease). The artery 
size hypothesis seeks to explain the differing presentations of the same pathology 
and why ED could be a marker for silent disease elsewhere [ 6 ]. 

 Artery size varies according to location within the vascular system (Table  8.1 ). 
For example, the lumen of the penile arteries is considerably smaller (1–2 mm) 
compared with that of the coronary (3–4 mm), carotid (5–6 mm) and femoral 
(6–8 mm) arteries. Because of their smaller size and greater surface area, the same 
level of plaque burden and/or endothelial dysfunction has a greater effect on blood 
fl ow through the penile arteries than through the coronary, carotid and femoral arter-
ies. Therefore, the clinical manifestations of penile endothelial dysfunction may 
become evident before the consequences of coronary or peripheral vascular disease. 
By the time the lumen of the larger arteries become signifi cantly obstructed (>50 %), 
the penile blood fl ow may have already decreased considerably, which explains why 
so many men with CAD have ED.

   Thus, on the basis of the artery size hypothesis, a malfunction in the penile arter-
ies causing ED may be a predictor of silent subclinical CVD. In addition, because 
an acute coronary syndrome often arises as a result of the rupture of a subclinical 
plaque, the presence of ED may also be an early warning sign of an acute coronary 
event including mortality [ 7 ]. 

 In support of this concept, a series of 300 patients with acute chest pain and 
angiographically proven CAD were evaluated with a semi-structured interview 
to assess their medical and sexual histories prior to presentation [ 8 ]. The preva-
lence of ED among these patients was 49 % ( n  = 147). In these 147 men with both 
ED and CAD, ED was experienced before CAD symptoms in 99 patients (67 %). 
The mean time interval between the occurrence of ED and the occurrence of 
CAD was 38.8 months (range 1–168 months). Interestingly, all men with ED and 
type I diabetes developed sexual dysfunction before the onset of CAD 
symptoms. 

 ED is more frequent in diabetic patients with silent CAD than in those without. 
In a study of men with type II diabetes ( n  = 260), the incidence of ED (IIEF ques-
tionnaire) was signifi cantly higher in the population with asymptomatic CAD than 
in the population without CAD (33.8 % vs 4.7 %;  p  < 0001) [ 9 ]. ED not only pre-
dicted CAD independently of other risk factors but also was the strongest predictor 
of silent CAD in this study. 

  Table 8.1    Artery size and 
atherothrombosis. A 
signifi cant restriction to fl ow 
in the penile arteries may be 
subclinical in larger vessels  

 Artery  Diameter (mm)  Clinical event 

 Penile  1–2  ED 

 Coronary  3–4  Ischaemic heart disease 

 Carotid  5–7  TIA/stroke 

 Femoral  6–8  Claudication 

   TIA  transient ischaemic attack  
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 The large Prostate Cancer Prevention Trial provided the fi rst evidence of a strong 
association between ED and the subsequent development of clinical cardiovascular 
events [ 10 ]. ED at entry or that developed during follow-up was found to predict 
signifi cantly any cardiac event with a hazard ratio of 1.45 ( p  < 0.001; 95 % confi -
dence interval (CI): 1.25–1.69). The data also showed that the cardiovascular risk 
associated with incident ED (i.e., developed during follow-up) was at least as great 
as the risk associated with a family history of myocardial infarction, current smok-
ing or hypercholesterolaemia.  

8.3     Case History 

 A 49-year-old gentleman who was a company director attended my outpatient clinic 
with his wife. He was a type II diabetic with treated hypertension and a non-smoker. 
He was treated for hyperlipidaemia with atorvastatin 40 mg daily. 

 He had suffered from ED for 1 year. I began to advise the patient about the treat-
ment of ED when his wife interrupted the conversation and said she did not want her 
husband to be treated for ED, she just wanted his heart checked up. She had read in 
a newspaper that ED may be a marker of silent CAD. She was quite adamant that 
was the priority, and that was the reason for the consultation with a cardiologist. 

 Further evaluation followed direct questioning to make sure he was asymptom-
atic, which he was, and the lack of symptoms had also been documented by the 
family doctor who referred him. 

 A 12 lead ECG was normal and an echocardiogram showed good left ventricular 
function but did demonstrate left ventricular hypertrophy and some impaired left 
ventricular relaxation. There was no evidence of valvar heart disease. 

 Because of the risk factor of ED which we knew added to conventional risk fac-
tors, he underwent CT angiography. He had a calcium score of 1,598 (normal score 
0, >1,000 extensive plaque) and evidence of widespread and signifi cant CAD, and 
invasive angiography was recommended. 

 Invasive angiogram (Fig.  8.1 ) showed that the left anterior descending coronary 
artery was totally occluded but fi lled retrogradely from the right system. There was 
atheromatous disease to about 90 % in the circumfl ex coronary artery and a 90 % 
lesion in the right coronary artery which was particularly important as the right 
coronary artery was fi lling the left anterior descending retrogradely.

   He had severe three-vessel coronary artery disease therefore, and was at risk 
because he was type II diabetic. The evidence base would support coronary artery 
bypass grafting rather than attempted angioplasty. Quadruple coronary bypass 
grafting was therefore performed with three arterial grafts and one vein graft: the 
left internal mammary was grafted to an occluded heavily diseased left anterior 
descending and after a long arteriotomy a radial sequential graft was applied to 
obtuse marginal 1 and 2; a vein graft was applied to the right coronary artery. 

 The post operative course was uneventful and he was discharged home on the 
seventh post operative day fully well. He has been seen in the outpatient clinic, and 
on the statin therapy his cholesterol is 3.6 mmol/L with LDL 1.5. He has been 
advised about treatment for his ED.  
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8.4     The Temporal Relationship 

 Several studies suggest that there is a strong temporal relationship between ED and 
CAD, with ED preceding a cardiovascular event by at least 2–5 years [ 11 ]. This 
temporal relationship was investigated in a questionnaire-based study that included 
207 patients with CVD attending cardiovascular rehabilitation programmes and 165 
age-matched controls from general practice in the UK. Patients completed up to 
four questionnaires including the IIEF. Of the individuals with CVD, 56 % were 
experiencing symptoms of ED at the time of the study and had done so for a mean 
of 5 ± 5.3 years. In contrast, 37 % of individuals in the control group had ED symp-
toms for a mean of 6.6 ± 6.8 years. This interesting fi nding in the controls refl ects 
the importance of asking about ED routinely. 

a

c

b

d

  Fig. 8.1    ( a ,  b ) Show an occluded left anterior descending coronary artery and signifi cant circum-
fl ex coronary artery disease. ( c ,  d ) Pictures demonstrate disease in the right coronary artery which 
fi lls the left anterior descending retrogradely       
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 In the AssoCiation Between eRectile dysfunction and coronary Artery disease 
(COBRA) trial, 93 % of patients with a chronic coronary syndrome reported ED 
symptoms before the onset of angina pectoris, with a mean interval of 24 (range 
12–36) months [ 12 ]. This fi nding further reinforces the concept of a lead time of at 
least 2–5 years between the development of ED and symptomatic CAD. The time 
intervals (range) for patients with one-, two- and three-vessel disease were 12 (9.5–
24), 24 (16.5–36) and 33 (21–47) months, respectively. There was a signifi cant 
relationship between the length of time from ED to CAD onset and the number of 
vessels involved ( p  = 0.016). Importantly, given that men with ED may be at cardio-
vascular risk, this long lead time provides an early opportunity for cardiovascular 
risk reduction.  

8.5     Prediction of CVD Events and Mortality 

 Two recent meta-analyses and one systematic review have greatly helped our assess-
ment of the link between ED and the prediction of CVD including mortality [ 7 , 
 13 – 15 ]. Prior to these analyses studies had evaluated the effect of age on the ED link 
to increased cardiovascular risk, identifying the importance of ED as an especially 
powerful predictor of CVD events in young- and middle-aged men (ages 
30–60 years) where CVD preventative resources should be maximised. 

 A study of 1,400 men aged 40–75 years with no known CAD was prospectively 
followed for 10 years [ 15 ]. As can be seen from Table  8.2 , men in their 40s with ED 
have a 50-fold increase in CAD events per 1,000 patient years compared with men 
with normal erectile function, and fi vefold in men in their 50s (is there a more 
powerful risk factor?). In a retrospective study from Western Australia over 
10–15 years, men in their 20s and 30s were more than seven times more likely to 
have a CVD event if they had ED [ 16 ], and Riedner and colleagues found in a coro-
nary angiographic study that CAD was 2.3 times higher in men <60 years of age 
with ED [ 17 ]. In all three studies the ED/CAD link became less marked with age 
over 70 years.

   Table 8.2    ED predicts coronary events [ 15 ]   

 Age group  ED at baseline  No baseline ED 

 1,400 men with no known 
CAD –10-year follow-up 

 CAD events per 1,000 pt 
years with CI intervals 

 CAD events per 1,000 pt 
years with CI intervals 

 40–49  48.52 (1.23–269.26)  0.94 (0.02–5.21) 

 50–59  27.15 (7.40–69.56)  5.09 (3.38–7.38) 

 60–69  23.97 (11.49–44.10)  10.72 (7.62–14.66) 

 70+  29.63 (19.37–43.75)  23.30 (17.18–30.89) 

  The younger the age group, the increased cardiovascular risk from erectile dysfunction. In men in 
their 40s who have ED at baseline, cardiovascular risk over a 10-year follow-up is 50-fold greater 
than men who have normal erections  

8 Erectile Dysfunction as an ‘Early Diagnostic Window’



78

   Dong et al. performed a meta-analysis from 12 prospective studies involving 
36,744 men [ 13 ]. In Table  8.3 , the relative risks for men with ED are seen to be 
signifi cantly increased for CVD, CAD, stroke and all-cause mortality. 
Importantly, the ED risk was independent of conventional risk factors and the 
mortality increase fi ts in with the rupture of a vulnerable plaque, as previously 
discussed.

   Vlachopoulos and colleagues (Table  8.3 ) included 14 studies involving 92,757 
men with similar fi ndings to the Dong meta-analysis [ 7 ]. However, of especial 
importance is that they found the relative risk to be higher in younger men and 
intermediate-risk groups (5–20 % 10-year conventional risk). 

 Both meta-analyses and later a systematic review [ 14 ] of the association 
between ED and CVD confi rmed that the presence of ED increases the risk for 
future CVD events, MI, stroke and all-cause mortality. ED should therefore be 
incorporated into routine clinical practice as a diagnosis needing treatment as 
well as a diagnosis which could trigger an aggressive CVD risk-reduction strat-
egy [ 18 ].  

8.6     Methods of Detection of Silent Coronary Artery Disease 

 Vlachopoulos and colleagues have extensively studied the role of biomarkers in 
predicting the unfavourable endothelial and infl ammatory state in ED patients 
with or without coronary artery disease [ 19 ]. They have linked the triad of ED to 
endothelial dysfunction and CVD and concluded that low-grade systemic infl am-
mation could be an important element of the association between ED and CAD 
and that its individualised assessment could be a valuable tool for ED diagnosis 
risk assessment and a rationalised therapeutic approach to risk factor reduction in 
patients with ED with or without CVD symptoms [ 20 ]. The importance of risk 
factor reduction has been emphasised previously in several articles [ 18 ]. As ED 
and CAD share the same risk factors and the penis and the heart share the same 
endothelium, it is proposed that intensive intervention with lifestyle advice 

    Table 8.3    Relative risk 
of increased events 
and mortality: erectile 
dysfunction 
(ED vs no ED [ 7 ,  13 ])   

 Meta-analysis [ 7 ]  Meta-analysis [ 13 ] 

 ( n  = 92,757)  ( n  = 36,744) 

 Pooled end points  1.44 a   1.48 a  

 Cardiovascular 
disease mortality 

 1.19  n/a 

 Myocardial 
infarction 

 1.62 a   1.46 a  

 Stroke  1.39 a   1.35 a  

 All-cause mortality  1.25 a   1.19 

   a All signifi cant except cardiovascular disease mortality  
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focusing on a healthy diet, weight loss and increased physical activity benefi ts 
men with ED, reducing the markers of infl ammation and improving endothelial 
function. Vlachopoulos and colleagues have provided a clinical update on endo-
thelial dysfunction in the cardiovascular patient, and the assessment of vascular 
risk in men with ED and the role of the cardiologist and general physician have 
been emphasised, with the recommendation that a question about ED is included 
in the established assessment of CVD risk in all men and be added to CVD risk 
assessment guidelines [ 7 ,  21 ]. 

 The 3rd Princeton Consensus Conference identifi ed the link between ED and 
CVD which may be asymptomatic and may benefi t from cardiac risk reduction [ 22 ]. 
The authors went on to conclude that ‘all men with vasculogenic ED require a car-
diovascular work-up’ [ 23 ].  

8.7     The Role of Computed Tomography Coronary 
Angiography 

 Evaluation of chest pain is becoming more anatomical with multidetector car-
diac computed tomography (MDCT) being proven the most sensitive way of 
detecting underlying coronary artery disease. Is this detection rate superior to 
exercise testing and does it apply to people without chest pain symptoms but 
with the risk factor of ED? In a study of 65 men with organic ED and no cardiac 
symptoms, all underwent maximal exercise testing and MDCT in the same 7-day 
period [ 24 ]. The exercise ECG was borderline abnormal in three men and com-
pletely normal in 62 with a good functional ability. However, on CT calcium was 
present in 53 men with the score ranging from 5 to 1,671, and in addition non-
calcifi ed plaque was seen in seven men and theoretically this could well be the 
plaque most vulnerable to rupture. The MDCT angiogram was normal in only 5 
(3.25 %). Importantly, as a result of the MDCT, nine men underwent invasive 
coronary angiography and the severity of the CAD led to fi ve men receiving 
coronary stents and four men coronary artery bypass surgery (see Case Report 
Figure). 

 In this study, most men with ED had subclinical cardiac disease. All were with-
out cardiac symptoms and had been referred prospectively because of their ED and 
the increasing recognition of the link between ED and CVD. 

 Depending on location not every man with ED will have access to 
MDCT. A  reasonable approach is to use calcium screening (1–2 mSU X-rays com-
pared with CXR 0.02) in those most at risk, especially men aged 30–60 years, but 
preferably MDCT (5–20 mSU) to detect soft and/or non-calcifi ed plaque. 
Alternatively, biomarkers that are abnormal drive a policy of aggressive risk reduc-
tion in all identifi ed men with ED (ask routinely), and elective investigation when 
clinically appropriate could be pursued but this demands detailed and regular fol-
low-up [ 19 ]. An ideal algorithm is provided in Fig.  8.2 .
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       Conclusion 
 There are several ‘ ED s’[ 1 ]. There is  E ndothelial  D ysfunction which is the com-
mon denominator between ED and CVD. There is the importance of  E arly 
 D etection and  ED ucation, both of the patient and the healthcare professional. 
Finally, we have the most important  ED  with the time window of opportunity 
giving us chance to prevent  E arly  D eath. 

 However, there is no point in having windows of opportunity if you do not 
look through the window and do something about the condition [ 18 ]. The win-
dow of 2–5 years between ED and CAD events offers us an opportunity for 
aggressive risk factor reduction. It is time we turned the overwhelming evidence 
into action, not just recognising the link between ED and CVD but doing some-
thing about it.     

   References 

     1.    Jackson G (2006) Erectile dysfunction: a marker of silent coronary artery disease. Eur Heart 
J 27:2613–2614  

    2.    Jackson G (1999) Erectile dysfunction and cardiovascular disease. Int J Clin Pract 
53:363–368  

    3.    O’Kane PD, Jackson G (2001) Erectile dysfunction: is there silent obstructive coronary artery 
disease? Int J Clin Pract 55:219–220  

    4.    Jackson G (2013) Let’s talk about sex. Clin Res Cardiol 102:327–328  
    5.    Jackson G, Rosen RC, Kloner RA et al (2006) The second Princeton consensus on sexual 

dysfunction and cardiac risk: new guidelines for sexual medicine. J Sex Med 3:28–36  

  Fig. 8.2    Algorithm       

 

G. Jackson



81

    6.    Montorsi P, Montorsi F, Schulman CC (2003) Is erectile dysfunction the “tip of the iceberg” of 
a systemic vascular disorder? Eur Urol 44:352–354  

         7.    Vlachopoulos CV, Terentes-Printzios DG, Ioakeimidis N et al (2013) Prediction of 
 cardiovascular events and all-cause mortality with erectile dysfunction: a systematic review 
and meta- analysis of cohort studies. Circ Cardiovasc Qual Outcomes 6:99–109  

    8.    Montorsi F, Briganti A, Salonia A et al (2003) Erectile dysfunction prevalence, time of onset 
and association with risk factors in 300 consecutive patients with acute chest pain and 
 angiographically documented coronary artery disease. Eur Urol 44:360–364  

    9.    Gazzaruso C, Solerte SB, Pujia A et al (2008) Erectile dysfunction as a predictor of 
 cardiovascular events and death in diabetic patients with angiographically proven asymptom-
atic coronary artery disease: a potential protective role for statins and 5-phosphodiesterase 
inhibitors. J Am Coll Cardiol 51:2040–2044  

    10.    Thompson IM, Tangen CM, Goodman PJ et al (2005) Erectile dysfunction and subsequent 
cardiovascular disease. JAMA 294:2996–3002  

    11.    Hodges LD, Kirby M, Solanki J et al (2007) The temporal relationship between erectile 
 dysfunction and cardiovascular disease. Int J Clin Pract 61:2019–2025  

    12.    Montorsi P, Ravagnani PM, Galli S et al (2006) Association between erectile dysfunction and 
coronary artery disease. Role of coronary clinical presentation and extent of coronary vessels 
involvement: the COBRA trial. Eur Heart J 27:2632–2639  

       13.    Dong JY, Zhang YH, Qin LQ (2011) Erectile dysfunction and risk of cardiovascular disease: 
meta-analysis of prospective cohort studies. J Am Coll Cardiol 58:1378–1385  

    14.    Gandaglia G, Briganti A, Jackson G et al (2014) A systematic review of the association 
between erectile dysfunction and cardiovascular disease. Eur Urol 65:968–978  

      15.    Inman BA, Sauver JL, Jacobson DJ et al (2009) A population-based, longitudinal study of 
erectile dysfunction and future coronary artery disease. Mayo Clin Proc 84:108–113  

    16.    Chew KK, Finn J, Stuckey B et al (2010) Erectile dysfunction as a predictor for subsequent 
atherosclerotic cardiovascular events: fi ndings from a linked-data study. J Sex Med 
7:192–202  

    17.    Riedner CE, Rhoden EL, Fuchs SC et al (2011) Erectile dysfunction and coronary artery 
 disease: an association of higher risk in younger men. J Sex Med 8:1445–1453  

      18.    Jackson G (2007) The importance of risk factor reduction in erectile dysfunction. Curr Urol 
Rep 8:463–466  

     19.    Vlachopoulos C, Ioakeimidis N, Terentes-Printzios D et al (2008) The triad: erectile dysfunc-
tion – endothelial dysfunction – cardiovascular disease. Curr Pharm Des 14:3700–3714  

    20.    Vlachopoulos C, Rokkas K, Ioakeimidis N et al (2007) Infl ammation, metabolic syndrome, 
erectile dysfunction, and coronary artery disease: common links. Eur Urol 52:1590–1600  

    21.    Vlachopoulos C, Jackson G, Stefanadis C et al (2013) Erectile dysfunction in the cardiovascu-
lar patient. Eur Heart J 34:2034–2046  

    22.    Nehra A, Jackson G, Miner M et al (2012) The Princeton III consensus recommendations for 
the management of erectile dysfunction and cardiovascular disease. Mayo Clin Proc 
87:766–778  

    23.    Jackson G, Nehra A, Miner M et al (2013) The assessment of vascular risk in men with erectile 
dysfunction: the role of the cardiologist and general physician. Int J Clin Pract 67:1163–1172  

    24.    Jackson G (2013) Erectile dysfunction and asymptomatic coronary artery disease: frequently 
detected by computed tomography coronary angiography but not by exercise electrocardiogra-
phy. Int J Clin Pract 67:1159–1162    

8 Erectile Dysfunction as an ‘Early Diagnostic Window’



83© Springer International Publishing Switzerland 2015
M. Viigimaa et al. (eds.), Erectile Dysfunction in Hypertension and 
Cardiovascular Disease: A Guide for Clinicians, 
DOI 10.1007/978-3-319-08272-1_9

        D.     Terentes-Printzios      (*) •    C.     Vlachopoulos      
  1st Department of Cardiology, Cardiovascular Diseases and Sexual Health Unit , 
 Athens Medical School ,   Athens ,  Greece   
 e-mail: dimitristerentes@yahoo.gr; cvlachop@otenet.gr  

  9      The Prognostic Role of Erectile 
Dysfunction for Cardiovascular Events 

             Dimitrios         Terentes-Printzios      
and     Charalambos       Vlachopoulos    

      Abbreviations 

  ABI    Ankle-brachial index   
  CAC    Coronary artery calcium   
  CAD    Coronary artery disease   
  CCTA    Coronary computed tomography angiography   
  CfPWV    Carotid-femoral pulse wave velocity   
  CI    Confi dence intervals   
  CV    Cardiovascular   
  CVD    Cardiovascular disease   
  ED    Erectile dysfunction   
  HF    Heart failure   
  IL-6    Interleukin-6   
  IMT    Intima-media thickness   
  MACE    Major adverse cardiac events   
  ONTARGET    ONgoing Telmisartan Alone and in combination with ramipril 

global endpoint trial   
  PSV    Peak systolic velocity   
  RR    Relative risk   
  SCORE    Systematic coronary risk evaluation   
  TOM    Testosterone in older men with mobility limitations   
  TRANSCEND    Telmisartan randomized assessment study in ACE intolerant sub-

jects with cardiovascular disease   
  VITAL    Vitamins and lifestyle   

mailto:dimitristerentes@yahoo.gr
mailto:cvlachop@otenet.gr


84

9.1          Introduction 

 Erectile dysfunction (ED) is a universal clinical problem with thousands of new 
cases per year [ 1 ]. Cardiovascular disease (CVD) and ED share common risk fac-
tors [ 2 ], while evidence-based studies have identifi ed pathophysiological links, such 
as endothelial dysfunction, infl ammation, and low testosterone [ 3 ], thus identifying 
ED as an appealing candidate marker for future events. Screening and diagnosing 
ED is essential for primary prevention since ED assessment offers a low-cost, easy 
alternative to several investigational cardiovascular biomarkers [ 4 ] and could 
describe the risk over and beyond traditional risk factors, particularly for those 
patients belonging into the intermediate cardiovascular risk category [ 5 ]. ED may 
precede clinically overt CVD by 2–5 years providing a valuable time window to 
earlier modifi cation of risk factors and potentially improve outcomes [ 4 ]. 

 A number of studies and meta-analyses examined the ability of ED to predict the 
risk of future fatal and nonfatal cardiovascular events and all-cause mortality [ 5 ,  6 ]. 
Integration of current knowledge makes evident that presence of ED increases the 
risk for future cardiovascular events, myocardial infarction, stroke, and all-cause 
mortality [ 5 ,  6 ]. Evidence points towards a grading effect of the severity of ED in 
the predictive ability of this condition for clinical outcome [ 7 ]. 

 Several vascular and circulatory biomarkers such as aortic stiffness [ 8 ] and tes-
tosterone [ 9 ], along with baseline cardiovascular risk and reliable diagnosis of ED 
with a validated questionnaire, have demonstrated an essential role in the determi-
nation of the predictive ability of ED [ 4 ,  5 ]. Of special interest is the effect of phar-
macological treatment of ED on prognosis. Several studies have implicated that 
improvement of ED and ED-associated comorbidities either by pharmacological or 
lifestyle interventions might also have a per se benefi cial impact on cardiovascular 
risk [ 5 ,  10 ].  

9.2     Pathophysiological Links of Erectile Dysfunction 
and Cardiovascular Events 

 Vasculogenic ED may result from impairment of endothelial dependent and/or inde-
pendent smooth muscle relaxation (i.e., functional vascular ED, early stages), 
occlusion of the penile arteries by atherosclerosis (i.e., structural vascular ED, late 
stages), or a combination of these processes [ 3 ]. Vasculogenic ED or primarily vas-
culogenic ED (i.e., in cases that the cause of ED is multifactorial along with hor-
monal disturbances or diabetic neuropathy) should be regarded as harbinger of 
incident or future cardiovascular disease. Risk factors associated with ED are clas-
sical CV risk factors related to atherosclerosis including age, hypercholesterolemia, 
hypertension, insulin resistance and diabetes, smoking, obesity, metabolic syn-
drome, sedentary lifestyle, and depression [ 2 ]. Moreover, both atherosclerosis and 
ED have been linked to endothelial dysfunction and infl ammation and low testoster-
one levels [ 3 ,  11 – 13 ]. Men with ED, which is largely due to impaired nitric oxide 
bioavailability rather than atherosclerosis in the penile vasculature, are found to 
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have endothelial dysfunction and subclinical atherosclerosis in other  vascular beds 
as well [ 13 ].

  ED seems to precede manifestation (or documentation) of coronary artery dis-
ease (CAD) in about two-thirds of cases by a mean time interval of 2–3 years and a 
cardiovascular event (myocardial infarction and stroke) by 3–5 years, although lon-
ger time frames have been reported [ 14 – 16 ]. A plausible explanation is proposed by 
the “artery size” hypothesis [ 17 ]. According to this hypothesis, for a given athero-
sclerotic burden, the smaller penile arteries suffer obstruction earlier than the larger 
coronary arteries; hence, ED may be symptomatic before a coronary event. 
Furthermore, in theory, the longer the ED duration, the longer the time of exposure 
to risk factors and to disease processes and thus the greater the risk of subclinical or 
future CVD. Therefore, while the accumulating plaque burden does not induce 
fl ow-limiting obstruction, it may be the cause of acute CV events in susceptible 
patients. Endothelial dysfunction and increased oxidative stress are also essential 
factors in the genesis of myocardial ischemia and acute cardiovascular events 
through changes in plaque compositions that eventually may infl uence plaque sta-
bility and coronary thrombosis [ 3 ].  

9.3    Erectile Dysfunction as a Marker of Prevalent CAD 

 Association of ED with prevalent CAD goes both ways [ 18 ]. According to several 
cross-sectional studies, one to two out of three CAD patients are diagnosed with ED 
[ 12 ]. On the other hand, ED patients have increased risk for asymptomatic CAD 
[ 12 ]. The percentage of ED patients with positive exercise stress tests or signifi cant 
coronary stenosis by conventional or computed tomography coronary angiography 
can be as high as 50 % [ 12 ]. In fact, the most compelling evidence comes from a 
prospective angiographic study, showing that almost one out of fi ve men without 
symptoms for CAD, presenting with vasculogenic ED as their only symptom, have 
signifi cant coronary artery stenosis [ 19 ]. Finally, the severity of the ED correlates 
with the severity of the CAD and consequently with gravity of prognosis [ 16 ].  

9.4     Erectile Dysfunction as a Prognostic Marker 
of Cardiovascular Events 

 The results of numerous experimental, cross-sectional and retrospective studies cre-
ated the spark for the link between ED and CV events that warranted conduction of 
prospective studies. The Prostate Cancer Prevention Trial in 2005 [ 20 ] was the fi rst 
large prospective study to confi rm researchers’ assumptions and offer them both 
answers as well as further questions on the subject. In particular, men included in 
the placebo arm of the trial with baseline or “incidental” ED developed during the 
follow-up had 1.45-fold higher risk to experience a CV event compared to 
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individuals without ED. However, these results were limited by lack of validated 
questionnaires, by the heterogeneity of CV events used as endpoints, and by the 
high rate of patients who developed ED during follow-up (65 % after 7 years). Most 
of these limitations were dealt with in a population-based study by Banks et al. [ 7 ], 
evaluating the association between ED and future CV endpoints in a large Australian 
cohort of 95,038 men. Interestingly, ED severity showed a gradual association with 
CV endpoints that was even stronger in patients with prior CVD. Particularly, indi-
viduals with a known history of CVD complaining of severe ED had a roughly 
twofold higher probability of experiencing CV events compared to those without 
ED. This was confi rmed also in patients without a known history of CVD [ 7 ]. 

 ED has been investigated as a predictor of clinical outcome also in men at high 
CV risk, such as patients with CAD, heart failure (HF), and diabetes [ 10 ,  21 – 24 ]. 
Diabetics are the best studied group among them. Three prospective studies investi-
gated the relationship between ED and CV events in diabetics and all three came to 
the same conclusion that ED is an important predictor of CV events in diabetes [ 10 , 
 21 ,  24 ]. In fact, the pooled odds ratio in diabetics was estimated in a recent meta- 
analysis at 1.74 (95 % confi dence interval [CI]: 1.34–2.27) for CV events and 1.72 
(95 % CI: 1.5–1.98) for CAD [ 25 ]. In accordance, a sub-study of the ONgoing 
Telmisartan Alone and in combination with Ramipril Global Endpoint Trial 
(ONTARGET)-Telmisartan Randomized AssessmeNt Study in ACE iNtolerant 
subjects with cardiovascular Disease (TRANSCEND) trials [ 23 ] confi rmed the pre-
dictive role of ED in a population at high risk for CVD. Finally, a small prospective 
study showed a trend for increased mortality in patients with HF and ED compared 
to HF patients without ED [ 22 ]. 

 However, an independent association between ED and CVD is not a universal 
fi nding of prospective studies. Hotaling et al. [ 26 ] in the large prospective VITamins 
and Lifestyle (VITAL) study involving 31,296 men failed to show an association 
between ED and CV mortality. Possible explanations for this result are the enroll-
ment of a low CV risk population and the fact that men were diagnosed with ED 
using a single question. In addition, Ponholzer et al. [ 27 ] also did not show a statisti-
cally signifi cant association between ED and CV events in a population of 2,506 
men with a mean age of 45 years. However, this study was also hampered by several 
limitations such as the investigation of mainly young individuals at low CV risk, the 
assessment of outcome merely based on the information regarding hospital admis-
sions, as well as the short follow-up period. Furthermore, Araujo et al. [ 28 ] investi-
gated the predictive role of ED over Framingham risk score. The authors, despite 
showing that ED is independently associated with increased CVD incidence, did not 
fi nd a signifi cant improvement in the prediction of who will and will not develop 
CVD beyond that offered by traditional risk factors. These neutral studies casted 
doubt on the association between ED and CV endpoints. 

 In order to clear this doubt, an overall robust quantitative estimate of the 
predictive value of ED for different outcomes as well estimation of the pos-
sible publication bias was warranted. Recently, three meta-analyses [ 5 ,  6 ,  29 ] 
showed that ED signifi cantly increases the risk of CVD and that this increase 
is independent of conventional CV risk factors. In the most recent and most 
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comprehensive meta-analysis [ 5 ], we analyzed results from almost 100,000 
participants included in 14 studies with a mean follow-up of over 6 years. We 
showed that patients with ED had a signifi cantly increased risk by 44 % for CV 
events, 62 % for myocardial infarction, and 25 % for overall mortality compared 
to those without ED (Fig.  9.1 ). Interestingly, the relative risk (RR) for future 
adverse events was higher at younger ages and intermediate-CVD-risk popula-
tions [ 5 ]. Furthermore, the assessment of ED by a structured validated question-
naire was associated with higher RR of CVD as compared to when the diagnosis 
of ED was made with a single question [ 5 ]. Importantly, publication bias could 
not have affected our results in a meaningful manner.

9.5        The Role of Biomarkers in Prognosis of Cardiovascular 
Events in Erectile Dysfunction 

 As already stated, ED carries by itself an independent risk for both prevalent CAD 
and future CV events. Several tests that measure the general atherosclerotic burden 
(not necessarily obstructive) either in the coronary circulation (i.e., coronary calcium 
score by electron-beam computed tomography) or in extra-coronary vessels (i.e., 
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ankle-brachial index, carotid intima-media thickness) along with functional arte-
rial indices (fl ow-mediated dilatation) or mixed (functional and structural) arterial 
indices (aortic stiffness and wave refl ection indices) are also considered surrogate 
markers of CVD [ 4 ,  13 ,  30 ]. ED has been associated with all the above mentioned 
markers of overall atherosclerotic burden (Table  9.1 ). It would be extremely clini-
cally useful to identify potential biomarkers that would predict future CV event 
in the ED population. These biomarkers of generalized vascular disease discussed 
above are potential such candidates. However, to the best of our knowledge, carotid-
femoral pulse wave velocity (cfPWV) is the only biomarker of generalized vascular 
disease that independently predicts future major adverse cardiac events (MACE) in 
ED and has the ability to reclassify patients in the proper CV risk group over and 
beyond traditional CV risk factors [ 8 ]. cfPWV is a validated noninvasive assess-
ment of aortic stiffness, which has been shown to have an independent predictive 
value for cardiovascular events and all-cause mortality [ 31 – 33 ]. In addition, pulse 
pressure, a crude index of arterial stiffness, has also been shown to predict outcome 
in ED patients [ 34 ]. It should be noted that the rest abovementioned indices have 
not shown a predictive ability specifi cally in ED patients since relevant studies are 
lacking. However, based on their ability in various populations, they are expected to 
show such performance in ED patients.

   Hormonal testing (testosterone or prolactin) has been shown to be an indepen-
dent predictor of CV events in ED patients. In specifi c, while total testosterone 
levels <8 nmol/L are associated with increased chance of MACE, for each 10 ng/mL 
increment of prolactin levels (in ED patients without pathological hyperprolac-
tinemia, prolactin <735 mU/L or 35 ng/ mL), the risk for MACE is decreased by 
5 % [ 8 ,  35 ]. We also demonstrated in a group of hypertensive patients consisting 
primarily of patients with ED that the predictive ability of total testosterone is incre-
mental to Framingham risk score and has the potential to reclassify these patients to 
their appropriate CV risk group [ 36 ]. Furthermore, albuminuria (micro- or macro-), 
as assessed by albumin/creatinine ratio >3.5 mg/mmol and albumin excretion ratio 
>30 mg/day, predicts outcome in diabetic patients with and without ED [ 10 ,  21 ]. 
Interestingly, assessment of both fl accid and dynamic peak systolic velocity (PSV) 
(fl accid PSV < 13 cm/s and dynamic PSV < 25 cm/s) in penile Doppler is a prognos-
tic marker for incident major CV events [ 37 ]. 

 Finally, offi ce-based assessment of cardiovascular risk using conventional 
risk factor algorithms, such as Framingham risk score and Systematic COronary 
Risk Evaluation (SCORE), is important for initial risk stratifi cation [ 4 ]. In 2012 
the Third Princeton Consensus Conference addressed the role of screening and 
lifestyle modifi cations in ED patients according to CVD risk [ 38 ]. On the foun-
dations of Princeton III recommendations, a practical clinical algorithm has been 
recently proposed [ 4 ] (Fig.  9.2 ). Therefore, inclusion of such biomarkers and CV 
risk scores in the assessment of ED patients may aid in identifying which asymp-
tomatic ED patient should be further investigated and how aggressively should 
be treated [ 4 ].

D. Terentes-Printzios and C. Vlachopoulos



89

   Ta
b

le
 9

.1
  

  Pr
og

no
st

ic
 m

ar
ke

rs
 o

f 
ca

rd
io

va
sc

ul
ar

 d
is

ea
se

 in
 th

e 
pa

tie
nt

 w
ith

 e
re

ct
ile

 d
ys

fu
nc

tio
n   

 B
io

m
ar

ke
rs

 
 A

ss
oc

ia
tio

n 
w

ith
 

va
sc

ul
og

en
ic

 E
D

 

 O
ve

ra
ll 

C
V

 
pr

ed
ic

tiv
e 

va
lu

e 

 A
ss

oc
ia

tio
n 

w
ith

 
C

V
 p

re
va

le
nc

e 
in

 E
D

 
 C

V
 p

re
di

ct
iv

e 
va

lu
e 

in
 E

D
 

 R
es

po
ns

e 
to

 
tr

ea
tm

en
t 

 A
pp

lic
ab

ili
ty

 
 C

os
t-

ef
fe

ct
iv

en
es

s 

 Te
st

os
te

ro
ne

 
 +

+
+

 
 +

+
 

 +
 

 +
 

 +
 

 +
+

+
+

 
 +

+
+

+
 

 hs
C

R
P 

 +
+

 
 +

+
+

 
 +

 
 −

 
 +

 
 +

+
+

+
 

 +
+

+
+

 

 Fi
br

in
og

en
, I

L
-6

 
 +

+
+

 
 +

+
 

 +
 

 −
 

 +
 

 +
+

 
 +

+
+

 

 C
ar

ot
id

 I
M

T
 

 +
+

+
 

 +
+

+
 

 +
 

 −
 

 +
 

 +
+

 
 +

+
+

 

 A
or

tic
 s

tif
fn

es
s 

(P
W

V
) 

 +
+

+
 

 +
+

+
 

 +
 

 +
+

 
 +

+
 

 +
+

 
 +

+
+

 

 A
B

I 
 +

+
 

 +
+

+
 

 +
 

 −
 

 −
 

 +
+

+
 

 +
+

+
+

 

 C
C

TA
 

 +
+

 
 +

+
+

 
 +

 
 −

 
 −

 
 +

 
 +

 

 C
A

C
 

 +
+

 
 +

+
+

+
 

 +
 

 −
 

 −
 

 +
 

 +
 

 E
nd

ot
he

lia
l 

dy
sf

un
ct

io
n 

 +
+

+
 

 +
+

 
 +

 
 −

 
 +

+
 

 +
+

 
 +

+
+

 

 A
lb

um
in

ur
ia

 
(m

ic
ro

- 
or

 m
ac

ro
-)

 
 +

 
 +

+
+

 
 +

 
 +

 
 −

 
 +

+
+

+
 

 +
+

+
+

 

 Pe
ni

le
 c

ol
or

 D
op

pl
er

 
 +

+
+

+
 

 −
 

 +
 

 +
 

 +
+

 
 +

 
 +

+
 

  A
ss

oc
ia

tio
n 

w
ith

 E
D

, a
pp

lic
ab

ili
ty

, r
es

po
ns

e 
to

 tr
ea

tm
en

t, 
pr

og
no

st
ic

 v
al

ue
, a

nd
 c

os
t-

ef
fe

ct
iv

en
es

s 
of

 b
io

m
ar

ke
rs

 (
sc

or
ed

 f
ro

m
 0

 to
 4

+
) 

  A
B

I  a
nk

le
-b

ra
ch

ia
l i

nd
ex

,  C
A

C
  c

or
on

ar
y 

ar
te

ry
 c

al
ci

um
,  C

C
TA

  c
or

on
ar

y 
co

m
pu

te
d 

to
m

og
ra

ph
y 

an
gi

og
ra

ph
y,

  C
V

D
  c

ar
di

ov
as

cu
la

r d
is

ea
se

,  E
D

  e
re

ct
ile

 d
ys

fu
nc

-
tio

n,
  I

L
 - 6

  in
te

rl
eu

ki
n-

6,
  I

M
T

  in
tim

a-
m

ed
ia

 th
ic

kn
es

s,
  P

V
W

  p
ul

se
 w

av
e 

ve
lo

ci
ty

  

9 The Prognostic Role of Erectile Dysfunction for Cardiovascular Events



90

9.6        The Effect of Treatment of Erectile Dysfunction 
on Prognosis of Cardiovascular Events 

 Improvement of ED by lifestyle interventions, common to those recommended for 
reduction of CVD risk, might per se be benefi cial in terms of erectile function and 
prognosis. After the initial ED evaluation and prior to administration of specifi c ED 
treatment, exercise ability should be considered to estimate CV risk associated with 
sexual activity [ 39 ]. A recent meta-analysis of 14 studies established a signifi cant 
association between acute cardiac events and episodic physical or/and sexual activity 
that was attenuated among individuals with high levels of habitual physical activity. 

  Fig. 9.2    Management of ED patient with ( a ) and without ( b ) cardiovascular disease (With per-
mission from Vlachopoulos et al. [ 4 ]). *Low-risk patients include those with complete revascular-
ization (e.g., via coronary artery bypass grafting, stenting, or angioplasty), patients with 
asymptomatic controlled hypertension, those with mild valvular disease, and patients with left 
ventricular dysfunction/heart failure (NYHA classes I and II) who achieved fi ve metabolic equiva-
lents of the task ( METS ) without ischemia on recent exercise testing. **Indeterminate risk patients 
include diabetics, those with mild or moderate stable angina pectoris, past myocardial infarction 
(2–8 weeks) without intervention awaiting exercise electrocardiography, congestive heart failure 
(NYHA class III), and noncardiac sequelae of atherosclerotic disease (e.g., peripheral artery dis-
ease and a history of stroke or transient ischemic attack); this patient with ED may require assess-
ment for additional vascular disease using carotid intima-media thickness or ankle-brachial index 
and subsequent reclassifi cation to low or high risk. ***High-risk patients include those with unsta-
ble or refractory angina pectoris, uncontrolled hypertension, congestive heart failure (NYHA class 
IV), recent myocardial infarction without intervention (2 weeks), high-risk arrhythmia (exercise-
induced ventricular tachycardia, implanted internal cardioverter defi brillator with frequent shocks, 
and poorly controlled atrial fi brillation), obstructive hypertrophic cardiomyopathy with severe 
symptoms, and moderate to severe valve disease, particularly aortic stenosis. ‡Where appropriate 
 CVD  cardiovascular disease,  FRS  Framingham risk score,  PDE5i  phosphodiesterase type 5 inhibi-
tors,  RF  risk factor,  Tth  testosterone therapy;  NYHA  New York Heart Association       
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 Of special interest is the effect of pharmacological treatment of ED, as it appears 
that this may also have a benefi cial impact on risk [ 40 ]. Indeed, Frantzen et al. [ 41 ] 
showed that 2 years after the introduction of sildenafi l, the RR of the incidence of 
CVD among men with ED compared with healthy men signifi cantly decreased from 
1.7 to 1.1. Furthermore, Gazzaruso et al. [ 10 ] showed that type 5 phosphodiesterase 
inhibitors offer a marginal protection against the development of major adverse 
cardiac events in CAD diabetic patients with ED. 

 Testosterone treatment for hypogonadal ED patients as well as its effect on car-
diovascular outcomes is a highly debated subject. Systematic reviews and meta- 
analyses of testosterone therapy show a neutral or small unfavorable effect on 
cardiovascular outcomes [ 42 ,  43 ]. However, the Testosterone in Older Men With 
Mobility Limitations (TOM) trial [ 44 ], which randomized community-dwelling 
men 65 years and older with limitations in mobility and total serum testosterone 
levels lower than 350 ng/dL to placebo or testosterone gel for 6 months showed 
more cardiovascular events in the testosterone arm. However, the clinical applica-
bility of these fi ndings is limited by the usage of an off-label, high, and rapid esca-
lation dosing regimen and by the inclusion of frail elderly men with impaired 
mobility. Furthermore, in a recent retrospective study [ 45 ] testosterone users were 
found to have an increased risk of cardiovascular outcomes; however, the study is 
hampered by methodological shortcomings in analysis and credibility of data 
report. Based on these results testosterone treatment must be reserved for patients 
who (1) are symptomatic (ED or reduced libido) of testosterone defi ciency and (2) 
they have biochemical evidence of low testosterone (total testosterone <8 nmol/L 
or 230 ng/dL) with respect to its contraindications and limitations as well as close 
follow-up [ 4 ,  38 ]. 

 Drugs used in cardiovascular disease prevention and treatment, such as drugs of 
the renin-angiotensin-aldosterone system and statins, apart from reducing cardio-
vascular risk appear to have a benefi cial effect on ED itself. It is rational to believe 
that these drugs will have a benefi cial effect in cardiovascular outcomes of ED 
patients as well [ 46 ]. Limited data have demonstrated a signifi cant role of statins in 
improving the prognosis of diabetics with CAD that included a signifi cant propor-
tion of ED patients [ 10 ]. Undoubtedly, more data are needed and future follow-up 
studies should ideally collect information on ED treatment and investigate their 
effect on prognosis [ 47 ].  

   Conclusion 
 In summary, CVD and ED share common risk factors, while evidence-based 
studies have identifi ed pathophysiological links, such as endothelial dysfunction 
and infl ammation. ED also confers an independent risk for future CV events. The 
usual 3-year time frame between the onset of ED symptoms and a CV event 
offers an opportunity for risk mitigation and potentially improvement of out-
comes. Current literature and guidelines [ 48 ] support implementation of ED into 
clinical practice and stress the need to establish standardized methods to diag-
nose ED and to investigate the potential effect of use of biomarkers and ED treat-
ment on CV events and all-cause mortality.     
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   Glossary 

     Ankle-brachial index    It is the ratio of the blood pressure in the lower legs (pos-
terior tibial artery or dorsalis pedis artery) to the blood pressure in the arms 
(brachial artery).   

  Arterial stiffness    It is the reduced capability of an artery to expand in response to 
pressure changes.   

  Pulse wave velocity    It is the distance traveled (Δ x ) by the pressure wave divided 
by the time (Δ t ) for the wave to travel that distance.   

  Vascular biomarkers    Biomarkers that originate from changes in function or struc-
ture of blood vessels such as aortic stiffness, carotid intima-media thickness, 
coronary artery calcium calcifi cation, and endothelial function.   

  Vasculogenic ED    It is diagnosed when the peak systolic velocity (PSV) is less than 
35 cm/s and/or when the end-diastolic velocity (EDV) is greater than 5 cm/s in 
penile Doppler.   
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10.1            Introduction 

 Chronic kidney disease (CKD) is a growing health problem worldwide affecting 
approximately 15 % of the adult population [ 1 ]. The risk of dying is severalfolds 
higher than the risk of starting with renal replacement therapy (RRT), CVDs being 
the main cause of death [ 2 ]. Among various risk factors and mechanisms, nitric 
oxide (NO) defi ciency is particularly interesting [ 3 ]. Currently with advances 
in medical care, the survival of CKD patients has been prolonged, and physical 
functioning and quality of life (QoL) became more important [ 4 ]. CKD patients 
are likely to reveal various sexual dysfunctions prior to dialysis. Symptoms of 
this disturbing disability are reported with increasing frequency as renal func-
tion declines [ 5 ]. Approximately 75 % of men undergoing dialysis have erectile 
dysfunction (ED) which is much higher than in other chronic diseases. ED is the 
main sexual problem associated with mental QoL in CKD men [ 5 – 8 ]. The causes 
of such high prevalence are multifactorial and include physiological, psychologi-
cal and iatrogenic factors. The pathogenesis of sexual and ED in CKD has been 
attributed to several risk factors, but to none of them conclusively. Importantly, 
ED as a serious handicap for normal life should be considered as a marker of 
endothelial dysfunction and atherosclerosis as well as an indicator of possible 
silent coronary heart disease.  
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10.2     Endocrine Alterations in Men with Chronic Kidney 
Disease Related to Erectile Dysfunction 

 The reasons for gonadal dysfunction in CKD patients are not entirely clarifi ed. 
A combination of primary testicular failure and secondary pituitary hypothalamic 
dysfunction has been implicated. Disturbances in the pituitary-gonadal axis can be 
detected already in mild to moderate CKD progressively worsening as the kidney 
function declines, being present even after initiation of dialysis [ 8 ]. Successful kid-
ney transplantation restores the hypothalamic-pituitary axis and pulsatile 
gonadotropin- releasing hormone (GnRH) and luteinising hormone (LH) release [ 9 ]. 
Gonadal abnormalities which are apparent in end-stage-renal disease (ESRD) fur-
ther deteriorate after starting with RRT. Impaired spermatogenesis and testicular 
damage with decreased volume of ejaculate, oligo- or azoospermia and low percent-
age of motility were reported [ 10 ]. Histologic analyses revealed decreased later 
stages of spermatogenesis which are hormonally dependent [ 9 ]. In addition to mor-
phological changes, normal estradiol concentration and absence of Leydig cell 
hypertrophy indicate that functional hypogonadism should be also considered. 

 Reduced levels of total and free testosterone presented already in patients with 
moderate CKD are attributed to the Leydig cell dysfunction [ 11 ]. While metabolic 
clearance rate is similar to the values observed in non-CKD men, decreased produc-
tion is probably the most important reason. Emotional state, muscle mass and sleep 
deprivation could additionally affect and decrease testosterone values in CKD 
patients. In more than 70 % of patients undergoing dialysis, serum testosterone is in 
the hypogonadal range [ 12 ]. Testosterone is not substantially cleared during haemo-
dialysis, and the method of dialysis does not alter total or free testosterone [ 11 ,  13 ]. 
Low levels of testosterone can contribute to decreased libido, ED, oligospermia, 
infertility, delayed ejaculation and affect the musculoskeletal system. Men with 
low testosterone levels are, regardless of kidney function, at increased risk of coro-
nary artery disease which might suggest a possible preventive role for testosterone 
therapy [ 14 ,  15 ]. On the contrary, total plasma oestrogen concentrations are often 
elevated. Approximately 30 % of men undergoing chronic haemodialysis reported 
gynecomastia [ 8 ]. 

 Early stages of CKD are associated with increased levels of LH very probably as 
a consequence of diminished release of testosterone from the Leydig cells and loss 
of the negative feedback. In addition, renal clearance of LH is reduced, and dialysis 
does not correct LH values [ 10 ]. In uremic patients, the pulsatile release of GnRH 
is altered [ 5 ,  8 ,  11 ,  12 ]. Dialysis has no effect, while restoration was observed after 
kidney transplantation. The follicle-stimulating hormone (FSH) level is also ele-
vated in men with CKD, as well as the LF/FSH ratio. Seminiferous tubule and 
Sertoli cells are damaged in CKD; consecutively less inhibin is secreted which 
diminishes negative feedback resulting in increased FSH secretion. 

 Increased plasma prolactin levels are common fi nding in men with CKD (preva-
lence rate of 25–55 %) [ 16 ]. While the kidney plays a little role in prolactin metabo-
lism, increased secretion is more important than reduced degradation. Increased 
secretion may be related to the development of secondary hyperparathyroidism 
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(hyperparathyroidism stimulates prolactin secretion) and is associated with loss of 
libido, low testosterone levels and infertility. Bromocriptine reduces prolactin secre-
tion; however, effects on libido and sexual function are inconsistent. 

 Endocrine abnormalities, particularly low testosterone and hyperprolactinaemia, 
diminish libido contributing thereby to ED.  

10.3     Vascular Disease and Neuropathy as Causes of Erectile 
Dysfunction in Chronic Kidney Disease 

 CKD is a chronic CVD. Atherosclerosis and arteriosclerosis are accelerated in CKD 
patients being present in the whole arterial vascular tree including the internal iliac, 
pelvic and pudendal arteries. Occlusive atherosclerotic disease of cavernous artery 
was found in up to 78 % of dialysed patients, while corporeal veno-occlusive dys-
function was reported in 90 % [ 17 ]. The role of penile haemodynamics in CKD is 
not completely elucidated. Importantly, progressive occlusive disease is manifested 
early in the penile bed before involving larger coronary vessels. Thus, ED was pro-
posed to serve as marker for coronary heart disease preceding symptomatic CVD 
for several years [ 18 ,  19 ]. In addition to reduction in arterial infl ow, veno-occlusive 
dysfunction is present in many patients worsening ED by venous leakage and 
decreased ability to achieve and maintain erection [ 17 ]. As in non-CKD men, ED is 
associated with many CV risk factors starting with endothelial dysfunction and end-
ing with hypertension, atherosclerosis and diabetes. In the non-CKD population 
silent coronary disease in patients with ED ranged between 8 and 56 %, and it was 
proposed that ED may be a harbinger or silent coexistent or subsequent coronary 
artery disease [ 18 ,  20 ,  21 ]. Thus, in CKD men with ED the search for CV risk fac-
tors should be undertaken, and coronary artery disease should be ruled out. Older 
age, associated comorbidity, diabetes, prostate disease, peripheral arteriopathy and 
some antihypertensive drugs have been found to be associated with ED in patients 
on RRT. It is well accepted that endothelial dysfunction has an important role 
already in early CKD stages which remained after RRT was introduced [ 4 – 6 ,  18 , 
 20 ]. As mentioned previously, in CKD patients NO defi ciency deserves particular 
attention. The expression of NO synthase has been shown to be alternated with 
associated changes in IGF-1 resulting in decreased NO availability and conse-
quently decreased regional blood fl ow. Reduced L-arginine synthesis, enhanced 
activity of arginases and impaired proximal tubule reabsorption of fi ltered L-arginine 
are causes of less availability of systemic NO in CKD patients [ 22 ]. Additionally, 
patients undergoing dialysis lose L-arginine [ 23 ]. In patients with more advanced 
stages of CKD, accumulated asymmetrical dimethyl arginine (ADMA) inhibits 
nitric oxide synthase (NOS) contributing to the NO defi cit state as well [ 24 ,  25 ]. 
While CKD is a state of oxidative stress, a great part of NO synthesised by the kid-
neys and endothelial cells is converted to peroxynitrite. 

 Sensory and motor neuropathy which are frequently present in CKD patients, 
particularly those with diabetic nephropathy, are important contributors of 
ED. Haemodialysis patients are reported to have an abnormal response to Valsalva 
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manoeuvre; they have impaired nocturnal penile tumescence (NPT) and    bulbocav-
ernosus refl ex as neurophysiological evidence for autonomic and peripheral neu-
ropathy. Abnormal Valsalva manoeuvre correlates with abnormal NPT and a lower 
number of sexual intercourses [ 26 ]. Dysfunction of the pelvic autonomic system 
decreases sensation and arousal stimuli [ 27 ].  

10.4     Psychosocial Factors and Quality of Life in Chronic 
Kidney Disease 

 CKD and RRT per se have negative impact on QoL causing distress and interper-
sonal diffi culties. Drop in self-esteem, anxiety and depression can cause or increase 
problems in sexual function. Changes in body shape and image (catheter, fi stula, 
oedema, fetor, etc.) also importantly contribute to the desire and sexual function 
[ 28 ]. Symptoms of depression which are highly prevalent in patients undergoing 
dialysis are independently associated with sexual dysfunction [ 29 ]. Those who are 
most depressed have the most severe degree of sexual dysfunction. Depressive 
symptoms were found to be an independent factor for sexual function in men under-
going haemodialysis [ 29 ,  30 ]. However, this might be the chicken-egg situation. 
Very probably, common factors are responsible for both. Higher sexual desire and 
intercourse satisfaction predicted higher level in physical, social and general health 
scores. Long survival on dialysis itself is associated with the decrease of QoL, and 
this could infl uence the sexual life of those patients. Lew-Starowicz et al. revealed 
in multiple regression analysis that anxiety in men independently predicted the 
lower quality of sexual life [ 32 ]. They concluded that sexual disability which cor-
related with anxiety seriously impacts QoL in dialysed patients. Marital confl icts, 
more frequently presented in dialysed patients, are related to worsening of the 
socioeconomic situation. Nearly 60 % of couples affected by dialysis listed sexual 
issue as an important problem, while 40 % reported never having intercourse.  

10.5     Erectile Dysfunction in Chronic Kidney Disease 

 The exact prevalence of ED in CKD is not established. However, according to some 
small studies, it is signifi cantly higher than in the age-adjusted general population. 
It was reported that even 80 % of men undergoing dialysis have some degree of ED 
[ 5 – 7 ,  33 – 37 ]. Varying degrees of reported prevalence of ED (41–93 %) depend on 
the CKD stage. The high prevalence of ED in CKD patients is related to frequently 
present comorbidities (atherosclerosis, diabetes and hypertension) which per se are 
associated with ED. Additionally, CKD itself contributes to the progression of this 
disability, and RRT can only partly restore derangements. ED in CKD patients rec-
ognises a multifactorial aetiology; organic and psychological factors are closely 
related. Psychological and metabolic factors, ageing, diabetes, hypertension, ath-
erosclerosis, CVD, physical status and pharmacological therapy are predisposing 
factors for ED in CKD patients. 
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 It is well established that the prevalence of ED increases by ageing. In CKD 
patients, symptoms of ED appear earlier in the life span. Messina et al. and Rosas 
et al. reported on the higher prevalence of ED in CKD patients younger than 50 years 
[ 34 ,  36 ]. Higher prevalence of ED in younger patients with CKD might be considered 
as a marker of earlier systemic vascular ageing. Hypertension, the second most impor-
tant cause of end-stage renal disease (ESRD), is present in up to 85 % of patients on 
RRT. In the general population, hypertension is associated with higher prevalence of 
ED. However, the relationship between hypertension and ED in a population of 
patients with CKD is not completely elucidated [ 36 ]. In the general population diabet-
ics had twice the odds of having ED than age-matched nondiabetics. Higher preva-
lence of diabetes among the ESRD population importantly contributes to higher 
prevalence of ED. There are no data supporting a direct role of dyslipidaemia on ED. 

 The relationship between CVD and ED is well documented. It is now accepted 
that many of the risk factors for CVD as well as for CKD are the same risk factors 
for ED which can be considered a symptom or sign of global endothelial dysfunction 
and atherosclerosis. It was questioned whether the onset of ED can be used as an 
effective predictor of CVD. Some authors reported that ED may be present 3–5 years 
before coronary events [ 37 ]. Coronary artery calcium score was signifi cantly higher 
among dialysed patients with severe ED than in those without this problem [ 38 ]. 

 Bellinghieri et al. reported that sexual dysfunction is inversely associated with 
glomerular fi ltration rate (GFR) [ 39 ]. It was shown that both sexual and ED are 
improved after successful kidney transplantation [ 5 ,  40 ]. Those facts point on that 
CKD per se may contribute to ED. As already mentioned, NO availability is lower 
in CKD patients which could affect both endothelial dysfunction and 
ED. Haemodialysis is one of many factors causing sexual dysfunction in ESRD 
patients. The prevalence of ED among patients undergoing haemodialysis was 
almost three times higher than in controls [ 34 ,  35 ]. Duration and adequacy of dialy-
sis had no relationship to severity and prevalence of ED [ 31 ]. The relationship 
between anaemia and ED in CKD patients was reported, and diminished oxygen 
delivery to the penile tissue, due to low haemoglobin levels, has been associated 
with decreased NO synthesis. It was observed that erythropoietin therapy improves 
erectile and sexual function [ 41 ,  42 ]. Data on the benefi cial effect that dialysis might 
have on ED are still inconsistent [ 5 – 7 ,  32 – 34 ,  44 ,  66 ,  67 ]. 

 CKD patients need multifactorial drug therapy. Some drugs are known to be 
related to ED – diuretics, some antihypertensives, antidepressants, H2 antagonists, 
digoxin, alpha-methyldopa, reserpine, fi brates and metoclopramide. On the con-
trary, ACE inhibitors were found to be inversely associated with ED [ 31 ].  

10.6     Diagnostic Approach/Evaluation of Erectile Dysfunction 
in a Patient with Chronic Kidney Disease 

 ED is a major health issue of modern life that is often underdiagnosed because of 
patients’ shame and physicians’ unawareness [ 43 ]. In many societies cultural, reli-
gious and even legal factors are still boundaries trying to keep this important part of 
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life a private issue. Physicians and nurses should face this problem as experts and 
scientists aiming to help a patient to have a better QoL. Sexuality may not be easily 
discussed, and being aware of this inherent limitation, health-care providers have to 
fi nd the proper way to approach this problem in each patient. Elucidation of sexual 
function and general questions about QoL should be an obligate and regular element 
of taking history and clinical exam. Basically, diagnostic approach for sexual and 
ED in CKD patients is alike to all other patients. The International Index of Erectile 
Function (IIEF) is a validated questionnaire which could be used in CKD patients. 
Sexual diffi culties should be interpreted in the context of the patient’s life, demands 
and expectations. However, some specifi c issues should be taken into account help-
ing to elucidate the cause of ED in CKD patients. It is important to distinguish 
between problems with libido and ED. The lack of secondary sexual characteristics 
and small soft testicles suggest hypogonadism as a cause of ED. Vascular and neu-
rogenic causes are more likely to be associated with normal-sized testicles. The 
concomitant presence of CV or cerebrovascular disease indicates that vascular 
causes might be the crucial factor for ED. Medical therapy should be carefully ana-
lysed as various drugs could contribute to ED. Adequacy of dialysis, correction of 
anaemia and electrolyte status should be reviewed. In patients with normal noctur-
nal erections during the REM sleeping phase, psychological factors should be eval-
uated and then proper therapy proposed. NPT testing could help in discriminating 
between organic and psychological causes of ED based on assumption that men 
with psychological cause will have erection during the sleep. Patients with psycho-
genic ED should be further evaluated with psychological testing. The presence or 
absence of sexual dysfunction in spouses and marital relationship as well as some 
socioeconomic problems must be considered. Doppler study will provide informa-
tion on penile blood fl ow. Some authors proposed penile Doppler velocimetry with 
PGE1 test [ 44 ]. Prolonged latency time of bulbocavernosus refl ex suggests that neu-
rogenic mechanisms are involved. Hormonal analyses (prolactin, testosterone, LH/
FSH) have to be included in diagnostic algorithm. It must not be forgotten that the 
majority of CKD patients have more than one causative factor for ED and each 
patient should be approach as an individual. 

 The algorithm proposed for evaluation and treatment of ED in CKD patients is 
shown in Fig.  10.1 .

10.7        Treatment of Erectile Dysfunction in a Patient 
with Chronic Kidney Disease 

 Undoubtedly, restoration of sexual function is of utmost signifi cance aiming to 
increase patients’ QoL. However, treatment of ED is frequently frustrating and 
requires multifaceted approach. Achieving success is even harder in CKD patients. 
Treatment options include psychosexual therapy, management of endocrine disor-
ders, correction of anaemia, avoidance of certain medications, drug therapy, trans-
urethral or intracavernosal therapy, vacuum devices and surgical treatment. Fo   r 
those undergoing dialysis optimal delivery and optimisation of dialysis dose as well 
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as correction of all metabolic alterations and anaemia are of utmost importance. The 
concept of lifestyle measures should be promoted (smoking cessation, regular phys-
ical activity, achieving optimal body mass index). With starting dialysis some of 
symptoms are improved but without achieving normalisation. Kidney transplanta-
tion can have additional benefi cial effect, but not in all patients. The patient’s nutri-
tional status should be monitored. In patients whom psychogenic cause is suspected, 
psychotherapy could be advised (rational emotional and/or group therapy). 

 Poor effectiveness of testosterone replacement therapy was reported in dialysis 
patients [ 45 ,  46 ]. The effect on libido is more pronounced than the effect on erectile 
function [ 46 ]. The response may be modulated by the patient’s nutritional status, 
activity level and growth hormone values. It has been recommended that this treat-
ment should be initiated only in patients with clear clinical manifestations of bio-
chemically confi rmed hypogonadism [ 47 ]. Although data related to CV risk are 
inconclusive (risk for dyslipidaemia and sleep apnea), testosterone should be used 
with caution, and transdermal application (testosterone enanthate and cypionate) 
should be preferred. Side effect profi le is similar in CKD patients as in other non- 
CKD hypogonadal patients. 

 Erythropoietin therapy is associated with lower probability of ED and improved 
sexual life in haemodialysis patients [ 41 ,  42 ,  48 ,  49 ]. Erythropoietin therapy 

Medical history, physical examination
Evaluation of medical therapy and dialysis adequacy

Control of anaemia, sec. hyperpathyreoidism

Decreased libido
Normal erectile function

Erectile dysfunction

Psychogenic aetiology (NTP test)

Assessment of probable
psycho-social causes 

Psychotherapy
No response Response On

demand

Endocrine evaluation Neurogenic or vascular
aetiology

prolactin (H) prolactin (N) - Vacuum/constriction device
testosterone (L) testosterone (L) - Intracavernous injection (PgE1)

- Ureteral suppository (PgE1)
- Surgical placement of
   prosthesis

Bromocryptin
therapy

No
effect

Testosterone
therapy

No
effect

Sildenafil test (50–100mg)

  Fig. 10.1    Evaluation and therapy of erectile dysfunction in patients with chronic kidney disease 
(Data from Palmer [ 8 ] and Bellinghieri [ 44 ])       
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increased global QoL decreasing sensation of fatigue and increasing exercise toler-
ance. It can lead to normalisation of the pituitary-gonadal feedback mechanism 
reducing LH, FSH and prolactin and increasing testosterone levels [ 49 ]. It is not 
resolved whether these endocrine changes are solely the result of correction of the 
anaemia or a direct effect of erythropoietin. 

 It might be questioned whether defi cit in systemic and kidney NO synthesis 
could decrease the effi cacy of PDE-5 inhibitors in CKD patients. However, improve-
ment (60–85 %) in sexual performance and satisfaction was reported in patients 
undergoing haemodialysis using 50 mg of sildenafi l [ 50 ,  51 ]. Nevertheless, in addi-
tion to some morphological changes, alterations in NO metabolism in advanced 
stages of CKD could be the reason of observing somewhat less responses in CKD 
patients. Sildenafi l is the most known and widely used PDE-5 inhibitor which is 
mostly excreted in the faeces and only 13 % in the urine. Sildenafi l pharmacokinet-
ics do not appear to be affected by mild to moderate renal impairment, and clear-
ance of sildenafi l is neither reduced in patients with severe CKD nor cleared by 
haemodialysis [ 52 ]. It has similar effi cacy in patients on haemodialysis and perito-
neal dialysis [ 53 ]. The occurrence of side effects is similar to other patients and men 
groups. Hypotension is the most important problem, but intradialytic hypotension 
was not reported. However, some authors propose its use on non-dialysis days. 
Other PDE-5 inhibitors have been approved as well. As in the general population 
PDE-5 inhibitors are not indicated in patients receiving nitrates. They could be 
advised to patients with recent coronary events, uncontrolled hypertension and 
uncompensated heart failure only after the patient achieves normal result on maxi-
mal exercise stress testing. The dopamine agonist apomorphine is not contraindi-
cated in patients either on nitrates or on antidepressants. Regarding relative 
defi ciency of NO in CKD patients and its contribution to increased CV risk, some 
authors raised the question whether treatment with PDE-5 inhibitors could be prom-
ising therapy for the CV outcome and not only for improving erectile function. 

 Vacuum constrictor devices, intraureteral prostaglandins (alprostadil), intracav-
ernous injections of vasoactive agents and penile prosthesis could be used in CKD 
patients as in all other men having ED. However, intracavernous injections should 
be cautiously used in uremic patients because of frequently presented platelet 
dysfunction. 

 Although some studies did not prove kidney transplantation to have benefi cial 
effect on sexual and ED [ 43 ,  54 – 56 ], majority of authors [ 57 – 61 ] indicated that 
this therapy has a positive impact on sexual life. Renal transplantation reverts to 
normal hormonal alterations [ 58 ,  60 ]. It was reported that libido and penile tumes-
cence are increased by 73 % [ 61 ]. However   , Tsujimura et al. found that regardless 
of hormone profi les that had largely returned to normal after transplantation, only 
30 % reported an improvement in sexual function [ 62 ]. Frequency of intercourse 
increased only by 37 %, indicating that some of the risk factors for sexual and ED 
remained after renal transplantation [ 63 ,  64 ]. The possible reasons for the absence 
of benefi cial effect of kidney transplantation on sexual function in some patients are 
graft dysfunction, compromised penile vascularity, side effects of immunosuppres-
sive and antihypertensive drugs, pre-existing hypertension or diabetes, smoking or 
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some psychological problems (anxiety of the function of the graft). Pourmand et al. 
reported lower probability of erectile function improvement among patients whose 
graft was anastomosed to the common iliac artery (this is the source of major blood 
supply of the penis) [ 43 ]. No differences in sexual function were reported between 
patients treated with cyclosporine or tacrolimus [ 65 ]. Kaufman et al. reported that 
early renal transplantation may have a benefi cial effect on the penile vasculopathy 
[ 17 ]. The Cochrane review and meta-analysis of Vecchio et al. based on analyses of 
data obtained in more than 320 patients concluded that PDE-5 inhibitors and zinc 
replacement are promising interventions for treating sexual dysfunction in CKD 
patients [ 66 ,  67 ]. However, they underlined that evidence is limited which points to 
an unmet need for studying interventions.  

    Conclusion 

 ED in CKD patients is a challenging issue. Nephrologists as well as all affi liated 
physicians and nurses should be aware of the high prevalence of various forms of 
sexual dysfunction in CKD patients and the impact this has on the QoL. There is 
a need for screening for sexual and ED as some, or maybe most, abnormalities 
could be cured or at last improved. Assessment of sexual function should be 
incorporated into the routine evaluation of all CKD patients. As ED could be 
considered as a symptom of endothelial dysfunction, all patients with this com-
plaint must be carefully assessed for all other CV risk factors and silent coronary 
artery disease. As Holley and Schmidt concluded patients at all levels of CKD, 
socioeconomic status and gender deserve better QoL [ 68 ].     
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11.1            Introduction 

 Undisturbed sleep and normal sexual activity comprise essential life needs 
 guaranteeing continuity of the humankind. Recent analyses showed that both sleep 
and sexual activity started to precisely refl ect detrimental infl uences of the environ-
ment, with special emphasis on the role of noncommunicable diseases. Inversely, 
line of evidence suggests that abnormal sleep and sexual dysfunction markedly 
determine our somatic and mental health. One of the most prevalent dyssomnias 
diagnosed in patients seeking medical advice due to poor sleep quality is obstructive 
sleep apnea (OSA), a condition with potent deleterious impact on cardiovascular 
control. Interestingly, symptomatology of the OSA syndrome described as early as 
1970s [ 1 ] include signs of sexual dysfunction, yet the underlying mechanism link-
ing these two conditions has been questioned until today. 

 In this chapter, we discuss the relationship between erectile dysfunction and one 
of the most prevalent sleep disorder, namely, obstructive sleep apnea.  

11.2     Clinical Overview of Sleep-Disordered Breathing 

 Sleep-disordered breathing comprises different patterns of abnormal respiratory 
control during sleep among which obstructive sleep apnea (OSA) appears to be the 
most prevalent [ 2 ]. Other types of unstable breathing during sleep include different 
forms of central sleep apnea, hypoventilation syndromes, or overlapping syndromes 
seen in patients with established pulmonary diseases. Diagnosis of sleep-disordered 
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breathing is based upon overnight study – polysomnography (PSG) or  corresponding 
simplifi ed method polygraphy (PG). Indices derived from PSG or PG recordings 
are widely accepted as disease markers that allow for detailed sleep apnea severity 
evaluation. Apnea-Hypopnea Index (AHI) equal or greater than fi ve episodes per 
hour of sleep arbitrarily establishes the diagnosis. Pertaining to AHI, sleep apnea is 
further defi ned as mild (AHI 5–14.9), moderate (15–29.9), and severe (AHI ≥30). 

 Substantial symptoms of OSA consist of loud irregular snoring, witnessed peri-
ods of cessation of breathing, unrefreshing sleep, excessive daytime sleepiness, 
increased risk for car accidents, hypertension, and decreased libido. The epidemio-
logical data suggest that every fourth adult man and every tenth woman in general, 
middle-aged population have the basis for sleep apnea diagnosis, where 4 and 2 % 
of males and females, respectively, may develop clinically overt OSA syndrome 
[ 3 ]. Importantly, OSA is much more prevalent in cardiovascular subpopulations 
where it remains highly under-recognized, especially in patients with resistant 
hypertension [ 4 ]. 

 Management of different forms of sleep-disordered breathing comprises various 
modalities where noninvasive continuous positive airway pressure (CPAP) admin-
istered at night appears to have the highest applicability and long-term effi cacy 
in OSA reversal. CPAP treatment not only effi ciently reduces day- and nighttime 
symptoms improving quality of life but also decreases OSA-related morbidity and 
mortality. Unfortunately, adherence to CPAP therapy varies considerably across the 
OSA population [ 5 ].  

11.3     Association of Obstructive Sleep Apnea with Selected 
Erectile Dysfunction Risk Factors 

 Obstructive sleep apnea and erectile dysfunction are tightly related to the degree of 
body fat content [ 6 – 8 ]. It is estimated that 70 % of OSA-affected patients have body 
mass index (BMI) greater than 25 kg/m 2 , and the relationship between the content 
of the adipose tissue refl ected in BMI and the severity of sleep apnea appears to 
be linear [ 6 ,  9 ]. In fact, obesity constitutes a major risk factor for incident sleep- 
disordered breathing, which is further emphasized by extremely high effi cacy of 
bariatric surgery in sleep apnea amelioration [ 10 ]. It is important to mention that the 
relationship between obesity and sleep apnea appears to be reciprocal. One of the 
metabolic consequences of the sleep disruption is unfavorable shift in caloric intake 
and activity energy expenditure [ 11 ,  12 ]. Calvin et al. provided clear-cut evidence 
that subjects who are sleep deprived are predisposed to excessive food intake with 
subsequent inevitable weight gain. Specifi cally in sleep apnea, an abnormal satiety 
hormonal control which could explain this phenomenon was tested in many studies, 
yet the evidence is not consistent [ 13 – 15 ]. Interestingly, it has been postulated that 
BMI refl ecting overall body fat is not the most accurate way to depict the interre-
lationship between sleep apnea and excess in adipose tissue. Analysis of body fat 
distribution evidenced that visceral adipose tissue to which substantial hormonal 
activity is attributed is much closer related to sleep apnea than peripheral fat content 
[ 16 ]. Both visceral adipose tissue and its negative correlate – lack of structured 
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physical activity commonly clustering in OSA-patients – are well-recognized 
 factors aggravating erectile function [ 17 ,  18 ]. 

 Another detrimental consequence of central fat excess and sedentary lifestyle is 
increased type 2 diabetes mellitus (T2DM) morbidity – a very well-established and 
extremely potent risk factor of erectile dysfunction [ 19 ] ( see  Chap.   13    ). Remarkably, 
it is estimated that 58–86 % T2DM patients have sleep-disordered breathing [ 20 , 
 21 ]. Although obesity has the great potential in moderating the coexistence between 
OSA and T2DM, other factors directly associated with untreated sleep apnea should 
not be disregarded in this relationship (intermittent hypoxia, systemic infl ammation, 
neurohormonal changes, i.e., insulin metabolism or sympathetic nervous system 
overdrive) [ 9 ]. Overall, patients with untreated OSA are characterized by modest 
increases in insulin resistance and poorer glycemia control as refl ected by higher 
HbA1C levels compared to T2DM patients free of sleep-disordered breathing. 
Anecdotal studies suggested that strength of this association is related to the degree 
of apnea severity, which persists even after controlling for confounding obesity 
[ 22 ]. Moreover, few short-term interventional studies supplement the concept of the 
causation role of OSA in worsening of diabetes control. The benefi t from regular 
CPAP use in sleep apnea may additionally result in glucose decrease especially at 
night [ 23 ] and modest decline in HbA1C concentrations [ 24 ]. 

 Among other known classical metabolic risk factors implicated in the deteri-
oration of erectile function, evidence linking hypertension to sleep apnea is the 
most compelling [ 25 – 27 ]. Cross-sectional studies based on both offi ce and ambu-
latory blood pressure measurements consistently show that patients with essential 
hypertension have a higher rate of undiagnosed sleep apnea [ 28 ] which is espe-
cially evident in resistant hypertension [ 29 ,  30 ]. Up to 84–90 % of individuals 
receiving multiple blood-lowering drug therapy may have concurrent undiagnosed 
OSA. The analysis of multiple reversible causes of secondary hypertension have 
shown that previously undiagnosed OSA markedly outnumbers a total of all other 
known conditions which are implicated in hypertension, including renovascular and 
kidney- or endocrine-related hypertension [ 31 ]. Animal models have evidenced 
mimicked obstructive sleep apnea as a potentially reversible cause of hypertension 
[ 32 ]. Importantly, this phenomenon has been replicated in human studies, where 
the effective reversal of OSA with nasal continuous positive airway pressure results 
in modest, yet sustained blood pressure fall [ 33 ]. Effective long-term CPAP treat-
ment has been shown to improve blood pressure control in hypertensive patients, 
particularly when blood pressure is measured over 24 h [ 34 ,  35 ] and the benefi t is 
greater in patients with more severe sleep apnea [ 36 ]. Importantly, CPAP-related 
blood pressure decrease is seen not only during sleep, but is also extended over the 
waking state.  

11.4     OSA-Related Target Organ Damage 

 Taking into account vascular origin of the majority of ED cases, it is not surpris-
ing that these patients not only share the same pathophysiology but also develop 
similar complications (see Chap.   7    ). As compared to noncomplicated individuals, 
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erectile dysfunction is strikingly prevalent in cardiovascular patients with already 
established target organ damage. What should be particularly stressed is the fact that 
clustering consequences of accelerated atherosclerosis further deteriorate erectile 
dysfunction, and this phenomenon apparently goes beyond additive effect of accu-
mulated metabolic risk factors. 

 Several studies demonstrated that the number of complications primarily ascribed 
to hypertension alone may in part arise from untreated OSA. This is particularly evi-
dent for the main causes of premature cardiovascular mortality, including sudden car-
diac deaths during sleep. Severe sleep apnea may also directly translate into nonfatal 
complications such as higher rate of incident coronary artery disease as well as poorer 
prognosis after myocardial infarction [ 37 – 39 ]. Another common problem in patients 
with OSA in comparison to their counterparts free of sleep-disordered breathing is 
the increased risk for the development of cardiac arrhythmias, as well as its higher 
reoccurrence rate seen after electrical cardioversion applied for, e.g., atrial fi bril-
lation (AFib) [ 40 – 42 ] The practical clinical message for health professionals who 
manage patients with recurring AFib is that OSA diagnosis with subsequent CPAP 
commencement should improve rhythm control [ 43 ], as it may concurrently improve 
erectile function as these two pathologies are frequently coexistent [ 44 ]. Analogous 
associations were found with reference to cerebrovascular disease showing that OSA 
patients are characterized by an increased risk of a fi rst- time stroke as well as a subse-
quent negative stroke outcome. The latter appears to be positively infl uenced by CPAP 
therapy [ 37 ,  45 ,  46 ]. Most probably, part of the aforementioned associations may be 
explained by concurrent drug treatment and disadvantageous metabolic profi le; never-
theless, naturally associated with obstructive episodes mechanical stress, i.e., negative 
intrathoracic pressure swings, together with sympathetic overdrive, oxygen and CO 2  
imbalances apparently aggravate these phenomena [ 47 ].  

11.5     Association of Sexual Dysfunction 
with Obstructive Sleep Apnea 

 Although serum testosterone defi ciency is not a sole determinant of erectile dys-
function, it is worth mentioning its possible link to sleep-disordered breathing. Few 
available studies provided an inconsistent evidence on gonadal function assessed 
by levels of testosterone in OSA male patients. With reference to circadian profi le, 
peak in serum testosterone is seen at night only if accompanied by undisturbed 
sleep architecture for at least 3 h [ 48 ]. Sleep deprivation and abnormal sleep stages 
distribution is a common problem in OSA patients, which conceivably could trans-
late to lower levels of testosterone. However, after adjustment for other risk factors 
(mainly obesity), there is no clear correlation between severity of OSA and the 
depression in gonadal function. Also studies with CPAP interventions produced 
confl icting results. Overall, short-to-moderate-term CPAP intervention may exert at 
worse neutral infl uence on objectively measured male hormones; however, advan-
tageous associations were also reported [ 49 – 52 ]. Based on the available data, it is 
not likely that acute CPAP administration may directly affect gonadal function of 
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clinical signifi cance; however, an indirect impact mediated through other ED risk 
factors needs to be determined in long-term, suffi ciently powered observations [ 53 ]. 

 Severity of erectile dysfunction in the setting of sleep-disordered breathing was 
also addressed in several smaller cross-sectional, case-control, and interventional 
studies [ 54 – 58 ]. In general, there is a coherent evidence pointing at clustering of 
OSA with poor erection status in men, and this relationship appears to be tightly 
interrelated – the more severe the OSA, the greater erectile dysfunction these patients 
develop. Interestingly, fi rst OSA syndrome defi nition proposed by Guilleminault 
et al. in late 1970s included impotence among typical manifestation of OSAs. For 
approximately four decades, relatively few studies addressed this problem and our 
understanding of this phenomenon is yet unsatisfactory. 

 Possible mechanisms linking OSA to impaired erectile function include repeti-
tive nocturnal hypoxemias with its neuro-, and hormonal consequences. Low mean 
sleep time saturation may play a crucial role in the deterioration of ED in the setting 
of OSAS [ 59 ]. Patients with poorer saturation who experience more severe prob-
lems with penis erection present with neural dysfunction assessed with bulbocav-
ernosus refl ex, a widely accepted technique of documenting pudendal neuropathies 
[ 56 ]. Another aspect extensively explored in sleep apnea patients in terms of car-
diovascular disease and erection problems is the functional status of endothelium. 
In fact, based on fl ow-mediated dilatation method, several cross-sectional studies 
and one-shot experiments employing CPAP suggested that untreated OSA results in 
endothelial dysfunction, and the nitric oxide bioavailability may be enhanced upon 
effective apnea elimination [ 60 – 63 ]. Other postulated mechanisms accompanying 
OSA which bear the potential to unfavorably modify erectile status include auto-
nomic nervous system imbalances [ 64 ], shift in concentrations of vasoactive hor-
mones and/or their precursors (adrenalin, noradrenalin, endothelin-1, aldosterone, 
angiotensin II) [ 65 – 69 ], low-grade systemic infl ammation [ 70 – 72 ], or adverse infl u-
ences on metabolism regulation promoting obesity and type 2 diabetes (see above). 

 Given the fact that OSA might play a causative role in worsening erection status 
in men, then reversal of apneic episodes at night should alleviate the problem, at 
least to some extent. Although overall CPAP has positive effect on erection status 
[ 55 ,  59 ,  73 ], minority of patients (up to 20 %) may experience further worsening 
of ED while on CPAP [ 74 ]. As it was stated above, one of the possible explana-
tion of the discrepant results of the interventional studies with CPAP is unsatisfac-
tory adherence of OSA patients to this treatment modality [ 75 ]. Also time of the 
observation may play the critical role. Interestingly, until today, there is no clear 
answer to the question of why only a fraction of affected OSA-patients suffer from 
cardiovascular disease, whereas others do not. Apparently, genetic propensities [ 76 ] 
as well as the elapsed time of the disease [ 26 ] should not be disregarded, but the 
problem seems to be more compound. Patients presenting a similar phenotype may 
in fact suffer from pathophysiologically different disorders [ 77 ,  78 ] where, e.g., 
the role of concomitant excessive daytime sleepiness refl ecting the degree of sleep 
architecture disruption remains unclear in terms of cardiovascular morbidity [ 79 ]. 
Overall, these variables may signifi cantly alter interventional studies outcomes 
including its impact on the erectile function. As of now health professionals should 
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advocate sustained treatment with CPAP for patients with comorbid sleep apnea 
and ED, as it may not only reverse excessive daytime sleepiness but also enhance 
the erection status [ 74 ] and intimate and sexual relationships [ 57 ] in considerable 
proportion of patients.  

    Conclusions 

 Obstructive sleep apnea is highly prevalent in patients with erectile dysfunction, 
and the mechanisms implicated in this association appear to be very complex. 
The causation and the dose-response manner of the relationship between severity 
of obstructive sleep apnea and known risk factors predisposing to the develop-
ment of erectile dysfunction has been suggested in multiple studies. Line of evi-
dence linked OSA to obesity, hypertension, type 2 diabetes, and cerebrovascular 
and coronary diseases, all of which are tightly related to the aggravated erectile 
function. However, a direct negative infl uence of untreated sleep-disordered 
breathing on ED should not be disregarded. Since there is evidence showing 
advantageous effects of CPAP therapy on erectile performance in patients with 
OSA, the elimination of sleep apnea may constitute an important strategy in the 
management of these patients.     
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12.1            Introduction 

 Erectile dysfunction (ED), defi ned as the inability of the male to attain and maintain 
erection of the penis suffi cient to permit satisfactory sexual intercourse [ 1 ], provokes 
diminishing effects on the patient’s quality of life. This disorder was described in 
5,000-year-old Egyptian scriptures [ 2 ], but only in the last few decades has it been 
consolidated as a distinct clinical entity. Evidence suggests that ED usually coex-
ists and shares common pathophysiological pathways with several morbidities such 
as the metabolic syndrome, cardiovascular disease, and diabetes mellitus (DM). 
Specifi cally, in diabetic patients, ED is presented earlier, more frequently, and is 
more severe and resistant to treatment than in the general population, refl ecting the 
challenge posed on the medical community implicated in the diagnosis and man-
agement of this disease.  
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12.2     Prevalence 

 Diabetes mellitus, a contemporary growing pandemic, plays a pivotal role in the 
appearance of cardiovascular and renal disease. It is responsible for the shortening of 
life expectancy with a huge fi nancial cost of medical treatment. DM prevalence was 
estimated at 9.8 % in men and 9.2 % in women in 2008, showing an increase from 
8.3 and 7.5 % in 1980, respectively [ 3 ]. In the USA alone, DM prevalence increased 
from 6.4 % (1999–2000) to 7.8 % (2003–2004) which might be attributed to vigilance 
and early diagnosis of the disease and is correlated to the ageing of the population [ 4 ], 
since prevalence regarding ages older than 65 approaches 21.2 % [ 5 ]. According to 
the World Health Organization, the number of people with type 2 DM is increasing 
worldwide. In 2013, 382 million people had DM and the number is estimated to rise to 
592 million in 2035. Health expenditure concerning DM in 2013 was 548 billion US 
dollars [ 6 ]. Despite the medical progress in DM management, the complications of 
the disease provoke detrimental, sometimes even fatal, effects. Some of these include 
diabetic nephropathy, neuropathy, retinopathy, and fi nally, cardiovascular disease, the 
most important cause of death in patients suffering from DM [ 7 ]. Among different 
complications of DM, erectile dysfunction (ED) plays a key role not only because of 
its specifi c importance on quality of life but also because it shares a similar pathoge-
netic process with the cardiovascular complications of DM. 

 ED was underestimated for a long time, and only in the last few decades, physi-
cians began looking into the problem through targeted studies. Nevertheless, the 
real prevalence of ED cannot be precisely estimated because physicians do not usu-
ally seek this disorder out. Available studies differ in quality due to the use of differ-
ent defi nitions of ED, different study tools, different interpretations of results, and 
cultural disparities in the willingness to discuss sexual issues. Consequently, results 
cannot be applied to the general population. The precise prevalence concerning the 
general population is unclear and varies in different studies ranging from 7 to 53 %. 
However, it is estimated that 15–20 % of the general population suffers from ED [ 8 ]. 
In a recent study in which 22,839 men from eight different countries participated 
(Men’s Attitudes to Life Events and Sexuality, MALES study), the prevalence of 
ED amounted to 16 % [ 9 ]. The numbers are much higher when it comes to specifi c 
population groups, like diabetics. 

 Diabetic men are two [ 10 ] to three times [ 11 ] more likely to develop ED than 
nondiabetic men. In addition, ED seems to appear 10 years earlier in DM patients 
than in the general population [ 12 ]. ED is associated with age both in the general 
population and in diabetic patients, thus in diabetics above the age of 60, prevalence 
reaches 95 % [ 13 ]. Men with DM experience more severe ED than nondiabetic men 
with ED, resulting in a worse disease-specifi c health-related quality of life [ 14 ]. 
Only few studies concern newly diagnosed diabetic patients [ 15 – 17 ] according to 
which 31–43 % suffer from ED. Most studies do not compare the prevalence of ED 
between type 1 and type 2 DM. Therefore, it is diffi cult to determine whether there 
are differences between the two major types of DM. It seems that no signifi cant dif-
ference exists in prevalence of ED between the two types of DM after taking into 
account the effect of age [ 10 ,  18 ].  
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12.3     Risk Factors of Erectile Dysfunction 

 Age and duration of DM have been consistently shown to increase the risk of ED 
[ 19 ]. DM is the second greatest risk factor of ED, following age [ 11 ]. ED in DM is 
associated with the appearance of microvascular (retinopathy [ 20 ], neuropathy, and 
nephropathy) [ 21 ,  22 ] and macrovascular (cardiovascular disease) [ 19 ] complica-
tions in several studies. Poor glycemic control and high HbA1 levels are correlated 
to ED in some studies [ 21 ,  23 ,  24 ], but in other studies, such a correlation is not 
evident [ 25 ]. In the case that DM coexists with other diseases, such as hypertension 
[ 26 ] and cardiovascular disease, the possibility of appearance of ED is enhanced. 
Several cross-sectional and longitudinal studies have linked the development of ED, 
apart from DM, hypertension, and cardiovascular disease to hyperlipidemia [ 21 , 
 27 ], obesity [ 28 ], insulin resistance, metabolic syndrome [ 23 ], lower urinary tract 
symptoms [ 29 ], and depression [ 30 ]. Lifestyle habits like smoking [ 21 ], sedentary 
life [ 31 ], and alcohol consumption have an additional negative effect on sexual 
function [ 32 ], but in some studies, moderate consumption of alcohol ameliorates 
ED [ 12 ,  18 ]. Several drugs contribute to the appearance of ED including antihyper-
tensives (thiazide diuretics, b-blockers), antiarrhythmics (digoxin), psychotropics 
(tricyclic antidepressants, selective serotonin reuptake inhibitors, butyrophenones) 
and recreational substances (marijuana, opiates, cocaine) [ 33 ], and steroid agents 
[ 2 ]. The role of statins in the appearance of ED is still controversial [ 34 ]. Moreover, 
it has been proven that the number of medications administered is associated with 
the worsening of ED, even after comorbidities have been taken into account [ 35 ].  

12.4     Pathophysiology 

 The pathophysiology of ED induced by DM is more complicated than in the general 
population. DM seems to affect different pathophysiological paths, in some cases 
more than one, simultaneously. 

 Diabetes mellitus as a chronic disease with multiple and serious complications is 
closely correlated to depression. According to a recent meta-analysis, patients suf-
fering from DM present a twofold risk of depression [ 36 ]. Furthermore, ED wors-
ens any preexisting depressive symptoms [ 37 ], which implies that it functions as a 
reinforcing mechanism. The development of ED can generate anxiety. Additionally, 
the lack of the partner’s support can aggravate the condition. The sequence of these 
events leads to poor self-esteem and amplifi cation of anxiety in both diabetic men 
and their partners, resulting in poor erectile function or worsening of the existing ED. 

 Vasculogenic ED is due to functional or structural impairment of the endothe-
lium. Nitric oxide (NO) is synthesized from L-arginine by the endothelium of the 
penis arteries and nitrergic neurons, utilizing endothelial (eNOS) and neuronal 
(NOS) NO synthase, respectively. NO mediates relaxation of the corpus caverno-
sum and ultimately erection, through the formation of cyclic guanosine monophos-
phate (cGMP). One of the effector proteins for cGMP is cGMP-dependent protein 
kinase-1 (PKG-1) which is signifi cantly reduced in diabetic rabbits [ 38 ]. DM is 
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characterized by higher concentration of endothelin-1, a potent vasoconstrictor 
and pro-infl ammatory peptide, which is associated with endothelial dysfunction. 
Furthermore, alterations in endothelin receptor sensitivity may enhance vasocon-
strictor processes. Endothelin-1 has been involved in the RhoA/Rho kinase path-
way whose consequent activation suppresses eNOS, decreasing the production of 
NO. Rho kinase is suggested to be upregulated in diabetics [ 39 ]. Moreover, data 
suggest that diabetic men present a different pattern of endothelial cell injury with 
differences in circulating endothelial microparticles and increased apoptotic activity 
compared to nondiabetic ED men [ 40 ]. 

 Given that insulin has vasodilatory effects through NOS upregulation, insulin 
resistance is correlated to defective endothelial function and vasoconstriction [ 41 ]. 
Hyperglycemia in DM leads to the formation of advanced glycation end products 
(AGEs) which form covalent bonds with vascular collagen, leading to vascular 
thickening, decreased elasticity, endothelial dysfunction, and atherosclerosis [ 42 ]. 
Asymmetric dimethylarginine (ADMA), an endogenous analogue of L-arginine 
that competitively inhibits NOS, is elevated in DM and ED. High ADMA levels 
induce endothelial dysfunction and predict cardiovascular events [ 43 ]. Additionally, 
reduced production of NOS is induced by (a) overexpression of argininase II, an 
enzyme which is a NOS antagonist in the common substrate arginine, and (b) defi -
ciency of NAPH, a necessary cofactor of NOS. The reduction of NADPH is also 
associated with the increased smooth muscle contractility by means of increased 
diacylglycerol and protein kinase C. Oxidative stress which is present in DM leads 
to the accumulation of free oxygen radicals and decreased levels of NO [ 44 ]. 

 Autonomic neuropathy-induced ED is attributed to the reduction of the parasym-
pathetic tone resulting in decreased NOS activity and consequent reduction in NO 
release from endothelial cells and non-adrenergic, non-cholinergic neurons. Further 
contributing mechanisms are increased oxidative stress, nerve hypoxia, and raised 
protein kinase C production [ 44 ]. Peripheral neuropathy involves impairment of 
sensory and motor neurons resulting in disrupted conduction of afferent and efferent 
impulses from and to the penis [ 45 ]. In some diabetic men, dysfunction of the penile 
nerves precedes neuropathy in the other peripheral nerves [ 46 ]. 

 Hypogonadism is associated with DM, obesity, and ED. Prevalence of hypogo-
nadism in the general population is quoted as 20 % of men aged 60–69 years, but in 
obesity and DM, it rises to 44 % [ 47 ]. According to a recent meta-analysis, DM can 
be considered independently associated with male hypogonadism [ 48 ]. Total testos-
terone is signifi cantly lower in men with DM [ 49 ]. Patients with low testosterone 
concentrations present increased insulin resistance [ 50 ], poor glycemic control, and 
worsening of ED [ 51 ]. Testosterone is implicated in the process of NOS and phos-
phodiesterase type 5 (PDE5) production to the penis [ 52 ]. Possible mechanisms 
which interfere with hypogonadism in DM are: (a) low plasma concentration of sex 
hormone-binding globulin (SHBG), the major carrier of testosterone; (b) increased 
aromatase activity in visceral adipose tissue leading to decreased testosterone lev-
els through conversion to estradiol; (c) reduced secretion of luteinizing hormone 
and testosterone due to DM-associated leptin resistance [ 31 ], and (d) high insu-
lin resistance leading to a reduction in insulin action in hypothalamus resulting in 
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hypogonadotropic hypogonadism [ 53 ]. ED and male hypogonadism are considered 
predictors of forthcoming metabolic disorders and cardiovascular events, although 
the specifi c pathologic pathways are not clear yet [ 48 ]. 

 Other possible modalities which induce ED are hyperprolactinemia, hyperhomo-
cysteinemia, disturbances of the thyroid gland, certain neurological disorders, and 
anatomical abnormalities of the penis [ 2 ,  54 ].  

12.5     Management 

 In recent years, the introduction of numerous therapeutic strategies has revolution-
ized the management of patients with ED [ 2 ]. The substantial advances in the treat-
ment of ED have led some authors to believe that a trial of oral therapy after taking a 
patient’s history and performing a physical examination is all that is needed to treat 
ED [ 55 ]. However, this does not seem the case in men with DM who represent one 
of the most diffi cult to treat subgroups of ED patients [ 56 ]. Despite the considerable 
progress, the treatment of ED in diabetic patients remains diffi cult and complex [ 45 ]. 

 Evidence suggests that ED presents substantial disparities in the diabetic popu-
lation compared to nondiabetics which affect treatment options. The development 
of ED in diabetic men is complex and multifactorial [ 45 ] necessitating a holistic 
approach which incorporates several treatment modalities. Furthermore, diabetic 
ED is more resistant to treatment compared with nondiabetic ED. Diabetic men 
with ED may respond less to fi rst-line treatments and are more likely to require 
more aggressive treatment [ 57 ]. 

 Diagnostic evaluation plays a pivotal role in the management of DM patients 
with ED. The increased incidence and severity of ED in diabetic men [ 11 ] makes 
the diagnosis of ED a priority. Because men fail to volunteer their ED, health care 
professionals who treat patients with DM should raise the subject as part of their 
routine care [ 58 ]. Structured interviews [ 59 ] and self-reported questionnaires [ 60 ] 
are used by physicians as standardized sexual inventories to confront ED. 

 On the other hand, diabetic patients complaining of ED should be carefully 
investigated in terms of concomitant morbidities at an early stage. A strong and 
independent association between ED and cardiovascular disease has been estab-
lished. ED is able to predict future cardiovascular events in diabetic patients [ 61 ] 
and appears to be strongly associated with the presence of silent CAD in apparently 
uncomplicated type 2 diabetes patients [ 62 ]. Thus, ED can mark the starting point 
for the evaluation and prevention of severe diseases. A minimal diagnostic evalua-
tion must be performed in every DM patient suffering from ED [ 63 ]. The diagnostic 
approach includes an accurate medical and sexual history, a careful physical exami-
nation, and targeted laboratory tests of the patient’s glycemic and lipid profi le and 
testosterone levels [ 64 ]. The main goals of the assessment of ED are to identify the 
cause of the disorder and to ascertain risk factors and potentially life-threatening 
comorbid disorders. 

 The fi rst step in the treatment of ED is the implementation of general measures 
to correct the modifi able risk factors. Lifestyle interventions such as smoking 
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cessation, weight reduction, and increased physical activity can improve erectile 
function signifi cantly [ 31 ]. Treatment of systematic diseases associated with ED 
is necessary. Obtaining good glycemic control is of paramount importance [ 65 ]. 
Prescription and over-the-counter medications that may have negative implications 
on sexual function should be avoided or switched to agents least likely to cause 
ED. Additionally, relationship counseling and psychotherapy may be useful for 
treating anxiety and depression. 

 Combined with general measures, oral therapies are regarded as the fi rst-choice 
treatment strategy for ED. Phosphodiesterase type 5 inhibitors (PDE5i) are the 
mainstay of treatment of ED. They interfere with the NO-cGMP pathway result-
ing in prolonged relaxation of the cavernous smooth muscles and thus enhancing 
erectile function. Chronic use of PDE5i signifi cantly improves endothelial function 
[ 66 ] and might reduce cardiovascular events [ 67 ]. Sildenafi l, tadalafi l, and varde-
nafi l are worldwide available and have proven to be effective in diabetic men with 
ED [ 68 ]. However, the response to such treatment has been lower in diabetic than 
in nondiabetic subjects [ 69 ]. Diabetics require high doses of each agent and studies 
have shown an incremental clinical benefi t with higher doses [ 70 ]. All three drugs 
indicate favorable safety profi les, but there is no suffi cient information to single out 
the superior effi cacy of any one of them [ 45 ,  58 ]. 

 Testosterone plays an important part in maintaining adequate erectile function; 
however, testosterone replacement therapy is only recommended in DM men with 
ED who have proven low concentrations of bioavailable testosterone [ 71 ]. Despite 
the fact that antihypertensives are commonly associated with ED, recent data sug-
gest that angiotensin receptor blockers [ 72 ] and nebivolol [ 73 ] could have a positive 
effect on erectile function. Statins seem to play a double-edged role in the treatment 
of ED, and there is controversial evidence about their effect on erectile function 
[ 74 ,  75 ]. Emerging evidence derived from a systematic review and meta-analysis 
revealed positive consequences of statins on erectile function [ 34 ]. 

 Patients not responding to oral drugs may benefi t from second- and third-line 
treatment. Intracavernosal injections and transurethral suppositories are used for 
the topical administration of vasoactive substances, such as alprostadil, papaverine, 
phentolamine, and vasoactive intestinal polypeptide, to the penile tissue. Vacuum 
constriction devices have been used as mechanical means of increasing and retain-
ing blood in the penis for initiating erection but nearly half of the patients are not 
satisfi ed with this method [ 2 ]. Surgical implantation of penile artifi cial prosthesis is 
the last resort for treatment of ED and high satisfaction rates are reported.  

    Conclusions 

 Taking into consideration that sexual health is indissolubly associated with phys-
ical health, clinicians should persistently aim for the early diagnosis and proper 
management of ED in diabetic patients. A holistic approach composed of a care-
ful medical history, a thorough clinical examination, basic laboratory tests, and 
composite and individualized treatment appears to be the gold standard for the 
management of ED in diabetics. In recent years, ED has drawn the attention of 
the scientifi c community, especially after having been recognized as a precursor 
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of cardiovascular disease. Ongoing research on a molecular level has led to the 
better understanding of the physiology of the erectile mechanism and the patho-
physiology of ED and has provided the basis for the introduction of novel and 
promising therapies.     
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13.1            Introduction 

 Low-density lipoprotein cholesterol (LDL-C) plays a vital role in the atheroscle-
rotic process, and currently dyslipidemia is considered to be one of the most impor-
tant risk factors for CV events [ 1 ]. The introduction of statins in treatment protocols 
for patients with dyslipidemia was a major advance for the treatment of CV dis-
ease and effectively reduces LDL-C levels and CV events [ 2 ,  3 ]. Because of their 
effectiveness, 30 million individuals in the USA and up to 200 million individuals 
worldwide are currently on statin therapy. In addition, the role of statin therapy in 
primary and secondary prevention of CV events seems to be mediated by other 
mechanisms (beyond LDL-C reduction) as well. Statins exert benefi cial effects even 
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in patients with low, near-baseline LDL-C levels, even <80 mg/dl [ 4 ,  5 ]. Evidence 
also supports that statin-mediated health benefi ts are observed well before LDL-C 
levels decrease [ 6 – 9 ]. 

 Erectile dysfunction (ED) is defi ned as the persistent inability to attain and/or 
maintain penile erection suffi cient for sexual intercourse. ED is highly prevalent in 
the general male population and its prevalence increases with age. Traditionally, ED 
was considered to be either a psychological or an anatomic issue. Thus, the condi-
tion was managed by mental health professionals and urologists. However, advances 
in understanding the pathophysiology of ED in recent years lead the conclusion that 
origin of ED for the majority of patients is mainly vascular. Specifi cally, the reduced 
bioavailability of nitric oxide in the penile tissue in patients with atherosclerosis is 
the main pathological pathway of erectile dysfunction. 

 ED is highly prevalent in males with CV risk factors, especially in patients with 
arterial hypertension, diabetes mellitus, or obesity. The prevalence of ED in patients 
with dyslipidemia and the effects of statins on erectile function are not completely 
defi ned. This review aims to present available data on the relationship between dys-
lipidemia and ED and critically evaluate existing data about the effects of statins 
and other hypolipidemic agents on erectile function.  

13.2     Epidemiology 

 In a Canadian Study of primary care physicians, ED was independently associated 
with cardiovascular disease. However, the study failed to highlight dyslipidemia as 
an independent risk factor [ 10 ]. On the contrary, Smith et al. [ 11 ] reported a high 
prevalence of newly diagnosed hypercholesterolemia and hypertriglyceridemia in 
men attending an ED clinic. In a large cohort of 272,325 patients with ED, the prev-
alence of hyperlipidemia was 20.2 %, and the age-specifi c prevalence ranged from 
3.9 to 52.3 % [ 12 ]. In addition, ED was signifi cantly more prevalent in individu-
als with dyslipidemia, coronary artery disease (CAD), and metabolic syndrome. In 
another study, ED was signifi cantly more prevalent in patients who had both hyper-
cholesterolemia and hypetriglyceridemia [ 13 ].  

13.3     Pathophysiological Correlation Between ED 
and Dyslipidemia 

 Dyslipidemia-induced ED with high LDL-C concentrations as the major culprit has 
been proposed by Kim [ 14 ]. Similar erection response to intracavernous injection 
of papaverine, a smooth muscle relaxant, of patients with and without hyperlipid-
emia suggests that the endothelium-dependent relaxation is impaired in ED. This 
was further supported by in vitro experiments of cavernal tissue, where tissues taken 
from hyperlipidemic patients demonstrated impaired relaxation response to vasoac-
tive agents, in comparison to tissues from normolipidemic individuals. Oxidized LDL 
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inhibited this relaxation. The production of superoxide radical and the activity of total 
superoxide dismutase (SOD) (acts as a scavenger) in the hyperlipidemic group were 
both increased, suggesting a functional impairment of response to endothelial stimuli. 
Rao et al. [ 15 ] confi rmed these fi ndings, and others emphasized oxidized LDL as the 
major factor of impaired relaxation response, as well as the role of nitric oxide (NO), 
and its reduced generation or bioavailability in penile and vascular tissue [ 16 ]. Three 
experimental studies on rats and mice further support the aforementioned fi ndings. 
Erectile responses to nerve electrical stimulation, in hypertriglyceridemic rats, was 
impaired following an increase in triglyceride levels by administration of 10 % fruc-
tose and restored when triglycerides were lowered [ 17 ]. High-cholesterol diet also had 
similar detrimental effects on erectile and endothelial function in rats [ 18 ,  19 ].  

13.4     Statins and ED 

13.4.1     Mechanism of Action 

 Statins are the cornerstone treatment against hypercholesterolemia. Statins lower 
blood cholesterol concentrations by inhibiting HMG-CoA reductase. This enzyme 
catalyzes the conversion of HMG-CoA into mevalonic acid, a cholesterol precur-
sor, thus reducing the endogenous cholesterol synthesis. Apart from that, statins 
exhibit pleiotropic effects. They intervene intracellular molecular signaling path-
ways, antagonize accumulation of macrophages and infl ammatory processes, and 
exert a protective action on endothelial cell function, increasing serum NO levels. 
Statins also reduce smooth muscle cell (SMC) proliferation, stabilize the atheroscle-
rotic plaque, and inhibit platelet activation and coagulation process, hence reduc-
ing the cardiovascular risk. The well-established adverse effects are myopathy and 
elevation of liver enzymes [ 20 ]. Another, lately investigated possible adverse effect 
of statins is hypoandrogenemia, attributed to the inhibition of steroid hormones 
derived from cholesterol, including testosterone [ 21 ]. Statins might also decrease 
libido through central mechanisms [ 22 ].  

13.4.2     Clinical Studies 

 The majority of interventional studies involve the use of atorvastatin in a relatively 
small number of patients. In general, these studies support that the use of statins 
improve penile rigidity and sexual function when compared to placebo [ 23 – 25 ]. 
There is also evidence to support that the effects of sildenafi l on erectile function in 
hypercholesterolemic patients is enhanced when combined with statin therapy [ 26 ]. 
In addition, patients who do not respond to sildenafi l exhibited a modest improve-
ment in erectile function when treated with statins [ 27 ]. 

 A prospective single-blind study compared the effect of atorvastatin and tadalafi l 
on ED. Subjects ( n  = 120) were randomized to receive atorvastatin 10 mg/day, 
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tadalafi l 20 mg three times/week, a combination of the two for 3 months, or no 
medication. Mean improvement of IIEF score was signifi cantly higher in both 
tadalafi l group compared to control group ( p  = 0.0001), and atorvastatin group com-
pared to control group ( p  = 0.001). The improvement in the tadalafi l group was more 
profound than the atorvastatin group. There was no synergic effect of atorvastatin 
and tadalafi l [ 28 ]. 

 Not all studies reported favorable outcomes with statin therapy [ 29 ,  30 ]. In a 
randomized double-blind longitudinal study, 173 men with untreated ED were 
treated with 40 mg simvastatin daily ( n  = 90) or placebo ( n  = 83) for 6 months. 
Patients with high cardiovascular risk, hypertension, and angina and those already 
on ED or statin therapy were excluded. No signifi cant difference in erectile function 
between the simvastatin and placebo groups ( p  = 0.27) was noted [ 31 ]. 

 A cross-sectional study of patients referred to a lipid clinic for dyslipidemia, and 
339 age-matched men found that there were more impotent men in the group of 
patients treated with hypolipidemic drugs ( p  = 0.003). Multivariate analysis showed 
that erectile dysfunction was dependent on treatment with fi brate derivatives (odds 
ratio, 1.46; 1.27–1.68) and statins (odds ratio, 1.51; 1.26–1.80) [ 32 ]. 

 Cases of ED associated with statins were collected by the Spanish and French 
pharmacovigilance system. In the Spanish database, 38 cases were recognized, 
93 % of which resolved after statin withdrawal. In the French database, 37 cases 
were reported, 85 % resolved after withdrawal and 5 cases exhibited a positive 
rechallenge [ 33 ]. 

 In a prospective observational study including 80 men attending cardiovascular 
risk clinics, IIEF scores were measured prior to initiation and after 6 months of 
statin therapy. Prior to statin therapy, the mean IIEF score was 18.7, and 52 % had 
signifi cant reduction of erectile function. After statin therapy, IIEF scores were 
reduced to 10.4 ( p  < 0.001), and 22 % experienced new onset ED [ 34 ]. 

 In a study of 1,899 men, there was no association between hyperlipidemia drug 
treatment and ED, except among younger men (<55) who had diabetes and/or CVD, 
where a strong association was observed (OR = 10.39, 95 % CI: 3.25, 33.20). In a 
statins-only analysis, the OR for treated hyperlipidemia was still substantial (OR = 
8.86, 95 % CI: 2.69, 29.20), but no information was given regarding the type of 
statins and dosage [ 35 ]. 

 Do et al. [ 36 ] assessed the same relation between statins and ED using a case/
non-case method within the French Pharmacovigilance System Database. Among 
the total of spontaneous reports selected (110 685), exposure to statins was identi-
fi ed in 4,471 cases, of which 51 reports (1.1 %) concerned ED, whereas 431 (0.4 %) 
cases of ED were found in the 106 214 reports without exposure to statins 
( p  < 0.0001). No relationship was found between statin dosage, duration of statin 
therapy, and ED. 

 Corona et al. [ 37 ] reported that in a cohort of 3,484 men with ED, individuals 
who were treated with statins had signifi cantly lower levels of total and free tes-
tosterone when compared to the rest of the sample ( p  < 0.0001 for both). Statin 
treatment was also associated with reduced testis volume and a higher prevalence 
of hypogonadism-related symptoms and signs ( p  < 0.01). Also, in the statins 
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group, follicle-stimulating hormone levels were signifi cantly higher compared to 
the untreated group, suggesting a possible mechanism for statin-related 
ED. These fi ndings were confi rmed by Cohen [ 38 ] who also noted an exacer-
bated free and total testosterone level reduction in individuals with preexisting 
hypoandrogenic anabolic defi ciency state (decreased pregnenolone and DHEA 
concentrations). 

 In contrast to the aforementioned studies, a double-blind, randomized, placebo- 
controlled, clinical trial in patients with ED and endothelial dysfunction reported no 
signifi cant difference in penile erection between those treated with simvastatin and 
the placebo group [ 39 ]. 

 In another most recent prospective study, ED was assessed in a group treated 
with rosuvastatin 10–20 mg daily ( n  = 46) and atorvastatin arm ( n  = 44). The inves-
tigators reported no adverse effect on ED in those treated with atorvastatin, whereas 
the IIEF score was signifi cantly lower after 6 months of rosuvastatin treatment 
( p  = 0.019). This is the fi rst study to suggest that different types of statins may have 
a different effect on ED [ 40 ] (Table  13.1 ).

13.4.3        Experimental Data 

 In an experimental study (Wistar rats), it was found that pretreatment with atorv-
astatin increased the potency of sildenafi l-induced relaxation ( p  < 0.01), the plasma 
NOx concentrations, and sildenafi l-induced hypotension and tachycardia [ 41 ]. 
These fi ndings suggest a synergy through NO-mediated mechanisms, in the vascu-
lar relaxation. In another study, atorvastatin ameliorated sildenafi l-induced penile 
erections in spontaneously hypertensive rats, by interfering with the Rho-kinase sig-
naling pathway within the penis [ 42 ]. Atorvastatin benefi ts on erectile function were 
also observed in diabetic rats and diabetic rabbits [ 43 ]. Similar benefi cial effects on 
erectile function were also observed with rosuvastatin in obese diabetic rats [ 44 ]. 
Simvastatin showed similar benefi ts in restoring erectile function when added to 
insulin, by inhibiting the RhoA-/Rho-kinase pathway [ 45 ].   

13.5     Other Hypolipidemics and Erectile Dysfunction 

 Case reports or small series of patients who were treated with gemfi brozil suggest 
that ED might appear after 1–3 weeks of treatment and subside after withdrawal of 
the drug [ 46 – 49 ]. A review of clinical trial experience with fenofi brate reported ED 
as an adverse effect on 1.3 % of the patients [ 50 ]. 

 In a single-center prospective randomized placebo-controlled parallel-group trial 
of 160 male patients with ED and dyslipidemia, niacin was associated with improve-
ment of erectile function compared to placebo for 12 weeks [ 51 ]. In another single- 
blind, one-arm study of 54 men with untreated ED, niacin had benefi cial effects on 
erectile function when given combined with propionyl-L-carnitine and L-arginine 
for 3 months [ 52 ].  
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    Conclusions 

 This review sought to summarize available evidence regarding the relationship 
between ED and dyslipidemia. Most evidence support that dyslipidemia is asso-
ciated with ED through induction of impaired relaxation response upon cavernal 
tissue. Hypercholesterolemia decreases the gene expression of endothelium-spe-
cifi c cell-to-cell junction proteins and decreased endothelial content in the cor-
pus cavernosum. High levels of ox-LDL induce lower bioavailability of NO. 

 Available data regarding the effects of statins on erectile function is confl ict-
ing. Experimental data point towards a benefi cial effect of statins on erectile 
function through several mechanisms. Clinical data, however, does not confi rm 
these benefi cial effects in all cases. Available clinical studies show positive, neu-
tral, or even negative effects on erectile function. However, existing data is not of 
the highest quality. Many studies are observational with all inherent limitations of 
this study type, and available prospective randomized studies have usually small 
study samples and short follow-up. Moreover, the assessment of erectile function 
in other studies was not based on validated methods. Finally, information regard-
ing a dose- dependent effect or within-class differences are inconclusive. 

 Information regarding other hypolipidemic agents, apart from statins, is scant 
and fragmented. Gemfi brozil appears to have detrimental effects on erectile 
function, while niacin might benefi cially affect erectile function; however, avail-
able data needs to be confi rmed by appropriately designed and adequately pow-
ered clinical trials.     
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14.1            Introduction 

 Endocrine disorders (except diabetes mellitus) represent an infrequent cause of 
erectile dysfunction. However, identifi cation of an endocrine disorder in these 
patients is essential for three major reasons. First, it provides an opportunity for 
etiologic management of erectile dysfunction instead of symptomatic. Second, 
endocrine disorders associated with erectile dysfunction might also have important 
adverse sequelae on the general health and should therefore be timely identifi ed and 
managed. Third, a limited panel of hormonal tests (i.e., serum total testosterone, 
thyrotropin, and prolactin levels) is frequently suffi cient for reaching a diagnosis of 
these endocrine disorders. 

 In the present chapter, the endocrine disorders most frequently associated with 
erectile dysfunction are discussed, with emphasis on their prevalence in patients 
with erectile dysfunction, the diagnostic work-up, and the effects of their manage-
ment on erectile function.  
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14.2     Hypogonadism 

 Even though there is no general agreement on the defi nition of low testosterone 
levels, in the general population, 24 % of men have morning serum total testoster-
one levels <300 ng/dl, i.e., levels currently considered diagnostic of hypogonadism 
[ 1 ]. Moreover, it is well established that serum total and free testosterone levels 
decline with aging in healthy men [ 2 ,  3 ]. Accordingly, the prevalence of low total 
testosterone levels increases in elderly men, affecting approximately 19, 28, and 
49 % of men older than 60, 70, and 80 years, respectively [ 2 ]. However, only 27.7 % 
of men with low total testosterone levels have erectile dysfunction [ 1 ]. Moreover, 
serum total and free testosterone levels do not differ between patients with erectile 
dysfunction and age- and body mass index-matched healthy subjects [ 4 ,  5 ]. Indeed, 
even though androgens increase sexual desire, they do not play an important role in 
visually induced erections [ 6 ]. Accordingly, low testosterone levels do not appear to 
relate strongly to erectile dysfunction. 

 Despite the lack of a close relationship between hypogonadism and erectile 
dysfunction, measurement of serum total testosterone levels is currently recom-
mended by most scientifi c societies in all patients with erectile dysfunction [ 7 – 9 ]. 
Among patients with erectile dysfunction, 4 % of those younger than 50 years and 
9 % of those older than 50 years have low serum total testosterone levels [ 10 ]. In 
contrast, apparent signs of hypogonadism (i.e., small testes, gynecomastia, and 
reduced growth of body hair and beard) are rarely observed in patients with erectile 
dysfunction [ 11 ]. Indeed, if testosterone levels are measured only in patients with 
symptoms (e.g., low sexual desire) or signs suggestive of hypogonadism, 40 % of 
cases of low testosterone levels would be missed [ 10 ]. Total testosterone should be 
measured in the morning because serum testosterone levels exhibit a circadian 
variation and are higher in the morning [ 7 ]. Moreover, in patients with low testos-
terone levels, the diagnosis of hypogonadism should be confi rmed by a second 
measurement, since as many as 30–40 % of patients will have normal levels on 
repeat testing [ 7 ,  8 ,  10 ,  12 ]. Testosterone measurements should not be performed 
in the presence of acute or subacute illnesses [ 7 ]. When total testosterone levels are 
near the lower limit of normal range and conditions that are associated with 
increased low sex-hormone- binding globulin (SHBG) levels are present, measure-
ment of serum free testosterone levels might also be considered [ 7 ]. Common con-
ditions that are characterized by higher SHBG levels and hence lower free 
testosterone levels include ageing, hyperthyroidism, and the use of estrogens, 
tamoxifen, and antiepileptic agents [ 7 ,  8 ]. It should emphasize that free testoster-
one levels should be measured only in reference laboratories because of the limited 
accuracy of many commercially available methods [ 7 ,  8 ]. In patients with docu-
mented low testosterone levels, serum luteinizing hormone, and follicle-stimulat-
ing hormone levels should also be measured to discriminate between primary and 
secondary hypogonadism [ 6 – 8 ]. In patients with secondary hypogonadism, mea-
surement of serum prolactin levels and magnetic resonance imaging of the pitu-
itary gland might be considered [ 7 ]. However, it should be mentioned that the 
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prevalence of pituitary adenomas or hypothalamic lesions in these patients is low 
(3.1–6.7 %) [ 10 ,  13 ]. Accordingly, imaging might has to be reserved for patients 
with very low total testosterone levels (<100 ng/dl), panhypopituitarism, persis-
tently elevated prolactin levels or symptoms suggestive of pituitary tumors (head-
ache or visual fi eld defects) [ 7 ]. 

 Testosterone therapy can be considered in patients with erectile dysfunction who 
have low testosterone levels [ 7 ,  8 ]. However, it should be noted that administration 
of testosterone in placebo-controlled studies in patients with low testosterone levels 
exerted inconsistent effects on erectile function [ 14 ]. It is also unclear whether the 
combination of testosterone and phosphodiesterase-5 inhibitors improves erectile 
function in patients who do not respond to monotherapy with phosphodiesterase-5 
inhibitors [ 7 ,  8 ,  15 ]. Several testosterone regimens are available (weekly or every 
2 weeks im injections, patches, gel, pellets for sc implantation, and tablets for per os 
treatment), and the choice between them is individualized based on patient’s prefer-
ence and cost [ 7 ]. After initiation of testosterone therapy, effi cacy of treatment, 
serum testosterone levels (aiming at levels in the mid-normal range), and hematocrit 
and serum prostate-specifi c antigen (PSA) levels should be evaluated at 3–6 months 
and then annually [ 7 ]. Testosterone treatment is contraindicated in patients with 
prostate cancer or uncontrolled heart failure, whereas patients with PSA levels 
>3 ng/ml should be evaluated by a urologist before initiation of testosterone therapy 
[ 7 ]. Moreover, older patients are at increased risk for prostate-related adverse events 
(cancer, PSA >4 ng/ml, biopsy, urinary retention, or worsening of symptoms associ-
ated with prostatic hyperplasia) [ 16 ] and potentially for cardiovascular events when 
treated with testosterone [ 17 ,  18 ]. Accordingly, these patients may opt to avoid tes-
tosterone therapy [ 7 ].  

14.3     Prolactinoma 

 Sexual dysfunction due to decreased libido or erectile dysfunction is the commonest 
presenting symptom in men with prolactinomas [ 19 ]. More than half of men with 
prolactinomas report symptoms of erectile dysfunction [ 20 ]. However, given the 
rarity of prolactinomas, only 0.2–0.6 % of patients with erectile dysfunction has 
prolactinoma [ 10 ,  21 ]. The pathogenesis of erectile dysfunction in prolactinomas is 
unclear. Most patients with prolactinomas who report erectile dysfunction also have 
testosterone defi ciency, which might contribute to erectile dysfunction [ 21 ]. 
Elevated prolactin levels suppress the release of gonadotropin-releasing hormone 
and consequently the secretion of luteinizing hormone [ 6 ]. Moreover, primary 
hypothyroidism might also be present in patients with prolactinomas and might also 
play a role in the pathogenesis of erectile dysfunction [ 19 ]. Administration of cab-
ergoline, a D 2  selective dopamine receptor agonist, improved nocturnal penile 
tumescence in patients with prolactinoma [ 20 ]. Interestingly, this favorable effect of 
cabergoline was observed only in patients who achieved normalization of prolactin 
levels, even when testosterone levels were not normalized [ 20 ].  
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14.4     Hypothyroidism 

 Hypothyroidism is present in 5 % of patients with erectile dysfunction [ 22 ]. On the 
other hand, in a recent study, 84.1 % of patients with hypothyroidism had some 
degree of erectile dysfunction compared with 33.8 % of control subjects [ 23 ]. The 
severity of erectile dysfunction correlates inversely with serum thyrotropin levels, 
suggesting that thyroid dysfunction per se plays a direct role in the pathogenesis of 
erectile dysfunction [ 23 ]. Moreover, fatigue and mood disorders as well as low free 
testosterone levels are frequently present in patients with hypothyroidism and might 
also play a role [ 19 ,  24 ]. Treatment of hypothyroidism resulted in signifi cant 
improvement in erectile function [ 23 ,  25 ].  

14.5     Hyperthyroidism 

 Hyperthyroidism is present in 1 % of patients with erectile dysfunction [ 22 ]. On the 
other hand, 70.4 % of patients with hyperthyroidism had some degree of erectile 
dysfunction compared with 33.8 % of control subjects in a recent report [ 23 ]. The 
severity of erectile dysfunction correlates directly with serum thyroxine levels [ 23 ]. 
Similar to hyperthyroidism, fatigue and mood disorders are frequently present in 
patients with hyperthyroidism and might also play a role in the pathogenesis of 
erectile dysfunction [ 19 ]. Moreover, serum sex-hormone-binding globulin levels 
increase, resulting in reduced levels of free testosterone [ 24 ,  26 ]. Aromatization of 
testosterone to estrogens also increases [ 26 ]. Treatment of hyperthyroidism resulted 
in signifi cant improvement in erectile function [ 23 ,  25 ].     
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15.1            Introduction 

 Erectile dysfunction (ED), defi ned as the inability to maintain and achieve an erec-
tion suffi cient for satisfactory intercourse, has a high prevalence and incidence 
worldwide [ 1 ]. A systematic review of epidemiologic evidence undertaken in 2002 
showed a clear increase in prevalence in with advancing age, with rates for men 
younger than 40 years ranging from approximately from 2 to 9 %, compared with 
18–86 % for those older than 80 years [ 2 ]. Although not life threatening, it may be a 
precursor or marker of more serious conditions, particularly coronary artery disease 
(CAD). Inman et al. [ 3 ] have shown when ED occurs in younger men, it is associ-
ated with a marked increase in the risk of future cardiac events and that overall ED 
may be associated with an approximately 80 % higher risk of subsequent CAD. 

 Sexual function is a complex, multifactorial process. The development of ED is 
attributable to both psychogenic factors and physiologic alterations in neural, vas-
cular, hormonal, and metabolic perturbations, all mediated through endothelial and 
smooth muscle dysfunction. While this cascade of metabolic parameters can lead to 
early endothelial dysfunction and eventually, late cardiovascular events, this chap-
ter will focus on the metabolic investigation of erectile dysfunction. Specifi cally, 
we will illustrate from our practice a clinical case and the value of the metabolic 
workup of the ED patient and the evolving concept of “cardiometabolic risk.” 

 Cardiometabolic risk entails the risk of developing any of the following: type 2 
diabetes (T2DM), cardiovascular disease (CVD), or metabolic syndrome (Met S). 
The assessment of cardiometabolic risk uses traditional risk factors such as smoking, 
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high LDL-C cholesterol, hypertension, and elevated serum glucose as well as emerg-
ing risk factors closely related to abdominal obesity, especially intra- abdominal or 
visceral obesity. The relationship between traditional cardiovascular risk factors 
(hypercholesterolemia, hypertension, and smoking) and the occurrence of cardiovas-
cular events is well understood. Our increasing understanding of the pathophysiol-
ogy of cardiovascular disease is now defi ning value of a range of new cardiovascular 
risk factors. Risk stratifi cation requires measurement tools of CVD risk that must be 
valid in the general male population, and measurement tests or biomarkers that help 
predict cardiac risk [ 4 ]. ED should become part of this CVD risk assessment. 

 Traditional models of cardiovascular risk such as Framingham Risk Score (FRS) 
are weighted toward age, and 80 % of men age 40–59 will have a low 10-year risk 
[ 5 ]. Incorporating some assessment of lifetime risk has been proposed as an added 
step to evaluate cardiovascular risk in this young middle-aged population noted by 
Inman with ED to be at particularly elevated CVS risk [ 3 ]. 

 New data have emerged to justify a new version, though controversial, to better 
target lipid management therapies for the reduction of cardiovascular events in the 
adult population [ 6 ]. New guidelines have attempted to address the shortcomings of 
older risk models. ED guidelines such as Princeton III [ 7 ] have attempted to utilize 
evidence-based evaluation to further stratify men for cardiovascular (CVS) risk fol-
lowing the utilization of keen history taking and traditional risk models to establish 
the presence of predominantly vasculogenic ED and the volume of subclinical ath-
erosclerotic burden which are markers for subsequent CVS events of MI and CVA 
in men [ 8 ]. These guidelines are an attempt to elaborate the following questions:

•    Is a history of ED a harbinger for future cardiovascular risk? Is it best described 
as a risk marker or risk factor for future CVS events, and just what is the 
difference?  

•   Are there cost-effective, sensitive, and specifi c metabolic tests that might indi-
cate increased cardiovascular risk?  

•   Will these tests delineate treatment based on identifi cation of obstructive coro-
nary artery disease (CAD) and atherosclerotic burden and thereby lower future 
CVS risk and improve erectile function?     

15.2     The Metabolic Syndrome: A Cluster of Findings 
Increasing Risk of Type 2 DM and CVD (Its Relationship 
to ED) 

 Metabolic syndrome (Met S) is a complex disorder with high socioeconomic cost 
that is considered a worldwide epidemic. Met S is defi ned by a cluster of intercon-
nected factors that directly increase the risk of coronary heart disease (CHD), other 
forms of cardiovascular atherosclerotic diseases (CVD), and type 2 DM. Its main 
components are dyslipidemia (elevated triglycerides and apolipoprotein B (apoB)-
containing lipoproteins, and low high-density lipoproteins (HDL), hypertension, and 
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deregulated glucose homeostasis, while abdominal obesity and insulin resistance 
(IR) have gained increasing attention as the core manifestations of the syndrome 
[ 9 ]. Recently, other abnormalities such as chronic proinfl ammatory and prothrom-
botic states, nonalcoholic fatty liver disease, and sleep apnea have been added to 
the entity of to the syndrome, making its defi nition even more complex. Besides 
the many components and clinical implications of Met S, there is still universally 
accepted pathogenic mechanism or clearly defi ned diagnostic criteria. Furthermore, 
there is still debate as to whether this entity represents a specifi c syndrome or is a 
surrogate of combined risk factors that put the individual at particular risk [ 10 ]. 

 The most current defi nition incorporates the International Diabetes Federation 
(IDF) and American Heart Association/National Heart, Lung, and Blood Institute 
(AHA/NHLBI) defi nitions and requires a patient to have any three of the following 
fi ve conditions [ 11 ]:

•    Elevated waist circumference (ethnicity specifi c values, e.g., European males 
>94 cm [40 in.] and females >80 cm)  

•   Triglycerides 1.7 mmol/l or greater 150 mg/dL  
•   HDL-chol below 1.03 mmol/l [<40 mg/dL]  
•   BP >135/85 mmHg  
•   Fasting glucose >5.6 mmol/l [>100 mg/dL]    

 ED has been linked to multiple selected aspects of the metabolic syndrome, 
including type 2 diabetes mellitus [ 12 ,  13 ], increased fasting blood glucose [ 14 , 
 15 ], arteriosclerotic disease manifestations [ 16 – 18 ], hypertension [ 13 ,  14 ,  19 ,  20 ], 
and obesity [ 13 – 15 ], and to the metabolic syndrome as defi ned by different health 
organizations [ 14 ,  15 ,  20 ,  21 ]. Moreover, Bal et al. [ 15 ] noted that the risk of ED 
increased in line with the number of factors of the Met S exhibited by a patient. 
Several interrelated mechanisms may explain the observed relationship between 
the Met S and ED. One obvious mechanism could be a low testosterone level, 
which has been shown to be associated with moderate and severe [ 22 ], possibly via 
a mechanism of diminished NO synthesis [ 23 ]. This hypothesis was supported by a 
report that testosterone treatment increases cavernosal expression of NO synthase 
mRNA in rats [ 24 ]. In this way, hypogonadism as a manifestation of the Met S 
could result in a diminished NO synthesis and subsequent ED. Another mecha-
nism is peripheral arterial insuffi ciency due to an atherosclerotic disease. The pres-
ence of arterial vasculogenic ED is associated with ischemic heart disease in men 
>40 years old in several studies [ 25 ]. Furthermore, men with ED are twice as likely 
to have sustained a myocardial infarction compared with men without ED, and the 
risk becomes more pronounced with increasing age [ 26 ]. Increasing alpha adren-
ergic activity has been linked to several established aspects of the Met S and is an 
attractive potential mechanism that could explain the link between the Met S and 
ED. Evidence supporting this mechanism has come from a study demonstrating 
that patients with nonorganic ED have signifi cantly higher sympathetic activity 
than those without ( p  < 0.05) [ 27 ]. This mechanism has been supported by studies 
that have concluded that treatment with alpha-receptor antagonists, doxazosin [ 28 ], 
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and alfuzosin [ 29 ,  30 ] may improve sexual function including ED. This mecha-
nism is also attractive because it explains the link between ED and LUTS, which 
was confi rmed by the Multinational Survey of the Aging Male (MSAM 7) study 
[ 31 ]. This study included more than 14,000 men, aged 50–80 years, representative 
of the population of six European countries and the USA [ 32 ]. A fourth mechanism 
explaining the link between the Met S and ED involves increased activation of the 
Rho/Rho kinase pathway, acting downstream of norepinephrine and endothelin 1 
receptors. Diabetes and hypertension have been linked to increased activity in this 
pathway [ 28 ]. Increased activity in Rho/Rho- kinase pathway results in the inhibi-
tion of smooth muscle and subsequent smooth muscle contraction [ 33 ]. Although 
this mechanism has not been specifi cally demonstrated in erectile tissue, it adds 
to the body of evidence suggesting that ED is also an expression of the Met S and 
could arise via this mechanism [ 34 ]. 

 There are several hypotheses concerning the mechanism linking the metabolic 
syndrome and male hypogonadism. Obesity, especially visceral obesity, is an estab-
lished aspect of the metabolic syndrome. The activity of aromatase, an adipose 
enzyme that is involved in the irreversible conversion of testosterone into estra-
diol [ 35 ], is higher in men who are obese, and, consequently, they tend to have a 
decreased testosterone level and increased estradiol level [ 35 ,  36 ]. Thus, the meta-
bolic syndrome provides an endocrine mechanism to explain the development of 
hypogonadotropic hypogonadism, as it is believed that the effect of estradiol on 
gonadotropin suppression is more potent than that of testosterone [ 37 ]. The fi ndings 
of Zumoff and colleagues [ 38 ], who treated six obese men with oral testolactone (an 
aromatase inhibitor), support this conclusion. After 6 weeks, men treated with tes-
tolactone had higher levels of testosterone and LH and decreased levels of estrogen 
compared with their baseline levels [ 38 ]. 

 The hypothalamic–pituitary–adrenal (HPA) axis provides yet another mecha-
nism that could explain the link between the metabolic syndrome and hypogonad-
ism. The HPA axis has been shown to be overactive in subjects suffering from the 
metabolic syndrome [ 39 ], and it is well established that cortisol inhibits the repro-
ductive axis at several levels including secretion of GnRH and LH and also at the 
level of the testes themselves [ 40 ]. This emerging link between the metabolic syn-
drome and male hypogonadism via increased aromatase activity, hypogonadotropic 
hypogonadism, and increased activity of the HPA axis seems to suggest that male 
hypogonadism is also a urological aspect of the metabolic syndrome.  

15.3     Novel Biomarkers (Metabolic and Imaging) to Clarify 
CVS Risk in the ED Patient 

 By defi nition, cardiac biomarkers are measurement tests that help predict cardiac 
risk [ 41 ]. They include traditional measurements of cardiovascular risk: the lipid 
panel, blood sugar, and blood pressure. They can include anthropomorphic mea-
surements such as waist circumference (WC), body mass index (BMI), and other 
measures of visceral obesity. They can include imaging studies such as coronary 
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artery calcifi cation (CAC) as measured by electron-beam computed tomography or 
computed tomography or carotid intima–media thickness (CIMT) or carotid plaque. 
They can be surrogate measures of endothelial function such as peripheral arterial 
tonometry or serum asymmetric dimethylarginine (ADMA). They can be surro-
gate measures of arterial infl ammation: highly sensitive C-reactive protein (hsCRP), 
TNF-alpha, adipokines, or Interleukin-6 (IL-6). They can measure insulin resistance 
and include fasting serum insulin, HOMA-IR, fasting glucose, or glycosylated A1C 
(HgBA1c). Lastly, they might include the measurement of the extremely arthero-
genic level of small, dense LDL particles (LDL-P), or Apolipoprotein B (apo-B) as 
measured by nuclear magnetic resonance. 

 Therefore, a range of important novel risk factors or biomarkers for cardiovas-
cular disease are associated with the Met S, although not yet included within its 
defi nition. Most have yet to be validated for effi cacy and cost-effective screening 
in both the asymptomatic and symptomatic ED patient. These include the above-
noted chronic, low-grade infl ammation, and disturbances in the secretion of bioac-
tive substances from adipocytes (“adipokines”) [ 42 ,  43 ], hsCRP, apo B, and vitamin 
D levels. 

 The cardiovascular risk factors associated with the metabolic syndrome, whether 
included within its diagnostic criteria or not, contribute to the progression of athero-
sclerotic cardiometabolic disease. Current diagnostic and therapeutic approaches do 
not adequately address these factors, and further clarifi cation of the utility of these 
biomarkers in the ED patient is required. 

 We examine a few nontraditional markers and evaluate the quality of the evi-
dence for their value as potential markers for cardiometabolic disease and thereby, 
in the ED patient. These have been graded according to the recommendations of the 
Centre for Evidence-Based Medicine: (  http://www.cebm.net/levels_of_evidence.
asp    ) [ 44 ]. Levels of evidence have been determined by consensus of the author fol-
lowing review of the present literature. 

15.3.1     Waist Circumference (Intra-abdominal Adiposity) (IAA) 
in Men with ED: Level of Evidence = 1a 

 Intra-abdominal adiposity (IAA) drives the progression of multiple risk factors 
directly, through the secretion of excess free fatty acids and infl ammatory adipo-
kines and decreased secretion of adiponectin. The important contributions of IAA to 
dyslipidemia and insulin resistance provide an indirect, though clinically important, 
link to the genesis and progression of atherosclerosis and cardiovascular disease 
[ 45 – 47 ]. Presence of excess IAA is an important determinant of cardiometabolic 
risk. IAA is associated with insulin resistance, hyperglycemia, dyslipidemia, hyper-
tension, and prothrombotic/proinfl ammatory states. Excess IAA typically is accom-
panied by elevated levels of C-reactive protein and free fatty acids (FFAs), as well as 
decreased levels of adiponectin. Abdominal obesity has been shown to be associated 
with the infl ammation cascade, with adipose tissue expressing a number of infl am-
matory cytokines. Infl ammation is now believed to play a role in the development of 
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atherosclerosis and type 2 DM. Elevated levels of CRP are considered to be predic-
tive of cardiovascular disease and insulin resistance [ 47 ,  48 ]. 

 These components help to explain why excess abdominal adiposity is consid-
ered to be a great threat to cardiovascular and metabolic health. Abdominal obesity 
is associated with multiple cardiometabolic risk factors, including dyslipidemia 
[ 49 ], elevated blood glucose [ 50 ], and infl ammation [ 41 ] – all factors leading to the 
development of CVD and DM in male ED patients. DM is, after age, the greatest 
risk factor for ED [ 2 ]. Patients with DM were three times more likely to develop ED 
than those who did not have DM [ 13 ,  51 ]. The prevalence for ED in these patients 
was as high as 75 % [ 52 – 54 ]. The Cologne Male Survey noted a fourfold increase 
in ED in men with DM as compared to the general population [ 55 ]. In the Health 
Professionals Follow-up Study, which involved greater than 30,000 subjects, Bacon 
et al. [ 56 ] found duration of DM strongly associated with incidence of ED. Rhoden 
et al. [ 57 ] found higher glycosylated hemoglobin levels in patients with DM to be 
signifi cantly associated with more severe ED ( p  < 0.05). The risk of ED in men with 
DM is also signifi cantly associated with other diabetic complications such as dia-
betic neuropathy ( p  < 0.05) [ 58 ]. 

 Adipocytes generate infl ammatory cytokines, and patients with obesity and 
T2DM tend to have a higher infl ammatory profi le. Infl ammatory markers, such as 
IL-6 [ 59 ,  60 ], TNF-apha [ 59 ], or hsCRP [ 41 ], are elevated and have been associated 
with impaired endothelial function, cardiovascular events, and ED [ 60 ,  61 ].  

15.3.2     Testosterone Levels and Cardiometabolic Risk: Level 
of Evidence = 2a 

 Hypogonadism is a common condition in men – especially older men – that can 
affect both health status and quality of life. Mulligan et al. [ 62 ] examined the preva-
lence rates and odds ratios for selected comorbidities associated with low testos-
terone levels in 2,162 primary care patients. They observed that the odds ratios of 
having low levels (hypogonadism is both the presence of low levels and clinical 
signs and symptoms) were increased in the presence of certain risk factors. The 
odds ratios for the presence of hypogonadism (the odds of having hyopogonadism 
if one has this risk factor versus not having the risk factor) being of 2.38 for obesity, 
2.09 for diabetes, 1.84 for hypertension, and 1.47 for hyperlipidemia [ 62 ]. 

 Research to date strongly and consistently shows testosterone replacement ther-
apy (TT), at least over the short term (up to ~3 years), has positive effects on body 
composition – decreasing fat mass and increasing muscle mass – which in turn can 
reduce the risk for Met S and type 2 DM [ 63 ]. Evidence is moderately consistent 
for TT improving bone mineral density. Research to date also is strong showing TT 
has positive effects on various aspects of sexual function, though the specifi c effects 
differ from study to study. Most studies to date showed that TT increased sexual 
awareness and arousal, erectile function, and the frequency of spontaneous erec-
tions but was less consistent in enhancing actual sexual behavior and performance 
[ 64 ]. It is beyond the scope of this chapter to address the confl icting issues regarding 
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testosterone and CVS events and mortality. One can simply say that studies thus 
far both positive and negative are cross-sectional and thereby, inconclusive. Yet, the 
authors feel it is vital to screen all men with ED for testosterone defi ciency and 
thereby perhaps gain a sense of a man’s overall health and stress. This is especially 
true in those men with a history of inadequate response to prior PDE5 inhibitors [ 65 ].  

15.3.3     CAC Potential Role in ED Management: 
Level of Evidence = 1b 

 Coronary artery calcium (CAC) scores are better than carotid intima–media thickness 
(CIMT) as shown in a cohort of 44,052 asymptomatic patients referred for cardiovas-
cular risk stratifi cation. All-cause mortality rates (MRs) were calculated after strati-
fying by age groups and CAC score [ 66 ]. Another aim was to determine if coronary 
artery calcium (CAC) scoring is independently predictive of mortality in young adults 
and in the elderly population and if a young person with high CAC has a higher mor-
tality risk than an older person with less CAC. Indeed, the value of CAC for predicting 
mortality extends to both elderly patients and those less than 45 years old. Elderly 
persons with no CAC have a lower MR than younger persons with high CAC [ 66 ]. 

 In another MESA subanalysis, Detrano et al. [ 67 ] collected data on risk factors 
and performed coronary calcium scoring in an ethnically diverse population with-
out cardiovascular disease at entry who were followed for a median of 3.8 years. 
They found that the adjusted risk of a CVD event was increased by a factor of 7.73 
among participants with a CAC score of 101–300 compared to those individuals 
with no coronary calcium [ 67 ]. This risk increased to 9.67 among those with CAC 
scores exceeding 300 [ 67 ]. They noted that CAC scores are a strong predictor of 
incident CHD and provides predictive value beyond the standard Framingham risk 
data, regardless of race or ethnicity. 

 Thus, we propose the use of CAC scoring in men deemed at intermediate risk 
of CAD with ED according to the Framingham Risk Stratifi cation or patients with 
low lifetime risk but one that might fall out of the present grading criteria [ 8 ]. The 
absence of CAC is conclusive of minimal to no risk of ASCVD in the following 
10 years. The presence of CAC may help guide the clinician regarding appropriate 
primary prevention therapy and certainly is one of the strongest discriminatory tests 
for the intermediate-risk patient in CVD risk stratifi cation.  

15.3.4     The Role for Peripheral Arterial Tonometry (PAT) 
Assessment and Asymmetric Dimethylarginine (ADMA) 
as Markers of Endothelial Cell Function in Men with ED: 
Level of Evidence = 2a 

 Because endothelial dysfunction is considered the fi rst step toward the generation 
of atherosclerotic plaque [ 68 ] and can be found in patients with cardiovascular risk 
factors [ 69 ,  70 ], the use of fl ow-mediated vasodilation (FMD) has long had a role 
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in the evaluation of the pathology of erectile dysfunction. Indeed, Kaiser et al. [ 71 ] 
studied 30 men with ED and no other clinical cardiovascular disease and compared 
them with 27 age-matched controls without ED. The ED group had penile vascular 
disease present on Doppler ultrasound testing (mean peak systolic fl ow of 28 cm/s 
± 3), an IIEF-5 score of 12.9 vs. 22.3 ( p  = 0.000001) with a cutoff value for ED 
<21. While no signifi cant differences were noted in fasting lipids, glucose, homo-
cysteine, and CAC scores in the two groups, there was a signifi cant difference in 
brachial artery fl ow-mediated vasodilation studies thereby illustrating the idea that 
ED appears to occur before the development of overt structural or functional sys-
temic vascular disease and that abnormalities in the penile cavernosal nitric oxide/
cyclic GMP vasodilator system may result in ED as an early clinical manifestation 
of vascular disease [ 72 ]. 

 This led to the theory that endothelial dysfunction is believed to be the common 
initiator of ED and other atherosclerotic diseases. The importance of this study can-
not be understated. Men with ED but no other clinical cardiovascular disease were 
found to have reduced fl ow-mediated vasodilation in the brachial artery in response 
to sublingual nitroglycerine, indicating endothelial dysfunction and abnormal 
smooth muscle relaxation. Evidence is accumulating that endothelial dysfunction is 
an early functional change thought to precede ASCVD changes in the cerebrovas-
cular, coronary, and peripheral circulations [ 72 ]. 

 Obesity is associated with increased activation of the rennin–angiotensin sys-
tem, which in turn, leads to vasoconstriction and impaired endothelial function [ 73 ]. 
DM is associated with higher levels of asymmetric dimethylarginine (ADMA) [ 74 ]. 
ADMA is an endogenous analogue of L-arginine that competitively inhibits nitric 
oxide synthase (NOS) [ 75 ]. Elevated plasma ADMA levels signify impaired endo-
thelial cell function [ 74 ,  75 ] and predict cardiovascular events [ 76 – 80 ]. A strong 
link of ADMA to CAD and ED has been reported [ 81 ]. 

 Endothelial dysfunction is characterized by a reduction in endogenous nitric 
oxide activity that may be attributed to an elevation in ADMA levels [ 82 ]. Thus, it 
may be speculated that the elevation of endogenous ADMA may be associated with 
the systemic manifestations of endothelial dysfunction in patients with cardiovas-
cular risk factors and ED [ 83 ].  

15.3.5     Vitamin D and Cardiovascular Health: 
Level of Evidence = 2b 

 Vitamin D is known to have a well-defi ned role in bone and calcium metabolism, 
but it has also been implicated as a factor in cardiovascular health. Vitamin D defi -
ciency as defi ned by the American Endocrine Society as less than 20 ng/ml affects 
nearly fi fty percent of the world’s population [ 84 ]. It has been observed that the inci-
dence of cardiovascular disease increases with increasing distance from the equator, 
and correlation with vitamin D defi ciency has been proposed as a mechanism [ 85 ]. 
Both the Framingham Offspring Study and the Health Professionals Follow-up 
Study showed an approximately doubled risk for cardiovascular events in vitamin 

M. Miner



153

D-defi cient subjects [ 84 ,  86 ]. Analysis of retrospectively collected data from 27,686 
patients in the Intermountain Heart Collaborative Study Group (IHC) demonstrated 
that vitamin D levels were highly associated with coronary artery disease and myo-
cardial infarction [ 87 ]. In the Multi-Ethnic Study of Atherosclerosis, lower 25(OH)
D concentration was associated with an increased risk for incident coronary artery 
calcifi cation, a measure of coronary atherosclerosis [ 88 ]. 

 Study of the effects of the vitamin D receptor (VDR) has revealed potential 
mechanisms for the effects of vitamin D on vascular health. Vitamin D receptors are 
present in all of the key mediators of atherosclerosis including endothelial cells, vas-
cular smooth muscle cells, and immune cells [ 89 ]. Vascular cell growth, migration, 
and differentiation along with immune response modulation and cytokine expres-
sion are tied to the activation of the VDR. Vitamin D is also directly involved in 
the systemic infl ammatory response contributing to atherosclerosis [ 90 ]. Although 
interventional studies have not yet shown benefi ts of vitamin D supplementation in 
risk reduction, it is clearly evolving as an important marker of risk. 

 Most importantly, the use of these novel biomarkers and surrogates begs the 
question whether these markers or risk factors validate an organic cause for ED and 
whether modifi cation of these markers/risk factors can improve both ED and lessen 
overall ASCVD risk? The honest answer is that we do not have clarifi cation of this 
at present. There remains a disconnect between imaging surrogates and outcomes. 

 From the above evidence and our experience, we propose the following meta-
bolic investigation of men with ED, including anthropomorphic and vital sign 
measurements:

•    2013 ASCVD AHA/ACC Risk Estimator to determine 10-year and lifetime 
ASCVD risk (MI and CVA) for men ages 40–59 years old [ 91 ].  

•   Waist circumference measured at the umbilicus.  
•   Blood pressure/heart rate.  
•   Fasting insulin and glucose levels.  
•   Baseline renal function (BUN/creatinine).  
•   Fasting lipid profi le.  
•   Morning total testosterone level.  
•   Hs CRP.  
•   Vitamin D3 (OH).  
•   If there is any doubt with the use of the 2013 ASCVD Risk Estimator, then CT 

calcium scoring may clarify risk and treatment options.    

 When we examine the use of biomarkers, we must distinguish between screening 
to defi ne a population at risk that we are not currently treating and reducing surrogate 
endpoints (e.g., MI, acute coronary syndrome, stroke). These questions, together 
with the issue posed by Thompson [ 92 ]. “Could erectile dysfunction serve as a sur-
rogate measure of treatment effi cacy in preventive interventions for cardiac disease?” 
can only be answered by further studies of cardiovascular disease prevention strate-
gies in men with largely vasculogenic ED. Men with ED with or without CVS risk 
factors should be considered an “intermediate”-risk group for future cardiovascular 
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events. It is this group of men, particularly under the age of 60 years, who may ben-
efi t from utilization of some of these surrogate markers of cardiometabolic risk in a 
cost-effective manner to stratify them for subsequent aggressive treatment of preven-
tative cardiovascular risk factors. These men, many of whom may be missed by the 
traditional Framingham risk criteria, may fi nd the risk elaborated with prudent use of 
these biomarkers or imaging studies. Only further studies of men with vasculogenic 
ED and preventative measures will provide evidence as to which of the surrogate 
markers are impactful and effi cacious in the delineation of such risk.   

    Conclusion 
 The metabolic investigation of erectile dysfunction involves primarily the inves-
tigation of metabolic sequela of visceral adiposity leading to type 2 DM or 
CVD. This is known as cardiometabolic risk. Older models of cardiovascular 
risk assessment (FRS) have generally underestimated risk in younger and mid-
dle-aged populations. The authors of the new risk models make adjustments for 
this and introduce the idea of balancing 10-year risk with lifetime risk to aid in 
decision-making in younger adults. Whether it is lifetime risk or ED that is used 
to enhance 10-year risk assessment, the concept is the same: to discern those who 
have started down the path of infl ammation, endothelial dysfunction, and vulner-
able plaque formation and thereby intervene somewhere upstream from the fi rst 
ASCVD event. Lifetime risk may be something abstract to most patients, and 
current evidence does not support its use to guide pharmacotherapy. The value is 
to motivate therapeutic lifestyle changes. ED is something tangible. It affects 
mental health and quality of life. Young and middle- aged male patients with ED 
are likely to make changes that will have an immediate impact on both their CVS 
risk and overall sexual function (Table  15.1 ).

         References 

    1.    Hatzimouratidis K, Amar E, Eardley I et al (2010) Guidelines on male sexual dysfunction and 
premature ejaculation. Eur Urol 57:804–814  

   Table 15.1    Key points/potential pitfalls: what to avoid   

 1.  Guidelines should never replace clinical judgment. They should aid and inform 
decision-making 

 2.  Avoid layering tests. Testing should be ordered when specifi c information is required to aid 
in risk stratifi cation and clinic decision-making 

 3.  Lab testing should be interpreted in the appropriate context – checking morning samples of 
testosterone, repeating testosterone levels to confi rm borderline results, checking two values 
of hsCRP, not screening during an acute illness. Results taken out of context can be 
misleading 

 4.  Do not underestimate the value of lifestyle modifi cation as an intervention. Estimation of 
risk can drive changes in behavior and promote health and wellness (over the usual 
paradigm of disease and treatment) 

M. Miner



155

     2.    Prins J, Blanker MH, Bohnen AM et al (2002) Prevalence of erectile dysfunction: a systematic 
review of population –based studies. Int J Impot Res 14:422–432  

     3.    Inman BA, St Sauver JL, Jacobson DJ et al (2009) A population-based, longitudinal study of 
erectile dysfunction and future coronary artery disease. Mayo Clin Proc 84:108–113.K  

    4.   Marma AK, Berry JD, Ning H et al (2010) Distribution of 10-year and lifetime predicted 
risks for cardiovascular disease in US adults fi ndings from the National Health and Nutrition 
Examination Survey 2003 to 2006. Circ Cardiovasc Qual Outcome 3:8–14  

    5.    Dhaliwal SS, Welborn TA (2009) Central obesity and multivariable cardiovascular risk as 
assessed by the Framingham prediction scores. Am J Cardiol 103:1403–1407  

    6.   Stone NJ, Robinson J, Lichtenstein AH et al (2014) 2013 ACC/AHA guideline on the treat-
ment of blood cholesterol to reduce astherosclerotic cardiovascular risk in adults. J Am Coll 
Cardiol 63:2935–59  

    7.    Nehra A, Jackson G, Miner M et al (2012) The Princeton III consensus recommendations 
for the management of erectile dysfunction and cardiovascular disease. Mayo Clin Proc 
87(8):766–778  

     8.    Miner M, Nehra A, Jackson G et al (2014) All men with vasculogenic ED require a cardiovas-
cular workup. Am J Med 127(3):174–182  

    9.    Castelli WP, Abbott RD, McNamara PM (1983) Summary estimates of cholesterol used to 
predict coronary heart disease. Circulation 67(4):730–734  

    10.    Kassi E, Pervanidou P, Kaltsas G et al (2011) Metabolic syndrome: defi nitions and controver-
sies. BMC Med 9:48–61  

    11.    Alberti KG, Eckel RH, Grundy SM et al (2009) International Diabetes Task Force on 
Epidemiology and Prevention, National Heart, Lung and Blood Institute, American Heart 
Association, World Heart Federation, International Atherosclerosis Society, International 
Association for the Study of Obesity: harmonizing the metabolic syndrome: a joint interim 
statement of the International Diabetes Task Force on Epidemiology and Prevention; National 
Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; 
International Atherosclerosis Society; and International Association for the Study of Obesity. 
Circulation 120:1640–1645  

    12.    Aslan Y, Sezgin T, Tuncel A et al (2009) Is type 2 diabetes mellitus a cause of severe erectile 
dysfunction in patients with metabolic syndrome. Urology 74:561–565  

       13.   Saigal CS, Wessels H, Pace J et al; Urologic Diseases in America Project (2006) Predictors and 
prevalence of erectile dysfunction in a racially diverse population. Arch Intern Med 166:207–212  

      14.    Demir T (2006) Prevalence of erectile dysfunction in patients with metabolic syndrome. Int J 
Urol 13:385–388  

       15.    Bal K, Oder M, Sahin AS et al (2007) Prevalence of metabolic syndrome and its association 
with erectile dysfunction among urologic patients: metabolic backgrounds of erectile dysfunc-
tion. Urology 69:356–360  

    16.    El Sakka AI, Morsy AM (2004) Screening for ischemic heart disease in patients with erectile 
dysfunction: role of penile Doppler ultrasonography. Urology 64:346–350  

   17.    El-Sakka AI, Morsy AM, Fagih BI et al (2004) Coronary artery risk factors in patients with 
erectile dysfunction. J Urol 172:251–254  

    18.    Jackson G (2009) Sexual response in cardiovascular disease. J Sex Res 46:233–236  
    19.    Al Hunayan A, Al Mutar M, Kehind EO et al (2007) The prevalence and predictors of erectile 

dysfunction in men with newly diagnosed with type 2 diabetes mellitus. BJU Int 99:130–134  
     20.    Tomada N, Tomada I, Botelho F et al (2011) Are all metabolic syndrome components respon-

sible for penile hemodynamics impairment in patients with erectile dysfunction? The role of 
body fat mass assessment. J Sex Med 8:831–839  

    21.    Kupelian V, Shabsig R, Araujo AB et al (2006) Erectile dysfunction as a predictor of the 
metabolic syndrome in aging men: results from the Massachusetts male aging study. J Urol 
176:222–226  

    22.    Corona G, Mannucci E, Ricca V et al (2009) The age related decline of testosterone is asso-
ciated with different specifi c symptoms and signs in patients with sexual dysfunction. Int J 
Androl 32:720–728  

15 The Metabolic Investigation of Erectile Dysfunction



156

    23.    Gorbachinsky I, Akpinar H, Assimos DG (2010) Metabolic syndrome and urologic diseases. 
Rev Urol 12:157–180  

    24.    Reilly CM, Zamorano P, Stopper VS et al (1997) Androgenic regulation of NO availability in 
rat penile erection. J Androl 18:110  

    25.    Shamloul R, Ghanem HM, Salem A et al (2004) Correlation between penile duplex fi ndings 
and stress electrocardiography in men with erectile dysfunction. Int J Impot Res 16:235–237  

    26.    Chen CJ, Kuo TB, Tseng YJ et al (2009) Combined cardiac sympathetic excitation and vagal 
impairment in patients with no organic erectile dysfunction. Clin Neurophysiol 120:348–352  

    27.    Kirby RS, O’Leary MP, Carson C (2005) Effi cacy of extended release doxazosin and doxazo-
sin standard in patients with concomitant benign prostatic hyperplasia and sexual dysfunction. 
BJU Int 95:103–109  

     28.    De Rose AF, Carmignani G, Corbu C et al (2002) Observational multicentric trial performed 
with doxazosin: evaluation of sexual effects on patients with diagnosed benign prostatic hyper-
plasia. Urol Int 68:95–98  

    29.    Liguori G, Trombetta C, De Giorgi G et al (2009) Effi cacy of combined oral therapy with 
tadalafi l and alfuzosin: an integrated approach to management of patients with lower urinary 
tracts symptoms and erectile dysfunction. Preliminary report. J Sex Med 6:544–552  

    30.    Kaplan SA, Gonzeles RR, Te AE (2007) Combination of alfuzosin and sildenafi l is superior 
to monotherapy in treating lower urinary tract symptoms and erectile dysfunction. Eur Urol 
51:1717–1723  

    31.    McVary KT (2006) Lower urinary tract symptoms and sexual dysfunction: epidemiology and 
pathophysiology. BJU Int 97(Suppl 2):23–28  

    32.    Rosen R, Altwein J, Boyle P et al (2003) Lower urinary tract symptoms and male sexual dys-
function: the multinational survey of the aging male (MSAM-7). Eur Urol 44(6):637–649  

    33.    Faris JE, Smith MR (2010) Metabolic sequelae associated with androgen deprivation therapy 
for prostate cancer. Curr Opin Endocrinol Diabetes Obes 17:240–246  

    34.    Hammarsten J, Peeker R (2011) Urologic aspects of the metabolic syndrome. Nat Rev Urol 
8:483–494  

     35.    Cohen PG (2008) Obesity in men: the hypogonadal estrogen receptor relationship and its 
effect on glucose homeostasis. Med Hypotheses 70:358–360  

    36.    Vermeulen A, Kaufman JM, Deslypere JP et al (1993) Attenuated luteinizing hormone (LH) 
pulse amplitude but normal pulse frequency, and its relation to plasma androgens in hypogo-
nadism of obese men. J Clin Endocrinol Metab 76:1140–1146  

    37.    Cohen PG (1998) The role of estradiol in the maintenance of secondary hypogonadism in 
males in erectile dysfunction. Med Hypotheses 50:331–333  

     38.    Zumoff B, Miller LK, Strain GW (1993) Reversal of the hypogonadotropic hypogonad-
ism of obese men by administration of the aromatase inhibitor testolactone. Metabolism 
52:1126–1128  

    39.    Rosmond R, Dallman MF, Björntorp P (1998) Stress-related cortisol secretion in men: rela-
tionships with abdominal obesity and endocrine, metabolic and hemodynamic abnormalities. 
J Clin Endocrinol Metab 83:1853–1859  

    40.    Chrousos G (1988) Stressors, stress, and neuroendocrine integration of the adaptive response. 
The 1997 Hans Selye Memorial Lecture. Ann N Y Acad Sci 851:311–335  

      41.    Billups KL, Kaiser DR, Kelly AS et al (2003) Relation of C-reactive protein and other cardio-
vascular risk factors to penile vascular disease in men with erectile dysfunction. Int J Impot 
Res 15:231–236  

    42.    Gelfand EV, Cannon CP, Rimonabant (2006) A cannabinoid receptor type 1 blocker for man-
agement of multiple cardiometabolic risk factors. JACC 47(10):1919–1926  

    43.    Vasudevan AR, Ballantyne CM (2005) Cardiometabolic risk assessment: an approach to the 
prevention of cardiovascular disease and diabetes mellitus. Clin Conerstone 7(2–3):7–16  

    44.   Centre for evidence-based medicine.   http://www.cebm.net/levels_of_evidence.asp      
    45.    Rathmann W, Haastert B, Herder C et al (2007) Differential association of adiponectin 

with cardiovascular risk markers in men and women? The KORA survey 2000. Int J Obes 
31:770–776  

M. Miner

http://www.cebm.net/levels_of_evidence.asp


157

   46.    Yamauchi T, Kamon J, Minokoshi Y et al (2002) Adiponectin stimulates glucose utilization 
and fatty-acid oxidation by activating AMP-activated protein kinase. Nat Med 8:1288–1295  

     47.    Snijder MB, Heine RJ, Seidell JC et al (2006) Associations of adiponectin levels with incident 
impaired glucose metabolism and type 2 diabetes in older men and women. The Hoorn study. 
Diabetes Care 29:2498–2503  

    48.    Silvestro A, Brevetti G, Schiano V et al (2005) Adhesion molecules and cardiovascular risk in 
peripheral arterial disease. Soluble vascular cell adhesion molecule-1 improves risk stratifi ca-
tion. Thromb Haemost 93:559–563  

    49.    Nikoobakht M, Nasseh H, Pourkasmaee M (2005) The relationship between lipid profi le and 
erectile dysfunction. Int J Impot Res 17:523–526  

    50.    Burke JP, Jacobson DJ, McGree ME et al (2007) Diabetes and sexual dysfunction: results 
from the Olmsted county study of urinary symptoms and health status among men. J Urol 
177:1438–1442  

    51.    Ponholzer A, Temml C, Mock K et al (2005) Prevalence and risk factors for erectile dysfunc-
tion in 2869 men using a validated questionnaire. Eur Urol 47:80–85  

    52.    Fonseca V, Jawa A (2005) Endothelial and erectile dysfunction, diabetes mellitus, and the 
metabolic syndrome: common pathways and treatments? Am J Cardiol 96:13M–18M  

   53.    Vinik A, Richardson D (1998) Erectile dysfunction in diabetes. Diabetes Rev 6:16–33  
    54.    Fedele D, Coscelli C, Santeusanio F et al (1998) For the Gruppo Italiano Studio Defi cit 

Erecttile nei Diabetici. Erectile dysfunction in diabetic subjects in Italy. Diabetes Care 
21:1973–1977  

    55.    Braun M, Wassmer G, Klotz T et al (2000) Epidemiology of erectile dysfunction: results of the 
‘Cologne male survey’. Int J Imp Res 12:305–311  

    56.    Bacon CG, Hu FB, Giovannucci E et al (2002) Association and type and duration of diabetes 
with erectile dysfunction in a large cohort of men. Diabetes Care 25:1458–1463  

    57.    Rhoden EL, Ribeiro EP, Riedner CE et al (2005) Glycosolated hemoglobin levels and the 
severity of erectile function in diabetic men. BJU Int 95:615–617  

    58.    Gazzaruso C, Pujia A, Solerte SB et al (2006) Erectile dysfunction and angiographic extent of 
coronary artery disease in type II diabetic patients. Int J Impot Res 18:311–315  

     59.    Naya M, Tsukamoto T, Morita K et al (2007) Plasma interleukin-6 and tumor necrosis factor- 
alpha can predict coronary endothelial dysfunction in hypertensive patients. Hypertens Res 
30:541–548  

     60.    Vlachopoulos C, Aznaouridis K, Ioakeimidis N et al (2006) Unfavourable endothelial and 
infl ammatory state in erectile dysfunction patients with or without coronary artery disease. Eur 
Heart J 27:2640–2648  

    61.    Giugliano F, Esposito K, Di Palo C et al (2004) Erectile dysfunction associates with endothe-
lial dysfunction and raised proinfl ammatory cytokine levels in obese men. J Endocrinol Invest 
27:665–669  

     62.    Mulligan T, Frick MF, Zuraw QC et al (2006) Prevalence of hypogonadism in males at least 
45 years: the HIM study. Int J Clin Pract 60:762–769  

    63.    Buvat J, Maggi M, Guay A et al (2013) Testosterone defi ciency in Men: systematic review and 
standard operating procedures for diagnosis and treatment. J Sex Med 10:245–284  

    64.    Miner M, Canty D, Shabsigh R (2008) Testosterone replacement therapy in hypogonadal men: 
assessing benefi ts, risks, and best practices. Postgrad Med 120(3):130–152  

    65.    Shabsigh R, Kaufman JM, Steidle C et al (2004) Randomized study of testosterone gel as 
adjunctive therapy to sildenafi l in hypogonadal men with erectile dysfunction who do not 
respond to sildenafi l alone. J Urol 172(2):658–663  

     66.    Tota-Maharaj R, Blaha MJ (2012) Coronary artery calcium for the prediction of mortality in 
young adults <45 years old and elderly adults >75 years old. Eur Heart J 33:2955–2962  

      67.    Detrano R, Guerci AD, Carr JJ et al (2008) Coronary calcium as a predictor of coronary events 
in four racial or ethnic groups. N Engl J Med 358:1336–1345  

    68.    Cooke JP (2000) The endothelium: a new target for therapy. Vasc Med 5:49–53  
    69.    Lekakis J, Papamichael C, Vemmos C et al (1998) Effects of acute cigarette smoking on 

endothelium- dependent arterial dilatation in normal subjects. Am J Cardiol 81:1225–1228  

15 The Metabolic Investigation of Erectile Dysfunction



158

    70.    Higashi Y, Sasaki S, Nakagawa K et al (2001) Effect of obesity on endothelium-dependent, 
nitric oxide-mediated vasodilation in normotensive individuals and patients with essential 
hypertension. Am J Hypertens 14:1038–1045  

    71.    Kaiser DR, Billups KL, Bank AL et al (2004) Impaired brachial artery endothelium-dependent 
and –independent vasodilation in men with erectile dysfunction and no other clinical cardio-
vascular disease. J Am Coll Cardiol 43:179–184  

     72.    Shabsigh R (2005) Correlation between erectile dysfunction and metabolic syndrome. In: 
Sadovsky R (ed) Heart of the matter: erectile dysfunction as an early sign of vasculopathy. 
CogniMed Inc, Livingston, pp 14–21  

    73.    Segura J, Ruilope LM (2007) Obesity, essential hypertension and rennin-angiotensin system. 
Public Health Nutr 10:1151–1155  

     74.    Yamagishi S, Ueda S, Nakamura K et al (2008) Role of asymmetric dimethylarginine (ADMA) 
in diabetic vascular complications. Curr Pharm Des 25:2613–2618  

     75.    Palmer RM, Ferrige AG, Moncada S (1987) Nitric oxide release accounts for the biological 
activity of endothelium-derived relaxing factor. Nature 327:524–526  

    76.    Juonala M, Viikari J, Alfthan G et al (2007) Brachial artery fl ow-mediated dilation and 
asymmetrical dimethylarginine in the cardiovascular risk in young Finns study. Circulation 
116:1367–1373  

   77.    Ardigo D, Stuehlinger M, Franzini L et al (2007) ADMA is independently related to fl ow- 
mediated vasodilation in subjects at low cardiovascular risk. Eur J Clin Invest 37:263–269  

   78.    Valkonen V, Paiva H, Salonen J et al (2001) Risk of acute coronary events and serum concen-
tration of asymmetric dimethylarginine. Lancet 358:2127–2128  

   79.    Mittermayer F, Krzyzanowska K, Exner M et al (2006) Asymmetric dimethylarginine pre-
dicts major adverse cardiovascular events in patients with advanced peripheral artery disease. 
Arterioscler Thromb Vasc Biol 26:2536–2540  

    80.    Schnabel R, Blankenberg S, Lubos E et al (2005) Asymmetric dimethylarginine and the risk 
of cardiovascular events and death in patients with coronary artery disease: results from the 
AtheroGene study. Circ Res 97:e53–e59  

    81.    Maas R, Wenske S, Zabel M et al (2005) Elevation of asymmetric dimethylarginine (ADMA) 
and coronary artery disease in men with erectile dysfunction. Eur Urol 48:1004–1011  

    82.    Cooke JP (2000) Does ADMA cause endothelial dysfunction? Arterioscler Thromb Vasc Biol 
20:2032–2037  

    83.    Kielstein JT, Impraim B, Simmel S et al (2004) Cardiovascular effects of systemic nitric oxide 
synthase inhibition with ADMA in humans. Circulation 109:172–177  

     84.    Judd S, Tangpricha V (1989) Vitamin D defi ciency and risk for cardiovascular disease. Lancet 
1:613  

    85.    Hollick MF, Binkley NC, Heike BA et al (2011) Evaluation, treatment, and prevention of vita-
min D defi ciency: an endocrine society clinical practice guideline. J Clin Endocrinol Metab 
96:1911–1930  

    86.    Wallis D, Penckofer S, Sizemore G (2008) The “sunshine defi cit” and cardiovascular disease. 
Circulation 118:1476–1485  

    87.    Kuhn T, Kaaks R (2008) Plasma 25-hydroxyvitamin D and its genetic determinants in relation 
to incident myocardial infarction and stroke in the European Prospective Investigation into 
Cancer and nutrition (EPIC)-Germany study. Arch Int Med 168:1174–1180  

    88.    Mullie P, Autier P (2010) Relation of vitamin D defi ciency to cardiovascular disease. Am J 
Cardiol 106:963–968  

    89.    de Boer I, Kestenbaum B, Shoben A et al (2009) 25-hyddroxyvitamin D levels inversely asso-
ciate with risk for developing coronary artery calcifi cation. J Am Soc Nephrol 20:1805–1812  

    90.    Danik J, Manson J (2012) Vitamin D and cardiovascular disease. Curr Treat Options Cardiovasc 
Med 14:414–424  

    91.   Goff DC Jr, Lloyd-Jones DM, Bennett G (2014) 2013 ACC/AHA guideline on the assessment 
of cardiovascular risk. J Am Coll Cardiol 63:2935–59  

    92.    Thompson IM, Tamgen CM, Goodman PJ et al (2005) Erectile dysfunction and subsequent 
cardiovascular disease. JAMA 294:2296–3002    

M. Miner



159© Springer International Publishing Switzerland 2015
M. Viigimaa et al. (eds.), Erectile Dysfunction in Hypertension and 
Cardiovascular Disease: A Guide for Clinicians, 
DOI 10.1007/978-3-319-08272-1_16

16.1            Introduction 

 “It’s far more important to know what person the disease has than what disease the 
person has.” If this quote of Hippocrates, the father of modern medicine, was ever 
true, it is in the area of diagnosing and treating sexual dysfunction, particularly in 
the elderly. Human sexuality is how people experience and express themselves as 
sexual human beings. Sexuality is one of the most pervasive aspects of the human 
life cycle. For the majority of people, sexual enjoyment will imply sexual contacts 
and sexual intercourse with a partner. 

 Sexual expression usually starts when the hormones of puberty activate the 
somatic substrate of sexuality and does not really end until death. Human sexuality 
has aspects of an instinct and an insistent recurrent biological drive, but it is infl u-
enced by mental activity and by social, cultural, educational, legal, and normative 
characteristics of the environment in which subjects grow up and their personality 
develops. The palette of human sexual behavior has many more colors than the 
rainbow. The relevance of the above notion is that patients with sexual dysfunction 
face not only the problem itself but not rarely have strong feelings of embarrass-
ment. The latter may be an impediment to seek proper medical treatment. 

 Although sexuality is very prevalent in our society today, at an individual level, 
patients and especially elder patients may still be apprehensive about discussing 
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details of their sexual practices and the anxieties they may harbor. Sexual problems 
are frequent among older adults, but these problems are infrequently discussed with 
physicians. An US Study found that a total of 38 % of men reported having dis-
cussed sex with a physician since the age of 50 [ 1 ]. 

 The attending physician should choose his/her words carefully when taking an 
elder patient’s history. It is of note that it is not only the language but also the health-
care provider’s body language and facial expressions that can discourage informa-
tion disclosure. Therefore, it is up to the physician to create an environment free 
from personal prejudice in order to best serve the patient. A useful strategy may be 
what has become known as “the parable method.” With this method, the medical 
caregiver relates a “parable” or a story illustrating the point that the history of the 
patient is not very unique and that shame or guilt in the context of treating the prob-
lem might be counterproductive in achieving diagnostic and treatment goals. 
Examples are: “2 weeks ago, I had a similar patient and this person disclosed to 
me… . Is that also the case with you?” 

 The information the attending physician seeks thus becomes a less personal issue 
of the patient who fi nds relief in the fact that he or she is not the only person in the 
world facing this problem and that the attending physician obviously is at ease dis-
cussing the intimate aspects of the sexual practice that gave the patient reason to 
seek medical consultation. 

 An attitude free of prejudice and moral judgment is not the same as abstaining 
from information and education about sex. 

 The success of treating sexual dysfunction is as much determined by our exper-
tise as our talent to discuss frankly with the patient the context of the disease.  

16.2     The Epidemiology of Sexual Dysfunction in the Elderly 

 Until a century ago, people often did not live beyond the reproductive years, and 
sexuality of the elderly was a private issue but not a medical question that could 
frankly be discussed with healthcare providers. It was generally assumed that, with 
aging, loss of sexuality was natural and inevitable. And not life-threatening, little 
attention was given to sexual behavior and treatment of sexual dysfunctions in the 
older population. Over the last decades, life expectancy has considerably improved 
and also with the present-day spectacular treatment options for erectile dysfunction, 
men are seeking to maintain sexual activity into old age. 

 While the interest in sexuality in most aging men persists, a decline in sexual 
activity is typically seen with aging, which must be ascribed to declining general 
health and specifi c sexual dysfunctions. Several studies indicate that sexual health 
is a strong indicator of general health and, vice versa, that deterioration of general 
health has its impact on sexual function. 

 There are almost no medical guidelines for treating older adults with sexual dys-
function. Guidelines for treatment are often disease or symptom oriented (erectile 
dysfunction) and meant to serve essentially younger people, but a comprehensive 
treatment model for the aging is absent. Health policy organizations like the World 
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Health Organization in two recent reports pay no attention to sexual functioning and 
sexual health in the later years of life. 

 Elderly men continue to be sexually active throughout their lives. There is no 
true upper age limit for sexual activity. Several reports have, however, docu-
mented that the prevalence of sexual activities declines with age. A Swedish 
study [ 2 ] reported on sexual activity among a random selection of 319 men 
between 50 and 80 years. With aging there was a decline in frequency of desire, 
erections, orgasm, and intercourse, experienced as distress and negative impact 
on quality of life. 

 A French study found that though 66 % of men aged 70–79 reported being sexu-
ally active, but only 18 % of them reported one or more incidences of sexual inter-
course per week. Studies of Australian and European men produced very similar 
results. In the Massachusetts    Male Aging Study with a follow-up of 9 years also 
found an age-associated decline in most aspects of sexual functioning including 
sexual intercourse, erection, sexual desire, masturbation, satisfaction with sex, and 
diffi culty with orgasm [ 3 ]. 

 Having a partner, good health, good sexual self-esteem, enjoyable past experi-
ence, and an attitude that values the importance of sex in couple relationship were 
predictors. It was the ability to adapt to the limitations of aging less focused on 
performance and coitus that spelled the most successful sexuality in old age. People 
who are not fi xated on penovaginal penetration and who are able to enjoy a wider 
range of sexual activities defi ne their sex lives as better than others. 

 Recently, the concept of “sexually active life expectancy,” defi ned as the “aver-
age number of years remaining spent as sexually active” was proposed. While life 
expectancy for men is shorter than for women, sexually active life expectancy is 
longer for men than for women, but men lose more years of a sexually active life as 
a result of poorer general health [ 4 ].  

16.3     Conspiracy of Silence 

 The expression conspiracy of silence, or culture of silence, relates to a condition or 
matter which is known to exist but, by tacit communal unspoken consensus, is not 
talked about or acknowledged. Commonly such matters are considered personally 
embarrassing and/or culturally shameful to speak openly about. 

 In patients with cardiovascular disease, for instance, sexual dysfunction is fre-
quently encountered. Several studies have established the link between erectile dys-
function (ED) and silent vascular disease, and as a consequence, ED may act as a 
marker for silent coronary artery disease (CAD) and therefore precede a coronary 
event in the elderly. In patients with established CAD, ED comes before CAD in the 
majority by an average of 2 up to 3 years. ED has the same risk factors in common 
as coronary artery disease. Patients with heart disease often fear triggering cardio-
vascular events when they want to engage in sexual activities which, by their nature, 
are more or less strenuous. This creates stress and anxiety negatively impacting the 
sexual lives of patients and their partners. 
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 In a study in the Netherlands, a questionnaire addressing awareness, knowledge, 
and practice patterns about sexual dysfunction in cardiac patients was responded to 
by 54 % of the cardiologists. Only 16 % indicated to discuss sexual function regu-
larly in the past year, and an estimated mean of 2 % of patients had been referred for 
help with a sexual problem. The majority (70 %) of cardiologists discussed/advised 
patients never or seldom about resuming sexual activity after myocardial infarction. 
The use of PDE5-inhibitors was checked by 19.4 % of the cardiologists. Important 
reasons not to discuss sexual function were lack of initiative of the patient (54 %), 
time constraints (43 %), and lack of training on dealing with sexual dysfunction 
(35 %). Sixty-three percent of the cardiologists stated they would be ready to refer 
patients to professionals providing sexual counseling when these professional ser-
vices were better known to them and easily accessible. The conclusion is that sexu-
ality is not routinely discussed in the cardiology practice. This lack of attention 
toward sexual matters is explained by ambiguities about responsibility for this part 
of healthcare, and further a lack of time, training and experience regarding the com-
munication and treatment of sexual dysfunction [ 5 ]. 

 Interestingly, more than 50 % of the cardiologists expect patients to take the 
initiative to discuss sexual matters. Several studies indicate that the majority of 
patients do not discuss their sexual problems with a healthcare provider. Men dis-
cussing sexual issues were more likely to have higher education. Sexuality is impor-
tant for older adults, but interest in discussing aspects of sexual life is variable. 
Physicians should give their patient’s opportunity to voice their concerns with sex-
ual function and offer them alternatives for evaluation and treatment.  

16.4     Polypharmacy 

 Polypharmacy refers to the effects of taking multiple medications concurrently to 
manage coexisting health problems, such as diabetes and hypertension. Too often, 
polypharmacy becomes problematic, such as when patients are prescribed too many 
medications by multiple healthcare providers working independently of each other. 
Also, drug interactions can occur if no single healthcare provider knows the patient’s 
complete medication picture. 

 Among older adults, polypharmacy is a common problem. Currently, 44 % of 
men and 57 % of women older than age 65 take fi ve or more medications per week; 
about 12 % of both men and women take ten or more medications per week. These 
agents include both prescription and over-the-counter preparations, such as vitamin 
and mineral supplements and herbal products. The latter, often labeled as natural, 
are rarely suspected of having undesired effects. 

 Older persons react differently to medications than younger persons. Although 
absorption rates for most drugs do not change with age, aging alters body fat and 
water composition: fat stores increase while total body water decreases. These 
changes can alter therapeutic drug levels, causing greater concentrations of water- 
soluble drugs and longer half-lives of fat-soluble drugs. Also, because the liver 
metabolizes many drugs, such age-related changes as reduced hepatic blood fl ow 
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and liver size alter drug clearance. Subsequently, older patients may be more sensi-
tive to some drugs and less sensitive to others. Classes of drugs that affect sexual 
functioning are antidepressants, antipsychotics, antiepileptics, antihypertensives, 
and cholesterol-lowering drugs. For review:   http://www.netdoctor.co.uk/sexandre-
lationships/medicinessex.htm     

 A remarkable fi nding is that 5α-reductase inhibitors (fi nasteride, dutasteride), 
widely used in elderly for prostate problems and in younger for alopecia andro-
genica, may have sexual side effects. The prevalence rates of de novo erectile dys-
function of alpha reductase inhibitors have been estimated to amount to 5–9 %. One 
study found that the use of 5α- reductase inhibitors in men with sexual dysfunction 
does not signifi cantly exacerbate preexisting ejaculatory or erectile diffi culties but 
can further impair their sexual life by reducing sexual drive and spontaneous erec-
tion [ 6 ]. The explanation is not obvious. It is not certain whether the decreased cir-
culating dihydrotestosterone (DHT) resulting from the use of 5α- reductase 
inhibitors leads to diminished sexual desire and/or orgasm. Patients receiving ther-
apy with 5α-reductase inhibitors should be counseled as to potential sexual and 
psychological adverse effects.  

16.5     Lower Urinary Tract Symptoms and Erectile 
Dysfunction 

 The most frequent urologic complaint in aging patients is lower urinary tract symp-
toms (LUTS). With increasing age, the prevalence of histological benign prostatic 
hyperplasia (BPH) increases from 8 % to 90 %. Parallel with LUTS, the prevalence 
of erectile function increases with aging. Until more than a decade ago, it was 
assumed that erectile dysfunction and LUTS are both inherent in the process of 
male aging but that they are nonrelated entities. The Multinational Survey of the 
Aging Male [ 7 ] provided evidence of a relationship between erectile dysfunction 
and LUTS. Other studies have confi rmed this relationship. In men of all ages, the 
prevalence of ED is higher in men presenting LUTS, and the prevalence of ED is 
higher when the complaints of LUTS become more severe. In a recent review of 23 
relevant studies correlating LUTS/BPH and ED [ 8 ], it was concluded that roughly 
one-third of men aged over 50 years present ED and LUTS/BPH simultaneously 
and that suffering from one of these two conditions has a high predictive value that 
the other condition is present as well. There is now increasing insight in the relation-
ship between the pathological substrate of LUTS and erectile dysfunction. One of 
the underlying pathophysiological mechanisms of LUTS is the alteration of 
α-adrenergic receptor subtypes and an increase in α-adrenergic activity. The 
increased smooth muscle tone of the bladder neck and prostate capsule accounts for 
the symptoms of LUTS and can be relieved by α-adrenergic activity blockers. The 
relaxation of smooth muscle of the corpus cavernosum is pivotal for penile erection, 
and the higher than normal activation of α-adrenergic receptors through the sympa-
thetic system causes early penile detumescence. Indeed it has been found that drugs 
that decrease smooth muscle tone through inhibition of α-adrenergic receptors may 
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improve LUTS and ED at the same time. Alpha-adrenergic blockers, one of the 
main drugs to treat LUTS/BPH, facilitate relaxation of isolated fi bers of smooth 
cavernous muscles. 

 Another mechanism for the relationship between LUTS and erectile dysfunction 
is the role that nitric oxide/cyclic GMP signaling plays in both erectile dysfunction 
and LUTS/BPH. Indeed, phosphodiesterase type 5 inhibitors ((PDE5) Is) are bene-
fi cial for the treatment of both conditions. Across the whole human lower urogenital 
tract, PDE5 gene and protein expression has been described, though with different 
patterns of appearance. The PDE5-Is on LUTS/BPH have probably several poten-
tial sites of actions such as the prostate and/or bladder and clinical improvement of 
patients with LUTS/BPH using these drugs, which traditionally enable erection [ 9 ] 
demonstrated that, at least from a therapeutical point of view, ED and LUTS/BPH 
can be treated in the same manner. It has been observed that sildenafi l, tadalafi l, and 
vardenafi l reduced dose-dependent contraction of the muscle fi bers of the three 
studied organs.  

16.6     Penile Rehabilitation After Prostatectomy 

 Over the last decades, prostate cancer is diagnosed increasingly in younger men, 
and their concern is the preservation of erectile function after radical prostatectomy 
which is becoming an ever more important topic of discussion also among the 
elderly. A major step forward in the preservation of sexual function after radical 
prostatectomy was the development of the nerve-sparing procedure. Even during 
true nerve-sparing procedures, it is likely that nerves are affected by direct trauma, 
stretching, heating, ischemia, and local infl ammation. This leads to neuropraxia, 
defi ned as a temporary block of nerve transmission despite an anatomical intact 
nerve fi ber. There may be a slow recovery and erectile function may improve for up 
to 4 years after radical prostatectomy. 

 Penile rehabilitation after radical prostatectomy aims to reduce fi brotic changes 
in the corpus cavernosum after a prolonged period of penile fl accidity. It is plausible 
that tissue hypoxia is the inciting factor in these fi brotic changes, but the exact etiol-
ogy of this process remains unknown. This disrupts the veno-occlusive mechanism, 
which is crucial in normal erectile function. While there is no proven mechanistic 
explanation, many practitioners believe that prolonged fl accidity of the corpus cav-
ernosum accounts for the loss of erectile potency. They use some type of erecto-
genic treatment after radical prostatectomy aiming to enhance the return of sexual 
function [ 10 ]. 

 Several studies have attempted to evaluate the effi cacy of various pro- erectogenic 
modes of treatment used for early penile rehabilitation after radical prostatectomy. 
The results from studies with intracavernosal injections with prostaglandins and 
vacuum constriction devices indicate that an increased percentage of treated patients 
experience a return of natural erections compared in comparison with patients 
who received no treatment. However, the design of these studies has not been 
adequate since they have not included a proper placebo-controlled group, and the 
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number of subjects evaluated has been limited. Longer, prospective,  randomized, 
 placebo-controlled studies are necessary to confi rm the effectiveness of these treat-
ments in improving long-term sexual function after radical prostatectomy. 

 More recent studies that have evaluated the chronic use of oral PDE-5 inhibitors 
suggest a benefi cial effect on endothelial cell function among men suffering from 
erectile dysfunction due to a variety of causes. Studies point to increased oxygen-
ation, activation of endothelial NO/cGMP, and nerve protection, as well as to more 
complicated cellular mechanisms, including activation of anti-apoptotic and antifi -
brotic factors. The data are still limited, but there might be a benefi cial effect among 
post-prostatectomy patients, suggesting a possible role for these agents in enhanc-
ing the return of sexual function [ 10 ].  

    Conclusions 

 From puberty till the end of life sexuality remains a source of joy and concern 
in a man’s life. Aging and its commonly associated illnesses have a profound 
effect on a man’s sexual functioning. While symptom-oriented medical care for 
sexual problems has greatly improved over the past decades, comprehensive care 
for sexual functioning in old age is only starting to be addressed. In the medi-
cal discourse, both care providers and men themselves are hesitant to discuss 
sexual issues, putting the ball in one another’s court. Specifi c aspects of sexual 
functioning in old age are the recognition that endothelial dysfunction is the 
common denominator linking vascular disease to ED and that ED may act as a 
marker of silent CAD and the polypharmacy, the use of multiple drugs with their 
potential side effects on sexual functions. Elderly men suffer from urological 
conditions such as LUTS which is causally related to erectile dysfunction. To 
restore/preserve sexual functions after prostatectomy penile rehabilitation may 
be necessary.     

   References 

    1.    Lindau ST, Schumm L et al (2007) A study of sexuality and health among older adults in the 
United States. N Engl J Med 57:762–774  

    2.    Helgason AR, Adolfsson J et al (1996) Sexual desire, erection, orgasm and ejaculatory func-
tions and their importance to elderly Swedish men: a population-based study. Age Ageing 
25(4):285–291  

    3.    Araujo AB, Mohr BA et al (2004) Changes in sexual function in middle-aged and older men: 
longitudinal data from the Massachusetts Male Aging Study. J Am Geriatr Soc 52(9):1502–1509  

    4.    Lindau ST, Gavrilova N (2010) Sex, health, and years of sexually active life gained due to good 
health: evidence from two US population based cross sectional surveys of ageing. Br Med J 
340:c810  

    5.    Nicolai MP, Both S et al (2013) Discussing sexual function in the cardiology practice. Clin Res 
Cardiol 102(5):329–336  

    6.    Corona G, Rastrelli G et al (2012) Inhibitors of 5alpha-reductase-related side effects in patients 
seeking medical care for sexual dysfunction. J Endocrinol Invest 35(10):915–920  

    7.    Rosen R, Altwein J et al (2003) Lower urinary tract symptoms and male sexual dysfunction: 
the multinational survey of the aging male (MSAM-7). Eur Urol 44(6):637–649  

16 Erectile Dysfunction in the Elderly



166

    8.    Seftel AD, de la Rosette J et al (2013) Coexisting lower urinary tract symptoms and erectile 
dysfunction: a systematic review of epidemiological data. Int J Clin Pract 67(1):32–45  

    9.    Gacci M, Corona G et al (2012) A systematic review and meta-analysis on the use of phos-
phodiesterase 5 inhibitors alone or in combination with alpha-blockers for lower urinary tract 
symptoms due to benign prostatic hyperplasia. Eur Urol 61(5):994–1003  

     10.    Fode M, Ohl DA et al (2013) Penile rehabilitation after radical prostatectomy: what the evi-
dence really says. BJU Int 112(7):998–1008    

S. Meryn



167© Springer International Publishing Switzerland 2015
M. Viigimaa et al. (eds.), Erectile Dysfunction in Hypertension and 
Cardiovascular Disease: A Guide for Clinicians, 
DOI 10.1007/978-3-319-08272-1_17

17.1            Introduction 

 Erectile dysfunction (ED) shares modifi able risk factors with hypertension. 
Moreover, hypertension is considered one of the most hazardous cardiovascular risk 
factors, and it is a frequent comorbidity of men with ED [ 1 ]. Lifestyle modifi cations 
should be the cornerstone of the therapy for ED and hypertension. Randomized 
clinical trials have shown lifestyle modifi cation to be of clinical benefi t in improv-
ing ED. Modifi cations in lifestyle can greatly reduce the risk of ED, and therefore, 
lifestyle changes and risk factor modifi cation should accompany any specifi c phar-
macotherapy or psychological therapy [ 2 ]. 

 Clinical studies show that the blood-pressure-lowering effects of lifestyle mod-
ifi cations can be equivalent to drug monotherapy [ 3 ]. Lifestyle measures should 
be instituted in all subjects with high-normal blood pressure and all patients who 
require drug treatment. It has been demonstrated that advice from health care pro-
fessionals helps patients to make lifestyle changes. 

 Lifestyle measures to reduce the risk of SD, to reduce blood pressure, and to 
reduce the risk of blood pressure-related cardiovascular complications are: smoking 
cessation, weight reduction and maintenance, regular physical exercise, moderation 
of alcohol consumption, and dietary changes.  
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17.2     Smoking Cessation 

 Smoking is linked with elevated rates of ED. It doubles the risk of SD [ 4 ]. Smoking 
is also a major risk factor for atherosclerotic cardiovascular disease. Although the 
rate of smoking is declining in Europe, it is still very common among individu-
als who have received little education. Widening education-related inequalities in 
smoking cessation rates have been observed in many European countries in recent 
years [ 5 ]. There is new evidence on the health effects of passive smoking, which 
strengthens the recommendation on passive smoking. It has been demonstrated that 
passive smoking also increases the risk of ED. 

 Smoking causes an acute increase in blood pressure and heart rate persisting 
for more than 15 min after smoking one cigarette. Studies using ambulatory blood 
pressure monitoring have shown that both untreated hypertensive and normotensive 
smokers present higher daily blood pressure values than nonsmokers. Tobacco use 
status should be established at each visit and hypertensive smokers and also patients 
with ED should be counselled regarding smoking cessation. 

 Several studies have investigated the effects of stopping smoking on sexual 
responding. A study by Pourmand et al. has found a signifi cant correlation between 
smoking exposure and ED grade in men with ED [ 6 ]. There was an improvement in 
their ED severity in 25 % of ex-smokers and none of those who returned to smok-
ing improved. Heavy smokers with ED showed a signifi cant improvement in penile 
blood fl ow 24–36 h after smoking discontinuation [ 7 ]. Nocturnal penile tumes-
cence and rigidity studies have shown signifi cant improvement 24 h after smoking 
cessation. 

 Where necessary, smoking cessation medications, such as nicotine replacement 
therapy, bupropion, or varenicline should be considered. These drugs have been 
shown to be effective in clinical trials but are underused    due to adverse effects, con-
traindications, low acceptability, and relatively high cost. A recent study by Harte 
and Meston enrolled smokers in an 8-week smoking cessation program involving 
a nicotine transdermal patch treatment and adjunctive counselling [ 8 ]. The study 
has shown that smoking cessation signifi cantly enhances both physiological and 
self-reported indices of sexual health in long-term male smokers, irrespective of 
baseline erectile impairment. A meta-analysis of 36 trials comparing long-term ces-
sation rates using bupropion versus control yielded a relative success rate of 1.69, 
whereas evidence of any additional effect of adding bupropion to nicotine replace-
ment therapy was insuffi cient [ 9 ].  

17.3     Weight Reduction and Maintenance 

 Obesity has shown to be a risk factor for ED, and cardiovascular disease risk factors 
are predictive of future erectile function and vice versa. The majority of men report-
ing ED symptoms (up to 80 %) are overweight or obese, and obese men have a con-
sistently higher risk of sexual dysfunction than do men with a normal body weight 
[ 10 ]. However, it should also be noted that underweight (BMI 20 or less) may also 
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be a risk factor for sexual dysfunction. Sexual dysfunction should be considered 
one of the numerous potentially reversible complications of obesity. The underlying 
mechanism of obesity-related sexual dysfunction is multifactorial. There are high 
rates of diabetes, metabolic syndrome, and hypertension in the obese, and these 
comorbidities have been clearly associated with sexual dysfunction. ED is threefold 
as common in diabetic men. 

 Hypertension is also closely correlated with excess body weight. In a meta- 
analysis the mean systolic and diastolic blood pressure reductions associated with 
an average weight loss of 5.1 kg were 4.4 and 3.6 mmHg, respectively [ 11 ]. Height, 
weight, and waist circumference should be measured and body mass index calcu-
lated for all hypertensives. Weight reduction should be recommended in all over-
weight hypertensive patients. Maintenance of a healthy body weight (body mass 
index 18.5–24.9 kg/m 2 ) and waist circumference (smaller than 102 cm for men and 
smaller than 88 cm for women) is recommended for nonhypertensive individuals to 
prevent hypertension and for hypertensive patients to reduce blood pressure [ 12 ]. 
Weight loss can also improve the effi cacy of antihypertensive medications and the 
cardiovascular risk profi le. Weight loss should employ a multidisciplinary approach 
that includes dietary education and regular exercise program. 

 Weight loss via diet or caloric reduction is the fi rst-line prevention and treatment 
option of ED. A randomized, single-blind trial of 110 obese men has demonstrated 
that lifestyle changes, including a reduced calorie diet and increased exercise, are 
associated with improvement in sexual function in about one-third of obese men 
with erectile dysfunction at baseline [ 13 ]. This improvement was associated with 
amelioration of both endothelial function and markers of systemic vascular infl am-
mation. Massachusetts Male Aging Study found that men who initiated physical 
activity in midlife had a 70 % reduced risk for erectile dysfunction relative to those 
who remained sedentary [ 14 ]. Gastric bypass surgery reliably induces substantial 
weight loss in the majority of the morbidly obese. It has been shown that substantial 
weight loss in patients underwent gastric bypass surgery normalizes sexual function 
in the morbidly obese males [ 15 ,  16 ].  

17.4     Regular Physical Exercise 

 Exercise has been shown to affect ED prevalence and incidence. Higher levels of 
physical activity are associated with clinically signifi cant lowering in the rate of 
ED. Erectile dysfunction in middle-aged men is often an early event in endothelial 
damage, and physical activity is able to improve both erectile and endothelial dys-
function [ 17 ]. Men who are sedentary are three times as likely to have ED, whereas 
moderate physical activity reduces the risk of ED by two-thirds, and in men with 
high physical activity, ED is reduced by over 80 % [ 18 ]. 

 Epidemiological studies suggest that regular aerobic physical activity may be 
benefi cial for both prevention and treatment of hypertension to lower cardiovascular 
risk and mortality. A meta-analysis of randomized controlled trials has shown that 
aerobic endurance training reduces resting systolic and diastolic blood pressures by 
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3.0/2.4 mmHg and in hypertensive group even by 6.9/4.9 mmHg [ 19 ]. For hyperten-
sive patients, they should be advised to have 30–60 min of moderate intensity dynamic 
exercise (walking, jogging, cycling, or swimming) 4–7 days per week. Higher intensi-
ties of exercise are not being shown to be more effective. Intensive isometric exercise 
such as heavy weight lifting has marked pressure effect and should be avoided. 

 In a large meta-analysis of exercise and ED, which included seven cross- sectional 
analyses, there was an estimate of an approximate 40–60 % reduction in ED risk with 
moderate to higher levels of exercise [ 20 ]. In men less than 40 years of age, being 
sedentary was associated with a signifi cantly increased risk of ED. Cardiovascular 
exercise may also provide reductions in risk or severity of ED of 40–50 % and even 
higher in men with diabetes and in men with other comorbidities such as hyperten-
sion [ 21 ]. Finally, there is some evidence that regular intercourse may be protective 
against developing ED. Sexual intercourse may preserve vascular function by main-
taining cavernosal reactivity.  

17.5     Moderation of Alcohol Consumption 

 The risk of ED also exists with excessive alcohol consumption, especially when 
combined with tobacco use or other heart-unhealthy behaviors [ 22 ]. In the 
Massachusetts Male Aging Study, excessive alcohol consumption (>600 mL/week) 
increased the probability of developing minimal impotence from 17 to 29 % [ 23 ]. 
Thus, clinicians should emphasize moderate or no intake for adequate sexual health. 
However, alcohol in moderation or infrequent consumption may provide some pro-
tection against ED, probably in part because of the long-term benefi ts of alcohol on 
high-density lipoprotein cholesterol. 

 The relationship between alcohol consumption, blood pressure levels, and the 
prevalence of hypertension is linear. Regular alcohol use raises blood pressure in 
treated hypertensive subjects. While moderate consumption may do no harm, the 
move from moderate to excessive drinking is associated both with raised blood 
pressure and with risk of stroke. The Prevention and Treatment of Hypertension 
Study (PATHS) has investigated effects of an alcohol treatment program on blood 
pressure. The intervention group had a 1.2/0.7 mm Hg greater reduction in blood 
pressure than the control group for the 6-month primary endpoint [ 24 ]. Hypertensive 
men who drink alcohol should be advised to limit their consumption to no more 
than 20–30 g ethanol per day and hypertensive women to no more than 10–20 g 
ethanol per day. Total alcohol consumption should not exceed 14 standard drinks 
per week for men and 9 standard drinks per week for women.  

17.6     Dietary Changes 

 Patients with ED and hypertension should be advised to eat fresh fruits, vegeta-
bles, low-fat dairy products, dietary and soluble fi ber, whole grains, and protein 
from plant sources that are reduced in saturated fat and cholesterol. Mediterranean 
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type of diet especially has gained interest in recent years. The Mediterranean diet, 
rich in fruits, legumes, and vegetables, is a healthy dietary pattern, gaining widely 
recognition as a nonpharmaceutical mean of cardiovascular disease prevention, 
due to antioxidant anti-infl ammatory properties. A number of studies and meta-
analyses have reported on the cardiovascular protective effect of the Mediterranean 
diet [ 25 ]. Patients should be advised to eat fi sh twice a week and fruit and veg-
etables 300–400 g/day. Soymilk appeared to lower blood pressure when compared 
to skimmed cows’ milk. Diet should accompany with other lifestyle changes. In 
patients with elevated blood pressure, compared to the DASH diet alone, the com-
bination of the DASH diet with exercise and weight loss resulted in greater declines 
in blood pressure and left ventricular mass. Hypertensive patients should moderate 
coffee consumption. Caffeine consumption has long been associated with raised 
blood pressure and can demonstrate a dose-related increase of 5–15 mmHg systolic 
and 5–10 mmHg diastolic for several hours following consumption. Counselling by 
trained dieticians may be useful. 

 Folic acid, calcium, vitamin C, and vitamin E support the biochemical pathways 
leading to nitric oxide (NO) release and therefore improve sexual function. Folic 
acid is a cofactor in the normal production of NO. The recommended daily allow-
ance is 400 mg. Omega-3 fatty acids, obtained from fatty fi sh, promote vascular 
health by inhibiting platelet aggregation and infl ammation and by stimulating the 
release of NO [ 26 ]. As the American Heart Association and other professional orga-
nizations recommends one gram of omega-3s for individuals with cardiovascular 
disease, this is a logical recommendation for maintaining or improving both erectile 
and vascular health. 

 In men with ED, the intracellular levels of reduced glutathione are signifi cantly 
lower compared with men with normal erectile function. Pomegranate, blueberries, 
chocolate, green tea, and red wine all contain high levels of polyphenols and have 
been shown to increase NO in various animal and human in vitro and in vivo stud-
ies [ 27 ]. Antioxidants promote NO synthesis and also protect it from degradation. 
Vitamins C and E have synergistic effects with regard to their serum levels achieved 
after ingestion, and may have additive or even synergistic effects on NO produc-
tion. A reasonable dose of vitamin C is 500–1,000 mg. Vitamin E supplementation 
should be limited to <400 IU per day because of potential adverse long-term health 
effects of higher doses [ 26 ]. 

 The effect of ginseng on male sexual function was investigated in several stud-
ies. Khera and Goldstein reviewed Panax ginseng data from six randomized trials 
conducted over a period of approximately 15 years that included a total of 349 men 
[ 28 ]. The investigators found that ginseng signifi cantly improved erectile function 
compared with placebo over 4–12 weeks. Approximately 58 % of men experienced 
an improvement in some aspect of sexual function compared with 20 % of men who 
received the placebo. 

 There is much evidence for a causal relationship between salt intake and blood 
pressure. The current salt intake in many countries is between 9 and 12 g/day. A 
reduction in salt intake to the recommended level of 5 g/day lowers BP in both 
hypertensive and normotensive individuals [ 29 ]. Reducing sodium chloride intake 
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by 4.7–5.8 g per day from an initial intake of around 10.5 g per day reduces blood 
pressure by an average of 5 mmHg [ 30 ]. The effect of sodium restriction is greater 
in blacks, older people, and patients with hypertension, diabetes, and chronic kidney 
disease. A further reduction to 3–4 g/day has a much greater effect. However, this 
is currently diffi cult to achieve and an achievable recommendation is less than 5 g/
day sodium chloride. Prospective studies and outcome trials have demonstrated that 
a lower salt intake is associated with a decreased risk of cardiovascular disease [ 31 ].  

17.7     Comprehensive Lifestyle Modification 
in the Management of Erectile Dysfunction 
and Hypertension 

 Comprehensive lifestyle modifi cation is the cornerstone of the therapy for ED and 
hypertension [ 22 ]. Gupta et al. conducted a systematic review and meta-analysis 
of randomized controlled trials evaluating the effect of lifestyle interventions 
and pharmacotherapy for cardiovascular risk factors on the severity of ED [ 32 ]. 
Lifestyle modifi cations were associated with statistically signifi cant improvement 
in sexual function ( n  = 597): weighted mean difference 2.40 (95 % CI, 1.19–3.61). 
The lifestyle modifi cation recommendations from 2013 ESH/ESC Guidelines 
for the Management of Arterial Hypertension and The Princeton III Consensus 
Recommendations for the Management of Erectile Dysfunction and Cardiovascular 
Disease are summarized in Table  17.1 .

       Conclusions 
 ED shares modifi able risk factors with hypertension. Randomized clinical trials 
have shown lifestyle modifi cation to be of clinical benefi t in improving ED. There 
is strong evidence that lifestyle modifi cation for CV risk factors is effective in 
improving sexual function in men with ED. Improvement in sexual function is 
a strong motivator for male patients to adopt healthy lifestyle. Comprehensive 
lifestyle modifi cation is the cornerstone of the therapy for ED and hypertension. 
Lifestyle changes are improving erectile function, lower elevated blood pressure, 

   Table 17.1    Recommended lifestyle changes in ED and hypertension [ 12 ,  33 ]   

 Smoking cessation 

 Weight reduction and maintenance 

  Body mass index <25 kg/m 2  

  Waist circumference <102 cm for men and <88 cm for women 

 Regular physical exercise, i.e., at least 30 min of moderate intensity dynamic exercise 
(walking, jogging, cycling, or swimming) is recommended 5–7 days per week 

 Moderation of alcohol consumption to no more than 20–30 g ethanol per day for men and 
10–20 g for women 

 Use of Mediterranean-type diet, which emphasizes fruits, vegetables, beans and legumes, 
whole grains, nuts, fi sh, poultry, lean red meat, cheese, and yogurt 

 Salt restriction to 5–6 g per day 
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and reduce cardiovascular risk. Lifestyle measures to reduce the risk of SD, to 
reduce blood pressure, and to reduce the risk of blood pressure-related cardiovas-
cular complications are: smoking cessation, weight reduction and maintenance, 
regular physical exercise, moderation of alcohol consumption, and dietary changes.     
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18.1            Introduction 

 Arterial hypertension represents a major cardiovascular risk factor and is associated 
with increased risk of myocardial infarction, congestive heart failure, left ventricu-
lar hypertrophy, stroke, transient ischemic attack, and end-stage renal disease [ 1 ]. 
Hypertension-induced vascular alterations are both structural and functional and are 
observed both in large vessels and the microvasculature [ 2 ,  3 ]. 

 Antihypertensive therapy is associated with an impressive reduction of cardio-
vascular events [ 4 ,  5 ]. Several classes of antihypertensive drugs are currently avail-
able in our therapeutic armamentarium, including diuretics, calcium antagonists, 
angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers 
(ARBs), beta-blockers, alpha-blockers, direct renin inhibitors, mineralocorticoid 
antagonists, centrally acting drugs, and direct vasodilators. In general, antihyper-
tensive drugs exhibit similar blood pressure reduction without signifi cant differ-
ences between drug categories [ 6 ]. Similarly, a large meta-analysis of the Blood 
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Pressure Lowering Treatment Trialists has shown that there are no substantial 
differences between the various drug categories in reducing the occurrence of 
cardiovascular events [ 7 ]. 

 Erectile dysfunction is considered to be of vascular origin in the vast majority of 
cases, and the effi cacy of PDE-5 inhibitors in patients with erectile dysfunction con-
fi rms this opinion [ 8 – 11 ]. Several lines of evidence have shown a close association 
between essential hypertension and erectile dysfunction [ 12 ,  13 ]. The prevalence of 
erectile dysfunction is higher in hypertensive compared with normotensive subjects 
[ 14 ,  15 ]. The mechanisms underlying this association are multiple and perplexed, 
with endothelial dysfunction, infl ammation, testosterone, and vasoactive peptides 
being the major players [ 16 – 20 ]. 

 Epidemiological data uncover another interesting fi nding: erectile dysfunction 
is more prevalent in treated than in untreated hypertensive patients [ 14 ,  21 ]. This 
association might be attributed to several causes: (a) drug-induced blood pressure 
reduction compromises penile blood supply and results in erectile dysfunction, (b) 
treated hypertensive patients might have more comorbidities than untreated patients 
and the increased erectile dysfunction prevalence is ought to the additional impact 
of comorbidities, and (c) antihypertensive drugs exert detrimental effects on erec-
tile function and thus antihypertensive therapy is associated with increased preva-
lence of erectile dysfunction. Unfortunately, available data regarding the former 
two hypotheses are very limited and inconclusive, while data regarding the latter 
hypothesis is more robust. 

 Available data consistently point towards signifi cant differences in the effects 
of different antihypertensive drug classes on erectile function. Data come from 
both experimental and clinical studies, observational and randomized. Therefore, 
existing data have been divided into fi ve categories: (a) experimental studies, (b) 
observational studies, (c) small randomized studies, (d) large clinical trials, and (e) 
meta-analyses. 

 This chapter aims to summarize the effects of the various antihypertensive drug 
categories on erectile function, highlight the differences between drug categories, 
and discuss the effects of switching antihypertensive drug class on erectile function.  

18.2     Experimental Studies 

 Experimental studies in rats indicate that hypertension results in structural and func-
tional alterations in the cavernous tissue, just like in other vessels, and point towards 
signifi cant between-class and in-class differences between antihypertensive drugs. 

 In a comparison study between normotensive Wistar-Kyoto (WKY) rats and 
spontaneously hypertensive rats (SHR) for 8 months, it was found that the cavern-
ous smooth muscle proliferation score and the vascular smooth muscle prolifera-
tion score were signifi cantly higher in hypertensive rats [ 22 ]. Similarly, the fi brosis 
score of cavernous tissue was higher in hypertensive than in normotensive rats. 
Another study evaluated the effects of candesartan, an ARB, on the structural alter-
ations of cavernous tissue. Treatment with candesartan for 4 months attenuated the 
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morphologic changes in the vessels and the cavernous spaces of erectile tissue, 
which were induced by hypertension, exhibiting a protective role in spontaneously 
hypertensive rats [ 23 ]. 

 A disparity in the effects of different antihypertensive drugs was found in four 
experimental studies. The fi rst study evaluated the effects of candesartan and ateno-
lol for 6 months using untreated SHR and normotensive WKY rats as controls [ 24 ]. 
It was found that atenolol did not attenuate the structural alterations on erectile tis-
sue associated with hypertension, while candesartan exhibited benefi cial effects and 
the erectile morphology resembled the morphology of normotensive rats. The second 
study had a similar design and compared the effects of nebivolol with those of amlo-
dipine for 6 months. It was found that amlodipine failed to attenuate the structural 
changes induced by hypertension in SHR, while nebivolol protected from the devel-
opment of morphological alterations [ 25 ]. It was also found that nebivolol treatment 
enhanced the expression of endothelial nitric oxide synthase in erectile tissue reaching 
the levels observed in normotensive rats, while the expression was signifi cantly lower 
in untreated and amlodipine-treated spontaneously hypertensive rats. In the third study, 
candesartan was compared with hydralazine for 4 months. The benefi cial effects of 
candesartan on erectile structural and functional alterations were reconfi rmed, while 
hydralazine failed to exert similar protective effects [ 26 ]. In the fourth study, losartan 
was compared with amlodipine for 6 months. Losartan exerted signifi cant benefi ts on 
the morphology of erectile tissue, similar to the ones observed with candesartan in pre-
vious studies. In contrast, amlodipine therapy did not attenuate hypertension-induced 
structural alterations in erectile function [ 27 ]. It has to be noted that blood pressure 
reduction was similar between the two treatment drugs in all four experimental studies. 

 Taken together, the fi ndings of experimental studies indicate that high blood 
pressure is associated with signifi cant morphological and functional alterations in 
the erectile tissue. A large heterogeneity in the effects of antihypertensive therapy is 
observed. Some drugs (ARBs, nebivolol) seem to protect the erectile tissue, while 
other drugs (atenolol, amlodipine, hydralazine) do not have these protective prop-
erties. Therefore, the benefi ts of antihypertensive therapy seem to occur beyond 
blood pressure reduction, with signifi cant differences not only between different 
drug classes (ARBs vs. calcium antagonists and hydralazine) but also within drug 
classes (nebivolol vs. atenolol). 

 The above mentioned differences between antihypertensive drugs were also 
observed in animals with chronic renal insuffi ciency via subtotal nephrectomy. 
It was found that RAS inhibitors (losartan and benazepril) exerted protective 
effects on penile structure, while amlodipine and atenolol failed to exert similar 
benefi ts [ 28 ]. 

 Another signifi cant set of information comes from studies that combined antihy-
pertensive drugs with PDE-5 inhibitors. In one study, a combination therapy with 
losartan and sildenafi l was compared to each monotherapy alone. It was found that 
the benefi cial effects of combination therapy on penile structure and function were 
greater than the effects of each monotherapy alone [ 8 ]. The benefi cial effects of 
combination therapy on the functional level were confi rmed in human cavernosal 
with the combination of sildenafi l and doxazosin [ 29 ].  
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18.3     Observational Studies 

 Data from observational studies suggest that there exist both between-class and 
within-class differences in the effects of antihypertensive therapy on erectile 
function. 

 A large, observational, cross-sectional study of 634 consecutive young and 
middle- aged (31–65 years) individuals assessed erectile function with different 
antihypertensive drug classes [ 21 ]. It was reported that erectile function scores were 
signifi cantly lower with older antihypertensive drugs (diuretics and beta-blockers) 
than with newer-generation antihypertensive drugs (calcium antagonists, ACE 
inhibitors, ARBs). The higher erectile function score was observed in patients on 
ARBs. Of note, similar results were observed in females as well in another observa-
tional cross-sectional study of 417 women [ 30 ]. 

 Another large, cross-sectional study evaluated the effects of beta-blockers on 
erectile function [ 31 ]. The study included 1,007 high-risk hypertensive patients 
(mean age 57.9 years) treated with beta-blockers for at least 6 months. The preva-
lence of erectile dysfunction was very high (71 %) in this group of patients and of 
relatively high severity (16.1 % severe; 16.8 % moderate; 38.1 % mild). Of major 
clinical signifi cance, substantial differences between the various beta-blockers were 
reported. Specifi cally, nebivolol was associated with the lowest prevalence of erec-
tile dysfunction, metoprolol and carvedilol were associated with the highest preva-
lence, and bisoprolol and atenolol lie in between.  

18.4     Small Randomized Studies 

 Signifi cant information about the effects of antihypertensive therapy on erectile 
function comes from clinical studies, which were specifi cally designed to address 
this issue. 

 A double-blind, randomized, crossover study of 90 hypertensive middle-aged 
men without sexual dysfunction evaluated the effects of lisinopril (20 mg) and aten-
olol (100 mg) for 16 weeks [ 32 ]. Sexual activity remained practically unaltered with 
lisinopril (from 7.1 to 7.7 sexual intercourses per month) but worsened signifi cantly 
with atenolol (from 7.8 to 4.2 sexual intercourses per month), and the difference 
between the two groups was statistically signifi cant ( p  < 0.01). 

 In a double-blind, randomized, crossover study of 160 newly diagnosed hyper-
tensive males of middle age (40–49 years), free of sexual dysfunction, valsartan 
(80 mg) was compared to carvedilol (50 mg) for 16 weeks [ 33 ]. It was found that 
sexual activity was signifi cantly improved with valsartan (from 8.2 to 10.2 sex-
ual intercourses per month), while sexual activity deteriorated signifi cantly with 
carvedilol (from 8.3 to 3.7 sexual intercourses per month). Erectile dysfunction was 
reported more frequently with carvedilol (13.5 %) than with valsartan (0.9 %). 

 Another double-blind, randomized study of 110 middle-aged hypertensive men 
naïve to antihypertensive therapy compared the effects of valsartan (80 mg) with 
those of atenolol (50 mg) for 16 weeks [ 34 ]. Sexual activity improved with valsartan 
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(from 5.8 to 7.4 sexual intercourses per month) but deteriorated with atenolol (from 
6.0 to 4.2 sexual intercourses per month), and the differences between the two 
groups were statistically signifi cant ( p  < 0.05). Testosterone levels remained unaf-
fected with valsartan but were signifi cantly reduced with atenolol. Of note, similar 
results were observed in hypertensive women as well. In a randomized study of 120 
postmenopausal hypertensive women, sexual desire and sexual fantasy were signifi -
cantly improved with valsartan and worsened with atenolol [ 35 ]. 

 These studies were of high methodological standards and were designed to assess 
sexual function specifi cally and not as a secondary end point of a study designed to 
evaluate other topics. However, several limitations can be identifi ed, including the 
relatively small patient population, the determination of sexual intercourses as an 
index of sexual activity instead of global erectile function, and the use of invalidated 
questionnaires. Despite these limitations, the importance of information derived 
from these studies remains substantial, since these small clinical studies are the only 
studies performed in untreated patients and specifi cally evaluating sexual function.  

18.5     Large Clinical Trials 

 Several large multicenter trials reported the effects of antihypertensive therapy on 
erectile function during the last decades. 

 The Medical Research Council (MRC) trial for mild hypertension compared the 
effects of bendrofl uazide and propranolol with those of placebo for 23.582 patient 
years of observation [ 36 ]. Withdrawal from the study due to impotence was twofold 
higher with diuretics than with beta-blockers and substantially higher than with 
placebo ( p  < 0.001 for all comparisons). 

 The Trial of Antihypertensive Interventions and Management (TAIM) was a 
multicenter, randomized, placebo-controlled study that included 697 overweight 
and obese patients with mild hypertension [ 37 ]. The study compared chlortha-
lidone and atenolol with placebo and evaluated the effects of diet. A worsening 
of erectile- related problems was signifi cantly more common with chlorthalidone 
(28 %; 95 %CI: 15–41 %) compared with placebo (3 %; 95%CI: 0–9 %) and ateno-
lol (11 %; 95%CI: 2–20 %). The detrimental effects of chlorthalidone on erectile 
function were attenuated by weight reduction. 

 The Treatment of Mild Hypertension Study (TOMHS) was a double-blind, 
randomized, placebo-controlled trial of 902 patients with mild hypertension [ 38 ]. 
Acebutolol, amlodipine, chlorthalidone, doxazosin, and enalapril were compared to 
placebo for 48 months. The incidence of erection problems was signifi cantly higher 
with chlorthalidone (17.1 %) than with placebo (8.1 %;  p  < 0.03) at 24 months post- 
therapy but the difference disappeared at 48 months. There were no signifi cant 
differences between the remaining drugs and placebo both at 24 and 48 months. 
It has to be noted however that these older studies have signifi cant limitations, 
including the exclusion of patients with more severe forms of hypertension and the 
assessment of erectile function with “primitive” methodology and not by validated 
questionnaires. 
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 Two recently published trials overcome these obstacles. The Metoprolol vs. 
Nebivolol Study of Erectile Dysfunction (MR NOED) was a randomized double- 
blind study comparing nebivolol (5 mg) with metoprolol (95 mg) for 12 weeks in 
patients with mild hypertension [ 39 ]. Despite similar blood pressure reduction with 
both drugs, metoprolol was associated with detrimental effects on erectile function, 
while nebivolol use was associated with improvements on sexual activity scores and 
other subscores of erectile function. The MR NOED study is the only trial that was 
specifi cally designed to evaluate the effects of antihypertensive therapy on erectile 
function in hypertensive patients. 

 Erectile function was also evaluated in a pre-specifi ed subgroup of patients 
participating in the ONTARGET/TRANSCEND Trial Programme [ 40 ]. The 
ONTARGET study compared ramipril and telmisartan with their combination, 
while the TRANSCEND study compared telmisartan with placebo in patients intol-
erant to ACE inhibitors. Erectile dysfunction was frequently encountered in this 
high-risk patient population (55 %). There were no signifi cant differences on erec-
tile function between the three arms of the ONTARGET study. Similarly, no signifi -
cant difference between telmisartan and placebo was found in the TRANSCEND 
study. Therefore, telmisartan neither improved erectile function nor protected from 
incident erectile dysfunction. It has to be noted however that telmisartan was added 
on top of a multidrug regime in a high-risk population, and thus, these studies were 
not appropriately designed to uncover the effects of ARBs on erectile function as 
monotherapy or in low-risk patients.  

18.6     Meta-analyses 

 As depicted up to now, it is obvious that the number of high-quality, randomized 
studies evaluating the effects of antihypertensive therapy on erectile function is very 
limited and is not permitting the conduction of meta-analyses. 

 However, important information derives from the meta-analyses of adverse effects 
on antihypertensive drug therapy. Relevant data exist for older antihypertensive drugs, 
such as beta-blockers. A large meta-analysis of 15 randomized trials involving more 
than 35,000 patients revealed the negative effects of beta-blockers on sexual func-
tion [ 41 ]. The relative risk for sexual dysfunction with beta-blockers was increased 
by 10 % with marginal statistical signifi cance (95 % CI: 0.96–1.25). Furthermore, 
a statistically signifi cant increase on the incidence risk for sexual dysfunction was 
observed, with a difference of fi ve cases/1,000 patients/year (95 % CI: 2–8). More 
importantly, the use of beta-blockers was associated with an almost fi vefold increased 
risk of withdrawal due to sexual dysfunction (RR: 4.89; 95%CI: 2.98–8.03).  

18.7     Change of Antihypertensive Class 

 The previously presented differences between antihypertensive drug classes suggest 
that hypertensive patients with erectile dysfunction while administering a drug with 
a detrimental effect might benefi t from a change in therapeutic class with neutral or 
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benefi cial effects on erectile function. Indeed, some data point towards signifi cant 
benefi ts of switching drug therapy to ARBs or nebivolol. 

 A large, open, prospective study evaluated the effects of valsartan monotherapy 
and in combination with a diuretic for 16 weeks in more than 2,000 hypertensive 
patients [ 42 ]. Sexual activity was signifi cantly improved with valsartan monother-
apy (from 1.0 to 1.6 sexual intercourses per week;  p  < 0.0001), and the benefi t was 
maintained even in the combination group (from 0.9 to 1.3 sexual intercourses per 
week;  p  < 0.0001). 

 In another open, prospective study of 3.500 hypertensive patients, the effects 
of valsartan for 6 months on erectile function were evaluated by using appropriate 
methodology (the International Index of Erectile Function Questionnaire). Erectile 
function was signifi cantly improved not only in previously untreated patients 
(from 65 % to 45 %;  p  < 0.0001) but also in the total study population which was 
mostly treated with other drugs and switched to valsartan (from 75.4 % to 53 %; 
 p  < 0.0001). Valsartan therapy was associated with signifi cant improvements in 
sexual desire, orgasmic function, intercourse, and overall satisfaction [ 43 ]. Similar 
benefi cial effects on erectile dysfunction (from 78.5 % to 63.7 %) were observed 
with irbesartan in a study of more than 1.000 patients with hypertension and meta-
bolic syndrome [ 44 ]. 

 Another open, prospective study of 44 hypertensive patients with erectile dys-
function while receiving beta-blockers evaluated the effects of switching prior 
therapy to nebivolol (5–10 mg) for 3 months. Erectile function was signifi cantly 
improved in 68 % of the patients and was even normalized in more than half of 
patients experiencing improvement [ 45 ].  

18.8     Further Gaps in Knowledge 

 A vivid discussion takes place regarding the effects of beta-blockade and combined 
antihypertensive therapy on erectile function. 

 The detrimental effects of beta-blockers on erectile function have been recently 
questioned. A study of 96 patients with recent cardiovascular disease evaluated the 
impact of the Hawthorne effect, the prejudice of erectile dysfunction occurrence 
with beta-blockers [ 46 ]. Indeed, erectile dysfunction was ten times more frequent 
in patients who received atenolol and were informed of its side effects on erectile 
function than in patients who were blinded on administered drug (31.2 % vs. 3.1 %; 
 p  < 0.01). Patients who were informed on the drug given but not its side effects had 
intermediate occurrence of erectile dysfunction (15.6 %). Moreover, sildenafi l and 
placebo were equally effective in patients reporting atenolol-induced erectile dys-
function. In our opinion, a certain degree of “placebo effect” is implicated in beta-
blocker-induced erectile dysfunction; however, available data strongly suggest that 
beta-blockers exert detrimental effects on erectile function [ 47 ]. 

 Monotherapy with any class of antihypertensive agents achieves blood pressure 
control in about one third of hypertensive patients, while the remaining two thirds 
require combination therapy to reach blood pressure targets [ 1 ,  6 ]. Therefore, the 
effects of combination antihypertensive therapy on erectile function are clinically 
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meaningful. Unfortunately, relevant data are limited [ 48 ] and do not permit for defi -
nite conclusions, highlighting the need for further research in this fi eld [ 49 ].  

    Conclusions 

 The prevalence of erectile dysfunction is higher in treated compared to untreated 
hypertensive patients, suggesting a detrimental effect of antihypertensive therapy 
on erectile function. Experimental data indicate that signifi cant between-class 
and in- class differences exist regarding the effects of antihypertensive agents on 
erectile function. Data in humans come from observational and small random-
ized studies, large clinical trials, and meta-analyses and point towards the same 
direction. Diuretics and beta-blockers seem to be associated with incident erec-
tile dysfunction, while ACE inhibitors and calcium antagonists seem to exert 
neutral effects on erectile function. ARBs and nebivolol seem to be associated 
with benefi cial effects on erectile function; however, further studies are needed 
to confi rm these benefi ts.     
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19.1            Introduction 

 Erectile dysfunction (ED) is defi ned as the inability to develop or maintain a penile 
erection during sexual performance. Its prevalence ranges from 25 % [ 1 ] to 52 % [ 2 ] 
among male adults aged 40–70 years. ED is an important risk factor for cardiovas-
cular events [ 3 ,  4 ]. ED may also lower adherence to therapy in patients with chronic 
diseases, especially hypertension, since many antihypertensive medications have 
unfavorable effects on libido [ 5 ,  6 ]. 

 In the past 15 years, phosphodiesterase 5 inhibitors (PDE5 inhibitors) have 
emerged as an effi cacious therapy in the treatment of ED. The aim of the chapter is 
to discuss the use of PDE5 inhibitors in the treatment of ED in adult hypertensive 
patients. 

 Hypertension is an important contributor to ED. Its prevalence among hyperten-
sive populations is approximately 46 % [ 7 ,  8 ]. There is concern that this prevalence 
may be accentuated by the unfavorable effects of antihypertensive medications [ 9 ]. 
Moreover, this may contribute to lower adherence rates to medication and thus poor 
control of blood pressure [ 6 ,  10 ,  11 ]. 
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 Endothelial dysfunction is another important factor involved in the 
 hypertension- ED association. Successful erection requires adequate function of 
local nerves, vessels, and muscles and the release of vasoactive factors (i.e., nitric 
oxide (NO)) [ 12 ,  13 ]. Consequently, we could confer that all comorbidities that 
deteriorate endothelial function, such as hypertension, diabetes, and dyslipidemia, 
could increase vascular cell contraction and lead to ED [ 14 ,  15 ]. PDE5 inhibitors 
could improve endothelial function through several mechanisms such as normal-
ization of serum biomarkers, increased levels of endothelial progenitor cells, and 
ischemia- reperfusion protection mechanisms [ 16 – 18 ].  

19.2     Patient Approach 

 A marked increase in patients discussing erectile function with their physician was 
noted following the introduction of PDE5 inhibitors [ 19 ]. However, most patients 
feel comfortable discussing ED only when the conversation is initiated by the cli-
nician [ 20 ]. Thus, a careful and meticulous approach is fundamental. According to 
European Urology Association Guidelines [ 9 ], physicians should take the following 
approach: (1) conduct a detailed medical and psychosexual history with the partner 
present; (2) use credible questionnaires for assessing level of ED (e.g., IIEF, SEP 2 
and 3); (3) proceed with a thorough physical examination and laboratory tests; and (4) 
assess self-esteem, partnership quality, and support. These assessments will assist the 
clinician in fi nding a common cause of ED, reversible or irreversible, including local 
defects such as penile deformities, prostate disease, neurologic decline, or systemic 
causes such as hypertension or cardiovascular problems. In addition, the patient’s car-
diac risk status during sexual activity should be considered prior to prescribing PDE5 
inhibitors. Sexual activity increases myocardial oxygen demands by about three to 
fi ve metabolic equivalents and augments the risk of myocardial infarction by two 
to four times in the 2 h after the intercourse [ 21 ,  22 ]. Accordingly, the Princeton III 
Consensus Recommendations [ 23 ] suggest that patients are stratifi ed into three cat-
egories regarding their cardiovascular risk profi le: low, intermediate, and high risk. 

 Upon completion of the aforementioned work-up, the physician will be in a better 
position to identify causes of ED (modifi able or not) and chart a more successful plan 
of treatment. Prescription of PDE5 inhibitors should also be accompanied with healthy 
lifestyle modifi cations, such as exercise and low fat diet [ 9 ]. Finally, establishing a trustful 
relationship and communication with the patient is paramount in increasing adherence.  

19.3     PDE5 Inhibitors: Mechanism of Action 

 PDE5 inhibitors are considered the fi rst-line treatment for ED and include some of 
the most widely prescribed medications. Drugs belonging to this family are silde-
nafi l (Viagra, the older representative of this family), tadalafi l (Cialis), and varde-
nafi l (Levitra) which are approved for treating ED in the United States by Food 
and Drug Administration (FDA) and in Europe by the European Medicines Agency 
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(EMA). Some newer representatives are avanafi l (Stendra) which has been recently 
approved by the FDA, udenafi l (Zydena), and lodenafi l (Helleva) whose distribu-
tion has so far been limited to a few countries. PDE5 inhibitors’ main target is the 
enzyme phosphodiesterase 5 (PDE5). 

 PDE5 is found widely in platelets, veins, and arterial walls and in other tissues 
[ 24 ]. Although PDE5 inhibitors have an inhibitory effect on other enzymes [ 25 ], 
their affi nity is substantially higher for PDE5. This accounts for their benefi cial 
effects in ED. In this chapter, we will mainly refer to sildenafi l, tadalafi l, and varde-
nafi l, the most widely used agents in this category. 

 PDE5 inhibitors’ mechanism of action is well understood. The normal erection refl ex 
requires the cooperation of nerves, vessels, and smooth muscles. After the appropriate 
sexual perception, the brain (central) exerts its exhibitory stimulus causing the activa-
tion of a spinal refl ex by spinal nerves (peripheral). Following this, NO is released by 
the nitrinergic nerves and endothelial cells to the penis, leading to the activation of the 
enzyme guanyl cyclase which causes production of cyclic guanosine monophosphate 
(cGMP) [ 26 ]. The fi nal result is the sequestration of Ca++ from cytosol to the endoplas-
mic reticulum, arterial and trabecular smooth muscle relaxation, arterial dilation, and 
venous constriction [ 15 ,  27 ]. PDE5, which is widely distributed in the corpus caverno-
sum, hydrolyses cGMP leading to penis relaxation. PDE5 inhibitors exert their action 
at this step by competitively inhibiting PDE5 and causing preservation of erection [ 26 ]. 

 It is apparent that the importance of normal NO release is paramount for erec-
tile function. Several comorbidities such as hypertension, diabetes, and aging affect 
nerves and endothelial function adversely and cause decline in NO formation and 
release necessary for erection [ 27 ,  28 ]. 

 Since PDE5 inhibitors’ main action is to inhibit NO degradation and preserve 
preexisting levels, conditions that interfere with NO release may hinder the effi -
cacy of PDE5 inhibitors. This mechanism is considered one of the reasons of poor 
response to these medications.  

19.4     PDE5 Inhibitors: Pharmacokinetics 

 PDE5 inhibitors share similar characteristics regarding their pharmacokinetics. 
 Sildenafi l, the pioneer of this class, was approved for prescription in 1998. It 

is available in oral doses of 25, 50, and 100 mg. The recommended initial dose is 
50 mg, unless certain comorbidities exist [ 9 ]. Sildenafi l should be taken 30–60 min 
prior to intercourse and it should not be combined with fatty meals, for they may 
reduce its absorption [ 25 ]. Its duration of action may last up to 8–12 h [ 29 ,  30 ]. 
The pharmacokinetics of sildenafi l, as well as some special considerations requiring 
dose adjustments, are included in Table  19.1 .

   Vardenafi l, introduced in 2003, is available in oral doses of 2.5, 5, 10, and 
20 mg, while the recommended starting dose is 10 mg [ 9 ]. The medication should 
be taken 30 min prior to intercourse in a fasting state, as it is also affected by fatty 
meals. It has a higher affi nity to PDE5 than sildenafi l which makes it more potent 
and extends its duration of effi cacy up to 10 h [ 33 ]. It may cause QT prolongation; 
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thus caution should be taken when it is administered with drugs that prolong QT 
interval such as type 1A and type 3 antiarrhythmics or in patients with a congeni-
tally prolonged QT syndrome [ 34 ]. A new orodispersible tablet is available which 
appears to have the same effi cacy as the traditional tablet, but is not affected by 
meals [ 35 ,  36 ]. The pharmacokinetic characteristics of vardenafi l are presented in 
Table  19.1 . 

 Tadalafi l was also introduced in 2003. The available oral doses are 2.5, 5, 
10, and 20 mg and recommended starting dose of 10 mg [ 9 ]. It should be taken 
approximately 30 min before intercourse. Its unique characteristic is its extended 
duration of action up to 36 h and it is not affected by food [ 31 ]. A daily treatment 
of 2.5 or 5 mg has been approved for ED for a more spontaneous intercourse [ 9 , 
 37 ,  38 ]. Pharmacokinetic data regarding tadalafi l are presented in Table  19.1 . 

 The effect of PDE5 inhibitors on blood pressure and heart rate is minimal when 
prescribed alone. The main metabolic pathway of PDE5 inhibitors is via cytochrome 
P450, specifi cally CYP3A4 (Table  19.1 ). In this regard, any inhibitors or inducers 
of these enzymes will infl uence the drugs’ concentration and dose adjustment may 
be needed. Therefore, caution should be taken when cytochrome P450 inhibitors are 
concomitantly prescribed with erythromycin, ketoconazole, itraconazole, clarithro-
mycin, HIV protease inhibitors, or grapefruit juice [ 39 ]. Dose adjustment is neces-
sary for ritonavir because it markedly increases PDE5 inhibitor concentrations [ 40 ]. 
Conversely, inducers of cytochrome P450, including carbamazepine, phenytoin, and 
phenobarbital, likely decrease PDE5 inhibitor levels. No notable interactions with 
widely prescribed medications such as warfarin, azithromycin, selective serotonin 
reuptake inhibitors, thiazides, angiotensin-converting enzyme inhibitors, calcium 
channel blockers, antacids, glyburide, digoxin, ranitidine, midazolam, lovastatin, or 
theophylline have been noted [ 40 ].  

      Table 19.1    Pharmacokinetics    

 Variables  Sildenafi l  Vardenafi l  Tadalafi l 

 Tmax con  60 min  60 min  2 h 

 T 1/2  4 h  4 h  17.5 h 

 Protein binding  96 %  95 %  94 % 

 Bioavailability  41 %  15 %  Not determined 

 Metabolism  CYP3A4 (major route)  CYP2A4 (predominantly)  CYP3A4 

 CYP2C9 (minor route)  CYP3A5, CYP2C (minor) 

 Excretion after oral dose  Feces (80 %)  Feces (91–95 %)  Feces (61 %) 

 Urine (13 %)  Urine (2–6 %)  Urine (36 %) 

 Dose adjustment 

 Hepatic failure  25 mg  5 mg  <10 mg 

 Renal failure  Dose adjustment 25mg 
only in patients with 
GFR <30 ml/min 

 No dose adjustment is 
needed for Vardenafi l in 
patients with renal failure 

 5 mg 

 Age >65 years  25 mg  5 mg  No adjustment 

  Information on table is derived from references [ 25 ,  31 ,  32 ]  
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19.5     PDE5 Inhibitors: Safety and Efficacy 

 PDE5 inhibitors are safe when used with common antihypertensive medications 
(angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, calcium 
channel blockers, β-blockers, and diuretics) [ 41 ,  42 ]. A slight pressure decrease 
may be observed as a result of additional vasodilatory characteristics of PDE5 
inhibitors [ 43 ,  44 ]. On the other hand, better management of systolic blood pressure 
was observed in hypertensive population with ED who were administered PDE5 
inhibitors [ 45 ,  46 ], leading to a possible application of this drug in the resistant 
hypertensive population [ 47 ]. 

 The use of PDE5 inhibitors improves adherence to antihypertensive therapy. 
The percentage of hypertensive patients who became adherent to treatment after 
sildenafi l use increased from 22 to 36 % [ 48 ]. Newer long-acting PDE5 inhibitors 
are now being tested in pivotal clinical studies for the treatment of mild to moder-
ate arterial hypertension [ 49 ]. In addition, experimental data indicates that chronic 
PDE5 inhibition might be associated with signifi cant regression of left ventricular 
hypertrophy [ 50 ]. 

 The co-administration of PDE5 inhibitors and α-blockers is not contraindicated. 
However, the combination could potentially cause symptomatic hypotension due 
to shared vasodilatory characteristics [ 34 ,  51 ]. Differences regarding the degree of 
interaction among the PDE5 inhibitors with different α-blockers (uroselective such 
as tamsulosin and alfuzosin and less selective such as terazosin and doxazosin) have 
also been described [ 40 ,  52 ,  53 ]. Thus, PDE5 inhibitors should only be prescribed to 
patients who take α-blockers chronically, without presenting blood pressure varia-
tions or symptoms of hypotension. They should be prescribed at the lowest dose and 
the two drugs should preferably be administered several hours apart. 

 The effi cacy of PDE5 inhibitors in treating ED in general population is well 
established [ 54 ]. The success rates may approach 78 % regardless of comorbidi-
ties such as hypertension and diabetes [ 55 ]. In the REALIZE trial ( n  = 73,946), 
erectile function was markedly improved in 93.6 % of hypertensive patients 
treated with vardenafi l [ 56 ], regardless of baseline severity. Similar but less 
impressive results were reported in a meta-analysis of hypertensive patients [ 57 ]. 
An improvement of 8.9 points in the International Index of Erectile Function 
(IIEF) questionnaire was noted as well as 32.9 % in the ability to obtain erections 
(SEP 2) and 38 % to maintain erections (SEP 3) compared to placebo. Successful 
results in hypertensive patients were observed from the fi rst dose of tadalafi l 
with improvement in SEP 2 and SEP 3 scores. Improvement of ED was observed 
in patients taking tadalafi l and thiazides [ 58 ]. Patients using sildenafi l while on 
multiple antihypertensive medications reported success rates of above 80 % in a 
12-week time frame [ 42 ]. 

 PDE5 inhibitors are well tolerated and are considered relatively safe medica-
tions. Patients taking PDE5 inhibitors did not present an increase in the rates and 
mortality of serious cardiovascular events, such as myocardial infarction, cardio-
vascular death, or cerebrovascular death, compared to placebo [ 59 ,  60 ]. In con-
trast, a trend towards improved survival with PDE5 inhibitors has been observed 
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in diabetic patients [ 61 ], highlighting the need for relevant studies in patients with 
 hypertension and other cardiovascular disease conditions. 

 However, in hypertensive patients treated with nitrates, PDE5 inhibitors can 
decrease systolic and diastolic blood pressure [ 25 ,  31 ,  32 ,  62 ]. When PDE5 inhibi-
tors are co-administered with organic nitrates (NO donors) such as nitroglycerine, 
isosorbide mononitrate, and isosorbide dinitrate as well as amyl nitrite or amyl 
nitrate (“poppers”), an unpredictable vasodilatory and hypotensive effect may be 
observed [ 34 ,  40 ]. A signifi cant drop of 85 mmHg in standing and supine systolic 
blood pressure was observed in patients taking sildenafi l or tadalafi l compared to 
placebo [ 63 ]. In this context, the co-administration of PDE5 inhibitors and nitrates 
is contraindicated. Nitrates should not be taken in the 24 h preceding the administra-
tion of sildenafi l and vardenafi l and for 48 h before the use of tadalafi l [ 9 ,  34 ]. The 
marked hypotensive effect of this combination might be benefi cial in patients with 
resistant hypertension [ 64 ]; however, close monitoring and extreme care is needed 
to avoid signifi cant adverse effects.     
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  20      Management of Erectile Dysfunction 
Beyond PDE-5 Inhibitors 

             Konstantinos     Rokkas    

20.1            Introduction 

 Although phosphodiesterase type 5 (PDE5) inhibition is the recommended fi rst-line 
treatment, up to 35 % of patients with erectile dysfunction (ED) are nonresponders 
to this therapy. Common etiologies of this response failure are comorbidities such 
as diabetes and severe neurological or vascular diseases. Although there is no con-
sensus on how to defi ne the failure of PDE5 inhibitors, the inability to attain or 
maintain adequate penile erection during sexual intercourse on at least four con-
secutive occasions, in spite of optimum drug dosing, is an acceptable defi nition. 
Patients who have failed a trial with PDE5 inhibitor therapy should be informed of 
the benefi ts and risks of other pharmacological or non-pharmacological interven-
tions. Management of ED beyond PDE5 inhibitor consists mainly of three thera-
peutical categories:

•    Intracavernosal injections  
•   Penile implants  
•   Shock wave therapy for penile revascularization     
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20.2     Intracavernosal Injections 

 The era of the intracavernosal injections starts in 1982 [ 1 ] with the fi rst totally 
induced erection with intracavernosal autoinjection of phenoxybenzamine from 
Brindley [ 1 – 3 ]. After this Virag has used papaverine as a substance for injection use 
[ 4 ].    From that point many substances are proposed for this use like phentolamine, 
prostaglandin E1 (PGE1), vasoactive intestinal peptide, NO donors etc. with  proven 
results. Nowadays three are the main substances used for this kind of treatment, 
papaverine, phentolamine, and prostaglandin E1. 

 Nowadays there are more than 500 publication for the injection therapy, and the 
success rate is variable from 54 % for papaverine, 71 % for the combination of 
papaverine and phentolamine, 73 % for PGE1, and 75 % for the mixture of the three 
substances [ 5 – 7 ]. 

 The fi rst injection should always be administered by a medical doctor, and then 
when the accurate dosage is determined, the patient is trained to autoinject himself 
sometimes using injection devices for easier usage. The injection should be done in 
the dorsolateral and proximal part of the penis in aseptic conditions changing every 
time the site of the injection. Also the patient has to learn to avoid the urethral part 
of the penis when autoinjecting because this will cause a lot of pain and no erectile 
result. When deterring the dosage normally the doctor starts with 10 μg of PGE1 or 
in patients with neurological cause with 5 μg of PGE1 increasing until reaching the 
desirable effect until a maximum of 40 μg of PGE1. Alternatively can be used a 
mixture of papaverine and phentolamine (15 mg/ml of papaverine and 0.5 mg/ml of 
phentolamine) starting from 0.5 ml and reaching in maximum 3 ml. 

20.2.1     Types of Substances 

    Papaverine 
 It was the fi rst substance used for this purpose and it is provided by the Papaver 
somniferum that provides an alkaloid of the opium without any narcotic effect. It 
was fi rst used by Virag [ 5 ] and within 2 years was the most common substance 
used for this purpose. Studies were executed with dosages from 5 to 160 mg [ 8 ]. 
The most common side effects are prolonged erection found in 5.1 % of the patients 
during the treatment period [ 9 – 11 ] and intracavernosal fi brosis in 6 % of the 
patients [ 8 ]. Painful erections are very rare; the rate of the patients that stop the 
treatment is 31.3 %.  

    Phentolamine 
 Phentolamine is a selective antagonist of the alpha adrenoreceptors and it stops 
the contractions of the muscular cells. In 1978 Domer proposed the use of phen-
tolamine and in 1982 Zorgniotti and Lefl eurs have injected 30 mg of papaverine 
and 1 mg of phentolamine. Prolonged erection using the mixture of papaverine- 
phentolamine is reported in 7.5 % of the patients and penile fi brosis in 6 % of 
them [ 12 ].  
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    Prostaglandin E1 (PGE1) 
 It is a prostanoid that has effect in various organs relaxing the arterioles with positive 
effect on the arterial circulation increasing the cAMP. It was fi rst presented by Sidi 
et al. in 1986 [ 12 ] and the fi rst clinical results were presented by Stackl et al. [ 13 ] and 
Porst [ 9 ]. The dosage is variable from 5 to 40 μg and the success rate is elevated to 
73 %. The main side effect is painful erection present in 15 % of the patients during 
treatment period [ 14 ]. Prolonged erections are very rare around 1 % [ 11 ] and penile 
fi brosis arrives to 2.7 % [ 11 ]. The PGE 1 is the most common commercially used 
substance and it is the gold standard for the intracavernosal injection.  

    Combination Therapy 
 The combination of the three drugs is called Trimix and it is a mixture of papaver-
ine/phentolamine/PGE1 with success rate of 75.5 %. Painful erection is reported in 
the 2.9 % of the patients, whereas penile fi brosis in 2.3 % of the patients. Combination 
therapy is used as a last solution when monotherapy with PGE1 is not successful. 

 In conclusion the long-term treatment with intracavernosal injections in terms of 
success is very good. The drugs are easy to use and disposable at the patients, and 
most of them learn very easily how to autoinject themselves and maintain a very 
hard erection without notable side effects providing that the patient training and the 
dosage determination are made in a very organized way.    

20.3     Penile Implants 

 Also urologists were not highly interested in the treatment of ED until the infl at-
able penile prosthesis was introduced in 1973. For the next 10 years, there were 
two solutions: sex therapy for potentially reversible ED and penile prosthesis 
implantation for the other forms. Nowadays, many possibilities are available for 
ED, that is, systematic therapy, sex therapy, vacuum erection devices, intraurethral 
medication, penile injection therapy, penile revascularization, and penile prosthe-
sis implantation [ 15 ]. 

20.3.1     Prosthesis Types 

 Rod prostheses are paired solid devices implanted in the corpora cavernosa that pro-
duce constant penile rigidity. The advantage of these devices is that they are designed 
to be  easy  to  implant  and relative freedom from medical failure. Disadvantages are a 
constant rigidity of the penis like neither normal erection nor fl accidity, diffi culties 
with concealment, and a higher risk of erosion for device. 

 There are three companies: American Medical Systems (AMS, Minnetonka, 
MN) for a malleable penile prosthesis, the AMS Malleable 650 and Mentor (Santa 
Barbara CA) for the semirigid rod prostheses, the Mentor Malleable and the Acu- 
Form prosthesis. Timm Medical Technologies (Eden Prairie, MN) manufacturers 
the Dura-II prosthesis, which has a central cable running through articulated 
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polysulfone segments. At the end of the cable, there is a spring that allows the 
device to have better position ability than the other rod prostheses [ 16 ].  

20.3.2     Inflatable Prostheses 

    One-Piece Inflatable Devices 
 These devices are no more produced in the United States; they were paired hydrau-
lic devices infl ated into the corpora that created penile rigidity similar to the one 
produced by rod prostheses but without girth expansion. When defl ated, these 
devices lost a part of their rigidity giving a more natural look on palpation than solid 
rod implants. They were manufactured by Surgitek (Racine, WI) and the Hydrofl ex 
and Dynafl ex devices by AMS. They did not satisfy completely the expectations 
and are no longer implanted [ 17 ].  

    Two-Piece Inflated Devices 
 These devices are paired cylinders connected by tubing to a scrotal component. They 
are manufactured by AMS. A small scrotal pump transfers fl uid from the proximal 
portion of the cylinders to the distal portion, resulting in rigidity without girth expan-
sion. Mentor manufacturers the Mark II prosthesis. The paired cylinders of this device 
are connected to a 25-ml scrotal component that serves as a pump and reservoir [ 17 ].  

    Three-Piece Inflatable Device 
 These devices have paired cylinders, a small scrotal pump, and a large-volume 
abdominal fl uid reservoir (Fig.  20.1 ). AMS manufacturers three types: AMS 700CX 
introduced in 1987 has cylinders that produce controlled girth expansion and rigid-
ity. The AMS 700CXM is similar to the AMS 700CX but with smaller cylinders, 
pump, and reservoir. The AMS 700cxmfi rst, created for men with small penises, 
now is used for men with fi brotic corpora. In 1990 AMS introduced the Ultrex 
infl atable penile prosthesis. In this model the three-piece device provides girth and 
length expansion. After some time, it was proved that the ability of the cylinders to 
lengthen was obtained at the expense of decreased cylinder duration. In 1993 the 
Ultrex cylinders were changed to provide a stronger middle layer. Since then only 
142 Ultrex were implanted with only three cylinder failures. However, more follow-
 up is requested to determine if the improved cylinders are reliable.

   Mentor manufacturers two to three-piece infl atable prostheses: the Alpha I and the 
Alpha I Narrow Back, a small-diameter version for men with fi brotic penises [ 17 ]. 

 Nowadays in extended use is the AMS INIBHIZONE already embedded in anti-
biotic (solution) and the COLOPLAST TITAN OTR embedded in antibiotic solu-
tion during the surgical procedure.   

20.3.3     Preparing to the Surgery 

 The patient must be prepared for the surgery to decrease the risk of infections. Some 
general rules are to start scrubbing the external genitalia with povidone solution a week 
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before the procedure. Some authors suggest to sterilize the urine with ofl oxacin 5 days 
before the surgery. The standard procedure is the combination of gentamycin (80 mg 
tid) and vancomycin (1 g bid) starting the day of the surgery and for 2 days after. 

 Some authors are used to irrigate the surgery fi eld with a solution of vancomy-
cin (2 g) and protamine that allows the antibiotics to enter through the bacterial 
shields [ 18 ].  

20.3.4     Surgical Approaches 

   The Infrapubic Approach 
 This approach that consists of a small vertical or transverse incision is made below 
the pubis just above the penis. The main advantage of this method is the possibility 
to place the reservoir under direct vision. Disadvantages: limit of corporeal expo-
sure, impossibility to anchor the pump in the scrotum, and possible damage to the 
dorsal nerves of the penis.  

  Fig. 20.1    The three-piece infl atable penile prosthesis creates a fi rmer erection than its two-piece 
counterpart. This fl uid-fi lled implant features two infl atable cylinders implanted in the penis, a 
pump placed in the scrotum, and a reservoir implanted in the lower abdomen. When you are ready 
to have sex, you pump the fl uid from the reservoir into the cylinders to create a rigid erection. After 
sexual intercourse, you release the valve inside of the scrotum to drain the fl uid back into the res-
ervoir to return to fl accidity       
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   The Penoscrotal Approach 
 The penoscrotal approach can be made through a vertical midline incision over the 
urethra at the penoscrotal junction or through a transverse scrotal incision about 1 cm 
below the penoscrotal junction. In both techniques dartos fascia is incised in line 
with the incision, exposing the midline urethra and the corpora or either side. The 
surgeons prefer the transverse scrotal approach because retraction on the transverse 
lower fl ap of the dartos fascia exposes both crura nearly to the pelvic bone attach-
ments. If further distal exposure is needed, the incision can be extended in an inverted 
T-fashion to the frenular area. To the surgeons’ knowledge, this approach is the only 
incision that can almost completely expose both corpora. The penoscrotal approach 
also permits to fi x the pump in its subdartos pouch by passing the pump tubes through 
three separate stab incisions in the back wall of the pouch. The main advantage of the 
penoscrotal approach is that it avoids possible damage to the dorsal penile nerves. 
The disadvantage is that it needs blind placement of the reservoir [ 17 ].   

20.3.5     Infection 

 When using silicone, our body forms a fi brous pseudocapsule around it. When 
infections arise in the space between this capsule and the prosthesis (periprosthetic 
infections), the device must be removed. Most infections are the result of the implant 
procedure; however, infections may occur many years after their implantation 
because of blood-borne organisms from distant infections. Infections are more fre-
quent in secondary implants or procedures associated with reconstruction. Jarow 
reported a 1.8 % infection rate in 114 primary procedures, a 13.3 % infection rate in 
30 secondary procedures, and a 21.7 % infection rate in 23 implants connected with 
reconstructive procedures. 

 It is not clear whether diabetes increases the risk for periprosthetic infection. In 
a study a higher risk was proved in diabetics with glucosylated hemoglobin around 
11.5 %. In another study no correlation was found between infections and glucosyl-
ated hemoglobin. In two other studies there were no signifi cant differences between 
diabetic and nondiabetic patients. 

 When a periprosthetic infection occurs, it is necessary to remove the entire pros-
thesis because there are bacteria in a biofi lm that is adherent to the device. For many 
years, the reimplantation of the device was delayed for 6–12 months. Infection 
destroys some or all of the corpora cavernosa, and a scar occurs. With time, this scar 
contracts and the penis becomes smaller and creates diffi culties in placing the cyl-
inder during the implantation. 

 In case of infective penile prosthesis, current practice tends to device salvage or 
device removal with early reimplantation [ 18 ,  19 ].  

20.3.6     Mechanical Reliability and Patient Satisfaction 

 In a long-term (median follow-up 47.7 months) multicenter study made in the United 
States, AMS 700CX infl atable prosthesis was evaluated  for longevity, morbidity, and 
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patient satisfaction rates. The control was carried out in two phases. Phase 1 was a 
medical record review of 372 patients who had implantation with the AMS 700CX 
penile prosthesis from 1987 to 1996 by seven frequent penile prosthesis implanters. 
Phase 2 was a telephone interview of 207 men by a neutral observer. For the 372 men 
in phase 1, mean device mechanical reliability was 92.1 ± 3.3 % after 3 years and 
86.2 ± 4.6 % after 5 years. 3.2 and 17.5 % of the cases, respectively, developed postop-
erative infection and device malfunction. In phase 2, of the 207 patients called, 86.2 % 
still had an AMS 700CX penile prosthesis implanted and 87.1 % with erection suitable 
for coitus; 88.2 % would suggest an implant to a relative or a friend [ 20 ,  21 ].   

20.4     Low-Intensity Shock Wave Therapy 

 The most recent treatment for ED is the shock wave therapy for the revascularization 
of the corpus cavernosum in cases of vascular ED [ 22 ]. The treatment can be done 
using either electrohydraulic or electromagnetic sources of producing shock waves. 
In the fi rst animal study, the researchers demonstrated that low-intensity shock wave 
therapy (Li-SWT) promotes regeneration of nNOS-positive penile dorsal nerve, 
penile dorsal artery, and penile sinusoids [ 23 ]. Tom Lue’s team also found out that 
Li-SWT promotes the re-endothelialization of the penile sinusoids and arteries and 
penile smooth muscle content [ 24 ]. These benefi cial effects are possibly mediated by 
increased recruitment of mesenchymal stem cells (MSCs) that promote the regenera-
tion of diabetes mellitus-damaged erectile tissues (Fig.  20.2 ). This group demon-
strated upregulation of the expression of α-SMA, vWF, nNOS, and VEGF. They also 
demonstrated that the therapeutic effect might relate to the treatment dose positively 

  Fig. 20.2    Potential mechanisms for the effects of low-intensity shock wave therapy on erectile 
function in diabetic animal models. Low-intensity shock wave therapy could partially ameliorate 
diabetes mellitus-associated ED by promoting regeneration of smooth muscle, endothelium, and 
nNOS-positive nerves, and low-intensity shock wave therapy appeared to be able to recruit endog-
enous mesenchymal stem cells, which had benefi cial effects for the repair of damaged tissue       
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and the maximal therapeutic effect was achieved in Li-SWT of 300 shocks per treat-
ment site and energy of 7.33 MPa [ 25 ]. After that, they decided to apply this ani-
mal model to human corpora cavernosum. The fi rst double-blinded placebo control 
showed that 68 % of the patients went from Erection Hardness Score (EHS) 1 and 
2 to EHS 3 and 4 involving patients responding to PDE5 Inhibitors. Another study 
demonstrated that the patients at baseline did not respond to PDE5 inhibitors but with 
the shock waves treatment, they regained their ability to respond to PDE5 inhibitors 
and to have sex life. It is possible that with further treatments, these patients will not 
require PDE5 inhibitors [ 25 ]. Also 6 months after the treatment, a signifi cant number 
of patients maintain their good result [ 26 ,  27 ] (Fig.  20.3 ).

        Conclusions 

 Regarded as a second-line treatment for ED, the main advantage of therapy with 
intracavernosal injections is that the erection achieved is predictable and occurs 
rapidly. Penile prosthesis implantation, the third-line treatment for ED, is one of 
the few successful surgical treatments for ED. Implantation of a penile prosthesis 
is usually the last resort for treatment of ED, when other modalities have failed 
or are not preferred by the patient. Low-intensity shock wave therapy is a nonin-
vasive treatment for ED with signifi cant results and with no side effects offering 
to the patient a more permanent solution.     
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21.1            Introduction 

 Sexual dysfunction is characterized by disturbances in sexual desire and in the 
psycho- physiological changes associated with the sexual response cycle in men 
and women [ 1 ]. Sexual dysfunction is highly prevalent in the general population 
and associated with psychological distress. It seems obvious that psychological 
factors play an important role in the etiology and maintenance of sexual prob-
lems. When we refer to psychological factors, we have to consider the impact of 
family origin, traumatic sexual experiences, religious and cultural beliefs, as well 
as personality characteristics. Sexual dysfunction is very common and seems to 
affect up to 46 % of the general population [ 2 ]. It is infl uenced by a variety of 
predisposing, precipitating, maintaining, and contextual factors [ 3 ]. Predisposing 
factors include constitutional and prior life experiences, precipitating factors trig-
ger sexual problems, maintaining factors include psychological problems such as 
low self-esteem or guilt, and fi nally contextual factors encompass the present-day 
stresses [ 4 ]. Sexual dysfunction may impair the whole life of affected persons. The 
literature shows that women with sexual problems report lower quality of life and 
less satisfaction [ 5 ]. Moreover, a high risk of female sexual dysfunction is related 
to depressive symptoms [ 6 ]. 

 Male sexual dysfunction (MSD) symptoms are highly prevalent and must be con-
sidered among the most frequently reported health complaints [ 7 ]. For all MSD’s, 
the negative impact on quality of life and satisfaction with sexual life and their 
 connection with psychosocial factors are documented in a number of studies [ 8 ]. 
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 Sexual dysfunction is more prevalent for women (43 %) than men (31 %) and 
is associated with various demographic characteristics, including age and educa-
tional attainment. Women of different racial groups demonstrate different patterns 
of sexual dysfunction. Differences among men are not as marked but generally con-
sistent with women. Experience of sexual dysfunction is more likely among women 
and men with poor physical and emotional health. Moreover, sexual dysfunction 
is highly associated with negative experiences in sexual relationships and overall 
well- being [ 7 ].  

21.2     Cognitive Behavioral Therapy 

 Cognitive behavior therapy (CBT) is a type of psychotherapeutic treatment that 
helps patients understand the thoughts and feelings that infl uence behaviors. CBT 
is commonly used to treat a wide range of disorders and is generally short term 
focusing on helping clients deal with a very specifi c problem. During the course of 
treatment, people learn how to identify and change destructive or disturbing thought 
patterns that have a negative infl uence on behavior. Cognitive behavioral therapy 
(CBT) refers to interventions that share the basic idea that mental disorders and 
psychological distress are maintained by cognitive factors. The core concept of this 
treatment approach, as pioneered by Beck [ 9 ], suggests that maladaptive cogni-
tions contribute to the maintenance of emotional distress and behavioral problems. 
According to Beck’s model, these maladaptive cognitions include general beliefs, 
or schemas, about the world, the self, and the future, giving rise to specifi c and 
automatic thoughts in particular situations. The basic model posits that therapeutic 
strategies to change these maladaptive cognitions lead to changes in emotional dis-
tress and problematic behaviors. 

 Consistent with the medical model of psychiatry, the overall goal of treatment 
is symptom reduction, improvement in functioning, and remission of the disorder. 
In order to achieve this goal, the patient becomes an active participant in a collab-
orative problem-solving process to test and challenge the validity of maladaptive 
cognitions and to modify maladaptive behavioral patterns [ 10 ].  

21.3     The Idea of Cognitive Schemas in Sexual Functioning 

 By defi nition cognitive schemas are responsible for the way people interpret and 
give meaning to all sorts of different experiences. When a negative sexual event 
takes place, schemas generate negative thoughts (demand for performance, antici-
pation) and emotions (sadness, fear), interfering with sexual arousal. As a result of 
all the above, a negative cycle could be established maintaining an individual’s poor 
sexual performance [ 11 ]. 

 Few studies have explored the role of cognitive schemas on sexual function-
ing. The application of the schema concept to the domain of sexual dysfunctions 

P.-A. Avagianou



207

has only recently begun to be noted. Cognitive schemas are ideas we have about 
ourselves, others, and the future that guide the way we give meaning to a particular 
event or situation. When the meaning is biased or inadequate, this may result in 
a dysfunctional emotional and behavior response. According to Alford and Beck 
[ 12 ], individuals may develop specifi c maladaptive schemas that can lead to the 
development of different psychopathologies. Beck [ 13 ] refers to two categories of 
negative schemas related to psychopathology: helpless schemas related to the idea 
that one is powerless or incompetent and unlovable schemas related to the idea of 
not being loved by others. In an attempt to connect this evidence with sexual dys-
function, it is interesting to refer to some clinical studies. Most studies suggest that 
men interpret sexual dysfunction as personal weakness and incompetence, better 
explained by the “helpless domain” [ 14 ]. On the contrary, for women most clinical 
evidence suggests that mainly social and interpersonal issues are involved in sexual 
dysfunctions, better explained by the “unlovability domain.” 

 Clinical observation and theoretical models emphasize the importance of core 
cognitive structures (schemas or core beliefs) on sexual dysfunctional processes 
[ 15 ,  16 ]. Barlow has worked on the study of cognitive factors underlying sexual 
dysfunctional behaviors. Barlow’s [ 17 ] cognitive-affective model postulated that 
the interaction between autonomic arousal (sympathetic activation) and cognitive 
interference plays a central role in determining sexually functional and dysfunc-
tional responses. More recently, Sbrocco and Barlow [ 14 ] and Wiegel et al. [ 18 ] 
further developed the original model, indicating that schematic vulnerability is one 
of the main components implicated in sexual dysfunction. They suggested that the 
schema concept consists of ideas people have about sexuality and themselves as 
sexual beings and includes a set of standards and expectations regarding sexual 
issues. They assumed that individuals with sexual dysfunction have a set of sexual 
beliefs that are most of the times unrealistic and infl exible. Usually, these beliefs 
facilitate the development of negative self-schemas and may contribute to the devel-
opment or maintenance of sexual diffi culties. 

 Studies about male and female versions of sexual self-schema [ 19 ,  20 ] have 
shown that women with negative sexual self-schemas present lower affective 
involvement with partner, higher avoidance of intimacy, and higher anxiety lev-
els of being unloved or abandoned. Furthermore, these studies have shown that 
[ 19 ,  20 ] both men and women with negative sexual self-schemas report lower fre-
quency of sexual activity and fewer sexual partners. Studies concerning the infl u-
ence of sexual self-schemas on sexual functioning have produced mixed results. 
In particular Andersen and Cyranowski [ 21 ] indicate that women with negative 
sexual self- schemas report less interest in sexual activity and less frequency of sex-
ual thoughts. Studies with men indicate that negative sexual self-schemas corre-
late with lower arousability levels [ 20 ]. Moreover, Cyranowski [ 21 ] noted that low 
interest for sex in women with negative sexual self-schemas does not mean that 
there is a sexual desire disorder. It therefore seems that the ability of the  concept 
of sexual self- schema to predict sexual dysfunction has not received conclusive 
empirical support.  
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21.4     Biopsychosocial Model: Integrated Treatment 

 The advancement of sexual medicine, as suggested by Berry and Berry [ 22 ], embod-
ied particularly in the revolutionary advances of pharmacotherapy. However, phar-
macotherapy as a stand-alone treatment option has been criticized as incomplete. 
It is widely argued that drug treatment alone often does not meet the standards of 
biopsychosocial therapy. This model of treatment appears to have an obvious mean-
ing (treatment of three facets of the patients’ biological, psychological, and social 
condition). However, research suggests that clear treatment algorithms are still in 
development [ 22 ]. 

 The term integrated is referred to the combination of psychological and medical 
interventions. Often medical treatments are directed at specifi c sexual dysfunctions 
and fail to address the psychological issues. Although medical treatments usually 
work, most of the individuals fail to continue treatment. Research suggests that this 
is a result of clinicians failing to address the relevant psychological and interper-
sonal issues [ 23 ]. 

 A meta-analysis study by Fruhauf and his colleagues [ 1 ] found evidence that 
psychological interventions are effective in improving both symptom severity and 
sexual satisfaction in patients with certain types of sexual dysfunction. The lack of 
treatment effi cacy studies for particular types of sexual dysfunction and pronounced 
use of particular intervention strategies have been reported in a number of review 
studies [ 24 ,  25 ]. In Frauhauf’s study [ 1 ], the evidence for the effi cacy of psychologi-
cal interventions differed across the target sexual dysfunctions. Signifi cant effects 
on symptom severity were found for patients with female hypoactive sexual desire 
disorder (FHSDD) and female orgasmic disorder (FOD). Frauhauf’s study also 
showed that well-established psychological interventions exist for FHSDD.  

21.5     Cognitive Behavioral Therapy for Sexual Dysfunctions 

 One of the most promising methods of treatment and one that has received some 
empirical support is cognitive behavioral therapy (CBT). CBT for impaired sexual 
desire, arousal, and orgasm is generally aimed at infl uencing maintaining factors 
[ 26 ]. CBT in sexual dysfunctions is based upon Masters and Johnson [ 27 ] work and 
Barlow’s model of sexual dysfunction [ 17 ]. Both models focus on the importance 
of attention in facilitating or hampering levels of sexual arousal. The goals of CBT 
for female sexual dysfunction are to help the individual refocus her attention on 
pleasurable sexual stimuli and to reduce levels of anxiety surrounding sexual activ-
ity through a combination of sensate focus exercises, exposure work, and cognitive 
restructuring [ 28 ]. 

 Considering the fact that hypoactive sexual desire disorder (HSDD) is the most 
prevalent female sexual complaint [ 4 ], it is of great interest to see the results of 
CBT in this particular disorder. The effi cacy of CBT for women with HSDD has 
been reported in a number of studies. In particular, McCabe [ 4 ] found that women 
who followed ten sessions of CBT (focusing on communication between partners, 

P.-A. Avagianou



209

increasing sexual skills, and reducing anxiety) reported improvement (44 %). In 
another study conducted by Trudel et al. [ 29 ], it was reported that only 26 % of 
low desire women continued to report problems after undergoing CBT. Moreover, 
compared to the control group, CBT resulted in a signifi cant improvement in the 
quality of sexual and marital life, sexual satisfaction, perception of sexual arousal, 
and sexual self-esteem. Hurlbert et al. [ 30 ] found that at 6-month follow-up women 
who participated in CBT group therapy sessions with their partner reported higher 
degree of sexual desire compared with women who participated alone. 

 As far as orgasmic disorders in women are concerned, Gunzler and Berner [ 31 ] 
suggest that behavioral approaches and sex therapy seem to have at least a short- 
term effi cacy. CBT (especially dilator exercises) was also found to be somewhat 
effective in women with vaginismus in some studies [ 32 ]. Cognitive behavioral 
couple therapy seems to improve the sexual function of women but not men. In par-
ticular it seems to be effective in vaginismus but not indicated in dyspareunia [ 33 ]. 

 As already mentioned above, studies concerning cognitive schemas suggest that 
specifi c faulty cognitive constructions underlying sexual dysfunctions and encour-
age the development of models and treatment approaches based on cognitive ther-
apy [ 11 ]. Studies suggest that men with sexual problems attribute negative sexual 
events to a personal incompetence, interpreting those situations as a sign of personal 
failure, along with beliefs of being different, powerless, and weak [ 34 ]. Moreover, 
Quinta Gomes and Nobre [ 35 ] refer that differences between men with and without 
sexual dysfunction were observed for difference, helpless, and incompetence sche-
mas, and the highest level of schema activation in the clinical group was observed 
for the incompetence domain. These fi ndings have some clinical implications for 
the assessment and treatment of sexual dysfunction. As Quinta Gomes and Nobre 
[ 35 ] suggest, the evaluation of individual’s core beliefs should be integrated into 
assessment protocols in sex therapy. Furthermore, individuals with sexual diffi cul-
ties would benefi t from cognitive techniques focused on restructuring maladaptive 
beliefs and behavior patterns involved in the maintenance of sexual problems.  

21.6     Conclusions and Recommendations 

 Advances in medical and psychological therapies for sexual dysfunctions must 
take into account the biopsychosocial infl uences of the patient, the partner, and the 
couple. Research on this fi eld is extremely limited and mainly based upon female 
sexual dysfunctions. One can say that psychological interventions can be recom-
mended as effective treatment options for particular types of sexual dysfunction 
since they have been shown to improve both symptom severity and sexual satisfac-
tion. When assessing the outcome of treatment for sexual dysfunctions, researchers 
often focus on sexual functioning only or combine measures of sexual functioning, 
sexual satisfaction, and sexual distress into a single outcome. Failing to identify and 
analyze these distinct outcomes may affect important fi ndings. 

 In summary, fi ndings suggest that cognitive schemas associated with sexual 
events are closely related to sexual dysfunctions emphasizing the need for evaluating 

21 Cognitive Behavioral Therapy in Sexual Dysfunction



210

cognitive structures and including cognitive therapy approaches. It would be of 
great interest—since early maladaptive schemas are created during the fi rst years 
of our lives—to research upon the factors that infl uence our cognitive schemas that 
are related to sexuality in general. Especially the family role and parental bonding 
might act as a predisposing or as a preventing factor towards sexual dysfunctions. 
However, there is a need for further psychotherapy research into these conditions. 
Research on future psychological interventions might address a systemic perspec-
tive beside disorder specifi city.     
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      Basic Principles of the Princeton 
Recommendations 

                Patrick     S.     Whelan      and     Ajay     Nehra    

22.1            Introduction 

 The Princeton Consensus Conference, an international, multidisciplinary collabo-
ration, designed to optimize the treatment of sexual dysfunction while preserving 
cardiovascular health, released their most recent recommendations in 2012. Initially 
convened in 1999 for the management of sexual dysfunction in men and women 
with known CVD, the Conference assigned risk stratifi cation to low- and high-risk 
patients based on existing CVD [ 1 ]. Low-risk patients could resume sexual activ-
ity with recommended treatment. Those in the high-risk group were recommended 
to stop sexual activity until proper treatment of CVD was initiated and disease 
stabilized. 

 New recommendations were released in 2005 from the second Conference 
with the inclusion of risk factor evaluations and lifestyle management in men with 
ED [ 2 ]. Additionally, recommendations of appropriate phosphodiesterase type 5 
(PDE5) inhibitors in men with ED and CVD were fi rst included [ 2 ]. 

 The 2012 recommendations updated the 2005 recommendations for cardiovas-
cular risk with sexual activity in men with known CVD and included predictive 
value of vasculogenic ED by assigning risk to men of all ages [ 3 ]. The main objec-
tive developed an approach to cardiovascular evaluation in men with ED, but no 
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known CVD [ 3 ]. Additionally, testosterone’s role in erectile function and cardiovas-
cular health were fi rst included in the recommendations. A thorough review of the 
epidemiology and physiology of ED, CVD, hypogonadism, the use of testosterone, 
and emerging risk factors based on current scientifi c evidence led to the most recent 
recommendations from the third Princeton Consensus Conference [ 3 ].  

22.2     Evaluation and Management of CV Risk in Patients 
with ED and No Known CVD 

 Cardiovascular risk is defi ned as the risk of morbid events over a 3- to 5-year inter-
val from the onset of ED [ 4 ,  5 ]. The Panel broadened the current 2010 American 
College of Cardiology Foundation/American Heart Association (ACCF/AHA) 
guidelines [ 6 ] for the assessment of cardiovascular risk to include cardiovascular 
risk assessment in asymptomatic men with ED. 

 ED should be used as an opportunity to evaluate CVD risk reduction [ 7 ]. This 
recommendation is based on studies that show that ED provides signifi cant predic-
tive value for cardiovascular events on par with traditional risk factors (such as 
family history of myocardial infarction (MI), smoking, and hyperlipidemia) [ 8 ,  9 ]. 
Additionally, ED is predictive of silent coronary artery disease (CAD) [ 3 ,  10 – 12 ] 
with a 2–5-year time window (class Ia) [ 4 ,  5 ,  13 ] before the onset of symptom-
atic CAD. ED shares several risk factors with CVD [ 14 ,  15 ] and evidence (class 
Ia) shows that it is an independent marker of increased CVD risk [ 16 – 22 ], CAD, 
peripheral arterial disease (PAD), stroke, and all-cause mortality [ 3 ,  23 ,  24 ]. When 
added to the Framingham Risk Score (FRS), 6.4 % of patients were reassigned from 
low risk to intermediate risk, nearly doubling their cardiovascular event probability 
[ 16 ]. Furthermore, ED appears to be more predictive of CAD in men aged 40–49 
as shown in the Olmsted County Study [ 25 ]. Epidemiologic data from Western 
Australia suggests that atherosclerotic cardiovascular events are seven times more 
likely in men <40 years old with ED [ 26 ]. Therefore, ED may be particularly ben-
efi cial in assessing cardiovascular risk in younger patients and minorities whose 
cardiovascular risk may be underestimated by the FRS [ 27 ,  28 ]. 

 Additionally, degree of ED severity must be assessed [ 3 ]. More severe ED has 
been associated with greater risk of cardiovascular events [ 29 ], CAD [ 24 ,  30 ], 
extent of CAD [ 11 ,  13 ,  31 ], and risk of PAD [ 23 ] (ACCF/AHA class Ia). This 
has been further supported in a recent meta-analysis of 36,744 men as displayed 
in Table  22.1  [ 22 ]. ED was shown to be an independent marker of cardiovascular 

   Table 22.1    Relative cardiovascular risks for men with ED [ 22 ]   

 Relative risk  95 % Confi dence interval   P  value 

 Overall  1.48  1.25–1.74  <0.001 

 CAD  1.46  1.31–1.63  <0.001 

 Stroke  1.35  1.19–1.54  <0.001 

 All-cause mortality  1.19  1.05–1.34  0.005 
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events and all- cause mortality in addition to conventional risk factors (i.e., age, 
weight, hypertension, diabetes (DM), hyperlipidemia, and smoking).

   The FRS is a very useful tool to estimate the 10-year cardiac event risk in patients 
and is supported by the 2010 ACCF/AHA guideline [ 6 ] for assessment of cardio-
vascular risk in asymptomatic adults (ACCF/AHA class I, LOE B) by incorporating 
age, sex, total cholesterol, high-density lipoprotein (HDL), and use of antihyperten-
sive medications to stratify CVD risk [ 32 ]. However, there is little data in patients 
less than 40 years old suggesting that FRS does not appropriately assess risk in 
younger patients, especially those with ED. It also lacks family history, fasting glu-
cose level, serum creatinine, urinary albumin to creatinine ratio, and potentially, 
testosterone level that should be considered to estimate cardiovascular risk in men 
with ED. The Consensus continues to recommend the FRS as a useful starting tool 
to estimate subclinical atherosclerosis in men with ED [ 3 ]. However, it cautions the 
use of the FRS alone in men with ED aged 30–60 years without further investigation 
to other CVD risk factors [ 3 ]. ED should alert the physician to increased CVD risk. 

 The Consensus recommends risk assessments to all men who present with ED 
regardless of other symptoms [ 3 ]. A man with organic ED is considered at increased 
CVD risk until further workup suggests otherwise. ED can help to identify increased 
CVD risk in patients both with and without CVD symptoms or event history. The 
Panel recommends the risk assessments outlined in Table  22.2  [ 3 ], consistent with 
the 2010 ACCF/AHA guidelines [ 6 ], to identify men who may need further CVD 
workup. Therefore, a complete, noninvasive workup, managed by the primary care 
physician or cardiologist, is recommended, with invasive workup if necessary [ 33 –
 36 ]. However, initial evaluation with more specialized tests may be warranted if 
symptoms suggest increased CVD risk [ 3 ].

   Given the signifi cant evidence that ED is predictive of future CVD, the Panel rec-
ommends that lifestyle modifi cations will not only improve cardiovascular health 
but also improve erectile function as shown in Table  22.3  [ 3 ,  38 ].

   Several of the recommendations are aimed at preventing progression and even 
helping to reverse atherosclerotic and other CVD [ 3 ]. DM is associated with a two-
fold increase in CVD [ 45 ] and is a CAD equivalent. A recent study of 4,883 men 
and women 65 years and older followed for 10 years suggested that 90 % of new 
cases of DM were preventable if patients were in the low-risk group fi ve lifestyle 
factors shown in Table  22.4  [ 46 ].

   Waist circumference and waist to hip ratio are better predictors of cardiovascular 
outcomes than BMI [ 47 ,  48 ]. This is thought to be due to the secretion of excess 
free fatty acid, infl ammatory cytokines, and reduced secretion of adiponectin from 
abdominal fat [ 49 ]. Chronic kidney disease also conveys signifi cant cardiovascular 
morbidity and mortality. eGFR <60 ml/min and urinary albumin to creatinine ratios 
greater than 10 mg/g are associated with increased cardiovascular mortality inde-
pendent of other traditional risk factors [ 50 ,  51 ]. 

 Testosterone measurement has recently become controversial in men without 
symptoms of low testosterone. Testosterone plays important functions centrally and 
peripherally in erectile function in animal models [ 52 – 55 ]. This data has been con-
sistent with clinical data. A single-center study of 1,050 men with new evaluation 
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   Table 22.2    Recommendations for assessment of CVD in men with ED and no known CVD   

 Patient history  History, age, comorbid conditions (i.e., obesity, hypertension, dyslipidemia, 
prediabetes, OSA) 

 Family history of premature atherothrombotic CVD (father aged <55 years 
or mother aged <65 years at cardiovascular event; ACCF/AHA class I, 
LOE B) 

 Lifestyle factors (i.e., diet, alcohol use, sedentary lifestyle, and smoking) 

 Physical exam  BP, waist circumference (WC), body mass index (BMI) 

 Cardiac auscultation, carotid bruits, and palpation of femoral and pedal 
pulses 

 Fundal arterial changes 

 ED severity (using the International Index of Erectile Function score or 
Sexual Health Inventory of Men) and duration 

 Laboratory
testing 

 Fasting plasma glucose level 

 Serum creatinine level (estimated glomerular fi ltration rate (eGFR)) 

 Albumin to creatinine ratio 

 Total testosterone (TT) level before 11 AM 

 Plasma lipid levels including total, low-density lipoprotein (LDL), and 
high-density lipoprotein cholesterol and triglyceride levels 

 High-sensitivity C-reactive protein (hsCRP) (ACCF/AHA class IIb, LOE 
B in asymptomatic, intermediate-risk men ≤50 years) [ 6 ] 

 Glycated hemoglobin (ACCF/AHA class IIb, LOE B in asymptomatic 
adults without diagnosis of DM) [ 6 ] 

 Urinary albumin excretion (ACCF/AHA class IIa, LOE B in asymptomatic 
adults with hypertension or DM; ACCF/AHA class IIb, LOE B in 
asymptomatic, intermediate-risk adults without hypertension or DM) [ 6 ] 

 Serum uric acid and lipoprotein-associated phospholipase A2 (ACCF/
AHA class IIb, LOE B in asymptomatic, intermediate-risk adults) [ 6 ] 

 Invasive 
radiographic 
testing 

 Exercise stress testing (EST) (ACCF/AHA class IIb, LOE B in 
asymptomatic, intermediate-risk adults when nonelectrocardiogram markers 
are considered rather than ST-wave changes) [ 6 ,  37 ] 

 Resting electrocardiogram (ACCF/AHA class IIa, LOE C in asymptomatic 
adults with hypertension or DM and ACCF/AHA class IIb, LOE C in 
asymptomatic adults without hypertension or DM) 

 Carotid intima-media thickness (CIMT) (ACCF/AHA class IIa, LOE B 
in asymptomatic, intermediate-risk adults) 

 Computed tomography for coronary artery calcium scoring (CACS) 
(ACCF/AHA class IIa, LOE B in asymptomatic, intermediate-risk men 
≥40 years; ACCF/AHA class IIb, LOE B in low to intermediate risk 
[6–10 % 10-year risk] in men ≥40 years) 

 Ankle-brachial index (ABI) (ACCF/AHA class IIa, LOE B in 
asymptomatic, intermediate-risk adults) 

 CCTA (ACCF/AHA class III, LOE C in asymptomatic patients) 

 Pulse wave velocity (PWV) (ACCF/AHA class III, LOE C in 
asymptomatic patients) 

 Noninvasive assessment of endothelial function (i.e., brachial artery 
fl ow-mediated dilation) (ACCF/AHA class III, LOE B in asymptomatic 
adults) 
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for sexual dysfunction found that 36 % had hypogonadism [ 56 ]. A meta- analysis of 
7,000 men with ED in nine studies reported serum testosterone levels <300 ng/dL in 
12 %. Hypogonadism is a potential cause of ED [ 57 ,  58 ], and testosterone replace-
ment therapy (TRT) has been shown to improve response [ 58 ]. Recently, several 
large epidemiologic studies have associated low testosterone levels with increased 
all-cause and cardiovascular mortality shown in Table  22.5  [ 59 – 67 ]. However, cau-
tion should be advised, as there is no defi ned lower limit of normal TT.

   Additionally, a 2010 meta-analysis of cohort studies in middle-aged men showed 
no association between endogenous TT levels and CVD risk in middle-aged men [ 68 ]. 
A more recent meta-analysis of 49 cross-sectional studies showed increased CVD in 
low TT levels and high estradiol levels [ 69 ]. However, a separate meta-analysis of 19 
studies showed that low TT does not correlate with CVD in healthy men <70 years 
[ 68 ]. The same study, did however, show that low testosterone predicts increased risk 
for CVD and mortality in elderly men [ 68 ]. Nonetheless, the authors cautioned that 
low TT may be a marker of poor health, rather than testosterone being protective of 
CVD. This idea is consistent with studies that androgen defi ciency is associated with 
insulin resistance, DM II, metabolic syndrome, and increased deposition of visceral 
fat [ 70 – 73 ]. The TIMES2 (Testosterone Replacement in Hypogonadal Men With 
Either Metabolic Syndrome or Type 2 DM) study, a randomized, placebo-controlled 
study of 6–12 months of transdermal TRT vs. placebo in hypogonadal men with DM 
II, resulted in improved insulin resistance and glycemic control (ACCF/AHA class 
Ib) [ 74 ]. Additionally, a meta- analysis of fi ve other randomized controlled trials with 

   Table 22.3    Lifestyle modifi cations shown to improve cardiovascular health   

 Modifi cation  Clinical benefi t 

 Smoking cessation  36 % decrease in mortality in CAD in a meta-analysis of 
prospective cohort studies [ 39 ] 

 Regular dynamic exercise  Reduced incidence of DM II and CAD by 30–50 % in 
physically active compared to sedentary patients [ 40 – 43 ] 

 Weight loss, dietary changes, and 
moderate alcohol consumption 

 Improved diet was shown to reduce CAD mortality by 
36 % [ 44 ] 

   Table 22.4    Low-risk lifestyle factors linked to preventing DM [ 46 ]   

 Physical activity  Leisure-time activity 

 Walking pace above the median 

 Diet  High-fi ber intake 

 High polyunsaturated to saturated fat ratio 

 Low trans-fat intake and low mean glycemic index 

 Smoking  Never smoker 

 Former smoker more than 20 years ago or for fewer than 5 
pack-years, 

 Alcohol use  Predominately light or moderate 

 BMI and WC  BMI <25 

 WC <88 cm and <92 cm for women and men, respectively 
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mean follow-up of 58 weeks showed TRT to be associated with a signifi cant reduction 
in glucose homeostasis model assessment of insulin resistance index, triglycerides, 
and WC and an increase in HDL levels [ 75 ]. Nonetheless, randomized controlled tri-
als for TRT risks and benefi ts are needed to establish CVD risk and mortality. 

 The American College of Physicians recommends only testing for testoster-
one levels in men with ED when accompanied by the presence of other symptoms 
(decreased libido, decreased spontaneous erection) or other physical exam fi nd-
ings (testicular mass or muscle atrophy) [ 76 ]. Conversely, the Consensus recom-
mends CVD risk and testosterone levels be measured in all men diagnosed with 
organic ED [ 3 ], especially for those who have failed PDE5 inhibitor therapy [ 6 ], 
consistent with British Society for Sexual Medicine [ 77 ], International Society for 
Sexual Medicine [ 78 ], Endocrine Society [ 79 ], and a combined proposal from the 
International Society of Andrology, International Society for the Study of the Aging 
Male, European Association of Urology European Academy of Andrology, and the 
American Society of Andrology [ 80 ] as outlined in Fig.  22.1  [ 81 ].

   High sensitivity C reactive protein (hsCRP) is an independent predictor of coro-
nary events after adjustment of traditional risk factors [ 6 ,  82 – 84 ] (i.e., age, total 
cholesterol, HDL, smoking, BMI, DM, hypertension, exercise level, and family his-
tory of CAD). Consequently, the Centers for Disease Control and Prevention and 
AHA recommended measurement of the hsCRP in addition to global risk prediction, 
especially those with intermediate risk [ 85 ]. The hsCRP level was also shown to 
improve the predictive value of the FRS in high-risk patients for CAD [ 86 ]. Similar 
evidence was also noted in a meta-analysis of 54 long-term prospective studies 
without history of vascular disease where high CRP was associated with increased 
risk of CAD, cerebrovascular disease, vascular mortality, and nonvascular mortality 

   Table 22.5    Low testosterone levels and increased mortality rates in recent publications with 
populations greater than 500 men   

 Reference  HR (95 % CI)  Study design  Men (no.) 

 Avg 
follow-up 
(year)  Mortality 

 Shores et al. [ 59 ]  1.88 (1.34–2.63)  Retrospective  858  8.0  All-cause 

 Laughlin
et al. [ 60 ] 

 1.40 (1.14–1.71)  Prospective  794  20.0  All-cause 

 1.38 (1.02–1.85)  CVD 

 Khaw
et al. [ 61 ] 

 2.29 (1.60–3.26)  Prospective  2,314 of 
11,606 

 10.0  All-cause 
and CVD 

 Haring
et al. [ 62 ] 

 2.32 (1.38–3.89)  Prospective  1,954  7.2  All-cause 

 2.56 (1.15–6.52)  CVD 

 Malkin
et al. [ 63 ] 

 2.27 (1.45–3.60)  Prospective  930  6.9  All-cause 
in men 
with CAD 

 Tivesten et al. [ 64 ]  1.65 (1.29–2.12)  Prospective  3,014  4.5  All-cause 

 Menke et al. [ 65 ]  1.43 (1.09–1.87)  Prospective  1,114  9.0  All-cause 

 Vikan et al. [ 66 ]  1.24 (1.01–1.54)  Prospective  1,568  11.2  All-cause 

 Corona et al. [ 67 ]  7.1 (1.8–28.6)  Prospective  1,687  4.3  CVD 
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[ 87 ]. Additionally, there is evidence that hsCRP correctly reclassifi es patients from 
intermediate-risk CVD to low or high risk [ 88 ]. 

 Serum uric acid levels in asymptomatic patients are not specifi cally addressed in 
the 2010 ACCF/AHA guidelines [ 6 ]; however, the Consensus recommends serum 
uric acid measurement due to recent evidence that increased levels are predictive of 
increased cardiovascular risk [ 89 ]. 

 A recent analysis from the Atherosclerosis Risk in Communities Study found that 
the addition of glycated hemoglobin to prediction models with traditional risk factors 
improved CAD risk prediction in nondiabetic patients with no previous history of 
CVD [ 90 ]. A meta-analysis of 26 cohort studies showed that microalbuminuria was 
associated with a 50 % increased risk of CAD. Macroalbuminuria more than doubled 
CAD risk [ 91 ]. However, overall there is inconsistency regarding adding glycated 
hemoglobin and urinary albumin to traditional risk factors in reassessing CVD risk. 

 Lipoprotein-associated phospholipase A2 levels were shown to be independent 
predictors of CVD in healthy adults after adjustment for hsCRP and standard risk 
factors [ 92 – 95 ]. Measurement of lipoprotein-associated phospholipase A2 is con-
sistent with the 2010 ACCF/AHA guidelines for intermediate-risk adults [ 6 ]. 

 EST may prove particularly benefi cial to evaluate silent CAD risk in patients 
with ED and DM. In patients with DM II, 33.8 % of men with silent CAD had ED, 
while only 4.7 % of men had ED without silent CAD [ 10 ]. Chemical stress testing 
(with dipyrimadole or adenosine with nuclear imaging) is appropriate for patients 
who cannot undergo EST due to disabling condition [ 3 ]. If the baseline EKG makes 
EST unequivocal, the Panel recommends referral to a cardiologist [ 3 ]. 

 The 2010 ACCF/AHA guidelines state that it is reasonable to perform CIMT, 
CACS, and ABI during CVD assessment of intermediate-risk patients [ 6 ]. This was 

  Fig. 22.1    TRT algorithm in men with ED. Use caution in those with congestive heart failure due 
to fl uid retention. Men >70 years and those with multiple comorbidities should be treated with 
easily titratable TRT such as gel, spray, or patch for rapid removal should adverse effects develop. 
Baseline prostate- specifi c antigen and hematocrit testing required every 6 months       
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further supported by the Society for Heart Attack Prevention and Eradication task 
force that stated all asymptomatic men 45–75 years and women 55–75 years who do 
not have very-low-risk characteristics or a documented history of CVD be evaluated 
with CACS or CIMT for subclinical CAD [ 96 ]. Analysis from the Atherosclerosis 
Risk in Communities Study, CIMT, and plaque detection with ultrasound added to 
traditional risk factors improved CAD detection [ 97 ]. The Multi-Ethnic Study of 
Atherosclerosis showed that CACS has better predictive value of CVD than CIMT 
[ 98 ]. A meta-analysis of 16 population-based cohort studies showed that ABI ≤0.90 
was associated with twice the 10-year overall mortality, cardiovascular mortality, 
and cardiovascular events than each FRS category [ 99 ]. Recent meta-analysis of 17 
longitudinal studies with 7.7-year average follow-up found that patients with high 
aortic PWV were also at higher risk for overall mortality, cardiovascular mortality, 
and cardiovascular events [ 100 ]. 

 Although endothelial dysfunction has yet to be thoroughly studied in men with 
ED, endothelial dysfunction was found to be an independent predictor of cardiac 
death, MI, revascularization, or cardiac hospitalization in symptomatic outpatients 
over 7-year follow-up [ 101 ]. Additionally, brachial artery endothelial function 
assessed by fl ow-mediated dilation [ 102 ,  103 ] or in the forearm microvasculature 
assessed by Doppler fl ow [ 104 ] predicted poor cardiovascular outcome independent 
of the FRS.  

22.3     Management of ED in the Patient with Known CVD 

 Previous recommendations from the prior two Princeton Consensus Conferences 
stratifi ed patients into low-, intermediate-, and high-risk categories, where risk is 
defi ned as the likelihood of morbidity and mortality while engaged in or shortly 
after sexual activity [ 1 ,  2 ]. A number of groups were stratifi ed into different groups 
in the most recent Conference. Patients with New York Heart Association (NYHA) 
class II CHF are low risk rather than intermediate risk, NYHA class III CHF are 
intermediate risk rather than high risk, and patients with mild, stable angina, and 
those with past MI (>6–8 weeks) are intermediate risk rather than low risk. 

 As discussed previously, a sexual inquiry into all men with ED should be under-
taken to identify potential cardiovascular risk factors and incorporate lifestyle and 
therapeutic interventions as needed [ 3 ]. Exercise tolerance should be evaluated 
in all patients with ED [ 105 ]. A recent meta-analysis of ten studies showed that 
episodic activity was associated with an increased risk of MI and sudden cardiac 
death (SCD). However, this effect was attenuated in those with high habitual levels 
of activity. For every hour per week exposed in physical activity, the relative risk 
for MI and SCD was decreased by 45 % and 30 %, respectively [ 106 ]. This may 
aid in physicians to estimate cardiovascular risk associated with sexual activity in 
patients. Patients are placed in appropriate groups for treatment based on symptoms 
and recent cardiovascular events with appropriate treatment regimens outlined in 
Fig.  22.2  [ 3 ].
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  Fig. 22.2    Management of men with ED and known CVD       
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   Interventions for the management of ED should not compromise cardiovascu-
lar function. The second Princeton Recommendations highlighted the pharmaco-
logic treatment of ED [ 2 ]. PDE5 inhibitors have been safely shown to improve ED 
as the fi rst-line treatment without new signifi cant cardiovascular events in recent 
analysis of placebo-controlled and postmarketing surveillance data [ 107 ,  108 ]. It is 
important to educate patients on the interaction between organic nitrates, used for 
angina treatment, and PDE5 inhibitors. Due to the possibility of marked systemic 
hypotension, organic nitrates and PDE5 inhibitors are absolutely contraindicated 
[ 109 – 111 ]. If angina should develop with a PDE5 inhibitor present, at least 24 h 
for a short- acting PDE5 inhibitor (sildenafi l, vardenafi l) must elapse [ 112 ] prior 
to nitrate therapy, and at least 48 h must elapse for a long-acting PDE5 inhibitor 
(tadalafi l) [ 113 ]. 

 Alpha-blockers have varying degrees of interaction with PDE5 inhibitors that 
warrants starting at low dose of alpha-blockers until patients can adjust [ 2 ,  114 ]. 
Vardenafi l has increased QTc by 6–9 ms and is not recommended in men taking 
type 1A or type 3 antiarrhythmic agents or men with known congenital prolonged 
QT interval [ 109 ]. The beta-blocker nebivolol is less likely to cause ED than other 
beta-blockers due to direct vasodilating properties [ 115 – 117 ]. Angiotensin receptor 
blockers have also been shown to less likely cause ED than diuretics [ 118 ,  119 ]. 
Additionally, statins have been reported to improve erectile function in men both 
with and without PDE5 inhibitors [ 120 – 123 ]. However, recent data showed that 
men reported new onset ED in 22 % of 93 high-risk men after 6 months of statin use 
[ 124 ]. Overall, there is a lack of placebo-controlled studies on erectile function in 
men taking medications to treat CVD. 

 In addition to their well-known treatment of ED, studies have actually shown a 
possible role for PDE5 inhibitors in the management of hypertension [ 125 – 128 ] and 
endothelial dysfunction [ 129 – 131 ] in patients at risk for CVD. This is not entirely 
surprising given their initial design for the treatment of pulmonary hypertension. 
In addition to PDE5 inhibitors, TRT should be incorporated for men as discussed 
previously. This can be incorporated initially or after PDE5 failure [ 58 ,  132 ]. Other 
nonpharmacologic approaches [ 2 ] such as exercise, weight loss [ 133 ,  134 ], and 
acknowledging partner and relationship factors [ 135 – 138 ] should be incorporated 
at all points. 

 Due to the evidence that suggests there is a window where ED presents prior 
to symptomatic CAD, ED may serve as a valuable identifi er for men who should 
undergo a more extensive cardiovascular risk assessment [ 3 ]. This workup should 
be performed prior to resuming sexual activity with appropriate interventions as 
needed. A patient’s cardiovascular health must be properly evaluated and optimized 
prior to beginning therapy for ED as well. Lifestyle modifi cations are benefi cial not 
only to improving cardiovascular health but also erectile function. The Princeton 
Consensus Panel recommends a collaborative, multidisciplinary approach to the 
management of all men with ED with primary care, cardiologic, endocrine, and 
urologic specialists [ 3 ].     
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23.1            Introduction 

 Sexuality is a very important characteristic of human beings, both at the reproduc-
tive and the recreational level. Therefore, sexual activity is not only essential for the 
human reproduction but is also an essential component of life quality. For years, it 
was believed that sexuality is not important among older or the diseased individu-
als. However, it is currently recognized that sexuality is maintained even in the very 
elderly and keeps playing an important role in patients with overt cardiovascular 
disease [ 1 ]. 

 “Sexual championship” is the most signifi cant physiological and sociological 
problem of sexuality nowadays. Males engage in sports such as soccer, basketball, 
football, baseball, or tennis in order to enjoy themselves without fi nding it essential 
to be champions [ 2 ]. However, when it comes to sex, everyone feels the need to be 
a champion in this, to be the Michael Jordan, Joe DiMaggio, Bjorn Borg, or Usain 
Bolt. Moreover, men feel the need to compare their sexual ability with the former 
men of their sexual partners and beat them in every aspect. 

 Another signifi cant problem is the diffi culty in communication, both from the 
patients and the physician’s side. Sexuality was for centuries a “taboo” issue with 
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several cultural, religious, and societal factors dictating a secrecy and intimacy in 
discussing these issues. From the other part of the hill, physicians are frequently 
reluctant to open a discussion about sexuality due to several factors including 
intimacy, lack of familiarity, and lack of training on and knowledge about sexual 
function [ 3 ]. 

 Erectile dysfunction is highly prevalent among males with overt cardiovascular 
disease or cardiovascular risk factors [ 4 – 6 ]. Erectile dysfunction exerts a signifi cant 
negative impact on the quality of life of patients and their sexual partners. Two fac-
tors are of major clinical importance and need to be highlighted: (a) reduced sexual 
activity is frequently encountered in patients following a cardiovascular event and 
(b) erectile dysfunction is frequently underreported, under-recognized, and under-
treated [ 7 ,  8 ]. Therefore, sexual counseling in patients with cardiovascular disease 
is of utmost importance both for patients and their sexual partners. 

 This review aims to summarize the topics that need to be addressed during sexual 
counseling in patients with cardiovascular disease and critically discuss the prob-
lems observed in everyday clinical practice.  

23.2     Sexual Counseling 

 Patients suffering a major cardiovascular event (myocardial infarction, stroke), 
undergoing a cardiac procedure (percutaneous coronary intervention, coronary 
artery bypass graft, and defi brillator), or having cardiovascular disease (heart failure, 
angina) many times experience fear in engaging to sexual activities [ 9 ]. Therefore, 
sexual counseling need not only to appropriately identify and manage patients with 
erectile dysfunction but also to adequately address factors limiting sexual activity in 
patients with cardiovascular disease [ 10 ,  11 ]. 

 Sexual counseling is a complex process during which a health-care professional 
advises patients regarding the initiation of sexual activity following an acute cardio-
vascular event; discusses with the patient any concerns, fear, or distress regarding 
sexual activity; and involves the sexual partner of the patient in order to diminish 
any potential problems regarding a safe and enjoyable sexual life in patients with 
cardiovascular disease [ 12 – 14 ]. Sexual counseling might be a short-term or long- 
term process, either provided once immediately after an acute event or as a part of 
prolonged counseling when concerns are still present and not adequately addressed 
[ 12 ,  13 ]. The importance of sexual counseling in patients with cardiovascular dis-
ease was recently highlighted by the publication of a joint scientifi c statement from 
the American Heart Association and the European Society of Cardiology [ 14 ]. 

 Sexual counseling covers a wide range of topics, which should be addressed in 
patients with cardiovascular disease, trying to provide answers in the most clinically 
meaningful and usual questions patients usually ask, such as the following: (a) Is it 
safe to engage in sexual intercourse? (b) When (following an acute event)? (c) How 
intense? (d) Which sexual position is better? (e) Is sexual activity affected by con-
comitant drugs or disease? (f) Is it safe to use phosphodiesterase-5 (PDE-5) 
inhibitors?  
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23.3     Safety of Sexual Activity 

 Several lines of evidence strongly indicate that exercise capacity is associated with 
reduced risk for cardiovascular morbidity, cardiovascular mortality, and all-cause 
mortality in health and in disease [ 15 – 22 ]. The benefi ts of regular exercise have 
been also shown in several studies. However, some evidence suggests that acute vig-
orous exercise might in fact trigger an acute cardiac event [ 23 – 26 ]. Acute cardiac 
events may occur during or immediately after sexual intercourse and are defi ned as 
sexually induced or coital acute cardiac events. Coital angina or “angina d’amour” 
is not very common since it consists less than 5 % of angina events [ 27 ]. 

 A recent systematic review and meta-analysis evaluated the association of epi-
sodic physical and sexual activity with triggering of acute cardiac events (myocar-
dial infarction, acute coronary syndrome, sudden cardiac death) [ 28 ]. It was found 
that episodic sexual activity was associated with a signifi cantly increased risk of 
myocardial infarction (relative risk, 2.70; 95 % CI, 1.48–4.91). Two points need, 
however, to be highlighted. First, the absolute rate of events is substantially low due 
to the infrequent and transient nature of sexual activity. It has been estimated that 
the absolute rate of myocardial infarction is 2–3 per 10,000 person-years (1 per 
10,000 person-years for sudden cardiac death) for every 1 h of additional sexual 
activity per week. Second, the association between sexual activity and acute cardiac 
events greatly depends on habitual physical activity. It has been estimated that the 
relative risk for myocardial infarction and sudden cardiac death is reduced by 45 
and 30 %, respectively, for every additional time per week an individual is engaged 
in physical activity. 

 An individual who achieves more than 3–5 METs during treadmill exercise test 
without development of symptoms (angina, excessive dyspnea), ischemia at electro-
cardiogram, hypotension, or arrhythmia is likely to engage in sexual intercourse 
without signifi cant risk [ 29 ]. Therefore, it seems prudent to recommend an exercise 
stress test in patients who are at intermediate and especially at high cardiovascular 
risk [ 30 – 35 ].  

23.4     Re-initiation of Sexual Activity 

 No hard data exist determining the right time to engage in sexual activity follow-
ing an acute event. In the absence of robust evidence-based recommendations, it is 
essential to provide clinical-based recommendations according to a rational inter-
pretation of available data using clinical judgment and common sense [ 36 ]. In addi-
tion, advice should be disease specifi c as different time intervals seem to apply in 
different forms of cardiovascular disease. 

 Following an acute myocardial infarction, it seems reasonable to recommend 
re- initiation of sexual activity after 1 week, in the case that the patient had no sig-
nifi cant complications during hospital stay (heart failure, arrhythmias, recurrent 
angina, etc.), and mild-to-moderate physical activity is not accompanied by angina 
or dyspnea. The recommendation refl ects our current approach regarding physical 
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activity following an acute myocardial infarction, although specifi c data regarding 
the safe re-initiation of sexual activities is missing. 

 Following a cardiovascular operation, either coronary artery bypass grafting or 
noncoronary open-heart operation, it seems reasonable to re-initiate sexual activity 
after 6–8 weeks. This requires that no severe complications occurred following the 
operation and the surgical trauma is adequately healed.  

23.5     Intensity of Sexual Activity 

 The intensity of sexual activity depends on the type of sexual activities and the 
duration of sex. 

 The energy expenditure is low during sexual foreplay (hugging, kissing, caress-
ing), increases with sexual activities other than intercourse (oral sex, masturbation), 
and peaks with sexual intercourse. The effects of different sexual activities were 
assessed in one study by measuring the rate-pressure product and oxygen uptake. It 
was found that noncoital sexual activities (noncoital stimulation of male by female 
and male self-stimulation) were associated with lower energy expenditures than 
coital activities [ 37 ]. 

 Sexual activity is more or less a form of exercise. Blood pressure reaches a 
peak during the beginning of plateau phase of sexual cycle and returns to baseline 
at 10 min after orgasm, while heart rate peaks at the beginning of orgasm and 
drops to baseline after 10–20 min [ 38 ]. It has been shown that sexual activity 
provides modest physical stress, which is comparable to the energy expenditure 
observed with Stage II of the Bruce treadmill exercise protocol for men and Stage 
I for women. In addition, the duration of treadmill exercise predicts the duration 
of sexual activity. In a study of 32 middle-aged individuals, per minute of tread-
mill exercise duration, an increase of 2.3 min in sexual activity duration has been 
observed [ 39 ]. 

 The duration of sexual intercourse obviously matters. Patients with premature 
ejaculation (<1 min following vaginal penetration) require less energy than patients 
with normal and especially delayed ejaculation (>20–30 min). It seems rationale to 
tailor the intensity of sexual activities according to individual’s exercise capacity 
and symptomatology. Coital angina or dyspnea during sexual intercourse should 
guide the engagement to sexual activities. 

 Heart failure is a very good example of individualized sexual counseling. Sexual 
problems are very common in patients with heart failure, especially in decompen-
sated forms [ 40 ]. Individuals suffering from heart failure often experience shortness 
of breath and fatigue [ 41 ], limiting their sexual ability. It is therefore not surprising 
that patients with heart failure ask for clear and specifi c information; they are not 
content with general and vague advice; they are absolutely unsatisfi ed by the failure 
of treating physicians to appropriately discuss this issue and provide relevant infor-
mation [ 40 ,  42 ]. 

 Patients with advanced or even decompensated heart failure (classes III and IV 
according to New York Heart Association) should defer from sexual intercourse 
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until their condition is improved or at least stabilized with medical therapy. Patients 
with milder forms of heart failure (classes I and II) may participate in sexual activi-
ties depending on their symptoms and exercise capacity. In case dyspnea or angina 
occurs with intense sexual activities, alternative forms of sexual activity, convenient 
positioning, and prolonged relaxation before activities might be extremely helpful 
and provide sexual satisfaction.  

23.6     Sexual Positioning 

 Sexual positions seem to affect the energy expenditure of sexual intercourse. Some 
sexual positions require less energy (man on bottom, side by side) than others (man 
on top, man on the back, anal sex), and the energy expenditure is usually less with 
long-time sexual partners than with new partners, young partners (especially with 
large age-difference), and extramarital affairs. 

 A small study evaluated the effects of sexual positioning by measuring the rate- 
pressure product and oxygen uptake. It was found that the man on top positioning 
required higher expenditure than the man on bottom positioning [ 37 ]. Although 
available data do not allow for defi nite conclusions, it seems rationale to recom-
mend convenient and less stressful positions in patients with cardiovascular disease 
and impaired exercise capacity. Sexual positioning is also important in some occa-
sions, such as in patients with coronary artery bypass graft, pacemakers, implant-
able defi brillators, or left ventricular assist devices. 

 Extramarital sex needs to be highlighted. A Japanese study reported that 47 out 
of 67 deaths directly related to sexual activity occurred in the context of extramarital 
relations, mostly in brothels or hotel rooms [ 43 ]. A retrospective, postmortem study 
from Germany confi rms the risks of extramarital sex. Almost 27,000 forensic autop-
sies were performed during a 27-year period, and 48 deaths occurred during sexual 
activity (0.18 %). Deaths occurred almost exclusively in men (45/48 cases), and the 
vast majority occurred during an extramarital intercourse (36/48 cases), usually 
with prostitutes at unfamiliar environments (brothels, hotels) [ 44 ]. Similarly, death 
was preceded by extramarital intercourse in 23 out of 30 fatal events in a forensic 
autopsy study from Berlin [ 45 ]. In another small study from Korea, only one out of 
14 cases of sexual activity-related sudden death occurred with a marital partner, 
while the others occurred at an extramarital context [ 46 ].  

23.7     Comorbidities: Concomitant Medication 

 Erectile dysfunction is a vascular disease and frequently encountered in patients 
with traditional cardiovascular risk factors, especially hypertension and diabetes 
mellitus [ 3 – 6 ]. However, other factors are also implicated in erectile dysfunction, 
beyond cardiovascular risk factors, including chronic pain, arthritis, depression, and 
anxiety [ 47 ,  48 ]. The impact of concomitant disease is signifi cant in patients with 
cardiovascular disease, and especially in stroke patients [ 49 ]. 
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 Stroke survivors may experience functional disability (hemiparesis) or speaking 
problems (aphasia, dysphasia) that may signifi cantly impair the ability for sexual 
activities, verbal intimacy, and overall sexual satisfaction. Stroke patients are usu-
ally old with several concomitant disease conditions that may contribute to sexual 
dysfunction. Moreover, patients with stroke may have low self-esteem and emo-
tional problems that are frequently associated with depression and anxiety [ 50 ]. The 
latter psychological factors are associated with sexual problems as shown by several 
lines of evidence [review depression, anxiety]. Specifi c tools to overcome physical 
disability and verbal communication problems may be extremely helpful in stroke 
patients [ 51 ,  52 ]. 

 The impact of concomitant medication is also very signifi cant. Patients with car-
diovascular disease frequently use drugs that may affect erectile function [ 53 ,  54 ]. 
Diuretics and beta-blockers are the most implicated drug categories, while some 
agents might exert even benefi cial effects [ 55 ,  56 ]. It has to be noted, however, that 
the treating physician has to balance the necessity of administering the implicated 
drug for the primary condition, the probability of the drug to cause sexual problems, 
and the potential benefi t of switching therapy, taking into account patient’s wish. 
Regarding beta-blockers, the “true” detrimental effects on erectile function have 
been recently questioned [ 57 ]; however, the vast majority of available evidence 
point towards a negative effect of this drug category on erectile function, excluding 
nebivolol [ 58 ].  

23.8     PDE-5 Inhibitors 

 PDE-5 inhibitors revolutionized the management of patients with erectile dys-
function. PDE-5 inhibitors have vasorelaxant properties, which must be taken into 
account when these agents are administered in patients with cardiovascular disease. 
Accumulating data indicate that PDE-5 inhibitors can be safely administered in 
patients on multiple, perplexed therapeutic regimes, even in patients with cardiovas-
cular risk factors or overt cardiovascular disease [ 59 ,  60 ]. However, one exception 
and one precaution apply. Coadministration with nitrates is contraindicated, while 
precaution is needed with alpha-blockers [ 3 – 6 ]. 

 Indeed, potentially life-threatening episodes of symptomatic hypotension have 
been observed with coadministration of PDE-5 inhibitors with organic nitrates [ 61 ]. 
Coadministration with alpha-blockers is no longer contraindicated. However, the 
risk of excessive hypotension (especially orthostatic) calls for special care. It seems 
rationale to recommend administration of low-dose PDE-5 inhibitors in patients 
receiving alpha-blockers and vice versa initiation of low-dose alpha-blockers in 
patients receiving PDE-5 inhibitors [ 54 ], with close patient monitoring.  

    Conclusions 
 To conclude, sexual dysfunction, although frequently underreported, under- 
recognized, or underdiagnosed, is still an issue of great importance that over-
shadows the quality of everyday life of the patients regardless their gender or 
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age. As such, individualized sexual counseling aiming to establish a healthy 
sexual life for both patients and their sexual partners should be properly pro-
vided. Patients with overt cardiovascular disease or existing cardiovascular risk 
factors constitute a frail group calling for such particular sexual counseling. In 
this context, safety concerns regarding the initiation of sexual activity accord-
ing to baseline cardiovascular profi le, the reestablishment of sexual intercourse 
after an acute cardiovascular event, and the appropriate intensity of sexual activ-
ity depending on the type and the duration of sexual intercourse, proper sexual 
positioning, comorbidities, and concomitant medications including the therapeu-
tic utility of PDE-5 inhibitors are some essential aspects that must be always 
addressed when approaching sexual dysfunction in a patient with cardiovascular 
disease or risk factors.     
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  24      Management of Erectile Dysfunction: 
Therapeutic Algorithm 

                Charalambos     Vlachopoulos      and     Nikolaos     Ioakeimidis    

24.1            Erectile Dysfunction in Hypertension: Disease- or 
Drug-Related? 

 The relationship between arterial hypertension and erectile dysfunction (ED) has 
raised an important clinical issue: is hypertension per se, antihypertensive drug ther-
apy, or a combination of these associated with impaired erectile function in hyperten-
sive patients? Recently, the European Society of Hypertension in a seminal position 
paper highlighted that current evidence regarding the infl uence of antihypertensive 
drugs on erectile function is limited, usually addresses monotherapy, and mainly 
comes from observational studies [ 1 ]. Worsening of erectile function after identify-
ing a hypertensive patient at risk for future cardiovascular events is more likely to be 
due to atherosclerosis progression and hypertension per se rather than due to antihy-
pertensive drugs [ 2 ,  3 ]. Furthermore, in a recent study it was shown that the presence 
of “nondipper” pattern on ambulatory blood pressure (BP) monitoring among treated 
hypertensive patients was strongly related to worst erectile function independently of 
the number or the class of antihypertensive drugs in use [ 4 ]. 

 Compared with older antihypertensive drugs (beta-blockers, diuretics), newer 
agents (vasodilating beta-blockers, calcium channel antagonists) have neutral or even 
benefi cial effects on erectile function [ 5 ]. Patients frequently blame the medication 
for their ED, particularly if there seems to be a temporal relationship and if ED is 
mentioned as a side effect in the product insert. This is an important point since patient 
concerns about the adverse effects of drugs on erectile function might limit the use 
of essential medications (e.g., beta-blockers) in cardiovascular high-risk hypertensive 
patients, such as men with coronary artery disease [ 6 ]. It is recommended to explain 
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to patients in detail the effect of drug treatment on erectile function and the association 
between vasculogenic ED and cardiovascular disease in order to improve adherence 
to evidence-based treatment of hypertension [ 7 ].  

24.2     Selecting Initial Antihypertensive Drug Therapy 

 Beta-blockers are frequently associated with impairment of sexual desire, libido, 
and especially ED [ 2 ,  5 ,  6 ]. In contrast and considering the strong correlation and 
pathophysiological links between endothelial and erectile function, beta-blockers 
with benefi cial effects on nitric oxide synthase and oxidative stress such as nebivo-
lol have been suggested to improve erectile function [ 2 ,  5 ,  8 ]. There is no clini-
cal trial evaluating the effect of calcium channel antagonists on erectile function 
with an adequate assessment of ED, but they are generally reported to have no 
relevant effect on erectile function [ 5 ]. For drugs that act over renin-angiotensin 
system, most evidence suggests that there was no infl uence on erectile function, 
and some authors indicate a benefi cial effect [ 5 ]. However, in 1549 cardiovascular 
high-risk patients included in ONTARGET/TRANSCEND trial, there was neither a 
benefi cial nor an unfavorable effect of the angiotensin-converting enzyme inhibitor 
ramipril, the angiotensin receptor blocker telmisartan, and the combination of both 
on erectile function [ 9 ]. 

 Overall, although no class of antihypertensive agents presents a clearly superior 
effect over the others in terms of quality of life, the current impression is that nebivo-
lol, angiotensin-converting enzyme inhibitors, and angiotensin II receptor antago-
nists may offer some advantage, at least in regard to effects on sexual activity [ 10 ]. 

 The presence of comorbidities (coronary artery disease, diabetes) and the con-
comitant administration of other drugs (statins), a common situation in older hyper-
tensive subjects, as well as the lack of diagnostic standardization concerning tools 
to access erectile function, impair a reliable analysis of trials about the relationship 
between ED and hypertension and derivation of robust conclusion about deleterious 
action of antihypertensive drugs on erectile function [ 3 ]. Therefore, search for new 
evidence on basic mechanisms underlying ED development in hypertensive individ-
uals is an actual need. On an individual basis, sexual activity and erectile function 
quality should be part of anamnesis before initiation of antihypertensive therapy and 
seems to play a central role in the follow-up, as it would allow a scalable monitoring 
of erectile function, help the selection of better classes of antihypertensive drugs, 
facilitate the identifi cation of adverse sexual events, and even improve therapeutic 
compliance [ 11 ].  

24.3     Phosphodiesterase-5 Inhibitors 

 Phosphodiesterase-5 (PDE-5) inhibitors are very effective in treating ED; however, 
their safety was questioned in hypertensive patients, due to the vasodilatory effect 
of PDE-5 [ 12 ,  13 ].    However, concerns seem to be outdated, since BP reductions 
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observed both in hypertensive patients and normotensive individuals are usu-
ally small and clinically insignifi cant [ 14 ]. Several lines of evidence indicate that 
PDE-5 inhibitors are not associated with signifi cantly higher incidence of adverse 
events in hypertensive patients, even on a concomitant multidrug regimen [ 15 ,  16 ]. 
Therefore, PDE-5 inhibitors may be effectively and safely co-administered with 
antihypertensive drugs, with alpha-blockers and nitrates being the only exception 
[ 12 ]. 

 Poor adherence to antihypertensive drug therapy is a critical contributor to unsat-
isfactory BP control rates. The contribution of ED in poor adherence to antihyper-
tensive drug therapy has been highlighted in a study of hypertensive ED patients 
[ 17 ]. The interesting fi nding is that sildenafi l use for ED resulted in signifi cant 
improvements in adherence rates (from 48 to 66 %). Indeed, PDE-5 inhibitor use 
in men with hypertension is associated with initiation rather than withdrawal, and 
addition rather than rejection, of antihypertensive treatment. It should be noted, 
however, that initiation of PDE-5 inhibitors in hypertensive patients should follow 
adequate BP stabilization and is therefore contraindicated in patients with untreated, 
poorly controlled, accelerated, or malignant hypertension; these patients are consid-
ered “high-risk” for cardiovascular events and should be evaluated carefully before 
prescribing PDE-5 inhibitors [ 18 ,  19 ]. 

 By virtue of their vascular effects [ 20 ], PDE-5 inhibitors are an appealing class of 
agents for the treatment of hypertension. Thus, despite the small acute BP-lowering 
effect reported in treated hypertensive patients [ 14 ], their potential as antihyperten-
sive agents has not been thoroughly explored. Active mid-term treatment with silde-
nafi l reduced ambulatory and clinic BP to a similar extent as that observed with other 
classes of antihypertensive drugs [ 12 ]. An incremental antihypertensive effect of a 
single dose of tadalafi l has been demonstrated in uncontrolled hypertensive subjects 
on multiple agents [ 21 ]. However, at this stage, the use of current PDE-5 inhibitors 
as antihypertensive agents cannot be advocated. Other long-lasting PDE-5 inhibi-
tors currently under development may prove to be more effi cacious in this setting.  

24.4     Testosterone Therapy 

 Testosterone defi ciency defi ned as total testosterone below 3.0 ng/ml is highly prev-
alent among hypertensive men, and it is also a common pathogenetic mechanism 
linking arterial hypertension and vasculogenic ED [ 19 ,  22 ]. Several studies suggest 
that testosterone defi ciency is a risk factor for reduced response to PDE-5 inhibitors 
in men with ED [ 18 ]. A relatively high prevalence (30–40 %) of low testosterone 
levels (mean total testosterone; 1.7–2.3 ng/ml) has been reported in non-respond-
ers to sildenafi l or tadalafi l ED patients [ 22 ]. Therefore, additional considerations 
for treatment of ED in men with arterial hypertension should include testosterone 
therapy for patients who have biochemical evidence of testosterone defi ciency and 
they are symptomatic (ED or reduced libido) of testosterone defi ciency. Addition of 
testosterone to PDE-5 inhibitor therapy after PDE-5 inhibitor failure is an appealing 
option. In fact, the use of testosterone as an adjunctive therapy to PDE-5 inhibitors 
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for the treatment of ED and hypogonadism has resulted in successful outcomes in 
patients in whom PDE-5 inhibitor therapy alone has failed [ 18 ,  22 ]. 

 Realization that low serum testosterone levels may contribute signifi cantly to the 
pathogenesis of arterial hypertension reinforces search of testosterone defi ciency as 
part of the investigation. Currently available evidence derived from a meta-analysis 
of 30 trials [ 23 ] supported a neutral effect of testosterone supplementation on BP 
that was consistent across trials. However, in a recent prospective, observational 
study, the use of injectable long-acting testosterone undecanoate showed an antihy-
pertensive effect of testosterone replacement therapy [ 24 ]. Additional work on the 
impact of testosterone therapy on BP levels in treated and untreated hypertensive 
patients with testosterone defi ciency remains to be done.  

24.5     Proposed Therapeutic Algorithm 

24.5.1     Step 1: Cardiac Risk Assessment 

 Sexual activity doubles the risk of a cardiac event [ 18 ,  19 ]. However, as the absolute 
risk for a cardiac event is extremely low in individuals without cardiovascular risk 
factors (one in a million), it seems rational to assume that sexual activity is rather 
safe in low-risk individuals. The    Princeton III Guidelines offer a comprehensive 
and at the same time clinically friendly guidance of stratifying risk, and the pro-
posed algorithm is complemented by recent review articles [ 18 ,  19 ,  25 ] (Fig.  24.1 ). 
Particular emphasis is given to linking the recommendations to clinical practice for 
the effective management of hypertensive patients. According to these recommen-
dations, patients with controlled hypertension are considered low-risk patients and 
may safely proceed to sexual intercourse. On the contrary, high-risk patients have a 
tenfold increased risk for a cardiac event during sexual intercourse and the follow-
ing 2 h. Patients with untreated, poorly controlled, accelerated, or malignant hyper-
tension are considered high-risk patients, and sexual activity should be deferred 
until the patient’s condition has been stabilized by treatment and a decision has been 
made by a cardiologist and/or internist that sexual activity may be safely resumed.

24.5.2        Step 2: The Use of Biomarkers in the Therapy of ED 

 The key question that must be answered is whether the use of a new biomarker 
(vascular or circulating) can determine a therapeutic approach (e.g., choice of 
drug, dose of drug) or the likelihood of response to an agent [ 18 ,  19 ,  25 ,  26 ]. 
In a man with arterial hypertension who is starting therapy with PDE-5 inhib-
itors for the fi rst time, baseline testosterone levels in conjunction with penile 
Doppler evaluation can potentially aid in the prediction of response to treatment. 
As mentioned above, regarding baseline testosterone, it has been shown that a 
low testosterone level may inhibit the effectiveness of PDE-5 inhibitors [ 22 ]. 
Aging and cardiovascular risk factors (i.e., hypertension, diabetes) are associated 
with several changes in arterial structure and function, part of them related to 
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decline of circulating levels of testosterone [ 19 ,  22 ,  25 ,  26 ]. These changes may 
be responsible, to an extent, for the lack of effi cacy of ED treatments in men with 
low androgen level as an important component of vasculogenic ED. Furthermore, 
the dynamic penile color duplex Doppler ultrasonography (using 20 μg intra-
cavernous prostaglandin E1 and audiovisual stimulation) is required for secure 
diagnosis of vasculogenic ED. Importantly, sporadic studies have shown that 
non-responders to PDE-5 inhibitors have ultrasonographically documented 
severe penile vascular disease [ 27 ].  

  Fig. 24.1    Management of hypertensive patients with CVD ( a ) or without known CVD ( b ). *Low- 
risk patients include those with complete revascularization (e.g., via coronary artery bypass graft-
ing, stenting, or angioplasty), patients with asymptomatic controlled hypertension, those with mild 
valvular disease, and patients with left ventricular dysfunction/heart failure (NYHA classes I and 
II) who achieved fi ve metabolic equivalents of the task ( METS ) without ischemia on recent exer-
cise testing. **Indeterminate risk patients include diabetics, those with mild or moderate stable 
angina pectoris, past myocardial infarction (2–8 weeks) without intervention awaiting exercise 
electrocardiography, congestive heart failure (NYHA class III), and noncardiac sequelae of athero-
sclerotic disease (e.g., peripheral artery disease and a history of stroke or transient ischemic 
attack); this patient with ED may require assessment for additional vascular disease using carotid 
intima-media thickness or ankle-brachial index and subsequent reclassifi cation to low or high risk. 
***High-risk patients include those with unstable or refractory angina pectoris, uncontrolled 
hypertension, congestive heart failure (NYHA class IV), recent myocardial infarction without 
intervention (2 weeks), high-risk arrhythmia (exercise-induced ventricular tachycardia, implanted 
internal cardioverter defi brillator with frequent shocks, and poorly controlled atrial fi brillation), 
obstructive hypertrophic cardiomyopathy with severe symptoms, and moderate to severe valve 
disease, particularly aortic stenosis. ‡Where appropriate  CVD  cardiovascular disease,  FRS  
Framingham risk score,  PDE5i  phosphodiesterase type 5 inhibitors,  RF  risk factor,  Tth  testoster-
one therapy;  NYHA  New York Heart Association. From Vlachopoulos et al. [ 19 ]       
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24.5.3     Step 3: Treatment Strategies 

 Figure  24.2  shows the fl ow chart for the proposed treatment algorithm. Treatment 
of ED in hypertensive patients requires certain steps. First, in hypertensive men 
with ED resulting from antihypertensive drugs, the physician may substitute 
current treatment with drugs with a better profi le regarding sexual side effects 
(nebivolol or renin-angiotensin system blocker) [ 28 ]. If ED persists, the combi-
nation of PDE-5 inhibitors and antihypertensive drugs with favorable effect on 
sexual function [ 16 ,  20 ] is the next choice [ 29 ]. Testosterone replacement therapy 
should be reserved for ED patients who have biochemical evidence of testosterone 
defi ciency [ 18 ,  22 ]. Often such a hormonal disorder is revealed in patients who are 
non-responders to PDE-5 inhibitors. Intracavernous self-injection, penile prosthe-
ses, low-intensity extracorporeal shock wave therapy, and stent implantation in 
focal atherosclerotic lesions of the internal pudendal arteries with endovascular 
stents constitute also common path for men with ED refractory to PDE-5 inhibi-
tors [ 30 – 32 ].

  Fig. 24.2    Proposed algorithm for the management of erectile dysfunction in hypertensive patients 
who take antihypertensive drugs.  ED  erectile dysfunction,  PDE-5i  phosphodiesterase-5 inhibitors, 
*unless contraindicated or current antihypertensive drug therapy is absolutely indicated       
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   It should be emphasized that (a) data regarding combination antihypertensive 
drug therapy are remarkably lacking. As the majority of hypertensive patients take 
two or more drugs, it seems to be of great importance to know the effect of dif-
ferent combination regimens [ 29 ,  33 ]. (b) Although most data obtained during a 
formal evaluation, comprising of medical history, questionnaires, physical examina-
tion, and fi rst-line tests (testosterone levels, penile Doppler), are very important in 
assessing the patient’s characteristics and ED etiology, they do not help in select-
ing the best PDE-5 inhibitor for a given patient. (c) Finally, ED patients should be 
informed about the correct way of sexual medication usage. Although it sounds 
obvious, it is important to emphasize that improper drug usage is a common reason 
for lack of effi cacy.   

    Conclusion 

 A comprehensive approach is needed both for identifying sexual dysfunction 
earlier and individualizing treatment. It is important to recognize that ED con-
tributes to a reduction of therapeutic compliance and aggravates further the qual-
ity of life among men who already suffer from essential hypertension and other 
comorbidities. Available data point towards signifi cant benefi ts in erectile func-
tion when prior antihypertensive drug therapy is switched to either nebivolol or 
renin-angiotensin system blockers. PDE-5 inhibitors, a class of agents that has 
offered new perspectives in the management of ED, are effective and safe in 
hypertensive patients, but their use should follow appropriate consultation. 
Testosterone defi ciency should be searched for and therapy should be offered in 
hypertensive males with clinical evidence of this disorder. Further evidence is 
warranted to elucidate the effects of antihypertensive drug therapy on erectile 
function, especially regarding the combination of antihypertensive drugs and the 
combination of antihypertensive drugs with PDE-5 inhibitors.     
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