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E rectile dysfunction (ED) is an in-
creasingly recognised common con-
dition that affects quality of life.1,2

ED is defined as the inability to achieve and/
or maintain an erection sufficient to permit
satisfactory sexual intercourse.3

Men with coronary heart disease (CHD)
have a high prevalence of ED.4 This associa-
tion may be related to the fact that the same
risk factors–i.e. hypertension, hyperlipidae-
mia, smoking and diabetes mellitus (DM)–
predict both ED and CHD.4-10 Endothelial
dysfunction appears to be a common mech-
anism of disease progression for CHD and
ED.11

Epidemiology, risk factors and other
associations

The relationship between ED and the risk
factors for CHD was noted in the Massa-
chusetts Male Aging Study (MMAS).4

MMAS included 1,290 men (aged 40-70
years) and reported a 52% incidence of some
degree of ED. In men aged between 40 and
55 years the incidence of moderate impo-
tence increased from 6.7% to 25% as high-
density lipoprotein cholesterol (HDL-C) de-
creased from 90 to 30 mg/dl (2.3 to 0.8
mmol/l).4 In a recent study of 154 men with
ED, 44% had hypertension, 23% had DM,
16% used tobacco, 79% had a body mass
index >26 kg/m2 and 74% had a low-densi-
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ty lipoprotein cholesterol (LDL-C) level
>120 mg/dl (3.1 mmol/l).8

The Men’s Attitudes to Life Events
and Sexuality (MALES) study was an ex-
tensive survey (27,839 patients) spanning 8
countries.12 The overall prevalence of self-
reported ED in men aged 20-75 years was
16%. The MALES study confirmed the as-
sociation between ED and increasing age,
hypertension, DM, CHD and hypercholes-
terolaemia. Furthermore, these co-mor-
bidities acted synergistically to increase the
prevalence and severity of ED.12

In the MMAS study, there was an ad-
justed odds ratio of 1.97 for incident ED in
smokers compared with non-smokers. Pas-
sive smoking also had a significant adverse
effect on ED.4 Smoking may cause ED by
several mechanisms, including impairing
intrapenile blood flow.13,14 The link bet-
ween smoking and ED is important since it
may motivate some smokers to quit.13,15 It
is of interest that smoking adversely affects
the lipid profile, including lowering serum
HDL-C levels.16 Smoking also produces
acute morphological alterations in the vas-
cular endothelium and enhances platelet
and leukocyte adhesion to the blood vessel
wall.14,17 Cigarette smoking results in a
transient increase in circulating levels of
adrenaline and noradrenaline,13 which may
have a detumescent effect. Smoking is athe-
rogenic; this in turn leads to ED through



atheroma formation in the pudendal arteries. More-
over, cigarette smoke extracts inhibit prostacyclin
(PGI2) synthesis, a potent vasodilator of penile arteri-
al flow.18

DM is one of the major organic causes of ED.19

Men with DM are approximately twice as likely to ex-
perience ED compared with those without.19,20 The
prevalence of ED among diabetic patients is high and
increases with age and poor glycaemic control.4 Pa-
thophysiological mechanisms underlying DM-associ-
ated ED are in large part due to endothelial dysfunc-
tion.21

The prevalence of metabolic syndrome (MetS) is
higher in men with ED.22-25 MetS seems to be a poten-
tial risk factor for ED.26,27 Moreover, raised abnormal
fasting glucose levels (FBG) are a risk factor for ED.10,28

Both MetS and a raised FBG are predictors of vascular
risk.29

Hypertension is associated with both CHD and
ED.4 Among men with vascular complications associ-
ated with hypertension, 71% also had ED.30 Impaired
endothelial nitric oxide (NO) bioavailability could be
one explanation why hypertension is a risk factor for
vasculogenic ED.31 Another cause could be the side
effects of antihypertensive medication itself.32

Hypercholesterolaemia is a recognised risk factor
for both vasculogenic ED and CHD.4,33 This may ex-
plain why there is some evidence that cholesterol low-
ering with a statin may improve responses to silde-
nafil.34 The role of lipid lowering drugs is discussed
below. 

A prospective study involving 3,250 dyslipidaemic
men (aged 26-83 years, mean 51 years) without ED re-
ported that both high levels of total cholesterol and low
levels of HDL-C were strongly related to the onset of
ED.33 In a cohort of 1,519 healthy men (age 42.9 ± 7.9
years), those with a higher total cholesterol had an in-
creased risk for moderate to severe ED. In this healthy
population elevated serum lipids were the most impor-
tant risk factor for the development of ED.35

Atherosclerosis and ED are associated with the
same risk factors and biomarkers of inflammation—
high sensitivity-C-reactive protein (hs-CRP), inter-
leukin-1beta (IL-1beta) and tumor necrosis factor
(TNF)-alpha—and endothelial-prothrombotic activa-
tion markers/mediators—von Willebrand factor (vWF),
tissue plasminogen activator (tPA), plasminogen acti-
vator inhibitor of type 1 (PAI-1) and fibrinogen.36,37

However, Eaton et al did not find any association be-
tween erectile function and lipoprotein (a), homocys-
teine, IL-6 and TNF-alpha receptor, CRP and fibrino-

G.E. Vrentzos et al

186 ñ HJC (Hellenic Journal of Cardiology) 

gen levels.38 Others have shown a link between plasma
fibrinogen levels and ED.39

In a small study (n=39) involving patients with ED,
high levels of lipoprotein (a) were considered an indica-
tor of vasculogenic ED.40 Some studies also support the
concept that homocysteine interferes with cavernosal
smooth muscle relaxation via an interaction between
NO and super oxide anions.41,42

Some unique organic and psychological factors
contributing to ED have been identified in patients with
underlying vascular problems.31 Psychogenic factors in-
clude performance anxiety, depression and psychoso-
cial stress. The term organic includes the following aeti-
ologies: neurogenic, vascular, endocrine, medications,
pelvic surgery, trauma, radiation, lower tract urinary
symptoms and benign prostatic hypertrophy.43,44 It has
been estimated that vascular disease and DM are the
organic causes of ED in as many as 70% of patients.31

Furthermore, several drugs used in patients with CHD
can induce this adverse effect (e.g. some antihyperten-
sive drugs and possibly lipid lowering agents).45 

The endothelium and erectile function

The association between ED and CHD raises the ques-
tion as to whether vasculogenic ED is yet another mani-
festation of atherosclerosis. Impaired NO activity may
provide a unifying explanation for such an association.
It is generally accepted that NO is the principal media-
tor responsible for relaxation of smooth muscle.46 In or-
der to achieve an erection, there must be a decrease in
sympathetic smooth muscle tone, an increase in pa-
rasympathetic smooth muscle relaxation, an increase in
arterial inflow and decreased venous outflow leading to
the filling of cavernosal spaces.47,48

There is convincing evidence that during erection
the local release of NO and/or related factors relax
the corpus cavernosum.49 Consequently, reduced NO
activity will impair erectile function. Several condi-
tions that reduce NO activity are associated with vas-
cular disease and endothelial dysfunction (e.g. age,
DM, hypertension, hyperlipidaemia and smoking).
All these factors increase the risk of ED.50

ED and extent of arterial disease

The small diameter (1 to 2 mm) of the cavernous arter-
ies and the relatively high content of endothelium and
smooth muscle per unit volume of tissue compared with
other organs may make penile function more suscepti-
ble to damage from atherosclerosis.51 An artery size hy-



pothesis has been proposed; larger vessels can better
tolerate the same amount of plaque compared with
smaller ones. According to this hypothesis, because
penile arteries are smaller in diameter than coronary
arteries, patients with ED will seldom have concomi-
tant symptoms of CHD, whereas patients with CHD
will frequently complain of ED.52 It is likely that ED
is not only a secondary complication of CHD but also
an early marker for vascular risk and subclinical vas-
cular disease.53,54

Given these findings, it is not surprising that the
greater the extent of the heart disease the greater the
likelihood of ED. In one study, 42% of the patients
who had a myocardial infarction (MI) reported ED.55

Another survey found an 18% ED prevalence in pa-
tients who had a recent acute MI and single-vessel
disease, compared with 67% in those who had chron-
ic angina pectoris with multivessel disease.56 Thus, it
is likely that in patients with CHD the prevalence of
ED varies according to angiographic data.52 This in-
terpretation is supported by a significant correlation
between ED and the number of coronary vessels in-
volved.57,58 Furthermore, the degree of ED correlates
with the severity of atherosclerotic disease,59 even in
patients with type 2 DM.20

Some studies evaluated angiographically the inci-
dence of asymptomatic CHD in men with ED of vascu-
lar origin. There was a strong and independent associa-
tion between ED and silent CHD in apparently uncom-
plicated type 2 diabetic patients. Thus, ED may be a po-
tential marker to identify diabetic patients with silent
CHD.20 In another study, 19% of patients with ED of
vascular origin had angiographically documented silent
CHD. These findings support the strategy that patients
with ED should undergo further cardiovascular evalua-
tion.54

Sexual activity and CHD

Of concern to patients and clinicians is the risk that sex-
ual activity may trigger an acute cardiac event (e.g. MI,
sudden death, or unstable angina). In one study, 1,774
MI patients were interviewed. This study showed that
sexual activity can trigger the onset of MI, but the rela-
tive risk (RR) is low and the absolute hourly risk of MI
is extremely low. The absolute risk increase caused by
sexual activity is also extremely low (1 chance in a mil-
lion for a healthy individual). Moreover, the relative
risk is not increased in patients with a prior history of
cardiac disease, while regular exercise appears to pre-
vent triggering of MI.60

In a study involving 88 outpatients with stable CHD
(age range from 36 to 66 years, mean 52 years) an ar-
rhythmia was detected during intercourse in 56% of pa-
tients compared with 38% on exercise. The ventricular
ectopic activity that occurred in intercourse was most
often simple and essentially similar to disturbances seen
during daily activity.61 A small proportion (about 1%)
of cases of acute coronary syndromes occur during or
after sexual activity.62 The risk of MI in a patient with a
history of MI has been found to be 10 per million in the
first hour, and the doubling of this risk in the two hours
following coitus has a negligible impact on annual
risk.11

A small but definite risk of a cardiac event exists for
patients with a history of CHD who resume sexual ac-
tivity. Thus, the Princeton Consensus Panel produced
specific guidelines for the management of ED in the
cardiovascular patient.63 They stratified patients into
groups according to cardiovascular symptoms and phys-
iological reserve.63 These guidelines incorporate clini-
cally useful assessments of cardiac risk associated with
sexual activity and the management of sexual dysfunc-
tion among patients with known cardiovascular risk fac-
tors or disease.

Treatment of ED and CHD

The management of ED may include a combination of
pharmacological measures and counselling. Lifestyle
change is associated with improved sexual function in
about one third of obese men with ED.64

Phosphodiesterase type 5 (PDE 5) inhibitors are
commonly used to treat ED. PDE 5 hydrolyses cyclic
guanosine monophosphate in cavernosal tissue, render-
ing it inactive.65,66 The early use of PDE 5 inhibitors in
patients with hypertension, hyperlipidaemia or DM
with concomitant ED may improve corporeal blood
flow and lead to long-term preservation of cavernosal
function.67,63

One of the earliest recognisable benefits of treat-
ment with statins is the normalisation of endothelium-
dependent relaxation in hypercholesterolaemia.68 This
effect occurs before significant lowering of serum cho-
lesterol levels.68 Therefore, it would be expected that
statins improve ED. As discussed above, there is some
evidence that adding a statin improves responses to
sildenafil.34 However, these drugs also seem to include
ED as a side effect. 

A recent case-control study suggested that lipid-
lowering medication could itself increase the preva-
lence of ED.69 The mechanism by which statins may
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cause ED remains uncertain. Statins have become wi-
dely used but are not generally accepted as a cause of
ED. Surprisingly, most publications describing major
randomised statin trials have not reported the inci-
dence of ED.70-82 However, in the 4S study, 37 of 1,814
patients on simvastatin developed ED, as did 28 of 1,803
on placebo; this difference was not significant.83

Antihypertensive drugs may be detrimental to ED;
this potential side effect depends on the class of agent
used.31 Thiazide diuretics and beta-blockers seem to
cause ED more often than other antihypertensives,32

while calcium channel antagonists and angiotensin con-
verting enzyme inhibitors (ACE-I) may be neutral with
respect to this side effect.84 There is evidence showing
that alpha (1)-adrenoceptor antagonists (doxazosin)
and angiotensin II type 1-receptor blockers (ARBs)
have a positive effect on erectile function.85

A multicentre, prospective, randomised controlled
trial (LIFE) showed that a beta-blocker (atenolol) bas-
ed regimen was associated with significantly (p=0.009)
more ED compared with losartan, an ARB, in 9,193
participants with essential hypertension and left ventric-
ular hypertrophy.86 In another trial (ASCOTT-BPLA),
19,257 patients with hypertension and at least three
other cardiovascular risk factors were assigned to either
a calcium channel blocker (amlodipine) plus ACE-I
(perindopril) or a beta-blocker (atenolol) plus diure-
tic (bendroflumethiazide). There was significantly
(p<0.0001) less ED in the amlodipine-perindopril
group compared with the atenolol-diuretic group.87

In a study that compared the effects of two anti-
hypertensive agents, carvedilol and valsartan, on sex-
ual activity in healthy men, carvedilol induced a wors-
ening of sexual activity. In contrast, valsartan did not
significantly worsen sexual activity and may even have
improved it.88

In contrast to the findings mentioned above, a study
from Finland (1,665 men) showed that the risk of ED
was higher in men using calcium channel antagonists
[RR=1.6, 95% confidence interval (CI) 1.0-2.4], ARBs
[RR=2.2, 95% CI 1.0-4.7], non-selective beta-blockers
[RR=1.7, 95% CI 0.9-3.2] or diuretic [RR= 1.3, 95%
CI 0.7-2.4] compared with non-users. ED was not asso-
ciated with using organic nitrates, ACE-I, selective be-
ta-blockers or lipid-lowering agents.89

Doxazosin appears to have some interaction with
PDE 5 inhibitors, which may result in orthostatic hy-
potension.67 In contrast, in another study the combi-
nation of sildenafil and doxazosin was a safe and ef-
fective option for men with ED who failed on silde-
nafil alone.90

In general, the adverse event profile of PDE 5 in-
hibitors is not worsened even if the patient is taking
multiple antihypertensive agents.67 However, caution
is advised when co-prescribing these medications.

The cardiac safety of PDE 5 inhibitors has been a
subject of great interest. Long-term studies have shown
no increase in MI or death rate, although PDE 5 in-
hibitors are contraindicated in patients in whom sexual
activity is inadvisable due to underlying cardiovascu-
lar disease, until an appropriate CHD intervention has
been performed.91-93

PDE 5 inhibitors do not affect the force of cardiac
contraction and cardiac performance, are mildly va-
sodilating in the coronary circulation, and do not in-
crease the risk of ventricular arrhythmia.63 During ex-
ercise and recovery, PDE 5 inhibitors do not cause
clinically significant alterations in haemodynamic pa-
rameters in men with CHD. Furthermore, PDE 5 in-
hibitors have no negative effects on coronary oxygen
consumption, ischaemia or exercise capacity.94 In
men with hypertension and CHD, heart rate is not al-
tered to a clinically significant extent by the adminis-
tration of PDE 5 inhibitors. The minimal effect of
these agents on heart rate shows that blood pressure
reductions were insufficient to stimulate a reflex in-
crease in heart rate.94

All PDE 5 inhibitors potentiate the hypotensive ef-
fects of organic nitrates and are therefore contraindi-
cated in patients using nitrates.91-93

Conclusions

ED and CHD have many common features. Firstly,
they share the same risk factors. Secondly, similar
pathophysiological mechanisms contribute to impaired
endothelial function. Thirdly, ED is more frequent in
patients with vascular disease (e.g. CHD, cerebrovascu-
lar and peripheral arterial disease). ED is also related
to the extent of CHD (e.g. as established by angiogra-
phy). Finally, some of the drugs used to treat CHD can
aggravate ED, while some drugs that are used to treat
ED (e.g. PDE 5 inhibitors) can influence the blood
pressure. 

The recognition 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.63,95

Treating vascular risk factors in patients with ED
may increase corporeal blood flow by improving en-
dothelial function with concomitant amelioration of
the CHD. 

G.E. Vrentzos et al

188 ñ HJC (Hellenic Journal of Cardiology) 



References

1. Mallis D, Moisidis K, Kirana PS, Papaharitou S, Simos G,
Hatzichristou D: Moderate and severe erectile dysfunction
equally affects life satisfaction. J Sex Med 2006; 3: 442-449.

2. Benet AE, Melman A: The epidemiology of erectile dysfunc-
tion. Urol Clin N Am 1995; 22: 699-709.

3. NIH Consensus Development Panel on Impotence. NIH
Consensus Conference. Impotence. JAMA 1993; 270: 83-
90.

4. Feldman HA, Johannes CB, Derby CA, et al: Erectile dys-
function and coronary risk factors: Prospective results from
the Massachusetts Male Aging Study. Preventive Med 2000;
30: 328-338.

5. Virag R, Bouilly P, Frydman D: Is impotence an arterial dis-
order? A study of arterial risk factors in 440 impotent men.
Lancet 1985; 1: 181-184.

6. Doumas M, Douma S: The effect of antihypertensive drugs
on erectile function: a proposed management algorithm. Clin
Hypertens (Greenwich) 2006; 8: 359-364. 

7. Seftel AD, Sun P, Swindle R: The prevalence of hyperten-
sion, hyperlipidemia, diabetes mellitus and depression in men
with erectile dysfunction. J Urol 2004; 171: 2341-2345. 

8. Walczak MK, Lokhandwala N, Hodge MB, Guay AT: Preva-
lence of cardiovascular risk factors in erectile dysfunction. J
Gend Specif Med 2002; 5: 19-24.

9. Lau DH, Mumtaz FH, Thompson CS, Mikhailidis DP: Erec-
tile dysfunction: a need for greater awareness. J R Soc Health
2004; 124: 214-216. 

10. Sairam K, Kulinskaya E, Boustead GB, Hanbury DC, McNi-
cholas TA: Prevalence of undiagnosed diabetes mellitus in
male erectile dysfunction. BJU Int 2001; 88: 68-71.

11. Stein RA: Managing concomitant cardiac disease and erectile
dysfunction. Rev Urol 2002; 4 Suppl 3: S39-S47.

12. Rosen RC, Fisher W, Eardly I, Niederberger C, Nadel A,
Sand M; The multinational Men’s Attitudes to Lief Events
and Sexuality (Males) study: I. Prevalence of erectile dysfunc-
tion and related health concerns in the general population.
Curr Med Res Opin 2004; 20: 603-606.

13. Jeremy JY, Mikhailidis DP: Cigarette smoking and erectile
dysfunction. J R Soc Health 1998; 118: 151-155.

14. Glina S, Reichelt AC, Leao PP, Dos Reis JM: Impact of ciga-
rette smoking on papaverine-induced erection. J Urol 1998;
140: 523-524.

15. Gades NM, Nehra A, Jacobson DJ, et al: Association be-
tween smoking and erectile dysfunction: a population-based
study. Am J Epidemiol 2005; 161: 346-351.

16. Tsiara S, Elisaf M, Mikhailidis DP: Influence of smoking on
predictors of vascular disease. Angiology 2003; 54: 507-530.

17. Lehr HA: Microcirculatory dysfunction induced by cigarette
smoking. Microcirculation 2000; 7: 367-384.

18. Jeremy JY, Mikhailidis DP, Thompson CS, Dandona P: The
effect of cigarette smoke and diabetes mellitus on muscarinic
stimulation of prostacyclin synthesis by the rat penis. Diabetes
Res 1986; 3: 467-469.

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

20. Gazzaruso C, Giordanetti S, De Amici E, et al: Relationship
between erectile dysfunction and silent myocardial ischemia
in apparently uncomplicated type 2 diabetic patients. Circula-
tion 2004; 110: 22-26.

21. Musicki B, Burnett AL: Endothelial dysfunction in diabetic
erectile dysfunction. Int J Impot Res 2007; 19:129-138.

22. Ledda A: Diabetes, hypertension and erectile dysfunction.
Curr Med Res Opin 2000; 16: 17-20.

23. Marumo K, Murai M: Aging and erectile dysfunction: the role of
aging and concomitant chronic illness. Int J Urol 2001; 8: 50-57.

24. Kupelian V, Shabsigh R, Araujo AB, O’Donnell AB, McKin-
lay JB: Erectile dysfunction as a predictor of the metabolic
syndrome in aging men: Results from the Massachusetts Male
Aging Study. J Urol 2006; 176: 222-226.

25. Corona G, Mannucci E, Schulman C, et al: Psychobiologic cor-
relates of the metabolic syndrome and associated sexual dys-
function. Eur Urol 2006; 50; 595-604.

26. Demir T, Demir O, Kefi A, Comlekci A, Yesil S, Esen A: Pre-
valence of erectile dysfunction in patients with metabolic syn-
drome. Int J Urol 2006; 13: 385-388.

27. Bansal TC, Guay AT, Jacobson J, Woods BO, Nesto RW: In-
cidence of metabolic syndrome and insulin resistance in a
population with organic erectile dysfunction. J Sex Med 2005;
2: 96-103.

28. Khan MA, Morgan RJ, Mikhailidis DP: Prevalence of undi-
agnosed diabetes mellitus in male erectile dysfunction. BJU
Int 2001; 88: 987.

29. Daskalopoulou SS, Mikhailidis DP, Elisaf M: Prevention and
treatment of the metabolic syndrome. Angiology 2004; 55:
589-612.

30. Burchardt M, Burchardt T, Anastasiadis AG, et al: Erectile
dysfunction is a marker for cardiovascular complications and
psychological functioning in men with hypertension. Int J Im-
pot Res 2001; 13: 276-281.

31. Burnett AL: Erectile dysfunction. J Urol 2006; 175: 25-31.
32. Burchardt M, Burchardt T, Baer L, et al: Hypertension is as-

sociated with severe erectile dysfunction. J Urol 2000; 164:
1188-1191.

33. Wei M, Macera CA, Davis DR, Hornung CA, Nankin HR,
Blair SN: Total cholesterol and high-density lipoprotein cho-
lesterol as important predictors of erectile dysfunction. Am J
Epidemiol 1994; 140: 930-937.

34. Herrmann HC, Levine LA, Macaluso J Jr, et al: Can atorvas-
tatin improve the response to sildenafil in men with erectile
dysfunction not initially responsive to sildenafil? Hypothesis
and pilot trial results. J Sex Med 2006; 3: 303-308.

35. Ponholzer A, Temml C, Rauchenwald M, Madersbacher S:
Vascular risk factors and erectile dysfunction in a cohort of
healthy men. Int J Impot Res 2006; 18: 489-493. 

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

37. Vlachopoulos C, Aznaouridis K, Ioakeimidis N, et al: Un-
favourable endothelial and inflammatory state in erectile dys-
function patients with or without coronary artery disease. Eur
Heart J 2006; 27: 2640-2648. 

38. Eaton CB, Liu YL, Mittleman MA, Miner M, Glasser DB,
Rimm EB: A retrospective study of the relationship between
biomarkers of atherosclerosis and erectile dysfunction in 988
men. Int J Impot Res 2007; 19: 218-225.

39. Sullivan ME, Miller MA, Bell CR, et al: Fibrinogen, lipopro-
tein (a) and lipids in patients with erectile dysfunction. A pre-
liminary study. Int Angiol 2001; 20: 195-199.

40. Atahan O, Kayigil O, Hizel N, Metin A: Is apolipoprotein-(a)
an important indicator of vasculogenic erectile dysfunction?
Int Urol Nephrol 1998; 30: 185-191.

Erectile Dysfunction

(Hellenic Journal of Cardiology) HJC ñ 189



41. Khan MA, Thompson CS, Emsley AM, et al: The interaction
of homocysteine and copper markedly inhibits the relaxation
of rabbit corpus cavernosum: new risk factors for angiopathic
erectile dysfunction? BJU Int 1999; 84: 720-724.

42. Lombardo F, Sgro P, Gandini L, Dondero F, Jannini EA,
Lenzi A: Might erectile dysfunction be due to the thermola-
bile variant of methylenetetrahydrofolate reductase? J Endo-
crinol Invest 2004; 27: 883-885.

43. Shabbir M, Mikhailidis DM, Morgan RJ: Erectile dysfunc-
tion: an underdiagnosed condition associated with multiple
risk factors. Curr Med Res Opin 2004; 20: 603-606. 

44. Khan MA, Morgan RJ, Mikhailidis DP: Sexual dysfunction in
men with lower urinary tract symptoms and benign prostatic
hyperplasia: an emerging link. BJU Int 2003; 92: 822-823.

45. Hafez ES, Hafez SD: Erectile dysfunction: anatomical para-
meters, etiology, diagnosis, and therapy. Arch Androl 2005; 51:
15-31.

46. Toda N, Ayajiki K, Okamura T: Nitric oxide and penile erec-
tile function. Pharmacol Ther 2005; 106: 233-266.

47. Cartledge J, Minhas S, Eardley I: The role of nitric oxide in
penile erection. Expert Opin Pharmacother 2001; 2: 95-107. 

48. McCullough AR: The penis as a barometer of endothelial
health. Rev Urol 2003; 5(Suppl 7): S3-S8.

49. Andersson KE, Wagner G: Physiology of penile erection.
Physiol Rev 1995; 75: 191-236. 

50. Maas R, Schwedhelm E, Albsmeier J, Boger RH: The patho-
physiology of erectile dysfunction related to endothelial dys-
function and mediators of vascular function. Vasc Med 2002;
7: 213-225.

51. Kirby M, Jackson G, Simonsen U: Endothelial dysfunction
links erectile dysfunction to heart disease. Int J Clin Pract 2005;
59: 225-229.

52. Montorsi P, Ravagnani PM, Galli S, et al: The artery size
hypothesis: a macrovascular link between erectile dysfunc-
tion and coronary artery disease. Am J Cardiol 2005; 96: 19M-
23M.

53. Matfin G, Jawa A, Fonseca VA: Erectile dysfunction: interre-
lationship with the metabolic syndrome. Curr Diab Rep 2005;
5: 64-69. 

54. Vlachopoulos C, Rokkas K, Ioakeimidis N, et al: Prevalence
of asymptomatic coronary artery disease in men with vasculo-
genic erectile dysfunction: a prospective angiographic study.
Eur Urol 2005; 48: 996-1002. 

55. Dhabuwala CB, Kumar A, Pierce JM: Myocardial infarction
and its influence on male sexual function. Arch Sex Behav
1986;15: 499-504.

56. Montorsi P, Rotatori F, Ravagnani PM, et al: Association be-
tween erectile dysfunction and coronary artery disease. Role of
coronary clinical presentation and extent of vessel involvement.
The COBRA Trial. Eur Heart J 2006; 27: 2632-2639.

57. Greenstein A, Chen J, Miller H, Matzkin H, Villa Y, Braf Z:
Does severity of ischemic coronary disease correlate with ere-
ctile function? Int J Impot Res 1997; 9: 123-126.

58. Montorsi F, Briganti A, Salonia A, et al: Erectile dysfunction
prevalence, time of onset and association with risk factors in
300 consecutive patients with acute chest pain and angiographi-
cally documented coronary artery disease. Eur Urol 2003; 44:
360-364. 

59. Sekoranja L, Bianchi-Demicheli F, Gaspoz JM, Mach F: Ere-
ctile dysfunction: a potential useful marker for cardiovascular
disease. Rev Med Suisse 2006; 22: 774-776.

60. Muller JE, Mittleman MA, Maclure M, Sherwood JB, Tofler
GH: Triggering myocardial infarction by sexual activity. Low

absolute risk and prevention by regular physical exertion. De-
terminants of Myocardial Infarction Onset Study Investigators.
JAMA 1996; 275: 1405-1409.

61. Drory Y, Fisman EZ, Shapira Y, Pines A: Ventricular arrhy-
thmias during sexual activity in patients with coronary artery
disease. Chest 1996; 109: 922-924. 

62. DeBusk RF: Erectile dysfunction therapy in special popula-
tions and applications: coronary artery disease. Am J Cardiol
2005; 96: 62M-66M.

63. Jackson G, Rosen RC, Kloner RA, Kostis JB: The second
Princeton consensus on sexual dysfunction and cardiac risk:
new guidelines for sexual medicine. J Sex Med 2006; 3: 28-36. 

64. Esposito K, Giugliano F, De Sio M, Carleo D: Dietary factors
in erectile dysfunction. Int J Import Res 2006; 18: 370-374.

65. Lau DH, Kommu S, Mumtaz FH, Morgan RJ, Thompson CS,
Mikhailidis DP: The management of phosphodiesterase-5
(PDE5) inhibitor failure. Curr Vasc Pharmacol 2006; 4: 89-93.

66. Goldstein I, Lue TF, Padma-Nathan H, Rosen RC, Steers WD,
Wicker PA: Oral sildenafil in the treatment of erectile dys-
function. N Engl J Med 1998; 338: 1397-1404.

67. Wespes E, Amar E, Hatzichristou D, et al: EUA Guidelines on
Erectile Dysfunction: An Update. Eur Urol 2006; 49: 806-815.

68. Tesfamariam B: The effects of HMG-CoA reductase inhibitors
on endothelial function. Am J Cardiovasc Drugs 2006; 6: 115-
120.

69. Bruckert E, Giral P, Heshmati HM, Turpin G: Men treated
with hypolipidaemic drug complain more frequently of erec-
tile dysfunction. J Clin Pharm Ther 1996; 21: 89-94.

70. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: pri-
mary-prevention trial with gemfibrozil in middle-aged men
with dyslipidemia. Safety of treatment, change in risk factors,
and incidence in coronary heart disease. N Engl J Med 1987;
317: 1237-1245.

71. Sacks FM, Pfeffer MA, Moye LA, et al: The effect of pravastatin
on coronary events after myocardial infarction in patients with
average cholesterol levels. N Engl J Med 1996; 335: 1001-1009.

72. Prevention of cardiovascular events, death with pravastatin in
patients with coronary heart disease and a broad range of ini-
tial cholesterol levels: The long-term intervention with pravas-
tatin in ischemic disease (LIPID) study group. N Engl J Med
1998; 339:1349-1357. 

73. Shepherd J, Blauw G, Murphy M, et al: Pravastatin in elderly
individuals at risk of vascular disease (PROSPER): a ran-
domized controlled trial. Lancet 2002; 360: 1623-1630.

74. Shepherd J, Cobbe S, Ford I, et al: Prevention of coronary heart
disease with pravastatin in men with hypercholesterolemia. N
Engl J Med 1995; 333: 1301-1307.

75. Downs J, Clearfield M, Weis S, et al: Primary prevention of
acute coronary events with lovastatin in men and women with
average cholesterol levels. JAMA 1998; 279; 1615-1622.

76. Meade T, Sleight P, Collins R, et al: MRC/BHF Heart Pro-
tection Study of cholesterol lowering with simvastatin in 20536
high-risk individuals: a randomized placebo-controlled trial.
Lancet 2002; 360: 7-22.

77. Sever P, Dahlof B, Poulter NR, et al: Prevention of coronary
and stroke events with atorvastatin in hypertensive patients who
have average or lower-than-average cholesterol concentrations,
in the Anglo-Scandinavian Cardiac Outcomes Trial - Lipid
Lower Arm (ASCOT-LLA): a multicentre randomized con-
trolled trial. Lancet 2003; 361: 1149-1158.

78. LaRosa JC, Grundy SM, Waters DD, et al: Intensive lipid low-
ering with atorvastatin in patients with stable coronary disease.
N Engl J Med 2005; 352: 1-11.

G.E. Vrentzos et al

190 ñ HJC (Hellenic Journal of Cardiology) 



79. Furberg CD, Wright JT, Davis BR, et al: Major outcomes in
moderately hypercholesterolemic, hypertensive patients ran-
domized to pravastatin vs usual care. The antihypertensive and
lipid-lowering treatment to prevent heart attack trial (ALLHAT-
LLT). JAMA 2002; 288: 1-26.

80. Athyros VG, Papageorgiou AA, Mercouris BR, et al: Treat-
ment with atorvastatin to the National Cholesterol Education
Program goals versus usual care in secondary coronary heart
disease prevention. The GREEK Atorvastatin and Coronary-
heart-disease Evaluation (GREACE) study. Curr Med Res
Opin 2002; 4: 220-228.

81. Cannon C, Braunwald E, McCabe C, et al: Intensive versus
moderate lipid lowering with statins after acute coronary syn-
dromes. N Engl J Med 2004; 350: 1495-1504.

82. Robins S, Collins D, Witter J, et al: Relation of gemfibrozil
treatment and lipid levels with major coronary events. VA-HIT:
a randomized controlled trial. JAMA 2001; 285: 1585-1591.

83. Scandinavian Simvastatin Survival Study Group: Randomized
trial of cholesterol lowering in 4444 patients with coronary
heart disease: the Scandinavian simvastatin survival study (4S).
Lancet 1994; 344: 1383-1389.

84. Dusing R: Sexual dysfunction in male patients with hyperten-
sion: influence of antihypertensive drugs. Drugs 2005; 65: 773-
786.

85. Khan MA, Morgan RJ, Mikhailidis DP: The choice of antihy-
pertensive drugs in patients with erectile dysfunction. Curr
Med Res Opin 2002; 18: 103-107.

86. Dahlof B, Devereux R, Kjeldsen S, et al: Cardiovascular mor-
bidity and mortality in the Losartan Intervention For Endpoint

reduction in hypertension study (LIFE): a randomized trial
against atenolol. Lancet 2002; 359: 995-1003. 

87. Dahlof B, Sever P, Poulter N, et al: Prevention of cardiovascular
events with an antihypertensive regimen of amlodipine adding
perindopril as required versus atenolol adding bendroflumethi-
azide as required, in the Anglo-Scandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm (ASCOTT-BPLA): a mul-
ticentre randomized controlled trial. Lancet 2005; 366: 895-906. 

88. Fogari R, Zoppi A, Poletti L, Marasi G, Mugellini A, Corradi
L: Sexual activity in hypertensive men treated with valsartan or
carvedilol: A crossover study. Am J Hypertens 2001; 14; 27-31.

89. Shiri R, Koskimaki J, Hakkinen J, Auvinen A, Tammela TL,
Hakama M: Cardiovascular drug use and the incidence of ere-
ctile dysfunction. Int J Impot Res 2007; 19: 208-212.

90. De Rose AF, Giglio M, Traverso P, Lantieri P, Carmignani
G: Combined oral therapy with sildenafil and doxazosin for
the treatment of non-organic erectile dysfunction refractory
to sildenafil monotherapy. Int J Impot Res 2002; 14: 50-53. 

91. Viagra package insert: New York: Pfizer, 2005.
92. Levitra package insert: Research Triangle Park: Glaxo Smith-

Kline, 2005.
93. Cialis package insert: Indianapolis: Lilly ICOS LLC, 2005.
94. Jackson G, Montorsi P, Cheitlin M: Cardiovascular safety of

sildenafil citrate (Viagra): an updated perspective. Urology
2006; 68: 47-60.

95. Tsimtsiou Z, Hatzimuratidis K, Nakopoulou E, Kyrana E,
Salpigidis G, Hatzichristou D: Predictors of physicians’ in-
volvement in addressing sexual health issues. J Sex Med 2006;
3: 583-588.

Erectile Dysfunction

(Hellenic Journal of Cardiology) HJC ñ 191


