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Abstract

Erectile function (EF) is a complex process controlled by a variety of factors,
including vascular, neurological, psychological and endocrinological function.
There is a complex interrelationship between endocrine health and sexual func-
tion, particularly reflecting the importance of testosterone and the contribution of
other hormones in EF and the association of hormonal imbalances in the occur-
rence of erectile dysfunction (ED). Indeed, while wide literature evidence cor-
roborates a strong link between hypogonadism and ED, a consistent association
between hyperprolactinemia and ED is highlighted by less numerous studies,
and less abundant and consistent studies suggest an association between hypo-
and hyperthyroidism, hypo- and hypercortisolism and growth hormone (GH)
deficiency and excess on the one hand, and the occurrence of ED, on the other.
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Moreover, the endocrine system modulates EF also by means of its bidirectional
relationship with metabolic health; in particular, metabolic syndrome represents
a risk factor for hypogonadism, which in turn is associated with an increased
prevalence of metabolic disorders and ED. Furthermore, metabolic syndrome
directly increases the risk of ED through cardiovascular impairment and endo-
thelial dysfunction. Evidence suggests that the presence of specific hormonal
imbalances, such as in testosterone, prolactin and thyroid hormone levels, and of
metabolic alterations in patients affected by ED may be of considerable clinical
relevance. Accordingly, sexual function and EF should be assessed in patients
with hormonal imbalances, particularly patients with hypogonadism and hyper-
prolactinemia, and with metabolic disorders.
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6.1 The Interrelationship Between Endocrine Health
and Erectile Function

Previous chapters provided a detailed examination of the literature regarding the
links between erectile dysfunction (ED) and cardiovascular disease, diabetes mel-
litus and psychological and lifestyle factors, illustrating the diverse range of influ-
ences on erectile function (EF). It is recognised that EF is dependent on a number
of processes, including vascular, neurological, psychological and endocrinological
function [1]. The current chapter focuses on the role of the endocrine system in the
context of sexual health and in the development of ED.

The current section evaluates the literature on the interrelationship between
endocrine health and EF, including the importance of testosterone and other hor-
mones, in facilitating EF. The endocrine system is a key regulator for a range of
physiological processes and a driver for satisfactory sexual function in humans [2].
The main endocrine contributors to sexual health and EF in men are androgens,
including testosterone and, to a relatively lesser extent, dihydrotestosterone (DHT)
[3]. However, complex interrelationships among the endocrine axes may impact
sexual health and EF through multiple pathways, including testosterone and also the
action of other hormones involved in the regulation of stress and vascular, neuro-
logical and metabolic functions [2, 4]. Testosterone has a pivotal role in male sexual
function, particularly EF [4]. Testosterone is recognised as a physiological driver of
male sexual arousal and desire and exerts a permissive action of EF [5]. Studies in
animal models demonstrated that the ablation of androgen activity impacts sexual
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Fig. 6.1 Testosterone actions in the control of sexual response and erectile function. This figure
illustrates key targets of androgen/testosterone activity in the central nervous system, the auto-
nomic nervous system and the corpus cavernosum, leading to erection. Abbreviation: NOS nitric
oxide synthase. (Adapted from [4])

behaviours, whereas human evidence deriving from studies on brain activity in
hypogonadal men supports a link between testosterone activity and sexual
arousal [6-8].

Testosterone mainly acts at three different sites, namely the brain, spinal neu-
rones and pelvic ganglia, and the penis [3]. For instance, testosterone acts on andro-
gen receptors located in regions of the brain thought to regulate sexual desire,
including the mediobasal hypothalamus and the limbic system [8], therefore initiat-
ing and sustaining erection. Locally, within the penis, testosterone exerts direct
actions on smooth muscle cells by regulating the expression of nitric oxide synthase
and increasing the levels of nitric oxide, an important mediator of smooth muscle
relaxation, leading to erection and contributing to the timing of erections [9].
Fig. 6.1 summarises the main actions of testosterone in male sexual arousal and EF.

The role of testosterone in regulating sexual response and EF does not provide a
complete picture of how endocrine function relates to male sexual health. Indeed,
other hormones, such as prolactin, oestradiol (E2), growth hormones (GH), insulin-
like growth factor 1 (IGF-1), thyroid hormones, cortisol and oxytocin, play a role in
these complex processes, as indirectly highlighted mainly by studies focusing on
hormonal excess or deficiency and endocrine pathologies. The direct effects on EF
of testosterone, GH and cortisol are summarised in Fig. 6.2.
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Fig. 6.2 Interrelationship between endocrine axes and erectile function. In smooth muscle cells,
nitric oxide (NO) triggers a decrease in calcium levels, mediated by cyclic guanosine monophos-
phate (cGMP), which causes smooth muscle cell relaxation and subsequently leads to penile erec-
tion. Testosterone enhances NO release by stimulating endothelial nitric oxide synthase (eNOS)
and noradrenergic noncholinergic (NANC) nerve nitric oxide synthase (nNOS) as well as growth
hormone (GH) by stimulating nNOS. High cortisol levels inhibit the decrease in calcium levels,
mediated by cyclic adenosine monophosphate (cAMP), therefore interfering with smooth muscle
relaxation. (Adapted from reference [10])

6.2 The Association Between Hormonal Imbalances,
Endocrine Pathologies and Erectile Dysfunction

One of the key factors supporting a link between endocrine health and EF is the
association between hormonal imbalance and ED. Hormonal imbalances have the
potential to dramatically modify the endocrinological control of physiological
activities, including those linked to sexual behaviours and function. One of the main
lines of evidence supporting this association relates to the link between testosterone
levels and the risk of ED. For example, a decrease in serum testosterone levels is
seen with ageing, during the period in which the prevalence of ED increases [11].
However, this association is complex as some epidemiological studies suggested
that the link between ED and testosterone levels may not be linear or significant [12,
13]. Importantly, when testosterone levels fall below the critical threshold value
(<8 mmol/L), the association between testosterone and ED is significant [13], there-
fore suggesting that testosterone levels need to be below a certain threshold (subnor-
mal levels) to cause hypogonadism that is associated with ED.

Further evidence corroborating this hypothesis came from observations that a
loss of testosterone activity following castration is associated with a decline in sex-
ual activity and EF [14, 15]. Similarly, a reduction in the amplitude, frequency and
rigidity of erections has been demonstrated in men affected by hypogonadism [16].
Accordingly, in hypogonadal men, normal sexual function was restored with
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Table 6.1 Summary of associations between low testosterone levels/hypogonadism and erectile
dysfunction

Key observations Supporting study
Men with ED have lower T levels across all phases of EF Becker et al. [40]
compared with men without ED.

Free T levels are associated with increased penile vessel dilation  Aversa et al. [41]
and cavernous artery compliance.

The incidence of low libido and reduced EF is higher at T levels  Zitzmann et al. [42]
below 8 nmol/L.

Obese men demonstrate lower T and higher rates of ED, Corona et al. [43]
independent of obesity-related factors.

Weight loss in obese hypogonadal men results in an increase in T Camacho et al. [44],
levels and improvement in EF. Rastrelli et al. [45]

Abbreviations: EF erectile function, ED erectile dysfunction, T testosterone

exogenous testosterone treatment [17, 18]. Testosterone treatment in men is gener-
ally only associated with an improvement in sexual function where subnormal lev-
els are assessed during endocrinological workup, suggesting that testosterone levels
slightly below normal may not be strongly linked to ED and may likely reflect the
actions of other risk factors that contribute to ED. A summary of the key observa-
tions on the link between testosterone and ED across studies is presented in
Table 6.1.

In addition to changes in testosterone levels associated with ageing or pathologi-
cal conditions, other hormonal imbalances may contribute to compromised EF [19].
For instance, high levels of prolactin have been established as a cause of ED since
elevated prolactin negatively modulates the pulsatile hormonal control involved in
sexual arousal and EF [20, 21]. Elevation of E2 may lead to the suppression of the
hypothalamic-pituitary axis, reducing testosterone levels and potentially affecting
EF [22]. Furthermore, thyroid hormone imbalances may be associated with reduced
EF, owing to the complex actions of thyroid hormones in regulating mood, sexual
arousal and specific effects on the hormonal control of erections [23]. Moreover,
associations have been reported between high levels of GH and ED [24] and low
levels of IGF-1 and ED [25], while low levels of oxytocin [26] and high levels of
cortisol have been associated with ED [27]. These interactions reflect a complex
range of pathological conditions and potential mechanisms through which EF may
be regulated, emphasising the interrelationship not only between the endocrine reg-
ulators of EF but also between the endocrine and other systems, such as inflamma-
tion, linked to ED pathophysiology [28]. Indeed, many non-communicable diseases
linked to endocrinological status, including diabetes mellitus, metabolic syndrome
and obesity, are associated with ED, suggesting common pathogenetic mechanisms,
such as inflammation [28]. Elevated inflammatory activity and markers can be seen
in these conditions, and these changes have been linked to endothelial dysfunction
in blood vessels, a key pathogenic event in the development of ED [29]. Therefore,
the diverse nature of the endocrine regulation of ED may be associated with inter-
relationships between systems as well as key common events in ED pathophysiol-
ogy, such as inflammation.
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Many of the hormonal imbalances observed in association with ED suggest a
link between specific endocrine pathologies and ED [30, 31]. For instance, an anal-
ysis of patients from the European Male Aging Study found an association between
ED and type 2 diabetes mellitus, impaired fasting glucose, hyperprolactinemia and
secondary hypogonadism [30]. In particular, male hypogonadism has been reported
as the most frequent endocrine alteration affecting ED [9], and the prevalence of ED
due to hypogonadism is estimated to be 2-21% [32].

Additionally, epidemiological data linking a diverse range of endocrine conditions
with the risk of ED illustrated the importance of hormonal imbalance in normal
EF. For example, hyperprolactinemia is associated with the inhibition of gonadotro-
pin-releasing hormone (GnRH), therefore reducing gonadotropin and testosterone
secretion, and may be linked to ED in 2% of cases [33]. Thyroid dysfunction has been
associated with ED in some studies, reflecting the link between both hypo- and hyper-
thyroidism and sexual and erectile functions [34, 35]. GH deficiency and acromegaly
have also been associated with ED [36, 37]. Furthermore, hypo- and hypercortisolism
have likewise been linked to ED in some studies [38, 39].

6.3 The Association Between Metabolic Syndrome
and Erectile Dysfunction

Metabolic syndrome is a clinical condition characterised by the presence of at least
three metabolic abnormalities, such as increased waist circumference, elevated tri-
glyceride levels, reduced high-density lipoprotein cholesterol levels, elevated fast-
ing glucose and hypertension (Table 6.2), and is linked to a significant increase in
5- and 10-year cardiovascular risk [46, 47]. The condition is closely linked to obe-
sity and insulin resistance, which may contribute to hormonal imbalance in patients
affected by metabolic syndrome [48]. In particular, from the perspective of sexual
health, metabolic syndrome may be associated with low testosterone levels in a
picture of hypogonadotropic hypogonadism [48, 49]. Hypogonadotropic hypogo-
nadism has been linked to the development and exacerbation of metabolic disorders,

Table 6.2 Overview of the main components of metabolic syndrome and their pathophysiologi-
cal link to erectile dysfunction

Metabolic syndrome

criteria Pathophysiological link with ED increased risk
Elevated waist Anthropometric features linked to adiposity and abdominal obesity are
circumference associated with inflammation and endothelial dysfunction

Elevated triglycerides Increased risk of atherosclerosis
Low HDL-cholesterol HDL-cholesterol promotes lipid metabolism and transport, and its low
levels reduce protection against atherosclerosis

Elevated blood Increased endothelial dysfunction
pressure
Elevated fasting Insulin resistance leading to endothelial dysfunction

blood glucose

Abbreviations: ED erectile dysfunction, HDL high-density lipoprotein cholesterol [55]
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such as metabolic syndrome, through a number of mechanisms, including an
increase in visceral adiposity and the development of insulin resistance [49].
Metabolic disorders further contribute to worsening testosterone deficiency, provid-
ing a bidirectional causal relationship between testosterone and metabolic disrup-
tion in functional hypogonadotropic hypogonadism [49]. Associations between
hypogonadism and metabolic syndrome have been seen in epidemiological data.
For instance, systematic reviews of studies have found that men with metabolic
syndrome have lower testosterone levels in cross-sectional data, with hypogonad-
ism being more common in men with ED compared to those without ED, while
longitudinal data support a bidirectional relationship where low testosterone
increases the risk of subsequent metabolic syndrome and vice versa [50, 51].

Importantly, metabolic syndrome is linked to an increased risk of ED [48, 52].
This association has been observed in data elucidating the link between ED and
cardiovascular health, as discussed in detail in Chap. 2. Specifically, the risk of ED
is increased in patients with cardiovascular disease as well as in those with cardio-
vascular risk factors [53]. It has been observed that the onset of ED may precede the
development of cardiovascular disease by years in patients with cardiovascular risk
factors, such as hypertension, smoking and dyslipidaemia, highlighting the role of
ED as an early predictor of cardiovascular disease [54]. This has been particularly
noted in patients with metabolic syndrome, where a constellation of cardiovascular
risk factors is present [53].

A number of studies have investigated the link between metabolic syndrome and
ED, supporting an association between metabolic disease and compromised
EF. Specifically, a study of 268 men found that those with metabolic syndrome
(n = 89) were more likely to have ED according to International Index of Erectile
Function (IIEF) scores, with 74% reporting ED compared with 50% of those with-
out metabolic syndrome [55]. Similarly, in another study, it was shown that, in men
aged over 50 years, the presence of the metabolic syndrome is associated with an
increased risk of moderate or severe ED based on IIEF-5 score [56]. Furthermore,
in patients attending urology outpatient clinics (n = 393) aged 40-70 years, there
was a significant association between metabolic syndrome and ED [57].

It has been established that there is a link between the severity of metabolic syn-
drome and the severity of ED in affected individuals [58]. In this context, an obser-
vational study found that the number of metabolic syndrome components increased
with the severity of ED, with moderate or severe ED associated with the highest risk
of metabolic syndrome [59]. Similarly, the EF domain score of the IIEF question-
naire significantly decreased as the number of metabolic risk factors increased in
men with metabolic syndrome and patients with the risk factor of elevated fasting
blood glucose and waist circumference, or hypertension had lower EF domain
scores than patients with other metabolic risk factors [55]. Together, these findings
illustrate how cardiovascular and metabolic risk factors have strong associations
with ED in middle-aged and older male populations, with the number of metabolic
syndrome risk factors linked to the severity of ED. As illustrated in Table 6.2, the
main components of metabolic syndrome may be associated specifically with the
pathological aspects of ED, accounting for these findings.


https://doi.org/10.1007/978-3-031-98580-5_2

104 D. Menafra et al.

6.4 The Potential of Early Erectile Dysfunction Presentation
to Trigger Investigations for Endocrine
and Metabolic Pathologies

As discussed in the previous chapter in relation to cardiovascular disease, the poten-
tial for ED to serve as an early marker of poor health may be an important concept
in endocrine and metabolic health contexts, relying upon the vulnerability of EF to
hormonal imbalances and dysregulation compared with other physiological func-
tions [60]. The importance of screening for endocrine and metabolic disorders in
ED lies not only in their common association with ED but also in how modifiable
these conditions are, providing an opportunity for profound improvement in both
ED and broader patient health (Fig. 6.3) [60]. Indeed, different studies highlighted
the important overlap between ED and undiagnosed endocrine and metabolic disor-
ders. For instance, in an Italian cohort study of 1332 men referred for ED during
2013-2020, 19% were already receiving treatment for pre-diabetes, diabetes or
other endocrine dysfunctions, and 30% of the remaining population had previously
undiagnosed endocrine or metabolic pathologies, including hypogonadism (58.8%),
hyperprolactinemia (11.5%), thyroid dysfunction (12.3%) and metabolic disorders
such as glycaemic disorders (17.3%) [60]. Another study also showed that men with
sub-clinical hyperthyroidism were more likely to have ED than men with euthyroid-
ism, suggesting that the link between ED and endocrinological dysfunction may be
present prior to overt clinical symptoms or the diagnosis of clear endocrine disor-
ders [61]. However, data remain limited regarding the presence of undiagnosed or
sub-clinical endocrinological conditions in men with ED, and longitudinal data sup-
porting a temporal relationship are also lacking. Meanwhile, some data suggest a
clearer role in the potential discovery of undiagnosed metabolic conditions, such as
type 2 diabetes mellitus, in men affected by ED [62]. However, this concept should
be interpreted cautiously as hormonal imbalances could play a role in type 2 diabe-
tes development, but other cardiovascular risk factors could also contribute to the
development of this condition, complicating how ED may be used as a specific
marker for endocrine or metabolic conditions.

It is important to consider the clinical significance and implications of the asso-
ciation between established ED and endocrine pathologies at a population level.
Evidence of the value of screening for endocrine pathologies in patients with ED
suggested that metabolic and endocrine assessments should be consistently imple-
mented in men with ED [60]. Indeed, tools and strategies have been developed to
facilitate endocrinological assessment in men with ED. For example, the
ANDROTEST is a structured interview developed and validated for the screening of
hypogonadism in men with sexual dysfunction [63], and it holds potential value in
clinical practice [63, 64]. Screening results of over 1000 men with ED to determine
testosterone deficiency suggested that routine screening in men aged over 50 years
is justified [65]. However, some doubts still remain about the opportunity of screen-
ing for testosterone levels specifically in men with ED due to uncertainties over
specific values on their real indicative or supportive role of sexual dysfunction;
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Erectile dysfunction
(Decrease in spontaneous erections and reduced libido)

l

Measure total serum T concentration in the morning with a reliable assay

l l

Total T <9.7-10.4 nmol/L Normal T

Repeat total T and measure free Hypogonadism unlikely

T if SHBG variations expected

Total T <9.7-10.4 nmol/L
Free T <0.17-0.31 nmol/L

Low or inappropriately normal
LH/FSH
(secondary hypogonadism)

Measure LH and FSH

High LH/FSH

Consider assessing prolactin
(primary hypogonadism)

levels

Consider assessing thyroid hormones in case of history supporting hypo-
or hyperthyroidism and presence of other sexual comorbidities such as
reduced sexual desire or ejaculatory dysfunctions

Fig. 6.3 Diagram of a potential screening approach for endocrine pathologies (ED) in patients
presenting with erectile dysfunction. The approach to endocrinological assessment of the patient
presenting with ED should focus on the initial assessment of testosterone (T), the results of which
then guide the need for further endocrinological assessments. Abbreviations: ED erectile dysfunc-
tion, FSH follicle-stimulating hormone, LH luteinising hormone, SHBG sex-hormone-binding
globulin, T testosterone. (Adapted from reference [70])

indeed, such screening approaches are not still widely considered feasible due to a
lack of consensus on lower limits of testosterone serum levels [66].

Prolactin levels may be eligible for screening in patients with suspected endocri-
nological causes of ED [48]. It has been suggested that the most effective and cost-
effective way of incorporating prolactin screening in patients with ED would involve
initial screening for testosterone levels in order to assess evidence of secondary
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hypogonadism, followed by prolactin screening [65]. However, this stepwise
approach has recently been discussed based on a lack of cost-effectiveness [67],
which warrants further consideration. Support for caution in endocrinological
screening in patients affected by ED is evident in the wider literature, reflecting a
paucity of high-quality studies evaluating screening strategies and outcomes. In this
context, screening approaches for hormones should not be considered indepen-
dently from clinical history, signs and symptoms that may support a diagnosis of
endocrine disease. For instance, universal screening for thyroid dysfunction in
patients with ED may not be cost-effective but may be of value when combined with
detailed history supporting hypo- or hyperthyroidism and other sexual comorbidi-
ties, such as reduced sexual desire or ejaculatory dysfunctions [47, 66]. Universal
screening for other hormonal imbalances, such as cortisol, GH/IGF-1 and E2, in
patients with ED is not widely recommended at present [47]. Therefore, the pres-
ence of ED should trigger an exploration of potential selected hormonal imbalances,
but there is a need to refine strategies to maximise the clinical value and cost-
effectiveness of screening approaches.

Metabolic screening in patients with ED should be considered appropriate in
clinical practice due to the strong association between ED and metabolic condi-
tions, such as type 2 diabetes mellitus and metabolic syndrome [47]. Screening for
type 2 diabetes mellitus and/or glycaemic disorders is straightforward in practice
and therefore may easily be integrated into routine patient evaluation [47]. A diag-
nosis of ED may have the potential to enhance evaluation for type 2 diabetes mel-
litus using standardised screening approaches [68]. Wider assessments for
cardiovascular and metabolic risk factors are advocated in men presenting with ED
as part of an initial workup [47, 69], which may ultimately support the identification
or diagnosis of other metabolic conditions.

6.5 Evaluation of Erectile Dysfunction as an Integrated Part
of Endocrinological Assessments

Considering that ED is known to be associated with hormonal imbalances and endo-
crine pathologies, there is wide justification for the evaluation of ED in male patients
with endocrine conditions, including hypogonadism, hyperprolactinemia, thyroid
disorders and other conditions. A recent consensus statement from the Italian
Society of Andrology and Sexual Medicine (SIAMS) and ten other Italian scientific
societies [47] recommends considering sexual function investigation in patients
with endocrine disorders, including thyroid, adrenal and pituitary diseases.
Therefore, integrating the evaluation of sexual function and ED into endocrinologi-
cal assessments represents an important stage in optimising the identification and
initiation of management for ED.

In the presence of endocrine or metabolic disorders, particularly if these condi-
tions could be associated with hypogonadism, the exploration of sexual function
should be recommended [71]. STAMS consensus recommended incorporating EF
evaluation for all patients with diabetes mellitus, given that ED is strongly
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associated with diabetes duration, metabolic control and the coexistence of diabetic
complications [47]. Moreover, an investigation of EF should always be performed
in the case of male hypogonadism and hyperprolactinemia and is suggested in the
case of clinically manifest hypo- and hyperthyroidism, hypo- and hypercortisolism
and GH deficiency and excess [47].

The strategies used to identify ED should rely on clinical assessment/anamnesis,
as well as the use of formal tools, such as IIEF/IIEF-5 questionnaires [72]. There is
a recognised need for biomarkers that may be indicative of ED, not only to assist in
the recognition of the condition but also to inform future risk of ED and the progres-
sion of disease in those patients with endocrine disorders [73]. Therefore, the iden-
tification of serum biomarkers may have particular value in elucidating ED risk and
in facilitating interventions in patients with endocrine and metabolic disorders.
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