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Introduction
Sexual dysfunction, which frequently occurs in hypertensive
patients, has gained increasing attention from both a patho-
physiologic and clinical point of view. On one hand,
although mechanisms are not yet clear, sexual dysfunction
might be an expression of arterial vascular changes, probably
atherosclerosis, and might reflect target organ damage. On the
other hand, problems with sexual function may have an
adverse impact on the quality of life of the individual, and
therefore represent one of the major obstacles to compliance
with antihypertensive treatment.

Prevalence of Sexual Dysfunction 
in Hypertensive Men
Sexual dysfunction has a high prevalence among hyper-
tensive men [1–7]. Symptoms of dysfunction include
reduced libido, inability to obtain or maintain an erection
(impotence), and premature or retarded ejaculation.
These symptoms are frequently first reported by patients
while receiving antihypertensive therapy, which has lead
to a widespread belief that sexual dysfunction is caused by
a specific hypotensive agent rather than by hypertension
itself. Although the prevalence of sexual problems in
hypertensive patients prior to treatment has been inade-
quately investigated, data from the literature indicate that
the incidence of sexual dysfunction is considerably higher
in untreated hypertensive men than among normotensive
controls [2,3]. Bulpitt et al. [2] reported a rising order of
prevalence of erectile difficulties in normotensive subjects
(7%), untreated hypertensive men (17%), and treated
hypertensive men (25%). Although the percentage of
untreated hypertensives reporting sexual problems was
not significantly different from the control group, it did
suggest an independent contribution of hypertension to
sexual dysfunction.

In the Australian National Blood Pressure Study [3]
sexual complaints were more prevalent in the hypertensive
men than in the normotensive controls, whereas no differ-
ence was found between untreated hypertensive men,
hypertensive men receiving a placebo, and hypertensive
men receiving active treatment. Croog et al. [4] observed
that 44% of men not receiving antihypertensive drugs ver-
sus 58% of those taking antihypertensive medication
reported distress over one or more sexual symptoms. In the
Treatment of Mild Hypertension Study (TOHMS) [8], erec-
tion problems at baseline were strongly related to systolic
blood pressure (SBP): men with SBP 140 mm Hg or more
had more than twice the rate of erection problems as men
with SBP less than 140 mm Hg. A similar finding, which is
consistent with the understanding that elevated blood
pressure contributes directly to impotence problems, was
reported by Jensen et al. [6]. In a recent study involving 110
newly diagnosed, never treated hypertensive men and 110
healthy controls, all of whom were aged 40 to 49 years,
married, without any previous sexual dysfunction symp-
toms, nondiabetic, nonobese, and nonsmoking, we found
that in untreated hypertensive subjects sexual activity,
assessed as mean number of sexual intercourse episodes
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per month and considered as a good index of sexual desire,
was 25% lower than in normotensive controls [9]. This fur-
ther suggests that hypertension per se , regardless of drugs,
may affect sexual function.

Mechanisms of Sexual Dysfunction 
in Hypertensive Men
Sexual dysfunction seen in hypertensive men is probably
the result of alterations in a number of the processes (neu-
ral, vascular, hormonal, psychologic) involved in normal
sexual function.

Neural factors
Complete male sexual response requires an intact central
and peripheral autonomic nervous system [10]. The first
component of this response is the penile erection. Both
psychogenic stimuli (auditory, visual, olfactory, tactile, or
imaginative) and reflexogenic stimuli (exteroceptive stimu-
lation of the genital area) can act synergistically to produce
an erection. The limbic system acts as an integrative center
to coordinate sensory input at the cerebral level with vis-
ceral function. Dopaminergic neurons innervate the brain
centers associated with libido and penile erection, and
dopamine has been demonstrated to play a key role in sex-
ual behavior [11]. Pathways near the pyramidal tracts con-
nect the limbic system with thoracolumbar and sacral
erection centers in the spinal cord. Efferent neural
impulses from both centers can independently evoke an
erection. Mediated by sympathetic nerves from the thora-
columbar center or by parasympathetic nerves from the
sacral center, stimuli causes a relaxation of smooth muscle
in the arteries and arterioles supplying the erectile tissue of
the penis leading to a severalfold increase in blood flow.
Adrenergic nerves regulate the tone of the trabecular
smooth muscle in the corpora cavernosa through alpha-
and beta-receptors. Biochemical mediators released locally
from the endothelium or smooth muscle also participate
in initiating and maintaining erection: nitric oxide (NO)
released during nonadrenergic, noncholinergic neu-
rotransmission from the endothelium appears to be the
most important with respect to cavernosal smooth muscle
relaxation [12,13•]. Following its synthesis and release
from nerve terminals of the penis and from endothelium,
NO activates guanylate cyclase in vascular and trabecular
smooth muscle. The increased intracellular accumulation
of cGMP is believed to cause smooth muscle relaxation via
a chemical cascade [13•]. The second phase of the male
sexual response is ejaculation, which is controlled by the
sympathetic nervous system. The third phase, orgasm, is a
cortical sensory phenomenon, in which the rhythmic con-
traction of the bulbocavernous and ischiocavernous mus-
cles is perceived as pleasurable.

Hypertensive patients have impaired endothelium-
mediated vascular tone largely dependent on decreased vas-
cular activity of NO, which in turn may be related to reduced

NO synthesis or increased breakdown [14]. Thus, one possi-
ble link between erectile dysfunction and hypertension may
be defective NO synthesis or release also from nerve termi-
nals. Since monoamine transmitters have been established
to play a key role in mediating sexual behavior, involvement
of monoamine pathways in the central nervous system
might be a common basis for essential hypertension and
sexual dysfunction in untreated hypertensive men.

Vascular factors
Normal erectile response requires adequate blood supply to
the penis as well as normal venous drainage [10]. Erection is
developed and maintained as the arterial inflow to the cor-
pora cavernosa is increased. At the same time, the veins con-
strict, trapping the blood in the tissues. The quality of
erection depends on the intracavernous pressure that must
reach at least 60 mm Hg to produce rigidity sufficient for
vaginal intromission. If arterial blood supply is inadequate
or excess venous drainage occurs, this pressure cannot be
achieved. As already mentioned, NO released during nona-
drenergic, noncholinergic neurotransmission and from the
endothelium plays a major role in this process [12,13•].
Disturbances in the blood flow to the penis are thought to
be the most frequent organic causes of male erectile dysfunc-
tion [15]. Impairments in the hemodynamics of erection
have been demonstrated in patients with hypertension: in
the study by Jensen et al. [6], which involved 101 male
hypertensive patients, impotence was caused mainly by arte-
rial penile dysfunction (89%) related to the severity of
hypertension and target organ damage. Other studies, how-
ever, found a similar prevalence of impaired penile arterial
blood supply among normotensive and hypertensive men
with erectile dysfunction [15,16].

As already mentioned, alterations in the endothelial
L-arginine-NO pathway and consequent decreased
endothelium-dependent relaxation have been demon-
strated in systemic hypertension [14]. This impairment
of endothelial NO bioavailability could be one possible
explanation why hypertension is frequently associated
with erectile dysfunction [13•].

Whereas in humans microscopic studies have not
been able to identify a pattern pathognomonic of the
action of high blood pressure on erectile tissue, spontane-
ously hypertensive rats have been found to present mor-
phologic changes in vessels as well as in the cavernous
spaces of the erectile tissue (higher proliferative score in
cavernous and vascular smooth muscle and higher fibro-
sis score in cavernous tissue) that have a high positive cor-
relation with high blood pressure levels [17]. In addition,
the increase in extracellular matrix expansion seems to
affect not only the interstitium but also the neural struc-
tures of the penis. If demonstrated in humans, these alter-
ations could provide one possible explanation for erectile
dysfunction in hypertension: smooth muscle cell hyper-
plasia could produce greater impediment to achieve com-
plete compliance of the cavernous spaces. Furthermore,
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the increase in the surrounding connective tissue at the
perineurium and endoneurium of the amyelinic nerves in
cavernous tissue could also influence the relaxation
mechanism for penis tumescence [17].

Hormonal factors
Hormonal abnormalities may provide another etiologic
basis for sexual dysfunction in hypertensive men [16]. Hor-
mones influencing male sexual activity are mainly test-
osterone, prolactin, and gonadotropins (luteinizing
hormone). In addition to its profound influence on sexual
differentiation, the major component of testosterone
action on male sexuality is through effects on libido and
sexual behavior. Low levels of androgens have been associ-
ated with hypertension [9,16,18]. Hughes et al. [18]
reported that both total and free testosterone levels were
lower in untreated individuals with essential hypertension
compared with normotensive controls. Similar results were
obtained by Jaffe et al. [16], who found that total testoster-
one and bioavailable testosterone levels were lower in
hypertensive men with erectile dysfunction than in normo-
tensive controls. Khaw and Barrett-Connor [19] observed
an inverse relationship between blood pressure and endog-
enous testosterone in men.

Consistent with these observations is the study [9] we
conducted in 110 middle-aged, sexually active, newly
diagnosed, never treated, hypertensive men and 110
healthy normotensive controls, where we found that
plasma testosterone levels were significantly lower in the
hypertensive men than in normotensive controls,
although they were not within the hypogonadal range. In
this study, a significant inverse relationship between test-
osterone levels and SBP values was also observed in
hypertensive men.

The finding that hypertension is associated with lower
levels of plasma testosterone compared with normotensive
controls suggests three hypotheses. First, serum testoster-
one influences blood pressure regulation. Little is known
about this topic in humans. Reports have indicated that in
spontaneously hypertensive rats, testosterone may contrib-
ute to the development of hypertension through sustained
enhancement of tyrosine hydroxylase activity that leads to
increased norepinephrine levels in blood vessels [20]. Sec-
ond, elevated blood pressure can negatively affect steroido-
genesis or clearance. And third, there are genes involved in
the regulation of blood pressure that also affect steroido-
genesis. Men with a family history of hypertension have
been shown to have lower than normal serum testosterone
levels [21], which suggests a possible genetic link between
hypertension and serum testosterone levels. The genetic
hypothesis is also supported by data obtained from natri-
uretic peptide receptor A gene-deficient and gene-dupli-
cated mutant mouse models, which demonstrated that
natriuretic peptide receptor A gene deficiency in male mice
was characterized by both high blood pressure and low cir-
culating testosterone levels [22].

The inverse correlation between testosterone levels and
SBP suggests that testosterone reduction in hypertensive
men could contribute to increased arterial stiffness. An
interaction between androgens and the vessel wall has
been hypothesized for the following reasons: 1) steroid
receptors have been found in the cardiovascular system; 2)
testosterone induces a direct relaxing effect on the vascula-
ture in both normotensive and hypertensive rats [23]; 3)
testosterone infused into coronary arteries in men with
coronary artery disease causes vasodilation [24]; and 4)
androgen withdrawal in men is associated with decreased
central arterial compliance [25].

In animal models, androgens were found to stimulate
nitric oxide release in cavernous body slices, whereas lack
of androgens led to decreased NO production [26]. In
hypertension, subtle alterations in NO production abetted
by lowering of circulating testosterone might form the
basis for deficient cavernous sinusoidal relaxation and
erectile dysfunction.

Higher prolactin levels have been reported in hyperten-
sive men. However, whether this relative hyperprolactine-
mia is associated with altered sexual function has not been
established [16].

Psychologic factors
Psychologic factors play an important role in mediating sex-
ual desire (libido) and the erectile response. In the hyperten-
sive patient, the knowledge that having hypertension carries
a high risk of cardiovascular complications and may require
life-long therapy provides multiple psychologic reasons for
impaired sexual function [1]. Indeed, in the study by Croog
et al. [4], emotional symptoms such as depression, anxiety,
and obsessive-compulsiveness showed a higher degree of
correlation with sexual dysfunction symptoms than age in
both untreated hypertensive men and those taking antihy-
pertensive medications. By contrast, other authors failed to
find a relationship between symptoms of anxiety, depres-
sion, obsession, and sexual symptoms in hypertensive men
[2]. Thus, despite the suggestions from prevalence studies,
there is no direct evidence that psychogenic mechanisms
play a major role in the sexual dysfunction experienced by
hypertensive men.

Effects of Antihypertensive 
Drugs on Sexual Function

Sexual dysfunction is a significant side effect of many
antihypertensive agents, and consequently is a major rea-
son for noncompliance with therapy [1,27,28,29•]. At
present, the incidence of sexual dysfunction due to various
antihypertensive agents is not well documented, perhaps
because of the personal nature of the problem and
patients’ reluctance to discuss it. Furthermore, some physi-
cians are reluctant to ask direct questions about sexual
function or may even ignore this problem while focusing
on the lifesaving benefits of antihypertensive treatment. In
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addition, studies of sexual dysfunction in hypertensive
men have usually suffered from lack of specificity, since the
data have often been collected as part of an overall evalua-
tion of hypertension, its drug therapy, or both. Further-
more studies on this topic are difficult to compare because
of different methodologies, lack of standardized measures,
and evaluation of sexual activity unrelated to age, body
weight, and marital status, which may all represent impor-
tant confounding factors.

Antihypertensive drugs may affect the sexual function
of the patient through their effects on the central and
peripheral nervous systems, the vascular system, and hor-
monal changes. Such agents may impair the libidinal, erec-
tile, and orgasmic phases of the sexual response, or may
exert effects than indirectly affect sexuality. Table 1 summa-
rizes the sexual side effects reported with the use of various
antihypertensive drugs.

Diuretics
Adverse effects of thiazide and thiazide-like diuretics (ie,
chlorthalidone) on male sexual function, including
decreased libido, erectile dysfunction and difficult ejacu-
lation, have been reported in several studies with an inci-
dence that varies from 3% to 32% [1,8,30–33]. In the
Medical research Council trial [30], 22% of men on
diuretics (bendrofluazide), 13% on propranolol, and
10% on placebo complained of impotence, which was
the most frequent principal reason for withdrawal from
antihypertensive treatment. The Hypertension Detection
and Follow-up Study reported that 5% of the men dis-
continued chlorthalidone therapy due to sexual dysfunc-
tion symptoms (primarily impotence) [31]. The trial by
Chang et al. [32] showed that patients taking thiazide
diuretics experienced significantly greater sexual dysfunc-
tion than control subjects, including decreased libido,

difficulty in gaining and maintaining an erection, and
difficulty with ejaculation. In the study by Wassertheil-
Smoller et al. [33], problems with sexual interest, erec-
tion, and orgasm were greater among men receiving
chlorthalidone compared with those given placebo or
atenolol. Interestingly, in this trial, weight loss amelio-
rated the problem of chlorthalidone-induced sexual dys-
function. In the TOMHS study [8], patients randomized
to chlorthalidone, even at low doses, reported a signifi-
cantly higher incidence of erection problems than
patients randomized to placebo (17.1% vs 8.1%). Com-
bined use of a diuretic and other antihypertensive agents
has been reported to be associated with a higher inci-
dence of sexual dysfunction symptoms than use of a
diuretic agent alone [4].

The mechanism by which thiazides affect erectile
function or libido is unclear, but it has been suggested
that these drugs exert a direct effect on vascular smooth
muscles or involve a decreased response to catechola-
mines [29•]. In the study by Chang et al. [32], multivari-
ate analysis suggested that sexual dysfunction was not
mediated by low serum potassium levels or by low blood
pressure values.

Impotence and decreased libido are the more frequent
sexual side effects of spironolactone [1,27]. Although
marked variation in the incidence of these effects has been
reported, at usual clinical doses they occur in less than 5%
of the cases [27]. Gynecomastia, another fairly frequent
complication of spironolactone therapy, may be associated
with mastodynia and is usually bilateral. The sexual side
effects of spironolactone have been attributed to endocrine
dysfunction: spironolactone is structurally similar to the
sex hormones and inhibits the binding of dihydrotestoster-
one to androgen receptors, thus producing an increased
clearance of testosterone [34].

Table 1. Effects of different classes of antihypertensive drugs on sexual function

Drug   Decreased libido
Erectile 

dysfunction
Impaired 

ejaculation Priapism Gynecomastia

Diuretics
Thiazides                                                    + + + - -
Spironolactone                     - + - - +

�-Blockers + + - - +
�-Blockers              - + + + -
Centrally acting 

antiadrenergics
Methyldopa + + + - +
Clonidine - + + - +

Direct vasodilators - + - - -
Calcium antagonists - ? ? - +
Angiotensin converting 

enzyme inhibitors
- - - - -

Angiotensin II 
antagonists

- - - - -

+, Present; -, absent; ?, unknown effect.
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β-Blockers
β-Blockers have been frequently associated with sexual dys-
function, particularly impotence and decreased libido. The
majority of reports dealing with sexual dysfunction due to
β-blockade relate to propranolol [4,30,35,36]. Bauer et al.
[35] observed that propranolol-induced impotence
occurred in 11% of patients when the drug was used as
monotherapy and in 23% when used in combination,
whereas the Veterans Administration Cooperative Study
group reported a 12.8% incidence of impotence whether
the drug was used alone or in combination [36]. The use of
propranolol in the Medical Research Council Trial was sig-
nificantly associated with withdrawal from treatment due
to impotence, although at a lower frequency than for thia-
zide therapy [30]. In the study by Croog et al. [4] specifi-
cally comparing the effects of propranolol, methyldopa,
and captopril on sexual function over a 24-week treatment
period, total symptom distress scores of treatment groups
did not differ from each other in change from baseline, but
problems in maintaining an erection were significantly
worsened with propranolol therapy. However, in a more
recent study undertaken to determine whether propranolol
had adverse effects on cognitive function, depressive symp-
toms, and sexual function in hypertensive patients aged 22
to 59 years of age, no significant adverse effects on sexual
function were found [37].

Whether the β1-selective β-blockers and those with
vasodilating properties share the same side effects of pro-
pranolol on sexual function is less clear. In the TAIM
study [33], the β1-selective β-blocker atenolol did not
appear to have adverse effects on sexual function. Simi-
larly, in the THOMS study [8], the β1-selective acebutolol
did not have adverse effects on sexual function. By con-
trast, Suzuki et al. [38] reported that 26% of patients
receiving atenolol had decreased potency and libido. A
chronic worsening of sexual activity, assessed as number
of sexual intercourse episodes per month, was also
observed by us in two different studies assessing the

effects of the β1-selective β-blocker atenolol compared
with the angiotensin converting enzyme (ACE) inhibitor
lisinopril [39] and the angiotensin II antagonist valsartan
[40] on sexual function in middle-aged, untreated, hyper-
tensive men. In both studies, atenolol-treated patients
experienced a significant decrease in sexual intercourse
rate, which was evident after 4 weeks of treatment and
persisted throughout the treatment (Figs. 1 and 2).

Similar results were obtained in another study where
we evaluated the effects of the more recent β-blocker
carvedilol (provided with antagonistic properties at
both α - and β-adrenergic receptors and with direct
vasodilator activity) compared with valsartan on sexual
activity (Fig. 3) [41•].

The mechanisms by which β-blockers induce sexual
dysfunction remains to be clarified. One of the proposed
mechanisms is inhibition of the sympathetic nervous sys-
tem. β-Blockers reduce central sympathetic outflow and
may impair vasodilation of the corpora cavernosa. Besides,
β-blockers, especially the lipophilic ones, increase the ten-
dency toward sedation or depression, which in turn may
cause a loss of libido. A depression in serum testosterone
levels in patients receiving β-blockers has been reported by
some investigators [38,42], but not by others [16]. Accord-
ing to our data, which refer to atenolol, a reduction in test-
osterone values occurs in patients treated with this β-
blocker, and seems to be more connected with reduced sex-
ual interest than with erectile dysfunction [40].

α-Blockers
Erectile dysfunction and decreased libido are relatively rare
complications of α-blockers [1,27,29•]. Indeed, in the
recent THOMS study [8], participants randomized to dox-
azosin experienced the lowest incidence of erection prob-
lems. Since α -adrenergic receptors mediate seminal
emission, α-blockers may interfere with ejaculation. Pri-
apism secondary to blockage of α receptors is rare with
peripherally acting α-blockers [1,27,29•].

Figure 1. Sexual intercourse rate in middle-aged hypertensive men 
during treatment with atenolol or lisinopril. *P < 0.05. †P < 0.01 ver-
sus placebo. (Data from Fogari et al. [39].)

Figure 2. Sexual intercourse rate in middle-aged hypertensive men 
during treatment with atenolol or valsartan. *P < 0.05 versus placebo. 
†P < 0.01 versus valsartan. (Data from Fogari [40].)
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Centrally acting antiadrenergic drugs
Methyldopa
Methyldopa acts as a false neurotransmitter that stimulates
the adrenergic receptors in central vasomotor centers,
thereby decreasing sympathetic nervous outflow from the
brain. Since erectile processes are mediated by sympathetic
nerve impulses, it is not surprising that treatment with this
sympatholytic agent has been associated with erectile or
ejaculatory dysfunction. Mental depression may also occur
due to the central action of methyldopa and may contrib-
ute to decreased libido and erectile dysfunction secondary
to the use of this drug. The incidence of sexual dysfunction
symptoms with methyldopa varies in the different studies
from 13% to 80% and is reported to be dose related
[1,27,29•,43].

Clonidine
Clonidine has a mechanism similar to that of methyldopa
and acts as a presynaptic α-adrenergic receptor antagonist.
However, clonidine is widely advertised to have few or no
sexual side effects [1,29•]. This claim is based on a low
prevalence (10%) of sexual side effects reported by some
authors [44]. These reports, however, are disputed by oth-
ers reporting a higher prevalence of impotence [27].

Direct vasodilators
Erectile dysfunction and priapism are rare side effects of
direct-acting smooth muscle vasodilating drugs such as
hydralazine and minoxidil [1,27,29•].

Calcium channel blockers
Due to their mechanism of hypotensive action (vasodilation
secondary to blockade of the voltage-dependent L-type cal-
cium channels), calcium antagonists are not expected to cause
sexual dysfunction symptoms [29•]. Indeed, in a total of 368
hypertensive men assigned to monotherapies of either the

calcium antagonist isradipine, methyldopa, or placebo, sex
disorders were reported significantly more in the methyl-
dopa-treated group (13.7%) than in the isradipine group
(6.7%) [43]. Amlodipine did not appear to affect erection
function in the TOHMS study [8], nor did nifedipine slow
release in another study [45]. However, the occurrence of
impotence in a group of patients treated with verapamil has
been reported by King et al. [46]. The mechanism for this
effect is not clear. A possible explanation might be the inhibi-
tion of parasympathetic nerve function through interference
with neurotransmitter function at a peripheral level. Nife-
dipine has been shown to block neurally released adenosine
triphosphate in the rat vas deferens [47]. Although this is of
uncertain significance in humans, it suggests the possibility of
interference with peripheral neurotransmitters and/or recep-
tors. Problems in ejaculation and gynecomastia, possibly
related to hyperprolactinemia, were also reported by hyper-
tensive patients treated with slow-release nifedipine [38].

Angiotensin converting enzyme inhibitors
Angiotensin converting enzyme inhibitors have not been
generally associated with impairment of sexual activity
[4,8,38,39]. Croog et al. [4] observed that hypertensive
men treated with captopril fared better than those receiv-
ing propranolol or methyldopa in degree of change in dis-
tress over sexual symptoms. In the already cited study of
comparison between the β-blocker atenolol and the ACE
inhibitor lisinopril, which refers to a rather homogeneous,
middle-aged, sexually active population of newly diag-
nosed, never treated hypertensive men, we observed that,
unlike atenolol, which caused a chronic worsening of sex-
ual function, lisinopril caused only a temporary decline in
sexual activity. After 4 weeks of lisinopril treatment, the
sexual intercourse rate was significantly reduced, but
tended to recover with ongoing treatment (Fig. 1) [39].
Interestingly, the study design (two active treatment cross-
over periods of 4 weeks each preceded by a 4-week placebo
period) allowed us to evaluate the time course of the effects
of atenolol and lisinopril on sexual activity (Fig. 1). During
the first placebo period, the level of sexual activity tended
to decline, perhaps as a consequence of psychologic factors
related to the diagnosis of hypertension and the need for
drug treatment. The further decrease in sexual activity
observed after 4 weeks of treatment with both atenolol
and—although to a lesser extent—lisinopril suggests an
acute effect of antihypertensive treatment, not drug-spe-
cific, perhaps related again to psychologic factors or to
blood pressure lowering itself. Ongoing with the treatment
we observed a recovery of sexual function in the lisinopril-
treated but not in the atenolol-treated patients, which sug-
gests a chronic effect of antihypertensive therapy, drug-spe-
cific, probably related to pharmacologic mechanisms.
During the second placebo period, sexual intercourse rate,
although higher than during active treatment, remained
lower compared with baseline, especially in the atenolol-
treated patients, who previously experienced major impair-

Figure 3. Sexual intercourse rate in middle-aged hypertensive men 
during treatment with carvedilol or valsartan. *P < 0.05 versus pla-
cebo. †P < 0.01 versus valsartan. (Data from Fogari et al. [41•].)
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ment of sexual activity. Cross-over treatment confirmed the
occurrence of an acute, nondrug-specific effect of antihy-
pertensive treatment characterized by a decrease in sexual
intercourse rate with both drugs, although more marked
with atenolol, followed by a chronic worsening of sexual
activity only in the atenolol-treated patients.

In this study the number of patients reporting
decreased libido was significantly lower in the lisinopril
(2%) than in the atenolol-treated group (11%). Also,
impotence was reported less frequently with the ACE
inhibitor (1%) than with the β-blocker (5%).

The fact that ACE inhibitors work through channels
other than the sympathetic nervous system in lowering
blood pressure might explain in part their reduced impact
on sexual function [4]. Besides, ACE inhibitors have been
reported to reverse endothelial dysfunction by preventing
the effects of angiotensin II, prolonging the half-life of
nitric oxide, and decreasing the degradation of bradykinin
[48]. This latter substance is a potent stimulator of nitric
oxide and prostacyclin release and therefore would not be
expected to cause erectile dysfunction.

Angiotensin II AT1 receptor antagonists
Present evidence of the effects of angiotensin II AT1 recep-
tor antagonists on sexual function is limited, but some
data suggest that in men receiving these agents sexual func-
tion not only is not altered but even improves [40,41•,49].
In a study comparing the effects of antihypertensive treat-
ment with the angiotensin II antagonist valsartan or the β-
blocker carvedilol on sexual function in 120 middle-aged,
never treated, hypertensive men, we observed that, unlike
carvedilol, valsartan produced only a temporary, nonsig-
nificant decline in sexual activity (assessed as number of
sexual intercourse episodes per month) after 4 weeks of
treatment, whereas it even improved this function ongoing
with the treatment. After 16 weeks of therapy, hypertensive
men receiving valsartan experienced a 19% increase in sex-
ual intercourse rate, which, by contrast, was reduced by
50% in the carvedilol-treated patients (Fig. 3) [41•]. In
addition, erectile dysfunction was a complaint of one
patient with valsartan (0.9%), 15 patients with carvedilol
(13.5%), and one patient in the placebo group (2.5%), the
difference between the two active treatments being statisti-
cally significant. Similar results were obtained by Llisterri et
al. [49] with another angiotensin II antagonist, losartan,
that improved erectile function and both satisfaction and
frequency of sexual activity in hypertensive patients with
sexual dysfunction symptoms. In another study under-
taken to compare the effects of the β-blocker atenolol and
the angiotensin II antagonist valsartan on sexual activity
and plasma testosterone levels in untreated hypertensive
men, we observed that unlike atenolol, valsartan not only
did not worsen sexual activity, assessed as number of sex-
ual intercourse episodes per month, but tended to improve
it [40]. Although in this study the observed increase in sex-
ual activity did not reach statistical significance, probably

due to the scant number of the sample, patients receiving
valsartan experienced a 21% increase in sexual intercourse
rate that, by contrast, was reduced by 25% in the atenolol-
treated patients, with a significant difference between the
two treatments. In addition, plasma testosterone levels
were unaffected by valsartan treatment, which suggests that
the trend towards sexual activity improvement induced by
this drug was not related to changes in this sex hormone.
Hypothetical explanations for this effect include the fol-
lowing: 1) Possible local effects. In an experimental animal
model, intracavernosal injection of angiotensin II caused
contraction of cavernosal smooth muscle and terminated
spontaneous erection, whereas administration of an angio-
tensin II receptor antagonist resulted in smooth muscle
relaxation and, therefore, erection. This suggests that
angiotensin II is an important modulator of erectile func-
tion [50]. 2) Possible effects of the activated renin-angio-
tensin system on some as yet unknown nervous center
modulating sexual activity. 3) Possible agonist interaction
of some angiotensin II metabolite (possibly angiotensin
IV) with the central dopaminergic system, which has been
demonstrated from animal data to play a major role in sex-
ual behavior [11]. 4) General improvement of the quality
of life indices (general well-being, physical symptoms, cog-
nitive function, work performance, and so forth) due to the
angiotensin II antagonists.

Conclusions
Sexual dysfunction is common in hypertensive men, and
hypertension per se has been suggested to affect sexual
function. Several factors may have a role in the sexual dys-
function of hypertensive men, but the studies available do
not allow us to state which factors play the major role.
Especially important in this regard seem to be neurovascu-
lar factors (in particular defective NO activity), although
hormonal and psychogenic factors cannot be excluded.
Further studies are needed to clarify whether erectile dys-
function seen in hypertension may be an expression of vas-
cular disease and target organ damage. Antihypertensive
drugs exacerbate the incidence of sexual dysfunction in
hypertensive men. Diuretics, centrally-acting sym-
patholytic drugs, and β-blockers, especially the nonselec-
tive ones, have been found to have a greater impact on
sexual function, whereas calcium antagonists and ACE
inhibitors are claimed to have less effects on sexual func-
tion, and preliminary data suggest that angiotensin II
antagonists even seem to improve it. Since sexual dysfunc-
tion may adversely affect the quality of life of the hyperten-
sive patients in treatment, physicians should take an
accurate baseline sexual history and monitor sexual symp-
toms as therapy progresses. Selecting the most suitable
medication for the individual patient can result in blood
pressure control with a minimum of sexual symptoms,
helping to assure that the patient will continue to comply
with the treatment.
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