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Global demographic changes demonstrate that the number
of men aged 65 and older continues to increase dramatically.
In order to attain a high level of health and well-being,
important interventional areas such as diet, exercise, and
sexuality may have important implications for older men.

Ageing males are at higher risk of several geriatric
conditions, including falls from postural hypotension or
balance and gait impairment, polypharmacy (more than three
prescriptionmedications), and use of sedative-hypnoticmed-
ications. These may be overshadowed by the development of
prostate cancer, cardiovascular disease (CVD), depression,
and obesity. It is known that obese men and women have a
lower quality of life when compared with lean counterparts.
In this issue, Poggiogalle et al. investigated the quality of
life and more specifically the quality of sexual activity, in 95
obese men and women. Although the number of included
patients was relatively small, the authors found an inverse
association between body mass index and sexual activity in
bothmen and women. Inmen, the results weremostly driven
by erectile dysfunction and lack of sexual desire, whereas
women reported a reduction of sexual disturbances with
aging.

Aging men experience a gradual decline in serum testos-
terone (T), known as late onset hypogonadism (LOH), a
condition that is often neglected by clinicians. It is estimated
that hypogonadism affects between 19 and 40% of men over
the age of 65. Consequently, understanding this phenomenon

and its relationship with changes in body composition in
older males is important because of associated conditions
such as the metabolic syndrome, type 2 diabetes mellitus or
obesity, CVD, and chronic heart failure. Hackett et al. give
an update on the risk/benefit ratio of T supplementation on
cardiac function in older men. They conclude that men with
low T usually present with troublesome symptoms, particu-
larly ED, and require treatment to address those problems, as
well as addressing cardiovascular prevention. A considerable
body of evidence suggests that low T is associated with
increased CVD and cancer mortality. A policy of taking little
or no action for these men based on concerns of increased
cardiovascular and cancer risk associated with physiological
replacement would seem illogical. There is considerable
evidence of modest cardiac and metabolic benefits that are
shown to reduce cardiovascular risk, plus sexual, mood, and
quality of life changes associatedwith restoringT levels.These
may also provide benefits to particular subgroups of frail
older men thus avoiding fears over prostate and cardiac risk
that must be supported by larger clinical studies in such
populations.

The risk/benefit ratio of T replacement therapy on dif-
ferent organs, alone or in combination with nutraceuticals,
is also a matter of debate in the aging male. In particular,
together with the role of nutritional status as key factor of
successful aging, mineral assessment has received attention
as an important determinant of physical performance. There
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is evidence that magnesium exerts a positive influence on
anabolic hormonal status, including testosterone, in men.
Maggio et al. in their review summarize data from obser-
vational and intervention studies about the role of magne-
sium in testosterone bioactivity and the potential underlying
mechanisms of this relationship in male subjects.

Gradual changes associated with male aging in the male
reproductive systemmay include changes in testicular tissue,
sperm production, and erectile function. Emerging data sug-
gest that bone mass, energy metabolism, and reproduction
may be coregulated by changes in body composition and
visceral fat amount. It is now accepted that bone is an
endocrine organ favouring whole-body glucose homeostasis
and energy expenditure. These functions of bone are, in
part, mediated by an osteoblast-specific secreted molecule,
osteocalcin (OSCA). The potential relationship between cir-
culating levels of OSCA and T with adipose tissue and
bone mineral density in obese men has been evaluated by
Migliaccio et al. in an original study carried out in an
outpatientmale clinic population. In their study, they propose
for the first time the pivotal role of OSCA in the regulation of
bone, metabolism, and reproductive functions.

Erectile dysfunction (ED) is a concern for many aging
men. Erections occur less frequently as men age, and aging
men often have less ability to experience repeated ejaculation.
The underlying problem is likely to be due tomedical reasons
in about 90% of cases. Several medications (especially those
used to treat hypertension and certain other conditions) may
cause some men to be unable to develop or maintain enough
of an erection for intercourse or to alter ejaculations. Gareri
et al. presented an update in this area especially with regard
to geriatric populations. Since data from pooled analyses are
scarce, they found it difficult to recommend a specific optimal
treatment for older men with comorbidities. However, they
conclude that a Vardenafil orodispersible preparation is
reported to have the fastest onset of action (pending the
postmarketing data arriving soon from Avanafil, which is
supposed to be as fast as ten minutes after assumption),
while Tadalafil is reported to have the longer duration of
action, with both representing a safe approach in an aged
population. The novel longer-term use of phosphodiesterase
type 5 inhibitors for other than ED conditions, that is,
Sildenafil in pulmonary hypertension and Tadalafil in lower
urinary tract symptoms (LUTS), appears to be promising
ideas.

Benign prostate hyperplasia (BPH) may eventually inter-
fere with urination and render older men more likely
to have LUTS and/or prostatitis, especially in the pres-
ence of LOH. Pathogenic interconnections between BPH,
inflammation, metabolic syndrome (MetS), and LOH are
shown in the review by Corona et al. which highlights
possible interventions to prevent their negative effect on
men’s health. BPH/LUTS represent a significant problem
among aging men; they were historically considered as a
normal consequence of the aging process and, as such,
their negative effects on men’s well-being were only dealt
with through medical or surgical intervention. This view
has been challenged in the last decade and now BPH/LUTS
are seen more preventable than inexorable ailments of the

older male population. Evidence presented in this review
indicates that several modifiable metabolic factors play a role
in determining the progression of LUTS/BPH. MetS and its
components, hypogonadism and prostate inflammation, are,
in fact, emerging asmedical conditions commonly associated
with BPH/LUTS, which in turn can be viewed as a complex
disorder that involves a metabolic component that may begin
early in the life of themale, remain asymptomatic, but is likely
to be detectable even in the early stages of the disease. The
mechanisms underpinning the relationship between MetS
and prostate inflammation are likely to be similar in young
and old men but chronic exposure to elevated inflammation,
alongwith lowT/high estradiol levels,may contribute to BPH
in the long term. Preventing the development of the disease
even from the asymptomatic phase should be the basis for
designing a resilient program of elder healthcare.

Prostate cancer (PCa) becomes more common as men
age. It is one of the most frequent causes of cancer death in
men. Bladder cancer also becomes more common with age-
ing. All these situationsmay severely impair sexual behaviour
and hence the quality of life of these individuals. Several
trials on androgens and PCa have recently focused on urinary
continence, quality of life, and sexual function, suggesting a
new point of view on the whole endocrine aspect of PCa. In
their review, Gacci et al. confirm that any treatment for PCa
can have a long-lasting negative impact on quality of life and
sexual health. In particular, sexual health, urinary continence,
and bowel function can be worsened after prostatectomy,
radiotherapy, or hormone treatment, mostly in the older
population. The current knowledge on the role of hormones,
metabolic aspects, and primary treatments for PCa in the
quality of life and sexual health of older PCa survivors is
analyzed in this review.

This issue has provided many insights into the manage-
ment of older men with hypogonadism, especially as far as
its related complications regard, that is, obesity, diabetes,
and osteoporosis. Long-term T treatment of diabetic obese
men with low T levels produced important clinical benefits
in men with this combined syndrome, “diabesity.” Haider
et al. collected and analyzed data from two observational,
prospective, cumulative registry studies of 561 men with
LOH receiving T therapy for up to 6 years. As far as we
are aware, a unique aspect of this study is that it followed
diabetic obese hypogonadal men for a period of 6 years,
which is the longest reported duration of T treatment to
date. Although the designs of the registry studies have some
limitations, for example, they do not take into account
behavioural and lifestyle changes, the authors conclude that
T therapy of obese, diabetic men improves glycaemic con-
trol and lipid profiles and may prove useful in reducing
the risk of CVD. In another original study, Haider et al.
investigated the effects of normalizing serum testosterone on
bone mineral density in 45 middle-aged to elderly men with
osteoporosis, diagnosed with LOH. They demonstrated that
T treatment not only improved their bone mineral density
(from osteoporosis to osteopenia over six years of treatment),
but also benefited their metabolic state, mood, and sexual
functioning. Similarly, Francomano et al. show for the first
time the results of a controlled, long-term study (60-month),
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on the effects of T replacement therapy in hypogonadal men
with MetS. The authors confirmed the beneficial effects of
a long-acting T injection on anthropometric and metabolic
parameters defined as a reduction of cardiovascular risk
factors (lipid profile, blood pressure, insulin resistance, and
HBA1c). Noteworthy, a significant improvement in bone
mineral density in relation to a concomitant increase in the
levels of serum vitamin D was firstly reported, which is
explained by a possible direct effect of testosterone on renal
expression of the l-alpha-hydroxylase and on the reduction
of fat mass independently from estradiol modifications. In
addition, the add-on effects of T injections on circulating
levels of pituitary hormones lead the authors to consider
obesity as a “panhypopituitarism” condition determining a
multiendocrine dysfunction. Last, but not least, the remark-
able safety profiles of hormone replacement therapy on
haematological and prostatic parameters were confirmed in
all these studies.

As men approach older age with all their exuberance,
they exit with physiological maturity. Let us just stop for a
moment to meditate what are the physical and psychological
impacts of such changes and what new complex mechanisms
are going to change over the continuation of life. This is not
the end of life itself, but it is amore complex interplay between
maturity andwisdom. If an olderman does not apply “Virtute
e Canoscenza” he might be transformed into its opposite,
that is, bewilderment and melancholy. This transmutation is
the basis for the “alchemical” endocrinologist, who uses his
tools to process the spirit and the senses. This issue provides
new considerable progress in several important metabolic
areas related to male sexual function and how this has such
an important bearing on male health and well-being and
the development of premature CVD in the aging male. We
are beginning to be more objective about the benefits and
risks of T therapy, seeing the complex relationship between
MetS, obesity, and LUTS becoming unravelled, and gaining
new insights into metabolic bone disease. This is an exciting
time and at this current rate of enquiry this should prompt a
further review in this area in three years!

Antonio Aversa
Lorenzo Maria Donini

Roberto Bruzziches
Roberto LaCava

Francesco Mattace Raso
Alan Sinclair
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Low levels of testosterone are manifested by erectile dysfunction, reduced sexual desire, and loss of morning erections with
increasing numbers of men are being diagnosed and require treatment. The prevalence rates of testosterone deficiency vary
according to different studies but may be as high as 40% in populations of patients with type 2 diabetes.There is increasing evidence
that testosterone deficiency is associated with increased cardiovascular and all-cause mortality. Screening for low testosterone is
recommended in a number of high risk groups including those with type 2 diabetes and metabolic syndrome. There are recent
data to suggest that testosterone replacement therapy may reduce cardiovascular mortality as well as improving multiple surrogate
markers for cardiovascular events. Specific clinical trials of testosterone replacement therapy are needed in selected populations
but in the meantime we must treat patients based on the best current evidence.

1. Introduction

The current ISSAM (International Society for Study of the
Aging Male), EAU (European Association of Urology), and
BSSM (British Society for Sexual Medicine Association)
definition of Late Onset Hypogonadism [1, 2] is

“A biochemical syndrome associated with advanc-
ing age and characterised by a deficiency in
serumandrogen levels with orwithout a decreased
genomic sensitivity to androgens. It may result in
significant alterations in the quality of life and
adversely affect the function of multiple organ
systems”.

This state of hypogonadism causes a global decrease in
energy and a decrease in the feeling of well-being. It also
causes a change in sexual function and has other endocrine
and metabolic repercussions. These can affect bones, mus-
cles, and lipids, as well as cognitive function Testosterone
Deficiency Syndrome (TDS) or Late Onset Hypogonadism
which is defined on the basis of clinical symptoms associated
with abnormal testosterone levels. The EuropeanMale Aging
Study [3] (EMAS) studied 3369 men aged 40−79 at 8

European centres and concluded that the 3 following cardinal
symptoms were most likely to be related to low levels of
testosterone.

Erectile Dysfunction, Reduced Sexual Desire, and Loss of
Morning Erections. Other symptoms such as hot flushes,
sweats and tiredness, loss of vitality, reduced shaving fre-
quency, gynaecomastia, depressed mood, poor concentra-
tion, and sleep disturbance were regarded as less specific.

Recent guidelines suggest that a level of total testosterone
of <8 nmol/L or free testosterone of less than 180 pmol/L
requires testosterone replacement therapy and total testos-
terone of>12 nmol/L or free testosterone of>225 pmol/L does
not. Between these levels a trial of therapy for a minimum of
6 months should be considered based on symptoms [1, 2]

2. Biochemical Assessment of Hypogonadism

Total testosterone should be measured between the hours of
7 and 11 am on 2 occasions at least 1 month apart and ideally
be assessed by mass spectrometry (ID-GCMS). Equilibrium
dialysis is currently the gold standard for free testosterone as
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immunoassays based on analogue displacement are currently
inaccurate [1, 2, 4].

TheEndocrine society [4] recommends thatmenwith the
following conditions should be screened for low testosterone
routinely:

(i) type 2 diabetes,
(ii) metabolic syndrome,
(iii) moderate to severe chronic lung disease,
(iv) osteoporosis,
(v) HIV,
(vi) history of infertility,
(vii) treatment with steroids, opiates (even medically pre-

scribed), and anticonvulsants,
(viii) alcohol abuse.

3. Low Testosterone and Increased Mortality

There is increasing evidence frommultiple long-term studies
that TDS is associated with increased cardiovascular and all-
causemortality [5–13]. Two recentmeta-analyses have looked
at a large number of long-term studies linking low testos-
terone to increased cardiovascular and all-cause mortality
[14, 15]. Araujo et al. [14] concluded that the evidence for a
link between low testosterone and increased mortality was
strong but concluded that most studies involved issues in
cohort selection and choice. They concluded that a decrease
of 2.1 standard deviations in total testosterone was associated
with a 25% increase in mortality. Haring [15] et al. looked at
the data in terms of several models and found that even after
strict adjustment for comorbidities there was a consistent link
between mortality risk and testosterone level throughout the
studies but that this did not prove causation (Table 1).

The EMAS group [16] recently reported 4.3 year follow-
up data on 2599 men aged 40–79 and concluded that men
with a baseline TT of 8 nmol/L or less and sexual symptoms
had a 3-fold increased mortality and a 5-fold increased risk
of cancer death.There authors concluded that there is a small
number of men with low testosterone at considerable risk of
early death.

A recent 10 year study from Western Australia involving
3690 men followed up from 2001–2010 concluded that TT
and FT levels in the normal range were associated with
decreased all-cause and cardiovascular mortality, for the
first time suggesting that both low and DHT are associated
with all-cause mortality and higher levels of DHT reduced
cardiovascular risk [17].

Six published studies usually involving small samples
have shown that low TT and FT are associated with CAD and
4 have shown no association [18]. Four studies have shown
inverse associations between low TT or FT (Table 2) and the
severity of CAD [18]. One involved 803 men assessed by
Gensini score, based on the location and number of stenotic
coronary artery segments and degree of luminal narrowing
[19]. Such studies do not establish whether low TT or FT is a
cause or a consequence of CAD.

3.1. Mortality Studies from High Risk Groups. Malkin et al.
[20] followed up 930 men referred with coronary artery
disease for 6.9 years. The prevalence of hypogonadism was
24%, mortality rates were 21% versus 12% (𝑃 = 0.002)
for hypogonadal men versus eugonadal, and the study was
halted early at 6.9 years. Only beta-blocker therapy and left
ventricular failure were found to have a greater influence on
survival.

Muraleedaran [21] et al. screened a primary care diabetic
population of 587 patients and followed them up for 5.8
years. They found that 475 of men had normal TT levels,
22% were overtly hypogonadal (<8 nmol/L), and 31% were
in the borderline range. These percentages were in close
agreement with earlier publications by Kapoor [22] et al. and
Hackett et al. [23]. The mortality rate [21] over 5 years in
the hypogonadal group was 17.2% versus 9% in the normal
testosterone cohort.The effect of treatmentwithTRT reduced
the mortality rate of treated cohort (8.4%) to that of the
eugonadal group whereas the mortality for the untreated
remained high at 19.2%, after adjustment for all confounding
factors.

3.2. Effect of Low Testosterone on Surrogate Markers for
Cardiovascular Risk. Decreases in serum total cholesterol
(TC) have been noted as early as after 4 weeks [23] but most
studies have reported a decrease after 3 months [24]. Greater
reductions were seen in obese men [24] with metabolic syn-
drome.TheMRFIT [25] study showed that hypogonadalmen
had slightly increased triglycerides and HDL, leading to the
suggestion that TRTmight be expected to lower triglycerides
and HDL. A recently published 5-year registry involving 230
men treated with long acting testosterone showed highly
significant reductions in TC, LDL, and triglycerides with
increase in HDL, associated with significant reduction in
weight, BMI, and visceral fat [26].

The decrease in serum triglycerides follows a similar
pattern: after 4 weeks with decrease over 9 months [25] and
maximum effect at 12 months [25]. The decrease in low-
density lipoprotein cholesterol seems somewhat slower: after
3 months, after 40–44 weeks, or after 12 months [25]

Studies have found both an increase and decrease in HDL
cholesterol [26–28] dependent on the presence of diabetes
or the use of statins. TRT has also been shown to reduce
fibrinogen to levels similar to fibrates. Low androgen levels
are associatedwith an increase in inflammatorymarkers [24].
A decline was noted in IL6 and TNF-alpha within 16 weeks
[27] and in another study after 16 weeks [24]. In the Moscow
study, C-reactive protein was reduced by TRT at 30 weeks
versus placebo [27].

Several of the above studies have shown reduction inwaist
circumference, visceral fat, and BMI [26–28]. Preliminary
longer term studies suggest that considerable weight loss
can be seen for up to 4 years. Placebo controlled studies in
untreated hypertension are difficult to conduct for ethical
reasons. In some studies, a decline in diastolic blood pressure
has been observed, after 3–9 months [24, 26] and in systolic
blood pressure [24, 26].Maximum effects were observed after
12 months and up to 5 years [24, 26].
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Table 2: Association between testosterone level and severity of coronary artery disease.

Study name Subfraction of testosterone
used for analysis

Method of measuring CAD
severity Main findings Remarks

Dobrzycki et al.
[34]
(CCS, 𝑛 = 96)

TT, FT, FAI Duke index∗ Inverse correlation between
FT and CAD severity 𝑟 = −0.69, 𝑃 = 0.048

Rosano et al. [35]
(CCS, 𝑛 = 129) TT Coronary artery score∗∗ Inverse correlation between

TT and CAD severity 𝑟 = −0.52, 𝑃 < 0.01

Li et al. [36]
(CCS, 𝑛 = 803) TT Genisi score∗∗∗ Inverse correlation between

TT and CAD severity 𝑟 = −0.188, 𝑃 < 0.001

Phillips et al. [37]
(CCS, 𝑛 = 55) TT, FT

Visual estimation of coronary
artery occlusion and calculation
of mean percent occlusion∗∗∗∗

Inverse correlation between
TT and FT levels and CAD

severity

TT: 𝑟 = −0.43, 𝑃 < 0.02;
FT: 𝑟 = −0.62, 𝑃 < 0.001

CAD indicates coronary artery disease; CCS: case-control study; FAI: free androgen index; FT: free testosterone; TT: total testosterone.
∗Duke prognostic coronary artery index: a prognostic tool involving the extent and severity of atherosclerotic lesions in coronary arteries.
∗∗Coronary artery score: authors multiplied the degree of coronary artery obstruction by the number of stenoses.
∗∗∗Genisi score: calculated based on location and number of stenotic coronary artery segments, and degree of luminal narrowing.
∗∗∗∗Authors visually estimated the maximum percent reduction in luminal diameter of the left main, left anterior descending, left circumflex, and right
coronary arteries. The mean of these 4 values was used to estimate CAD severity.

3.3. Effects on Angina Threshold and Heart Failure. Men
with angiographically proven CAD (coronary artery disease)
have significantly lower testosterone levels [29] compared
to controls (𝑃 < 0.01) and there was a significant inverse
relationship between the degree of CAD and TT (total
testosterone) levels (𝑟 = −0.52, 𝑃 < 0.01). Nearly 25% of men
presenting for coronary angiography had testosterone levels
in the low hypogonadal range and some 50% had a TT of less
than 11 nmol/L [30].

Studies have shown pharmacological doses of testos-
terone to relax coronary arteries when injected intraluminally
[39] and to produce modest but consistent improvement in
exercise-induced angina and reverse associated ECG changes
[40]. The mechanism of action is via blockade of calcium
channels with effect of similar magnitude to nifedipine [40].

Inmen with chronic stable angina pectoris, the ischaemic
threshold increased after 4 weeks of TRT and a recent study
demonstrates improvement continuing beyond 12 months
[39, 40]. Exercise capacity in men with chronic heart failure
increased after 12 weeks [30], predominantly through the
improvement in skeletal muscle performance.

Lower levels of endogenous testosterone have been shown
to be associated with longer duration of the QTc interval
and TRT has been shown to reverse this effect [41]. Carotid
artery intimal thickness is associated with low endogenous
testosterone suggesting an increased risk of atherosclerosis
[31].

A trial of 209 elderly frail men [32] over 65 randomised to
receive either placebo or 100 g of topical testosterone gel was
terminated early as there were 23 cardiac events (2 deaths) in
the 106 men in the testosterone group versus 5 in the placebo
group, despite positive results in study end points. These
events included myocardial infarction and dysrhythmias and
hypertension. The authors conceded that there were more
cardiovascular comorbidities in the active treatment group
and that the starting dose and escalation were outside the
product licence. The active treatment group had more severe
CAD. The study involved rapid escalation up to 150mg per

day, above the manufacturers recommended dose and many
of the events were reported with inadequate validation.

3.4. Testosterone, Insulin Resistance, and Type 2 Diabetes.
Studies have shown an inverse relationship between serum
testosterone and fasting blood glucose and insulin levels
[33]. Both hyperinsulinaemia and low testosterone have
been shown to predict the development of type 2 diabetes
(T2D) [42, 43]. Medications such as chronic analgesics,
anticonvulsants, 5ARIs, and androgen ablation therapy are
associated with increased risk of testosterone deficiency and
insulin resistance [1, 2].

Hypogonadism is a common feature of the metabolic
syndrome [42, 43]. Intraabdominal adiposity (IAA) drives
the progression of multiple risk factors directly, through the
secretion of excess free fatty acids, inflammatory adipokines,
and decreased secretion of adiponectin [44]. The important
contributions of IAA to dyslipidaemia and insulin resistance
provide an indirect, though clinically important, link to the
genesis and progression of atherosclerosis and cardiovascular
disease [44]. The presence of excess IAA is an important
determinant of cardiometabolic risk. The INTERHEART
study [45] involving 29,972 participants examined the con-
tributory factors involved in first AMI (acute myocardial
infarction) and found IAA to be an important predictive
factor and recommended waist circumference or hip-waist
ratio as a standard measurement of cardiovascular risk.
Women with T2D or metabolic syndrome characteristically
have low SHBG and high free testosterone [6]. The precise
interaction between insulin resistance, visceral adiposity,
and hypogonadism is, as yet, unclear but the important
mechanisms are through increased aromatase production,
raised leptin levels, and increase in inflammatory kinins [46].

In obese males, levels of testosterone are reduced in
proportion to degree of obesity. The first step in reducing
visceral fat is diet and lifestyle change [46]. Patients should
be advised to switch to a low glycaemic diet, providing
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Table 3: Outcome of therapy with long acting TU in a population of men with type 2 diabetes and hypogonadism (BLAST) Hackett et al.
IJCP Dec 2013 [38].

HbA1c
(%)
>7.5

Weight
(kg)

BMI
(kg/m2)

WC
(cm)

TC
(mmol/L)

EF
(TT < 8 nmol/L)

AMS
(points) HADS-D GEQ

(% imp)

30 weeks
−0.41 −0.7 −0.3 −2.5 −0.25 +3.0 −5.3 −1.01 46

𝑃 value 0.007 0.13 0.01 0.012 0.025 0.006 0.095 0.64 <0.001

82 weeks
−0.89 −2.7 −1.00 −4.2 −0.19

+4.31
+9.57
PDE5I

−8.1 −2.18 67–70

𝑃 value 0.009 0.016 0.019 <0.001 0.035 0.003 0.001 0.001 0.0001

carbohydrate that does not increase glucose levels that means
reducing potatoes and bread and substituting natural rice
and full corn. Men should be encouraged to combine aerobic
exercise with strength training. As muscle increases, glucose
will be burned more efficiently and insulin levels will fall. A
minimum of 30 minutes exercise three times weekly should
be advised [46].

Men with low testosterone levels show less diurnal vari-
ation compared with younger men with normal levels [1].
Testosterone increases levels of fast-twitchmuscle fibres [46].
By increasing testosterone, levels of type 2 fibres increase and
glucose burning improves. Weight loss will increase levels of
testosterone and augment the effects of lifestyle and exercise
advice [47].

Diabetes specialists have traditionally considered the
fall in testosterone level as being a consequence of obesity
but studies now clearly show that low testosterone leads
to visceral obesity and metabolic syndrome and is also a
consequence of obesity [4]. Large long-term studies have
shown that baseline levels of testosterone predict the later
development of type 2 diabetes [25, 42, 43]. In the case
of MMAS [43], a baseline total testosterone of less than
10.4 nmol/L was associated with a greater than 4-fold inci-
dence of type 2 diabetes over the next 9 years and NHANES-
III followed upmen from as young as 20 and found a similar 4
times greater prevalence independent of obesity or ethnicity
[42]. Diabetes UK data 2010 [48] showed the prevalence of
type 2 diabetes in men aged 35–44 to be doubled that of
women despite men in that age group having lower levels of
obesity and taking more exercise. This effect was even more
marked in southern Asian men [48]. A study has recently
commenced in Australia to establish whether treating young
obese men with low testosterone will reduce the incidence of
type 2 diabetes.

There is high level evidence that TRT improves insulin
resistance, as measured by HOMA-IR [49–52], and reduces
HbA1c [49] by approximately 0.7% by 18 months [53] and
inflammatory markers (CRP, IL6, and TNF-alpha) in men
with type 2 diabetes and metabolic syndrome [26–28]. There
is also high level of evidence for reduction in total cholesterol,
weight, BMI [26–28], and visceral fat (a significantmarker for
CV risk) and improvement of lean muscle mass. The BLAST
study [53, 54] suggested that men with depression (23% of
the cohort with diabetes) were markedly less responsive to
testosterone and that improvement in metabolic parameters

required sustained levels of testosterone above 12 nmol/L [53,
54] (Table 3).

A recent 5 year registry of 255 men age 36–69 [26]
treated with long acting TU has shown mean reductions in
waist circumference of 8.5 cm, weight reduction of 15.5 kg,
total cholesterol by 2.4mmol/L, reduction in HDL, and
triglycerides with HbA1c by 0.9% (7.06 to 6.16).

3.5. The Effects of Testosterone Replacement Therapy on Car-
diovascular Mortality. A prospective recent study of 587men
with type 2 diabetes [21] involved 5.8 years follow-up. Low
testosterone was defined as TT <10.4 nmol/L. Fifty-eightmen
were treated with testosterone for 2 years or more. The
mortality rate was 20% in the untreated group and 9.1% in the
normal group independent of comorbidities and therapies.
Mortality was 8.6% in the treated group (𝑃 = 0.049)
(Figure 1).

A similar retrospective US study involved 1031 men
with 372 on TRT. The cumulative mortality was 21% in the
untreated group versus 10% (𝑃 = 0.001) in the treated
group with the greatest effect in younger men and those with
type 2 diabetes [55]. In a recent paper of 145 patients with
first ischaemic stroke and diabetes, 66% were found to be
hypogonadal, and in the testosterone treated group 7% had
a recurrence of stroke in 2 years versus 16.6% in the control
group with 28% of the treated men returning to work versus
6%of the control group.Therewere significant improvements
in lipid profile and HbA1c [56].

A recent retrospective US study of 8709 men [57] with
baseline TT of 10.4 nmol undergoing coronary angiography
involved follow-up for mean 840 days. In the cohort of
7486 patients not receiving testosterone therapy, 681 died,
420 had MIs, and 486 had strokes. Among 1223 patients
receiving testosterone therapy, 67 died, 23 had MIs, and
33 had strokes. At first sight these results would closely
agree with the findings in [21, 55], but a complex statistical
analysis reversed the trend and concluded that there was a
greater risk in the TRT group. There were concerns that 1132
patients experiencing eventswere excluded because theywere
prescribed TRT after the event when surely these should have
been included in the untreated group, increasing the events by
70%.

The baseline TT was 1 nmol/L lower in the treated
group and previous studies show that this may increase the
mortality by up to 30%, yet this was not considered in the 50
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Figure 1: Low testosterone predicts increased mortality and testosterone therapy improves survival in 587 men with type 2 diabetes (mean
follow-up: 5.8 years) Muraleedaran et al. [21].

confounders for analysis. Symptoms were not considered, yet
these are key to the diagnosis of hypogonadism. Men were
likely to be treated with TRT on the basis of symptoms if they
suffered from erectile dysfunction, and the presence of ED
has been shown to be an independent risk factor, particularly
in hypogonadal men, increasing the risk of cardiac events by
over 50% [16, 58].

Therapies used were mainly short acting injection and
patches, both with high discontinuation rates. 16% filled only
one prescription but were included in the “treatment” group.
Only 60%had any record of a follow-up testosterone level and
in those themean treatment level was 10.2 nmol/L, suggesting
suboptimal therapy.

Despite these issues, the paper was given an editorial
and a separate paper warning patients about the risks of
testosterone was included in the same journal [59]. The level
of criticism of this paper led to an immediate revision of
the conclusions shortly after publication. A recent online
publication on ischaemic heart disease mortality in men
concluded optimal androgen levels are a biomarker for sur-
vival [17]. A recent systematic and meta-analysis of placebo-
controlled trials of T therapy lasting more than 12 weeks
concluded that testosterone therapy may increase the risk of
cardiovascular-related events [60] but most studies involved
small cohorts with a small number of events but once again
the nonrandomised studies failed to consider the impact of
symptoms as an indication for TRT prescribing.

A meta-analysis of 1000 patient years [61] versus placebo
suggests a slight reduction in myocardial infarction and CVA
but a reduction in coronary interventions. There was a 6%
incidence of raised haematocrit (>50%) without significant

consequences and no deaths in the active treatment group
versus 5 in the placebo cohort.

4. Long-Term Safety of Testosterone Therapy
on the Prostate

At least 7 observational studies have reported no association
of LUTS with serum testosterone level and 5 have shown an
inverse relationship [62]. No studies to date show an increase
in LUTS/BPH symptoms with higher serum testosterone
levels [62]. A recent long-term registry of 5 years TRT
shows sustained reduction in IPSS, postresidual volume, and
bladder wall thickness, despite minor increase in prostate
volume [63]. Another 5-year study involving a smaller cohort
showed no impact on LUTS/BPH parameters [64]. As TRT
has been shown to upregulate PDE5 [65] and enhance the
effect of PDE5Is (now an accepted therapy for both ED and
LUTS), it no longer seems logical to advice avoidance of TRT
in men with mild to moderate BPH.

Calof et al. [61] also found that patients on testosterone
were 12 times more likely to get a prostate biopsy but no
more likely to have a positive finding. Several meta-analyses
have failed to show a link between TRT and development
of prostate cancer [66] but some studies have shown a
tendency for more aggressive prostate cancer in men with
low testosterone.One recent study of 279 consecutive patients
referred for biopsy on the basis of abnormal DRE or raised
PSA found that low bioavailable testosterone and high SHBG
were associated with a 4.9- and 3.2-fold risk of positive biopsy
[67].
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Current EAU, ISSAM, and BSSM guidance [1, 2] is that
there is “no evidence TRT is associated with increased risk of
prostate cancer or activation of subclinical cancer.”

Despite these conclusions, many patients are deprived of
clinical andmetabolic benefit because of minor physiological
increases in PSA and concerns that no long-term study has
conclusively proved absolute safety.

5. Effects of Androgen Ablation Therapy

Menwith prostate cancer, treated with androgen deprivation,
develop an increase of fat mass with an altered lipid profile.
Total cholesterol by 9, 7, 11, and 26.5%, respectively. These
patients also appear to develop insulin resistance, hyperin-
sulinemia, and hyperglycaemia.The risks of diabetes mellitus
increase by 44% and mortality of cardiovascular diseases by
16% during a follow-up of up to 10 years [68]. The authors
concluded that before commencing ADT, the overall health,
comorbidities, and life expectancy of the patient need to be
fully assessed.

6. Testosterone and Erectile Dysfunction

Several studies have clearly shown that TRT can be effective as
monotherapy for ED [26, 28], in men without other multiple
comorbidities. A recent double blind placebo controlled
study in men with diabetes showed prompt improvement
in IIEF in men with severe hypogonadism and a secondary
improvement with 12 to 18 months of therapy, dependent
on obtaining prolonged sustained levels in the normal
range [69]. Results from a 5-year registry showed 12.3-point
improvements in IIEF in 260 men treated with long acting
TU [64]. A systematic review and meta-analysis of placebo-
controlled studies published in the past 30 years aimed to
study effects of testosterone on the different domains of sexual
life. This latter study concluded that T treatment might be
useful for improving vasculogenic ED in selected subjects
with low or low-normal T levels [70].

Erectile dysfunction is an established marker for future
cardiovascular risk and the major presenting symptom lead-
ing to a diagnosis of low testosterone [58]. Current guidelines
suggest that all patients presenting with ED, irrespective
of age, should be screened for low testosterone, as it is a
potentially curable cause of ED, especially in men without
othercomorbidities [1, 2]. NICE guidance [71] suggests that
all men with type 2 diabetes be assessed for ED annually
and the GP contract now includes routine assessment for
ED, and increased demand for testosterone supplementation
will be a natural consequence of this correction of previous
underdiagnosis and undertreatment [72].

7. Conclusions

Men with low testosterone usually present with bothersome
symptoms, particularly ED, and require treatment to address
those problems, not simply for cardiovascular prevention
purposes. The benefits of conventional cardiovascular risk

reduction with exercise and weight reduction are fundamen-
tal to management but are frequently unsuccessful. There
is a considerable body of evidence that low testosterone is
associated with increased cardiovascular and cancer mor-
tality. A policy of taking little or no action for these men
based on concerns of increased cardiovascular and cancer
risk associated with physiological replacement would seem
illogical. There is considerable evidence of modest cardiac
and metabolic benefits that are shown to reduce cardiovas-
cular risk plus sexual, mood, and quality of life changes
associated with restoring testosterone levels. These may add
up to substantial benefit to many patients. These benefits
may potentially denied to patients by fears over prostate
and cardiac risk that is not currently supported by evidence.
Ideally, we need large long-term studies to resolve these issues
with certainty but such studies are unlikely to be done for
logistic and financial reasons. Until then patients require
advice and treatment based on the current best evidence.
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Erectile dysfunction (ED) is one of the most common chronic diseases affecting men and its prevalence increases with aging. It
is also the most frequently diagnosed sexual dysfunction in the older male population. A number of different diseases potentially
worsening sexual function may occur in elderly people, together with polypharmacy. Related causes of ED are variable and can
include arterial, neurogenic, hormonal, cavernosal, iatrogenic, and psychogenic causes. The aim of the present review was to
examine themain aspects of erectile dysfunction going through epidemiology and pathophysiology and revisemost of ED in elderly
disabled men and in those affected with psychiatric disorders. Lastly we tried to focus on the main aspects of nonpharmacological
and pharmacological treatments of ED and the recreational use in the elderly. Phosphodiesterase-5 inhibitors (PDE5-I) are
commonly used for on-demand or chronic treatment of ED. It is widely known that PDE5-I have lower response rates in older
men than in younger patients, but they have the advantages of ease of use and excellent safety profile, also in the elderly. The old
and new PDE5-I as well as the alternative treatments for ED are extensively discussed.

1. Introduction

Erectile dysfunction (ED) is one of themost common chronic
diseases affecting men and its prevalence increases with
aging. It is also the most frequently diagnosed sexual dys-
function in the oldermale population [1]. ED is defined as the
inability of aman to attain andmaintain an adequate erection
for satisfactory sexual intercourse. It has become an issue only
in the late years, because before the 20th century individuals
often did not live beyond the reproductive years. Further-
more, elderly men are often affected with several diseases,
leading to polypharmacy; many drugs potentially worsen
sexual function [2].This also means that a careful assessment
of potential drug-drug interactions is requested [2]. Related
causes of ED are variable and can include arterial, neurogenic,
hormonal, cavernosal, iatrogenic, andpsychogenic causes [3].

It is now widely accepted that ED is predominantly due to
underlying vascular causes, particularly atherosclerosis [4].

The aim of the present review was to examine the main
aspects of erectile dysfunction going through epidemiology
and pathophysiology and revise most of ED in elderly
disabledmen and in those affectedwith psychiatric disorders.
Lastly we tried to focus the main aspects of treatment of
ED and the recreational use in the elderly. In fact an active
sexual life is perfectly in agreement with the geriatrics motto
that doctors should help patients to add the life in their
years and not the years in their life. An extensive Medline
search was made using the keywords: elderly, comorbidi-
ties, erectile dysfunction, epidemiology, pathophysiology,
endothelial dysfunction, phosphodiesterase-5 inhibitors, and
polypharmacy. Due to the great amount of studies on this
field, we chose only the most recent articles.
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2. Epidemiology

In a large US study, the proportion of sexually active males
declined from 83.7% in the age group 57–64 years to 38.5%
in the age group 75–85 years [5]. All epidemiologic studies
clearly show an increasing age-related prevalence and severity
of ED. Data from the Massachusetts Male Aging Study
documented a tripling of the overall probability of complete
ED from 5% in men aged 40 years to 15% in men aged
70 years [6]. In the European Male Aging Study (EMAS),
performed in eight European centers for the investigation of
ED in men aged 40–79 years old, the prevalence of ED was
higher in the old age groups, peaking inmen 70 years old and
older [7]. Some studies have pointed out that normal erectile
function is not a prerequisite to remain sexually active [7–9].
Notwithstanding sexual problems are frequent among older
adults, they are infrequently discussed with physicians [9].
Asking about sexual health remains difficult or embarrassing
for many primary care physicians and at the same time many
patients find that raising sexual issues with their doctor is
difficult.

However, after the age of 60 years, the ED rate increases
independently of comorbidities such as coronary artery
disease, diabetes, and hypertension [10]. Furthermore, elderly
men are often affected with several diseases and take a lot
of drugs, many of which are potentially worsening sexual
function. On the other hand, preserving a good sexuality in
both oldmen and women is remarkable for trying to improve
their quality of life.

ED is frequently found in the elderly because it is
associated with the same underlying risk factors as vascular
disease and includes hypertension, diabetes mellitus (DM),
hyperlipidemia, smoking, and obesity which are common
during aging. Some evidence shows that ED can be greatly
improved not only by some drugs such as phosphodiesterase-
inhibitors (PDE5-I), but also by treating the risk factors
directly [11]. These include cessation of smoking, correc-
tion of hyperlipidemia, and amelioration of obesity through
weight loss. In fact, all of them result in amelioration of
endothelial health [11]. There is a close relationship between
ED, aging, and endothelial dysfunction (EDys). Minor risk
factors such as inflammation, hypoxia, oxidative stress, and
hyperhomocysteinemia are also related to ED and EDys.
ED problems due to organic causes comprise up to 80% of
cases, while vascular disease is the most common patho-
physiology of ED [12]. Data suggest that ED may be an
early manifestation of endothelial dysfunction (EDys) in the
presence or absence of cardiovascular risk factors (CRF)
[13]. Therefore, men with ED may be at increased risk for
cardiovascular adverse events and ED may be considered as
a sentinel symptom in patients with occult cardiovascular
disease (CVD) [14].

3. Pathophysiology

ED in aging males is the result of various factors which exert
negative effects on multiple levels in erectile biology [15].

First, in the agingmale, the vascular supply to the penis is
compromised. In humans, postmortem studies have revealed

that aging is often associated with increasing degrees of
atherosclerotic vascular alterations in the arterial bed of the
penis [16].

Second, the relative proportion of 𝛼
1
-adrenergic receptor

subtypes is modulated by aging in arteries. This means that a
lot of age-related changes are found in the human prostatic,
bladder, and erectile tissue [17]. Importantly, phenylephrine
appears to be less effective in inducing contractions of
vascular smoothmuscle strips in vitro and this is significantly
greater for those isolated from the corpus cavernosum of
older (>60 years) men with ED than for those isolated from
younger (<60 years) men with ED [18]. Another remarkable
factor closely contributing to impaired vasodilation in the
corpus cavernosum and the penile arterial supply of the older
man is endothelial dysfunction. In fact, erectile function
is dependent on nitric oxide (NO) production by penile
endothelium and thus ED is associated with reduced plasma
NO levels [11]. Deficiency of endothelial-derived NO is also
believed to be the primary defect that links insulin resistance
and EDys [11]. Clinical and biochemical markers of EDys
include (1) reduced expression and activity of endothelial
nitric oxide synthase (eNOS), reduced synthesis of NO, and
increased production of the asymmetric dimethylarginine
(ADMA), a competitive, endogenous inhibitor of eNOS;
(2) increased production of free radicals of inflammatory
cytokines such as interleukin-6 (IL-6), C-reactive protein
(CRP), and tumor necrosis factor-𝛼 (TNF-𝛼) and increased
endothelial apoptosis [11, 19]. In fact, endothelial dysfunction
in aging has been attributed to the presence of NO scavengers
in the corpus cavernosum, themost obvious candidates being
superoxide anions, whose production is augmented in aging
endothelial cells [20]. This causative link is further strength-
ened by the fact that use of inhibitors of cyclooxygenase and
vitamin C, which are both powerful antioxidants, can prevent
age-related endothelium-dependent vasodilation decrease in
humans [20].

Furthermore, the presence of reactive oxygen species
(ROS) is able to cause an inflammatory state of the endothe-
lium resulting in predisposition to atherosclerosis, thereby
further reducing blood flow to the erectile tissue. In the
aged endothelium, this further results in the inactivation
of endothelium NO synthase (eNOS) through a decrease
in phosphorylation of its positive regulatory site and an
increase in phosphorylation of its negative regulatory site
[21]. Animal models represented by aged rats have clearly
shown that a decreased activity of eNOs is also responsible
for the increase in apoptosis of the endothelium. Therefore,
in summary, dysfunctional penile endothelium = reduction
in NO release = increased vascular and sinusoidal smooth
muscle tone [15].

Third, the percentage of smoothmuscle steadily decreases
with aging [11, 22]. In fact, corpora cavernosa of aged men
present excessive deposition of collagen fibers which results
in corporal fibrosis. These changes are similar to those ones
observed in the media of the penile arteries [23]. It has been
postulated that these histologic changes in the aged corpora,
as well as endothelial dysfunction, are caused by increased
oxidative stress and/or other profibrotic factors that stimulate
smooth muscle apoptosis and collagen deposition [15, 16].
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These alterations result in an impaired expandability of
the erectile tissue, and therefore the mechanism by which the
expanding sinusoids compress the emissary veins against the
tunica albuginea becomes defective. This leads to corporeal
venous leakage which typically presents as the inability to
maintain an erection as it is frequently seen in the aged male.

Finally, another factor contributing to the above
described changes in smooth muscle and collagen content of
the corpus cavernosum is androgen deficiency. In fact, this
can lead to amarked increase in connective tissue deposition.
Moreover, venoocclusive dysfunction might be due to an
increase in fat containing cells in the subtunical region of
penile tissue sections, as shown fromorchiectomized animals
[24]. Overall, the presence of androgens regulates the normal
morphology and function of the cavernous nerves and keeps
the endothelium in a healthy condition. A low testosterone
(T) level is positively associated with the presence and
severity of atherosclerosis and a reduction in plasma T
might contribute to increased arterial stiffness, which in
turn has been associated with increased cardiovascular risk
and mortality [25]. The Rotterdam study, a population-
based cohort study, showed that low levels of endogenous
androgens are associated with increased likelihood of
atherosclerosis in elderly men [26]. Low T was linked to
cardiovascular mortality, morbidity in men of varying age,
and cardiovascular risk factors (CRF) [27].Men have a higher
rate of CVD than women [11]. The possible culprits appear to
be T, dihydrotestosterone (DHT), dehydroepiandrosterone
(DHEAS), and their metabolites [11]. However, randomized
controlled trials (RCT) have clearly documented that
DHEAS is not useful for ED elderly subjects [28]. The role
of androgens in determining vasodilation has been recently
investigated. T may activate the endothelium and stimulate
the NO-cyclic guanosine monophosphate and/or the
hyperpolarization-mediated vascular relaxation pathway and
may thus add potential beneficial effects on coronary artery
atherosclerosis. Additional endothelium-independent effects
of T may involve inhibition of the signaling mechanism of
vascular smooth muscle contraction, such as intracellular
concentration [Ca2+] and protein kinase C [11, 29]. However,
the final role of T has still to be recognized, since three
different meta-analyses have documented an association
between low T and CV mortality but not with CV events
[30–32]. In particular, low T has been linked to increased
blood pressure, dyslipidemia, atherosclerosis, arrhythmias,
thrombosis, endothelial dysfunction, and impaired left
ventricular function. On the other hand, treatments
with T to restore “normal concentrations” have so far
neither been proven to be beneficial with respect to
cardiovascular disease nor have definitely shown specific
adverse cardiovascular effects [30]. Recently, Isidori et al.
[33] reported that molecular and clinical evidence supports
the use of testosterone replacement therapy (TRT) in
hypogonadal patients with ED, although the benefit-risk
ratio is uncertain in advanced age. The development of
a pathophysiology-oriented algorithm designed to avoid
inappropriate treatments and support whether to start
with TRT, PDE5-I only, or both is requested, in order to
improve diagnosis and individualize a correct management

[33]. On the same line, it has been shown that, in late-onset
hypogonadism (LOH), TRT is able to improve central obesity
in patients affected with metabolic syndrome (MetS) and
glycometabolic control in patients with MetS and type-2
diabetes mellitus as well as to increase lean body mass, along
with insulin resistance and peripheral oxygenation [34, 35].
Importantly, the increased waist circumference is the major
determinant of MetS-associated hypogonadism, whereas
androgen deprivation increases abdominal adiposity.
Moreover, in cross-sectional studies longitudinal evidence
has shown that low T is associated with a higher risk of
subsequent development of MetS, although the reverse
condition is also possible [34, 35]. In summary, subjects with
MetS have lower levels of total T (TT) (about 3 nmol/L),
and hypogonadism is more evident in subjects with, than
in those without, ED. It has not yet been clarified which
are the possible factors in MetS responsible for the low T
[34]. However, it should be recognized that the number of
studies on benefits of T supplementation is too limited to
draw final conclusions [35]. The confusion still continues,
due to the recent results of a retrospective national cohort
study of men with low testosterone levels (<300 ng/dL) who
underwent coronary angiography in the Veterans Affairs
system between 2005 and 2011. The aim was to assess the
association between testosterone therapy and all-cause
mortality, myocardial infarction, or stroke. Of the 8709
men with a total testosterone level lower than 300 ng/dL,
1223 patients started testosterone therapy after a median of
531 days following coronary angiography. The absolute rate
of events was 19.9% in the no testosterone therapy group
versus 25.7% in the testosterone therapy group, with an
absolute risk difference of 5.8% (95% CI, −1.4% to 13.1%)
at 3 years after coronary angiography. Therefore, the use
of testosterone therapy was associated with increased risk
of adverse outcomes. No significant difference in the effect
size of testosterone therapy among those with and without
coronary artery disease (test for interaction, 𝑃 = 0 .41) was
reported [36].

4. ED in Elderly Disabled Men

A number of related heart conditions are common causes
of ED, including hypertension, dyslipidemia, atherosclerosis,
heart disease and, amongmetabolic diseases, diabetes. Stroke,
Parkinson’s disease, and multiple sclerosis are other potential
causes of ED. Some types of physical trauma and injuries,
especially those affecting the pelvic area or spinal cord,
may cause nerve damage leading to erectile dysfunction.
Orthopedic surgery, fistula surgery, and surgeries on prostate,
colon, or rectal cancer can also significantly contribute to the
decrease of sexual function. All of these conditions are very
frequent in elderly patients; comorbidities and polytreatment
are a hard challenge in elderly people health management.
Furthermore, in the elderly, we have to distinguish the effects
of a number of different diseases and/or their treatments on
erectile function and the effects which the same diseases can
have on functional independence. In fact, sexual function
requires abilities in movements which can be hampered. In
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the following section we will try to examine in detail some
different diseases potentially able to interfere with sexual
function in the elderly.

4.1. Diabetes. Data collected from 1,195 randomly selected,
community-dwelling men as part of the Florey Adelaide
Male Ageing Study showed that with increasing age diabetes
appears to be independently associated with moderate-to-
severe ED [37]. In particular, several studies have shown that
lower levels of glycated hemoglobin and therefore a good
glycemic control are able to reduce the prevalence of ED
and its severity [38–40]. In any case, phosphodiesterase-5
inhibitors (PDE5-I) improve ED in diabetic men [40, 41].

4.2. Hypertension. The prevalence of ED varies between 15
and 25% in people affected with hypertension [42]; hyperten-
sion is very common in the elderly and is a well-known risk
factor for cardiovascular events. ED is reported more than
twice as often in men with systolic blood pressure (SBP) >
140mmHg than in men with SBP < 140mmHg. Importantly,
pulse pressure, that is, the difference between systolic and
diastolic blood pressure, an index of arterial stiffness, was
suggested to predict incident major cardiovascular events in
patients affected with ED [43, 44]. In a consecutive series
of 1,093 (mean age 52.1 ± 13.0 years) male patients with ED
and without a previous history of hypertension or not taking
any antihypertensive drugs it was shown that elevated PP
is associated with arteriogenic ED and male hypogonadism
[44]. Furthermore, the prevalence of overt hypogonadism
(calculated free testosterone < 180 pmol/Lor free testosterone
< 37 pmol/L) increased as a function of PP quartiles (17.1%
versus 39.7%, and 30.8% versus 58.6% for the first versus
fourth quartile, respectively, for calculated free testosterone
and free testosterone; all 𝑃 < 0.0001 for trend) [44].

4.3. Cardiovascular Diseases. ED may predict the onset of
cardiovascular events from 2 to 5 years earlier; both con-
ditions share the same pathogenetic mechanism, which is
endothelial dysfunction [43]. Congestive heart failure (CHF)
is another frequent disease in elderly patients potentially
leading to ED. A sufficient control of symptoms is able
to improve sexual dysfunction; if this approach does not
work, PDE5-I are the first-line therapy [45]. They can also
indirectly improve depressive symptoms and quality of life
and can be used in CHF patients classified as New YorkHeart
Association (NYHA) II and III. Of course, sexual activity is
contraindicated in patients classified as NYHA IV.

ED ranges from 42% to 75% in patients affected with
coronary artery disease and PDE5-I can also be safe and
effective in these men [46].

4.4. Spinal Cord Injuries. Spinal cord injuries can be present
in elderlymen as a result of juvenile or recent trauma; PDE5-I
are also safe and effective options for these men.

4.5. Stroke. The sexual desire, erectile, and ejaculatory func-
tions are impaired after stroke. A lack of sexual desire is
the major cause of an absence of sexual intercourse. The

specific locations of the stroke lesions, such as the left basal
ganglia and right cerebellum,might be associated with sexual
desire and ejaculation disorder, respectively [47]. In a survey
on 109 stroke patients (mean age 64.93 ± 8.81 years) the
lack of sexual desire was the largest cause (59.4%) of an
absence of sexual intercourse [47]. Of course, the complete or
partial inabilities in moving are a further obstacle other than
sexual dysfunction per se, when elderly patients are affected
with spinal cord injuries or stroke. This on turn can lead to
depression, feelings of inutility, and impairment of the ability
to recover.

4.6. Multiple Sclerosis. Sexual dysfunction (SD) is also a
frequent problem for multiple sclerosis patients and appears
to be associated with gender. In fact women report more
SD than men. Overall, this is another disease where the
emotional dimension of SD is related to disability in the aged
men [48].

4.7. Parkinson’s Disease. SD is common and often underrec-
ognized in patients with Parkinson’s disease (PD), playing a
major role in the deterioration of quality of life of patients
and their partners. Loss of desire and dissatisfaction with
their sexual life are encountered in both genders and worsen
concomitantly to the progression of Parkinsonian symptoms.
Hypersexuality, erectile dysfunction, and problems with ejac-
ulation are found in male patients.

Bladder dysfunction (urinary urgency/frequency), bowel
dysfunction (constipation), and sexual dysfunction (erectile
dysfunction) (also called “pelvic organ” dysfunctions) are
common nonmotor disorders in PD [49]. Hypothalamic
dysfunction is mostly responsible for the sexual dysfunction
(decrease in libido and erection) in PD, via altered dopamine-
oxytocin pathways, which normally promote libido and erec-
tion. The pathophysiology of the pelvic organ dysfunction
in PD differs from that in multiple system atrophy [49]. A
relationship among ED, perception of patients’ sexual life,
and depression is often found in elderly patients affected with
PD [50]. Optimal dopaminergic treatment should facilitate
sexual encounters of the couple and appropriate counselling
diminishes some of the problems (i.e., reluctance to engage in
sex and problems with ejaculation) [51].

4.8. Dementia. At present ED is often underrecognized
and undertreated in dementia and few data are available.
Loss of desire can be present in different forms of demen-
tia, whereas hypersexuality can be found in the early-to-
moderate stages of frontal dementia. In particular, hyper-
sexual behavior may be a particular feature of behavioral
variant frontotemporal dementia (bvFTD), which affects ven-
tromedial frontal and adjacent anterior temporal regions spe-
cialized in interpersonal behavior. A recent study reviewed
47 patients with bvFTD compared to 58 patients with
Alzheimer’s disease for the presence of heightened sexual
activity to the point of distress to caregivers and others.
Hypersexual behavior occurred in 6 (13%) bvFTD patients
compared to none of the AD patients [52]. One patient, with
early and predominant right anterior temporal involvement,



International Journal of Endocrinology 5

was easily aroused by slight stimuli, such as touching her
palms [52].

5. ED in Elderly Men Affected with
Psychiatric Disorders

ED is often the cause of depressive disorders in elderly people
[28]. Andropause, ED, and psychiatric disorders often share
specific physical and psychological symptoms which compli-
cate the clinical management of elderly men. In particular,
anxiety disorders and depression are more frequently linked
to sexual dysfunction.

5.1. Mood Disorders. Mood disorders may enhance the risk
of ED in elderly people. Depressive symptoms are related to
sexual dysfunction more frequently than anxiety symptoms.
However, according to some authors, ED in elderly psychi-
atric patients seems to be the expression of androgenic deficit
rather than psychiatric symptoms per se [53].

ED, the perception of the quality of patient’s sexual
intercourse and his subjective satisfaction, becomes worse
with increasing depressive symptoms. Moreover, in elderly
psychiatric patients, symptoms related to hypogonadismhave
a relationship with ED and both of them can influence sexual
performance [54].

Recently some biopsychosocial risk factors have been
considered to be responsible for ED. Erectile function wors-
ens with increasing age and fat abdominal mass. Further-
more, the lack of a regular partner, alcohol abuse, and
last but not least the presence of depressive and anxiety
symptoms worsens its severity [37]. A sample of 203 subjects
aged between 45 and 74 years old was assessed through the
administration of International Index of Erectile Function
5 (IIEF-5) and Geriatric Depression Scale (GDS), in order
to define the presence of a relationship between depressive
symptoms andED severity. EDwas shown to be closely linked
to depressive symptoms, together with some factors such as
life style, smoking, and alcohol [55].

Hypogonadism, ED, and premature ejaculation show
significant correlations with physical and mental health
in men and in particular with quality of life, metabolic
syndrome, cardiovascular diseases, and depressive symptoms
[56].

Definitely concomitant ED and depression are really
very high; the temporal relationship between these disor-
ders may also be inverted. In other words, ED may be
the cause or the consequence of depressive disorder. Men
with severe depression have a twofold probability for ED
compared to nondepressed subjects [57]. Depression as
the consequence of ED was assessed in a recent Cana-
dian study together with the effect of sildenafil citrate,
PDE5-I, in patients with untreated depressive symptoms
[58].

On the other hand, pharmacological treatment of depres-
sive disorder, in particular with selective serotonin reuptake
inhibitors (SSRI), may represent another cause of ED and
negatively influence patient’s quality of life, his self-esteem,
and the relationship with his partner [59].

5.2. Bipolar Disorder. ED in elderly psychiatric patients is not
only found in depressive and anxiety disorders, but also can
represent the complication of antipsychotic treatment in long
lasting treatment of bipolar disorder.

EDwas found in 42% out of patients affected with bipolar
disorder remitted or clinically stabilized by the use of antipsy-
chotics. First generation of antipsychotics is more frequently
involved in sexual performance worsening, compared to
second-generation drugs [60].

Lastly, ED may represent a frequent symptom in somati-
zation disorders, especially in men of over 45 years old [61].

6. Treatment Strategies in ED and
Novel Perspectives

Treatment strategies include nonpharmacological and
pharmacological procedures.Nonpharmacological treatment
includes counseling, life style changes, and medication
changes, because a lot of drugs taken by old people can result
in negative interference on sexual function.

6.1. Counseling. An open communication with the patient
and his partner is the first step to set realistic outcome
goals. Patient and his partner need to be educated about the
anatomy and physiology of sexual function and the right
understanding of the pathophysiology of ED. Current oral
pharmacological treatments for ED do not “cure” ED but
can generally improve erectile function in patients without
important comorbidities or underlying disorders such as
diabetes or after radical prostatectomy. Furthermore, due
to comorbidities and multiple pathophysiologic changes in
the old patient’s penis, vasculature, and nervous system, a
fully rigid erection will be hard to be accomplished with
the use of the oral pharmacotherapy alone [15]. Therefore,
it is remarkable to provide full information to the couple
about the possible pharmacological and mechanical treat-
ment options. The choice of treatment should be made by
the patient and his partner supported by the physician, who
ideally does not assume an authoritative role in this decision
process [62]. In order to preserve mental health and referral
to a sexologist or relationship therapist for more extensive
counseling, alternative forms of intimacy that do not rely
on penetrative sexual intercourse but are as well satisfactory
might be helpful [63]. Furthermore, in some patients with
psychogenic or mixed psychogenic-organic ED, specialized
psychosexual therapy may help relieve anxiety and remove
unrealistic expectations associated with medical or surgical
therapy [62].

6.2. Life Style Changes. Obesity, sedentary life and smoke
are related to a higher incidence of ED. First of all, at any
age, patients should be educated about the beneficial effects
of weight loss, increasing exercise, and quitting smoking
on erectile function. In particular, a meta-analysis of 24
studies showed that weight loss is associated with an increase
in both bound and unbound testosterone levels. Overall,
both a low-calorie diet and bariatric surgery are associ-
ated with a significant (𝑃 < 0.0001) increase in plasma
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sex hormone-binding globulin-bound and -unbound testos-
terone levels (total testosterone, TT), with bariatric surgery
being more effective in comparison with the low-calorie
diet (TT increase: 8.73 (6.51–10.95) versus 2.87 (1.68–4.07)
for bariatric surgery and the low-calorie diet, respectively;
both 𝑃 < 0.0001 versus baseline) [64]. The normalization
of sex hormones induced by body weight loss might be a
mechanism contributing to the beneficial effects of surgery in
morbid obesity. Moreover, androgen rise seems to be greater
in those patients who lose more weight as well as in younger,
nondiabetic subjects with a greater degree of obesity [64].

Another systematic review andmeta-analysis of random-
ized controlled trials with a follow-up of at least six weeks
evaluated the effect of lifestyle interventions and pharma-
cotherapy for cardiovascular risk factors on the severity of
ED [65]. Lifestyle modifications and pharmacotherapy for
CV risk factors were associated with statistically significant
improvement in sexual function (IIEF-5 score).

Furthermore, the addition of a statin to men suffering
from ED and hypercholesterolemia has shown beneficial
effects on erectile function [66].

6.3. Medication Changes. A number of different medications
can contribute to the cause orworsening of ED such as diuret-
ics, particularly thiazides, and central antihypertensives such
as 𝛼-adrenergic antagonists and nonspecific 𝛼-antagonists.
Tricyclic antidepressants have been linked to both loss of
libido up to 70% and ED in 1.7–6.4% [67, 68]. Furthermore,
they increase ejaculatory latency time and are currently even
prescribed for the treatment of premature ejaculation.

In a study on 344 patients treated with selective serotonin
reuptake inhibitors [68], paroxetine provoked more delay of
orgasmor ejaculation andmore impotence than fluvoxamine,
fluoxetine, and sertraline (chi square, 𝑃 < 0.05). Only
24.5% of the patients had a good tolerance of their sexual
dysfunction [68]. Twelve male patients who suffered from
premature ejaculation before the treatment reported delayed
ejaculation, but their sexual satisfaction clearly improved. A
positive correlation was shown with dosage and treatment
interruption.

Androgen blockers used for treatment of prostate cancer
can worsen erectile function and libido. Antihistamines,
nonsteroidal anti-inflammatory drugs, antiarrythmics, and
drugs for the treatment of Parkinson’s disease have been
linked to ED.

Importantly, we underline the role of geriatrician in
changing drugs potentially causing sexual dysfunction or at
least changing its dosage. Another crucial factor is to know
the drug interactions potentially able to increase the effects
of drugs influencing erectile function [2]. Geriatrician ought
to interrupt patient’s nonessential drugs with negative impact
on erectile function and possibly replace essential drugs by
their counterparts or with drugs from another family with
less impact on erectile function.

As a matter of fact, treatment of hypertension with
calciumchannel blockers and angiotensin converting enzyme
inhibitors may reverse ED in some patients; switching to
an 𝛼
1
-specific agonist, such as doxazosin, preserves erectile

function [15]. Angiotensin receptor blockers such as can-
desartan, losartan, and valsartan seem to have beneficial
effects on erectile function [15].

Alcohol and other abused drugs such as amphetamines,
cocaine, marijuana, and opiates have been linked to ED, and
the patient should be counseled about these facts [15, 62].
A list of the drugs potentially causing or worsening sexual
function are shown as follows:

(i) abused drugs (amphetamines, opiates, cocaine, mari-
juana, nicotine, and heroin);

(ii) alcohol;
(iii) antiarrythmics;
(iv) antidepressants (tricyclics, SSRI, and MAO-inhibi-

tors);
(v) antihistamines (dimenhydrinate, diphenhydramine,

and promethazine);
(vi) antipsychotics: butyrophenones (haloperidol) and

phenothiazines (promazine);
(vii) barbiturates;
(viii) benzodiazepines;
(ix) 𝛽-blockers (dose-dependent; propranolol, atenolol,

and carvedilol in decreasing order; nebivolol seems to
have beneficial effects);

(x) central antihypertensives;
(xi) 5𝛼-reductase inhibitors;
(xii) digoxin;
(xiii) diuretics (thiazide diuretics);
(xiv) drugs for Parkinson’s disease;
(xv) fibrates (clofibrate, gemfibrozil);
(xvi) H

2
-blockers (cimetidine, ranitidine);

(xvii) Lithium;
(xviii) Muscle relaxers;
(xix) Nonsteroidal anti-inflammatory drugs.

6.4. Pharmacological Treatment. Pharmacological treatment
of ED includes a number of drugs; phosphodiesterase-5
inhibitors (PDE5-I), yohimbine, an 𝛼

2
-antagonist, PGE1, and

papaverine. Intraurethral PGE1 (MUSE), vacuum constric-
tion device, and surgery (penile prosthesis) are other possible
therapeutic opportunities.

6.4.1. Use of Phosphodiesterase-5 Inhibitors (PDE5-I) in Elderly
Men. The advent of safe and effective oral treatment of ED
by PDE5-I has brought a great attention to the disease.
In fact, in the elderly, PDE5-I are commonly used for on-
demand or chronic treatment of ED and are one of the
first-line treatments for patients complaining of ED [69].
As above mentioned, owing to the great number of drugs
often taken by geriatric population, a careful assessment of
potential interactions between PDE5-I and other drugs is
requested. At present, four PDE5-I (sildenafil, vardenafil,
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tadalafil, and avanafil) are approved worldwide, and two
agents (udenafil andmirodenafil) are approved only in Korea
[2].

It is widely known that PDE5-I have lower response
rates in older men than in younger patients [70], but they
have the advantages of ease of use and excellent safety
profile, also in the elderly [15, 71]. They are nonhydrolysable
analogs of cGMP acting as intracellular signal amplifiers.
They work by slowing the degradation of cGMP by PDE5,
leading to subsequent penile smooth muscle relaxation. The
endogenous nitric oxide (NO), the release of which is evoked
by sexual stimulation and is a neurologically mediated event,
is decreased during aging. It is further diminished by comor-
bidities such as hypogonadism, diabetes, and atherosclerosis
[70].

All PDE5-I appear to be roughly equivalent in efficacy,
with some substantial differences in absorption after oral
administration and duration of effect. Vardenafil orodis-
persible preparation is reported to have the fastest onset
of action, that is, as fast as 15 minutes, while tadalafil is
reported to have the longer duration of action, that is, as
long as 36 hours (more details are reported below) [2].
Sildenafil and vardenafil (film-coated tablets) have only a
limited oral bioactivity (about 40% and 15%, resp.) because of
extensive presystemicmetabolism in the gut wall and liver via
CYP3A4 and/or CYP3A5 pathways [40]. This aspect should
be carefully considered when planning an ED treatment
because it can influence the window of opportunity available
for sexual activity [40]. Moreover, a high-fat meal (about
910 Kcal, 57% of which from fat) has no significant effect on
the rate and extent of absorption of tadalafil but decreases
the rate of absorption for sildenafil and vardenafil, possibly
affecting the onset of effectiveness [71, 72].

Recently avanafil, a new PDE5-I, was approved for mar-
keting in Europe; this drug has shown to have advantageous
properties, that is, a fast effect, about 35min following its
administration, and low side effects related to the combined
treatment with nitrates and potential opportunities in elderly
patients too (such as in patients who underwent a radi-
cal prostatectomy or affected with hyperglycemia or heart
diseases). Avanafil has higher selectivity (120-fold) against
PDE6 than sildenafil (16-fold) and vardenafil (21-fold) and
high selectivity (>10,000-fold) against PDE1 compared with
sildenafil (380-fold) and vardenafil (1000-fold); it does not
inhibit PDE11 [73].

These drugs sometimes are not efficacious with the first
dose, but results are generally improvedwith repeated dosing.
On-demand treatment regimens have shown efficacy rates of
60–70% [74]. Furthermore, as above mentioned, 30–50% out
of the patients that initially do not respond to PDE5-I may
be converted to responders by counseling the patient and his
partner [15]. Usual starting dose is 50mg for sildenafil and
10mg for vardenafil and tadalafil; doses may be increased up
to 100mg for sildenafil and 20mg for vardenafil and tadalafil.
Avanafil is available in 50, 100, or 200mg tablets [73].

The year 2013 marked the 15th anniversary of the intro-
duction of the first commercially available highly selective
PDE5-I for ED; it also represents the year in which sildenafil’s
patent will start to expire throughout the world [2]. Sildenafil

orodispersible tablets (50mg) will be available in the next
days.

Some patients who do not benefit from PDE5-I on-
demand treatment may benefit from a daily low-dose admin-
istration [74–76]. This can be especially applied to elderly
patients, where chronic administration can also work for
other conditions frequently reported such as low urinary
tract symptoms (LUTS). On the other hand, chronic admin-
istration of PDE5-I may improve erectile and endothelial
responsiveness of men previously nonresponsive to on-
demand regimens [11]. At this purpose, sildenafil may be
used in a daily dose of 25mg [77, 78], tadalafil is available
in a daily dose of 2.5 and 5mg, and vardenafil is available
in a daily dose of 2.5mg in some countries [15]. In a study
performed for analyzing the efficacy and safety of sildenafil
citrate in the geriatric population, these PDE5-I were found
to be an effective agent in elderly men but with a lower
efficacy rate especially in men aged >80 years old [79]. In
this study 167 patients, mean age 72 ± 9 years old, were
divided into three groups: 60–69, 70–79, and ≥80 years.
Overall 54% of men responded to sildenafil, with a mean
increase in International Index of Erectile Function (IIEF)
domain score of 5.7. The incidence of adverse events (AEs)
was similar to that in the general population taking sildenafil;
importantly, no difference in AEs was found in the three age
groups [79]. Furthermore, in thosemen affected with ED and
late-onset hypogonadism, supplementation with testosterone
may enhance the efficacy of PDE5-I [15]. This occurs for two
main reasons: first, testosterone keeps the erectile tissue and
the supplying nerves in a healthy condition and second it
is widely known that testosterone increases the efficacy of
PDE5-I by increasing the bioavailable NO in the cavernous
smooth muscle [80, 81]. Furthermore, testosterone has been
shown to be one of the main modulators of the expression of
penile phosphodiesterase type 5 isoenzyme [11].

The main differences in the PDE5-I are in duration of
action; tadalafil is able to potentiate sexual spontaneity by its
longer half-life. In fact, its half-life is 17–21 h, whereas silde-
nafil and vardenafil half-lives are 4.6 h and 5 h, respectively.
Avanafil presents a mean half-life of 5–10 hours [73].

Recently an orodispersible tablet (ODT) formulation of
vardenafil has been developed,which dissolves in the subject’s
mouth (supralingual formulation) [82]. Vardenafil ODT is
very advantageous because it has a 1.21-to-1.44-fold higher
bioavailability than the film-coated tablet formulation (as
measured by the area under the plasma concentration versus
time curve (AUC)), and maximum concentrations in plasma
after a single dose (Cmax) are comparable between the two
formulations [82]. Therefore, the pharmacokinetics of ODT
vardenafil is not equivalent to that of the film-coated tablets,
because the ODT formulation provides greater vardenafil
systemic exposure [83]. The primary objective of POTENT
I (pivotal phase III trial to investigate the efficacy and safety
of an orodispersible tablet vardenafil versus placebo in the
treatment of men with erectile dysfunction: a fixed-dose,
double-blind, randomized, multicenter trial) was to compare
the efficacy and safety of on-demand 10mg vardenafil ODT
with placebo after 12 weeks of treatment or last observation
carried forward (LOCF) in a general population of men
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with ED [82]. Importantly, the POTENT I study included
a very large number of subjects aged ≥65 years (54.8%).
40 centers in Belgium, France, Germany, the Netherlands,
Spain, and SouthAfrica were involved in the study.This study
demonstrated that 10mg vardenafil ODT, taken on demand,
improved erectile function and was well tolerated in a broad
population of men with ED, irrespective of age. Vardenafil
ODT definitely offers a more convenient therapeutic option
for the treatment of ED, compared with the film-coated tablet
formulation.

The POTENT II randomized trial was a double-blind,
multicentre, randomized, parallel-group, placebo-controlled
study conducted at 35 centres in Australia, Canada, Mexico,
and USA. Subjects with ED for at least 6 months were
randomized to receive 12 weeks of on-demand treatment
with either 10mg vardenafil ODT or placebo. Importantly,
approximately half of the subjects were aged ≥65 years [84].
Of the 473 men enrolled in the study (51.4% aged ≥65
years), 331 were included in the intent-to-treat population
(vardenafil ODT, 𝑛 = 169; placebo, 𝑛 = 162). Vardenafil ODT
therapy was statistically significantly superior to placebo for
all primary and secondary efficacy variables (𝑃 < 0.0001)
[84]. Primary variables were International Index of Erectile
Function (IIEF-EF) and Sexual Encounter Profile questions 2
(SEP2) and 3 (SEP3). Treatment with 10mg vardenafil ODT,
taken on demand, significantly improved erectile function
and was effective and well tolerated. What these studies
have added is that, compared with existing film-coated
formulations, amore convenientmethod of taking vardenafil,
in particular without the need for water or other liquids, may
be absolutely preferable [83].

PDE5-I are also used in ED following nerve-sparing
radical prostatectomy and in lower urinary tract symptoms
(LUTS).

In a recent study acceptance and discontinuation data
were analyzed in 100 consecutive, age-comparable, and
preoperatively self-reported potent patients who underwent
bilateral nerve-sparing radical prostatectomy (BNSRP) and
at the hospital discharge received a PDE5-I treatment [85].
Medical and sexual history was collected on hospital admis-
sion and the IIEF was administered every 6 months post-
operatively up to the 18-month follow-up. 49 patients freely
decided not to start any treatment; 36 patients opted for an
as-needed PDE5-I treatment, whereas 15 patients decided to
use a daily PDE5-I. At the end of the study roughly 73% of
patients who started therapy eventually discontinued it and a
treatment effect below expectations was the main reason for
stopping it [85].

The Multinational Survey of the Aging Male (MSAM-
7) showed that roughly 50% out of the patients affected
with moderate-to-severe LUTS present a concurrent ED,
especially in those aged over 70 years old [86]. For those
high numbers of patients PDE5-I might be a remarkable
tool for treating both diseases; among the available drugs,
tadalafil seems to be preferred for its well-known long half-
life. The mechanism of action of these drugs in LUTS is
not quite clear; however, PDE5 is found in prostate, bladder,
urethra, and their respective blood vessels. A crucial role

is also played by NO, which is able to mediate urinary
function through a number of pathways. However, PDE5-I
can potentially improve LUTS by increasing cGMP, which is
the final mediator in the NO pathway [87, 88].

Furthermore, the safety profile of the currently available
PDE5-I is excellent in the elderly too. No increased rate in
myocardial infarction was found in elderly patients receiving
these agents compared to expected rate in age-matched
populations [70]. Of course, as well as in younger patients,
PDE5-I are contraindicated in patients with unstable angina
pectoris, recent myocardial infarction, some arrhythmias,
and poorly controlled hypertension [15]. Headache, facial
and ocular hyperaemia, nasal congestion, and back pain
are commonly reported following PDE5-I treatment. Cross
reactivity with PDE6 in the retina causes visual blurring
[15]. Flushing and dyspepsia are sometimes reported in
elderly patients treated with sildenafil and tadalafil [88, 89].
Furthermore, vision loss due to nonarteritic ischemic optic
neuropathy was associated with the use of PDE5-I [2]; people
of 50 years old or older, affected with hypertension and/or
heart disease, diabetes, hypercholesterolemia, and smokers
are more usually involved.

Drug-disease interactions and pharmacodynamic inter-
actions are potentially dangerous; therefore, patients who
are treated with nitrates or nitrate donors should not take
PDE5-I, except for avanafil, which seems to be safer even
when used with these drugs concurrently [73]. Past use
of nitrates, usually >2 weeks, is not a contraindication but
a period superior to 24 hours for short acting PDE5-I
(sildenafil and vardenafil) and superior to 48 hours for long-
acting tadalafil is strictly recommended before taking nitrates
[40]. Short acting PDE5-I such as sildenafil, vardenafil, and
avanafil should also be preferred in patients affected with
cardiovascular disease [43]. Concurrent treatment of PDE5-
I and 𝛼-blockers might result in postural hypotension and
needs to be carefully assessed. Precaution is suggested in the
use of labetalol and carvedilol, which present mixed 𝛼- and
𝛽-blocker activity [66].

However, when doses of 100, 150, and 200mg of sildenafil
(doses in excess of the recommended range) were adminis-
tered in a group of healthy but young volunteers, the mean
maximum decrease in standing systolic blood pressure was
−10/−7mmHg, with the maximum change occurring 3 hours
after dosing [90]. None of the PDE5-Is are dangerously
associated with QTc prolongation, although vardenafil has
a warning for patients at risk for QTc prolongation [90].
However, it has been shown that a large range of vardenafil
doses/concentrations (up to 80mg/day) may produce a small
QTc prolongation that is not associatedwith absoluteQTpro-
longation [91]. This prolongation is similar to that observed
with sildenafil and is unlikely to be clinically relevant [92].
On the contrary, vardenafil is not recommended in patients
taking type 1A antiarrhythmics (such as quinidine or pro-
cainamide) or type 3 antiarrhythmics (amiodarone or sotalol)
[91, 93].

Elderly people often take several drugs; when taking
PDE5-I, one should be careful to potential pharmacoki-
netic interactions via cytochromes (CYP) [94]. Sildenafil
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Table 1: Some examples on potential interactions among PDE5I and other drugs via CYP450.

Cytochrome Substrates Inhibitors Inductors

CYP1A2

PDE5I: sildenafil
Antidepressants: tricyclics, fluvoxamine,
mirtazapine
Antipsychotics: haloperidol, olanzapine,
clozapine
Methylxantines: caffeine, teophylline
Other drugs: R-warfarin, tacrine, paracetamol

Ciprofloxacin
Fluvoxamine

Barbiturates
Carbamazepine

Phenytoin
Rifampicin
Tobacco

CYP3A4

PDE5I: sildenafil, tadalafil, vardenafil,
Antidepressants: tricyclicics, venlafaxine,
citalopram, mirtazapine
Benzodiazepines: diazepam, bromazepam
Nonbenzodiazepine anxyolitics: buspirone
Antipsychotics: haloperidol, clozapine,
risperidone, ziprasidone, sertindole,
quetiapine, aripiprazole
Anticonvulsants: carbamazepine, felbamate,
tiagabine
Calcium-antagonistis: nifedipine, diltiazem,
verapamil
Other drugs: amiodarone, quinidine,
terfenadine, astemizole, macrolides
(erythromicin, clarithromycin), tamoxifen,
cyclosporine,

Antiarrhytmics: quinidine, amiodarone
Antifungal drugs (fluconazole, itraconazole,
ketoconazole)
Antidepressants: fluvoxamine, fluoxetine,
nefazodone
Antihistamines: loratadine
Antiviral drugs: indinavir, ritonavir
Grapefruit juice (at least 250mL)

Macrolides: clarithromycin
Erythromicin
Calcium channel blockers: diltiazem, verapamil
Proton pump inhibitors: omeprazole,
testosterone

Barbiturates
Carbamazepine
Felbamate∗
Hypericum

Oxcarbazepine∗
Phenytoin
Rifampicin
Topiramate∗

∗Weak enzymatic inductor

∗refers to the activity of felbamate, oxcarbazepine and topiramate as weak enzymatic inductors.

is mainly metabolized through CYP3A4 and secondarily
via CYP2C9. This means that drugs inhibiting or inducing
these enzymes may lead to, respectively, an increase or a
reduction in plasma concentrations of sildenafil (Table 1)
[94]. Concurrent administration of sildenafil and warfarin
may potentially lead to an increased risk of bleeding. In
fact, in vitro studies have also shown that sildenafil is a
weak inhibitor of CYPs 1A2, 2C19, 2D6, 2E1, and 3A4.
Tadalafil and vardenafil are mainly metabolized by CYP3A4;
all the inhibitors of CYP3A4 (ketoconazole, fluconazole,
ritonavir, indinavir, amiodarone, erythromycin, fluoxetine,
fluvoxamine, omeprazole, and grapefruit juice) increase the
area under the concentration curve (AUC) of tadalafil and
vardenafil (Table 1). Drugs prolonging QTc interval should
be cautiously administered together with vardenafil for the
potential risk of further increase in QTc (Table 1) [91, 93].

6.4.2. Other Pharmacological Treatments for ED. In the late
years a number of herbal and nutritional supplements have
been used in the treatment of ED, even if they lack strong
evidence, for example, yohimbine, icariin, and ginseng [15].
Yohimbine is a peripherally and central 𝛼

2
-blocking agent

derived from the bark of an evergreen tree; it is also a
mild monoamine oxidase inhibitor (MAOI). It blocks the
pre- and postsynaptic 𝛼

2
receptors, but in particular the

blockade of 𝛼
2
receptors facilitates the release of several

neurotransmitters in both the central and peripheral nervous
system and the corpus cavernosum, such as nitric oxide and
norepinephrine [15, 95]. It can be used at dosages of 15mg/day
(5mg three times a day) or 15mg 1-2 hours before sexual

activity together with 6 g arginine glutamate (50% arginine,
50% glutamic acid) [96]. It is not used in elderly people
because of the possible side effects, such as hypertension,
tachycardia, anxiety, insomnia, hallucinations, and dizziness.

Icariin is a flavonol glycoside derived from horny goat
weed or Herba Epimedii, used for centuries in China for
enhancing sexual performances; it can have an inhibitory
effect of both PDE4 and PDE5, thus enhancing the produc-
tion of bioactive nitric oxide and mimicking the effects of
testosterone [97–99].

Ginseng is another widely known aphrodisiac which can
increase erectile function, even if data are preliminary and
need further trials [15].

The vacuum constriction device is a manually operated
device that creates negative pressure around the penis, thus
resulting in passive engorgement of the sinusoidal spaces
and erection; the maintenance of the erection is facilitated
by a rubber cuff applied around the penile base [15]. It is
used in men who do not wish medical treatment or penile
implantation surgery or do not respond tomedical treatment.
It is effective up to 90%of patients, even if the turgidity occurs
distal to the constriction band; the use of the constriction
band is possible for 30min in order to avoid skin necrosis
[100] and it has to be used cautiously in patients taking
anticoagulants or presenting with bleeding disorders [101].

The intracavernous and intraurethral administration of
vasoactive substances is the recommended second-line treat-
ment in patients that fails to respond to PDE5-I for ED; it is
safe, effective (up to 80% out of the cases), and with a rapid
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Table 2: Summarizing the possible treatment options for ED in elderly patients.

Drug Dose 𝑡

1/2
(h) Frequency Advantages Side effects

Sildenafil
Tadalafil
Vardenafil
Avanafil

25, 50∗, 100mg
2.5, 5, 10, 20mg
2.5, 5, 10∗, 20mg
50, 100, 200mg

4.6
17–21
4-5
5–10

On demand
or daily

Safe; available on
demand as well as
continuous low dose
(vardenafil 2.5mg,
tadalafil 2.5mg)

Headache, myalgia, back
pain, blurred vision,
facial flushing, nasal
congestion, dizziness

Yohimbine 5–15mg 0.25–2.5 Three times
daily Natural product Hypertension,

tachycardia, anxiety

Vacuum constriction
device / / On demand Effective in 90% of

patients; not expensive

Skin necrosis, pai006E,
cold penis, unnatural
erection

Papaverine
PGE1
Phentolamine

30–110mg
5–40 𝜇g
1.25–2mg

1.5–2.5
0.30
0.19

On demand
Broad efficacy, safety,
and effecacy in
neurogenic ED

Priapism, pain, penile
fibrosis, injection
training requested

MUSE 125, 250, 500,
1,000𝜇g 0.30 On demand No injections needed

Hypotension, pain,
urethral burning,
syncope, vaginal
irritation in the partner

Penile prosthesis / / On demand High satisfation rates
Irreversible, infection,
erectile lenght loss,
autoinflation

𝑡
1/2

: plasma half-life; h: hours; ∗also available in orodispersable formulation (supralingual).

onset of action [15].Themost common vasoactive substances
are prostaglandin E1 (alprostadil or PGE1), papaverine, and
phentolamine. PGE1 and papaverine increase the intracel-
lular concentration of the second messenger cGMP and
cyclic adenosinemonophosphate, thus resulting in cavernous
smooth muscle relaxation, whereas phentolamine is an 𝛼-
adrenergic antagonist [15].

Alprostadil (PGE1) is also available as an intraurethral
administrated pellet (medicated urethral suppository for
erection (MUSE)). The medicine is a small pellet contained
inside a thin tube that is inserted into the urethra. The pellet
can be released by pressing a button on the applicator and
an erection develops in about 10 minutes and lasts at least 30
minutes, but usually less than 60 minutes, depending on the
dosage [15].

Side effects of MUSE are usually minor and may include
pain in the penis or urethra, mild injury to the urethra, such
as a small scrape that produces a drop of blood at the tip of
the urethra, and priapism. If an erection lasts longer than 3
hours and it is not relieved, it may damage tissues inside the
penis.

The MUSE system does not cause bruising or scar
tissue, like injections may. Partners of men who have vision
problems or who may have difficulty inserting the pellet can
be taught how to use these products.Themedicinemay cause
irritation for partner after ejaculating [15, 101, 102].

6.4.3. Surgical Procedures. Surgical treatment is indicated in
elderly patients in which conservative treatments for ED have
failed or those declining pharmacotherapy; it usually consists
of penile prosthesis.There are three types of penile prosthesis,
but the three-piece inflatable prosthesis is the preferred
device. It consists of two implantable rods, connected to a

pump device placed in the scrotum and a reservoir which is
placed in the preperitoneal space in the lower abdomen [15].
It has a 90–98% satisfaction rate [100]. Possible adverse events
are infections, occurring in 1-2%of the patients, autoinflation,
and erectile length loss, especially in patients with Peyronie’s
disease and after radical prostatectomy. Table 2 summarizes
the possible treatment options for ED in elderly patients.

7. Recreational Use of ED Medications
in the Elderly

Use of ED medication could result in men experiencing
“ideal” erections that are both firmer and more durable. This
even occurs in the elderly, especially in healthy young elderly,
where keeping a normal sexual lifemay be amarker of healthy
and successful aging.

Sometimes the use of ED medications as an exclusive
therapy can reveal or reinforce other sexual problems, such
as a lack of sexual desire and premature ejaculation. In
most cases, recreational use concerns young people: in
fact, in a previous study by Harte and Meston, 1,944 men,
recruited from 497 undergraduate institutions across the
USA, were asked about recreational PDE5-I and illicit drug
use. Surprisingly, 4% of the study participants had recre-
ationally used PDE5-I at some point in their lives and one-
third of them reported current use. Most of them (44%)
reported mixing PDE5-I with alcohol or illicit drugs, partic-
ularly while engaging in risky sexual behaviour. Illicit drugs
taken concomitantly with PDE5-I included marijuana (61%),
3,4-methylenedioxy-N-methylamphetamine (MDMA; 42%),
methamphetamines (36%), cocaine (30%), alkyl nitrites, and
ketamine [103, 104]. On the other hand, approximately 6
million men in Europe might currently bypass the healthcare
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system to obtain PDE5-I [105]. In addition to the possible
risks associated with the use of PDE5-I from uncontrolled
sources, because most of these men have ED, they also miss
the opportunity of important health information or medical
follow-up.

However, use of recreational PDE5-I is independently
associated with increased age, drug abuse, lifetime number
of sexual partners, and lifetime number of “one night stands,”
as well as with homosexual or bisexual orientation [106].

As above mentioned even elderly men can use ED med-
ications only for improving sexual performances, especially
PDE5-I; moreover, PDE5-I can at the same time improve
LUTS. Young-old people, that is, people aged between 65 and
74 years old, can be mostly concerned in the recreational use
of PDE5-I.

8. Future Perspectives

Aman’s ability to get and sustain an erection is often equated
with virility andmasculinity and is able to greatly affect men’s
self-esteem.

The availability of PDE5-I has significantly altered the
way in which ED is treated. Furthermore, it has been
shown the possible role of these drugs in synaptic function
and in memory in an Alzheimer’s disease mouse model of
amyloid deposition [107]. In fact, sildenafil is able to enhance
phosphorylation of cAMP response element binding protein
(CREB), a molecule involved in memory, through elevation
of cGMP levels [107].

Sildenafil can be also used inmedical conditions different
from ED, such as pulmonary arterial hypertension [108].
It has also been shown to be effective in treating severe
Raynaud’s phenomenon associated with systemic sclerosis
and digital ulceration. Investigative studies have suggested
that sildenafil has also promise in the treatment of respiratory
disorders with ventilation/perfusion mismatch, congestive
cardiac failure, hypertension, and even stroke [108].

Currently available oral pharmacotherapy has limited
efficacy in older patients due to the lack of endogenous
supply; some new compounds are currently in development,
such as guanylate cyclase activators, Rho-kinase inhibitors,
and maxi-K channel openers [15].

The use of stem cells for the treatment of ED represents
an exciting new field, which still requires extensive basic
research and human trials in diverse ED patient populations
in order to define its role in the treatment of ED [109]. Pre-
clinical studies have shown that these cellsmay reverse patho-
physiological changes leading to ED, for example, following
cavernous nerve injury and in Peyronie’s disease, diabetes,
aging, and hyperlipidemia. Overall, these studies have shown
beneficial effects, while evidence on themechanisms of action
of stem cell therapy still varies between studies [109].

9. Concluding Remarks

In conclusion, increasing comorbidities and pathological
changes in the erectile tissue and the supplying vessels result
in a high prevalence of ED in the geriatric population.

ED is a multifactorial condition and, as such, prevention
and treatment demand a multidisciplinary approach. Of
course, it is always important for the physician to avoid
the use of any medication to improve sexual activity if the
underlying cardiac condition of the patient does not permit
activity appropriate for sexual activity. At the same time,
before starting a treatment for ED, physicians should always
review all drugs potentially worsening erectile function; an
accurate counseling should always be carried out. Various
nonpharmacological, pharmacological, and surgical options
are safe and effective in the elderly. PDE5-I are safe and usu-
ally effective drugs also in the elderly. Data acquired during
a routine diagnostic workup for ED should be taken into
account when choosing the best PDE5-I for the individual
patient. An individualized treatment plan is recommended
and going beyond “experience-based” subjective opinion and
unfounded ideas and prejudice regarding currently available
drugs may be appropriate [40]. Vardenafil orodispersible
preparation is reported to have the fastest onset of action,
while tadalafil is reported to have the longer duration of
action. PDE5-I can also be used for indications other than
ED (sildenafil in pulmonary hypertension and tadalafil in
LUTS) and chronic administration seems to work better in
elderly patients. New hopes might derive from the use of
avanafil. Novel compounds are currently in development and
are expected to have better efficacy in nonresponders. Future
researchwill be soon available for improving the sexual health
of older men.
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Prostate cancer (PCa) is the most common malignancy in elderly men. The progressive ageing of the world male population will
further increase the need for tailored assessment and treatment of PCa patients. The determinant role of androgens and sexual
hormones for PCa growth and progression has been established. However, several trials on androgens and PCa are recently focused
on urinary continence, quality of life, and sexual function, suggesting a new point of view on the whole endocrinological aspect
of PCa. During aging, metabolic syndrome, including diabetes, hypertension, dyslipidemia, and central obesity, can be associated
with a chronic, low-grade inflammation of the prostate and with changes in the sex steroid pathways.These factors may affect both
the carcinogenesis processes and treatment outcomes of PCa. Any treatment for PCa can have a long-lasting negative impact on
quality of life and sexual health, which should be assessed by validated self-reported questionnaires. In particular, sexual health,
urinary continence, and bowel function can be worsened after prostatectomy, radiotherapy, or hormone treatment, mostly in the
elderly population. In the present review we summarized the current knowledge on the role of hormones, metabolic features, and
primary treatments for PCa on the quality of life and sexual health of elderly Pca survivors.

1. Introduction

Prostate cancer (PCa) is the most common malignancy in
elderly men. Age is a relevant risk factor, with a proven
histological PCa being found in 60% of men by the age of 70
years and 80% by the age of 80 [1]. In fact, PCa is considered
a chronic disease, needing a long period for initiation,
development, and progression, through the development of
early and later precancerous modifications, such as high-
grade prostate intraepithelial neoplasia (HG-PIN), leading
to the development of a clinically relevant cancer [2, 3].
Therefore, PCa is frequent in old men, likely becoming the
prevalent cancer because of the ageing of population [4].

Although androgen receptor (AR) pathway is crucial for
prostate cancer growth and progression, evidence supporting
a favorable risk-benefit ratio of androgen deprivation therapy
(ADT) is currently limited to high-risk PCa or metastatic

disease [5, 6]. Furthermore, hypogonadism is common in
elderly men andmenwho have PCa: the symptoms of hypog-
onadism, such as depression, erectile dysfunction (ED), and
lower urinary tract symptoms, can impair a man’s quality of
life (QoL) [7].Therefore, androgens andARplay a critical role
in management of elderly men with PCa.

The current literature suggests an association between
metabolic syndrome (MetS) and PCa, although the evidence
for a causal relationship remains unknown [8]. In particular,
a recent review pointed out that men with MetS seem to
have more likely high-grade and advanced PCa: moreover,
they resulted in greater risk of progression and cancer
specific death, even if the overall analyses did not reveal any
association between MetS and the risk to develop the disease
[8]. Therefore, MetS should be assessed as a new domain in
basic and clinical research in elderly men with PCa.
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Figure 1: Schematic representation of the main pathways involved in development of castration-resistant prostate cancer (CRPC). ADT:
androgen-deprivation therapy, AR: androgen receptor. Modified from 43.

The primary goal of any definitive treatment of PCa is
the improvement of survival and QoL: although surgery,
radiotherapy, and hormone therapy can lead to long-term
survival, these treatments can cause lasting side effects [9].
Therefore, patients survival has to be considered in treatment
decision making, but patients’ quality of life must also be
considered before and after any treatment [10]. Moreover,
an accurate assessment of QoL in PCa patients must be
performed with validated, self-reported, and disease specific
instruments [11]. Therefore, there is a need for a tailored
approach in the management of PCa in the elderly men,
to avoid unnecessary intervention with permanent adverse
event [12].

The aim of present review is to summarize the current
knowledge on the role of androgens pathways, metabolic
factors, and primary treatments on the overall QoL and
sexual health of elderly PCa survivors.

2. Endocrinological Aspects of Prostate Cancer

2.1. The Role of Androgens and of Androgen Receptor (AR) in
Carcinogenesis and Progression of Prostate Cancer. Prostate
volume and function are age- and androgen-dependent
[13] and in hypogonadal subjects therapy with testosterone
restores the volume of the prostate to that of eugonadal
men [14]. Androgens and AR play a fundamental role in the
development of PCa which is androgen-dependent for its
growth, as demonstrated in the pioneering work of Huggins
and Hodges [15] who showed that castration causes complete
regression of the disease.

How actions of AR become tumorigenic and lead to
uncontrolled growth remains poorly understood. In a high
percentage of PCa, fusions between the androgen-dependent
gene TMPRSS2 and ETS transcription factors (such as ERG)
occur through chromosomal translocations [16], leading

to elevated expression of these oncogenic factors under
androgen control. However, whether TMPRSS2:ETS fusions
are sufficient to promote PCa is discussed [17, 18] and the
initial enthusiasm about such chromosomal aberrations has
been dampened by the controversial results of clinical studies
investigating their role in PCa progression [19].

Androgen deprivation therapy (ADT) represents a valu-
able treatment of metastatic PCa. However, ADT provides
palliation but not cure and most PCa regrow as castration-
resistant PCa (CRPCa) able to survive and grow in a milieu
virtually deprived of androgens. The detailed mechanisms of
whyADT ultimately fails and amore aggressive cancer recurs
remain unclear (Figure 1). In the past decade, based on in
vitro or in vivo evidence, several hypotheses involving the
AR have been generated to explain development of CRPCa,
such as AR mutations (found in about 20% of metastatic
specimens) or amplifications that confer the ability to bind
other steroids and even antiandrogens (acting as agonists),
changes in AR-coregulators interactions, and activation of
AR by growth factors or other signal pathways (reviewed
in [20]). In addition, recent work has highlighted the role
of intraprostatic androgen synthesis as the driving force of
recurrent disease (see below for further details).

Interestingly, low expression of mutated AR may drive
in vitro growth of CRPCa cell lines also by nongenomic
(rapid signalling) mechanisms [21]. However, more studies
are needed in order to better understand the role, if any, of
nongenomic AR signalling in PCa growth and progression.
These AR-involving hypotheses do not completely explain
why patients receiving ADT tend to have an earlier devel-
opment of more aggressive cancer. Alternative pathways of
growth and invasion may develop in PCa cells (Figure 1)
bypassing the necessity of androgens: among these, PTEN
inactivating mutation has been found in a high proportion
of PCa [22] leading to suppression of apoptotic pathways
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and consequent uncontrolled growth. Neuroendocrine dif-
ferentiation also plays an important role in development
of CRPCa [23]. In summary, development of CRPCa is a
very complex event, potentially involving both androgen-
regulated and androgen-alternative pathways (Figure 1). Such
a complexitymakes the development of therapeutic strategies
very difficult, and, as today, CRPCa is basically incurable.

Currently, research is mainly directed to understand the
role of these multiple pathways and their interregulation
with the aim of identifying potential therapeutical targets.
One hot topic of research is aimed at understating the role
of AR. In a recent survey of the literature concerning the
relationship between AR expression in PCa specimen and
disease prognosis, we have highlighted the conflicting results
reported so far [24]. These studies evidenced both the highly
variable expression of AR among different cancers and a dif-
ferent relation with prognosis. Most studies did not find any
association between AR expression and prognosis, including
a large one by Minner et al. [25], whereas some studies found
an association between high AR expression and better or
worse prognosis. Although such contrasting findings may
depend on several factors [24], one possible explanation may
be related to a different role of AR depending on its location
(stromaor epithelium) in the tumor. Recently, amouse cancer
model lacking the AR only in the prostatic epithelium and/or
stroma has been generated (ARKO-TRAMP) [26, 27]. These
mice paradoxically develop poorly differentiated PCa and,
most importantly, restoration of AR function in epithelial
basal cells leads to tumor suppression. Conversely, restora-
tion of AR in stromal cells stimulates cancer progression,
supporting a differential role of AR in PCa depending on
its location. Studies in mice models suggest that stromal
AR may promote prostate tumorigenesis via induction of
proinflammatory cytokines/chemokines expression [28].

These results substantiate in vitro studies showing that
enforced expression of AR inAR-negative PCa cells decreases
the metastatic/invasive potential of the cells [26, 29–35]. In
a recent paper evaluating the role of androgen signalling
in epithelial-mesenchimal transition, Zhu and Kyprianou
[36] demonstrated that overexpression of AR in PCa cell
lines suppresses androgen-induced epithelial-mesenchimal
transition, suggesting that downregulation of AR occurring
in androgen-deprived condition [37] may facilitate mes-
enchimal transition and promote metastasis [36]. There is
also evidence that inducing AR expression in PCa cells by
targetingmethylation of promoter increases differentiation of
carcinoma cells and suppresses self-renewal/proliferation of
stem cells and tumorigenesis [38].

Clinical data supporting a differentiating role of AR
in PCa and, as such, limiting invasiveness have been also
published. Following androgen ablation metastatic PCa is
promoted in vitro [39] and there is clinical evidence that
intermittent ADT benefits patients in PCa progression [40].
In addition, patients with CRPCa displaying amplification of
AR gene survive longer than patients without amplification
[41]. Results of long-term survival in the PCa prevention trial
with the 5 alpha-reductase inhibitor finasteride demonstrated
that, although the risk of developing PC is decreased, the
Gleason score of developing cancers is significantly higher

in the finasteride group and, overall, no difference in life
expectancy between the treated and placebo group was
observed [42]. Finally, there is evidence in the literature
that, in some instances, CRPCa may benefit from androgen-
replacement therapies [43–45]. Overall, these studies suggest
that AR may have both negative and positive roles in PCa
progression by regulating cell growth and invasion ability
[46, 47].

In such a complex scenario, it is clear that more studies
are needed to define the role of AR in the different PCa
compartments. In addition, investigations should be aimed
at evaluating the different AR variants present in the tumors.
Indeed a recent study [48], performed in a small series
of CRPCa bone metastases (𝑛 = 30), demonstrated that
expression of AR variants lacking the ligand binding domain
was associatedwith poor prognosis and shorter survival rates.
If these results will be confirmed in a larger series of subjects,
they can open new therapeutic perspectives to target other
portions of AR. Of interest, an AR antagonist, EPI-001, able
to bind the N-terminal domain of AR, has been recently
developed [49, 50]. This antagonist has been found to reduce
the growth of CRPCa xenografts [51].

2.2. Prostate Cancer in Hypogonadal Men. Although a
causative role for circulating androgens on PCa has been
envisaged since the Huggins and Hodges studies, data clearly
showed that such a link is at best unproved. In ameta-analysis
of 18 prospective studies, including almost 4000 men with
incident PCa and 6500 control subjects, no associations were
found between the risk of PCa and serum concentrations of
Testosterone (T), calculated FT, DHT, and other androgens
[52]. Furthermore, some authors have documented that low
serum T is associated with more aggressive, ADT-resistant
tumors suggesting that low levels of androgens create a selec-
tive pressure for PCa cells leading to androgen-independence
([53, 54]; for review see [55, 56]).

In line with these data, the pooled odds ratio for
Testosterone Replacement Therapy (TRT) derived from 19
randomized clinical trials was 1.09 (0.48–2.49, 95% CI) for
PC and 1.19 (0.67–2.09, 95% CI) for PSA > 4 ng/dL or 1.5%
increase during study (for review see [55, 56]). Based on
critical analysis of clinical trials and on the aforementioned
experimental data on PCa cell lines, so far 11 investigators
evaluated the effect of TRT even in PCa patients, with the
aim of inducing differentiation in the tumor [55, 56]. Overall
these studies included 279 subjects previously treated with
radical prostatectomy or radiotherapy. In the vast major-
ity of patients no association with progression or clinical
recurrence was reported. Despite this evidence, it should be
recognized that the number of reported cases is still small
and heterogeneous. In the absence of randomized controlled
trials (RCT), the concept of using TRT for PCa survivors
is debatable. Accordingly, current recommendations suggest
limiting TRT to symptomatic hypogonadal men successfully
treated for PCa, after a prudent interval, although the length
of that interval is not specified [57].

2.3. Intraprostatic Synthesis of Steroids: Role in PCa Progres-
sion. As mentioned above, intraprostatic androgen synthesis
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may support PCa cell growth even in the virtual absence
of androgens contributing to development of CRPCa [13].
There is evidence that androgen levels may remain elevated
in the prostate during ADT [58, 59]. Moreover, androgens
have been found in locally recurrent CRPCa [60] and in
distant metastasis [61]. These studies suggest that the PCa
may acquire the capability to synthesize androgens although
a direct proof can be only obtained by demonstrating the
occurrence of steroidogenic machinery in the cells. Results
of the latter experiments are contrasting [62, 63]. In partic-
ular, in a recent study [62], expression of the steroidogenic
enzymes CYP17A1 and HSD3B1, essential for androgen syn-
thesis, has been detected at low levels only in 19 of the 88
tumor samples leading to the conclusion that intratumoral
steroid biosynthesis has a limited contribution. However, the
elevated expression of 5 alpha-reductase found in CRPCa
samples [63] suggests that de novo steroidogenesis may occur
bypassing the requirement of T by 5 alpha-reduction of
adrenal precursor steroids [13]. Targeting androgen synthesis
in CRPC with abiraterone acetate, a potent inhibitor of
CYP17, resulted to be safe and well tolerated, leading to a
reduction of the risk of death and increased median survival
of some months compared to placebo [64]. At present ongo-
ing investigations are evaluating the efficiency of abiraterone
acetate (in combination with other treatments) in the early
stages of PC. Efforts are currently directed to understand the
mechanisms of resistance to abiraterone acetate and how to
prevent it.

2.4. Modifications of Sex Hormone after Radical Treatment
for Prostate Cancer. Several studies have analyzed the mod-
ifications in the levels of T and gonadotropins following
radical treatment, producing controversial results [65–68].
In particular, in 55 males treated with radical prostatectomy
(RP), a remarkable increase in T, luteinizing hormone (LH),
and follicle-stimulating hormone (FSH) has been reported 1
year after RP [69].These data were confirmed by Olsson et al.
[66]. In a group of 49 men, LH and FSH were increased by 71
and 63%, respectively, 12months after RPwithout any evident
changes in T, suggesting that the hypothalamic pituitary axis
was inhibited in patients with PCa and that this inhibition has
been removed following RP [69].

Recently, we enrolled 100 men affected by PCa in a single
center prospective study, with the aim to evaluate the changes
in the serum levels of T, LH, and FSH within the first 3
months after RP for clinically localized PCa and to analyze
the correlation between LH and T at various follow-up times
[67]. As expected, we found a remarkable positive correlation
between T and LH before surgery (𝑟 = 0.370; 𝑃 < 0.0001),
but not 1 month after RP (𝑟 = 0.109; 𝑃 = 0.303). Three
months after prostatectomy, the correlation between T and
LH was restored (𝑟 = 0.273; 𝑃 = 0.054). Therefore, our data
demonstrated that RP can induce an early significant decline
in the T levels and a compensatory increase in LH and FSH
levels. These data have a critical relevance, suggesting that
hormone modifications could have an important role in the
loss and the subsequent recovery of both urinary continence
and potency [70]. Three months after RP, the full recovery of
T levels, with persistent high levels of gonadotropins, seems

to delineate the features of compensated hypergonadotropic
hypogonadism.

To confirm these data and to analyze the influence of T
on sexual activity and urinary continence in men with PCa,
we consecutively enrolled 257 patients treated with RP in our
center [71]. As expected both age and BMI have a negative
impact on preoperative T levels. Moreover, in men with
normal T, urinary continence was significantly correlated
with sexual function and sexual bother (𝑟 = 0.2544: 𝑃 = 0.01
and 𝑟 = 0.2512: 𝑃 = 0.01), whereas this correlation was lost
in hypogonadal men.

3. Metabolic Syndrome and Prostate Cancer in
Elderly Men

Metabolic syndrome describes the combination or clustering
of several metabolic abnormalities including central obesity,
dyslipidemia, hypertension, insulin resistance with com-
pensatory hyperinsulinemia, and glucose intolerance [72–
74]. Recently, epidemiological, histopathological, molecular
pathological, and clinical studies have provided emerging
evidence of a possible role ofMetS and its components in PCa
development and progression [74, 75].

Although the only well-established risk factors associ-
ated with PCa are age, race, and family history, the large
geographical variations in PCa risk suggest that lifestyle and
environmental factors may also contribute to its etiology.
The possibility to prevent and treat MetS and its components
led to novel therapeutic approaches that have been proposed
as a new frontier in the prevention and treatment of PCa
[74, 76, 77].

3.1. Definition, Epidemiology, and Pathophysiology. MetS is a
constellation of physiological and biochemical abnormalities
characterized by diabetes or high fasting glucose, central
obesity, abnormal cholesterol and triglyceride levels, and
hypertension [78]. Currently, the two most widely used
definitions are those proposed by the National Cholesterol
Educational Program Adult Treatment Panel III (NCEP:ATP
III) and by the InternationalDiabetes Federation (IDF) focus-
ing on abdominal obesity measured by waist circumference.
In contrast, the World Health Organization (WHO) and the
European Group for the study on Insulin Resistance (EGIR)
definitions are principally focused on IR [73, 74].

Prevalence of MetS increases linearly from the age of 20
until age of 50, when it plateaus and affects more than 40% of
the population in the United States and nearly 30% in Europe
[79, 80]. Similar to western countries, the prevalence of MetS
is rapidly increasing in developing countries, ranging from
9.8% in males from urban north India, to 16.3% in Morocco,
to 25.4% in urban Brazil, to 33.5% in South Africa, and to
33.7% in Iran [74, 78, 79]. People with MetS are estimated
to have twice the risk of developing cardiovascular disease
compared to healthy individuals and a fivefold increased risk
of type-2 diabetes. MetS has been recently linked to a number
of urological diseases including PCa [72, 75]. Although IR
and obesity are considered at the core of the pathophysiology
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Figure 2: The pathophysiological loop of metabolic syndrome.

of MetS, a number of other factors can also be involved in its
pathogenesis and potential interactions [73, 74].

In most cases MetS develops as a result of poor eating
habits and/or sedentary lifestyles which are associated with
IR and obesity. IR occurs when there is a decrease in
the responsiveness of peripheral tissues (skeletal muscle,
fat, and liver) to the effect of insulin with a concomitant
hyperinsulinemia [80]. Hyperinsulinemia is also responsible
for stimulating Insulin Growth Factor-1 (IGF) production in
the liver. IGF-1 is a potent mitogenic factor and apoptosis
inhibitor which has been linked with PCa risk [81].

Central obesity is also considered an early step in the
development and progression ofMetS. Visceral adipose tissue
secretes various bioactive substances known as adipocy-
tokines which can induce IR and have proinflammatory
and proatherogenic effects (Figure 2). Cytokines includ-
ing resistin, leptin, tumor necrosis factor alpha (TNF-𝛼),
interleukin-6 (IL-6), C-reactive protein (PCR), fibrinogen,
and plasminogen activator inhibitor (PAI-1) are normally
increased in obese patients and in patients with DMT2.
On the contrary, adiponectin, is lower in individuals with
visceral fat accumulation. Adiponectin stimulates glucose
metabolism and fatty acid oxidation in the muscle, enhances
insulin sensitivity in the liver, increases free fatty acid
oxidation, reduces hepatic glucose output, and inhibits
monocyte adhesion andmacrophage transformation to foam
cells within the vascular wall [80, 82]. Visceral adiposity
may also contribute to hypogonadism, frequently associated
with MetS in men, through increased aromatase activity.
Its increased activity in obese patients raises estradiol lev-
els, which results in feedback inhibition at the level of
the hypothalamus/pituitary to lower T leading to hypogo-
nadrotropic hypogonadism. Elevated estrogen levels lead to a
further increase in visceral adipose deposition creating a self-
sustained loop [74, 80, 82].

MetS has also been associated with a state of chronic,
low-grade inflammation. Several studies showed that patients
with MetS were more likely than those without to have
elevated levels of amarker of inflammation such as C-reactive
protein (CRP) as well as proinflammatory cytokines such as
TNF-𝛼, IL-8, IL-6, and IL-1𝛽 [83, 84].

3.2. Relationship betweenMetS and PCa. MetS has frequently
been associated in human and animal models with carcino-
genesis (see Table 1) [85]. It has recently been suggested that
evaluatingMetS as a single conditionmay be an inappropriate
approach to investigating PCa risk. Specifically, combining
all the multiple components of the syndrome into a single
variable may confound or obscure the independent effects
and interactions of these metabolic components on PCa risk
[86]. Each of the primary components of the MetS have
been individually observed to be directly associated with
PCa risk. DMT2 has been associated with a reduction in
PCa risk, probably in relation to the changing action of
insulin over the course of diabetes progression [86, 87].
The presence of hypertension may increase PCa risk, in
part through increased sympathetic nervous system activity,
which can result in androgen-mediated stimulation of PCa
cell growth [86]. Men with lower plasma cholesterol were
less likely to develop high-grade PCa than men with higher
concentrations; this effect might be mediated by several
pathways including androgen metabolism and intracellular
cholesterol-mediated signaling [88, 89]. Most recent large
studies suggest that obesity is associated with a decreased risk
of low-grade disease, but an increased risk of high-grade and
advanced PCa [74].

Moreover, obesity was associated with an increased risk
of intraoperative and perioperative complications and with
a worse functional outcome, in men treated with RP [90].
In particular, obese men are at threefold greater risk of
intraoperative complications and blood transfusions than
not-obese men (adjusted odds ratio (OR) = 3.116, 𝑃 < 0.001,
and OR = 2.763, 𝑃 < 0.050, resp.). Furthermore, the risk
of needing at least two pads per day is two and a half times
greater in men with a waist circumference of at least 102 cm
than in those with a WC below 102 cm (adjusted OR = 2.435,
𝑃 = 0.007).

In conclusion, further basic and clinical studies are
needed to evaluate this association by investigating all these
metabolic conditions as a whole and to better evaluate the
role the MetS and its mediators with the development and
progression of PCa.

4. Measurement of Quality of Life and Sexual
Health in Men with Prostate Cancer

Any treatment of PCa can affect urinary and sexual activity,
psychosocial function, and overall wellbeing. Several vali-
dated questionnaires have been used to asses QoL after RP.
An effective evaluation should consider at least 3 categories of
QoL: (1) the organ specific function (urinary and sexual); (2)
the physical status and the mental health in the patients with
any type of cancer; (3) the general health status.The following
validated questionnaires are the most accurate to assess the
overall health and quality of life for men with PCa.

4.1. UCLA-PCI. The University of California-Los Angeles
Prostate Cancer Index (UCLA-PCI) is very accurate to eval-
uate all aspects related to QoL before and after any treatment
for PCA. This questionnaire investigates urinary, bowel and
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åh
ei
m

et
al
.,
20
06

[9
2]

Lo
ng

itu
di
na
l

co
ho

rt
stu

dy
N
or
w
ay

O
slo

stu
dy

19
72
–1
99
8

40
–4

9
15
93
3
(W

hi
te
)

U
pp

er
qu

ar
til
el
ev
els

AT
P
II
Ic
rit
er
ia

50
7

Ri
sk

in
cr
ea
se

(R
R:

1.5
6;

95
%
CI

:1
.2
1–
2)

2b

M
ar
tin

et
al
.,
20
09

[9
3]

Lo
ng

itu
di
na
l

co
ho

rt
stu

dy
N
or
w
ay

N
or
d-

Tr
on

de
la
g

H
ea
lth

stu
dy

(H
U
N
T
2)

19
96
–2
00
5
4
8
±
1
6
.
4

29
36
4
(W

hi
te
)

N
CE

P:
AT

P
II
I

68
7

N
o
as
so
ci
at
io
n
(H

R:
0.
91
,9
5%

CI
,0
.8
77
–1
.0
9)

2b

Be
eb
e-
D
im

m
er

et
al
.,

20
09

[9
4]

Ca
se
-c
on

tro
l

stu
dy

U
SA

G
en
e

En
vi
ro
nm

en
t

an
d
Pr
os
ta
te

Ca
nc
er

stu
dy

(G
EC

A
P)

20
01
–2
00

4
6
2
±
1
0
.
4

88
1(
56
%

W
hi
te
;4
4%

A
fr
ic
an
-

A
m
er
ic
an
)

N
CE

P:
AT

P
II
I

63
7

Ri
sk

in
cr
ea
se

in
A
fr
ic
an
-A
m
er
ic
an

po
pu

lat
io
n
(O

R:
1.7

1,
95
%
CI

;0
.9
7–
3.
01
)

3

Ta
nd

ee
ta
l.,
20
06

[9
5]

Lo
ng

itu
di
na
l

co
ho

rt
stu

dy
U
SA

At
he
ro
sc
le
ro
sis

Ri
sk

in
C
om

m
un

iti
es

(A
RI
C)

;

19
87
–2
00

0
45
–6

4

64
29

(4
9%

W
hi
te
;6
1%

A
fr
ic
an
-

A
m
er
ic
an
)

N
CE

P:
AT

P
II
I

38
5

Ri
sk

re
du

ct
io
n
(R
R:

0.
77
;

95
%
CI

,0
.5
1–
1.0

5)
2b

K
he
te
rp
al
et
al
.,
20
12

[9
6]

Lo
ng

itu
di
na
l

co
ho

rt
stu

dy
U
SA

Ro
bo

tic
ra
di
ca
l

pr
os
ta
te
ct
om

y
20
05
–2
00
8

45
–6

5
27
56

BM
I≥

30
an
d
≥
2
of

th
ef
ol
lo
w
in
g:

hy
pe
rt
en
sio

n,
di
ab
et
es

or
el
ev
at
ed

bl
oo

d
gl
uc
os
e,
an
d

dy
sli
pi
de
m
ia

35
7

G
re
at
er

pa
th
ol
og

y
G
le
as
on

gr
ad
e(
≥
7:
78
%

ve
rs
us

64
%
,𝑃
<
0
.
0
0
1
)

an
d
pa
th
ol
og
ic
st
ag
e

(≥
T3

di
se
as
e:
43
%
ve
rs
us

32
%
,𝑃
<
0
.
0
0
1
)

3

C.
D
eN

un
zi
o
et
al
.,

20
11
[7
8]

C
oh

or
ts
tu
dy

Ita
ly

Pr
os
ta
te
bi
op

sy
co
ho

rt
stu

dy
20
09
-2
01
0

47
–8
3

19
5
(W

hi
te
)

N
CE

P:
AT

P
II
I

10
2

N
o
as
so
ci
at
io
n
(O

R:
0.
97
,9
5%

CI
:0
.4
8–
1.9

5)
;

In
cr
ea
se
d
ris

k
fo
r

G
le
as
on

sc
or
e≥

7
in

pt
s

w
ith

PC
A
(O

R:
3.
82
,

95
%
CI

:1
.33

–1
0.
9)

3



International Journal of Endocrinology 7

sexual function (UF, BF, and SF), and bowel and sexual bother
(UB, BB, and SB) and has been designed either for urologists
or radiotherapists [97, 98]. The majority of questions were
assigned a score from 0 to 100 (0 = worse health; 100 = better
health).

4.2. European Organisation for Research and Treatment of
Cancer (Cancer Generic): EORTC QLQ-C-30. This validated
questionnaire, designed to evaluate the QoL in men affected
by or treated for any cancer, is a 30-item questionnaire
composed of multi-item scales and single items that reflect
the multidimensionality of the quality-of-life construct [99].
It incorporates five functional scales (physical, role, cognitive,
emotional, and social), three symptom scales (fatigue, pain,
and nausea/vomiting), and a global health and QoL scale.

4.3. Short Form-12 (SF-12). The SF-12 is the short version of
the SF-36 questionnaire [100].Through 12 questions, it allows
investigating, instead of the 8 original scales, only two indices:
the Physical Component Summary (PCS) and the Mental
Component Summary (MCS). The strengths of this form are
the brevity and relative ease of use from both patients and
physicians. For every question there are from 3 to 5 options.

4.4. International Index of Erectile Function (IIEF). The
IIEF questionnaire is a validated multidimensional self-
administered questionnaire used to assess the erectile func-
tion and the response to treatment in clinical trials. A score
of 0–5 is awarded to each question that evaluates 4 domains
of sexual health: sexual desire, erectile function, orgasmic
function, and intercourse satisfaction [101]. Recently, a short
form (IIEF-5), based on 5 questions instead of the original 15
questions, has been used.

5. Impact of Primary Treatment for Pca on
QoL and Sexual Health

Currently, more than half of all PCa are clinically localized at
the diagnosis, with a 5-year biochemical disease-free survival
above 85% [102]. Treatment options for clinically localized
PCa include watchful waiting, radical prostatectomy, radical
external beam radiation, and hormone treatment. Neverthe-
less, while active surveillance may have a minimal impact on
either QoL or sexual health, more invasive therapies can lead
to clinically significant and lasting side effects [103].

In particular, erectile dysfunction and urinary inconti-
nence after RP, bowel, urinary, and sexual complications after
radiotherapy or sexual and continence andmoodbothersome
after hormone treatment can have a negative impact on all
the aspects of QoL, including vitality, social and physical, and
emotional limitations.

5.1. Primary Treatment in the Elderly Men. The appropriate
management of the older men can be a challenge: elderly
men aremore likely to be diagnosedwith higher-grade cancer
and the presence of comorbidity and functional decline can
impact on treatment tolerance and side effects [104, 105].
Therefore, RT and/or ADT aremore commonly used because

they are less invasive and do not carry the risk of surgery and
anesthesia.

PC is often diagnosed as a result of routine screening in
asymptomatic patients, so the development of late treatment
sequelae may be particularly alarming [106], also considering
the improvement of life expectancy in elderly population
(over 17 years at 65 years old) [107].

QoL is a key criterion in the choice of treatment, particu-
larly for early PC or elderly patients, but it is difficult to assess
despite the availability of validated questionnaires [108–112].
Late QoL impact is well documented in the literature, but
most of the longest QoL studies did not include pretreatment
evaluation [113, 114] or collected it retrospectively [115–117].

Generally, recent cohort prospective studies of patients
show a different pattern of late sequelae: an increased
prevalence of urinary incontinence after prostatectomy, of
urinary irritative obstructive symptoms after brachytherapy,
of bowel side effects after EBRT, whereas sexual dysfunction
as common late event after all these treatment including ADT
[110, 111, 118–120].

In particular, erectile dysfunction (ED) is a critical point
related to QoL in men treated for PCa and it is strongly
associated with depression and significant distress [119, 121,
122]. ED in these patients is the result of several factors:
anatomic changes after surgery or radiotherapy, not only
hormonal therapy but also psychological and social factors
and finally specific comorbidities that often occur in elderly
men (metabolic syndrome, diabetes, obesity, osteoporosis,
reduced muscle mass, and strength) [123–126].

5.2. Radical Prostatectomy. The major concerns for patients
undergoing RP are postprostatectomy incontinence (PPI)
and ED. Both QoL and sexual health after RP are strongly
dependent on patient age, aging, tumor characteristics, and
disease progression [112]. While slight urinary of sexual
dysfunction can lead to important bother in younger men,
remarkable symptoms can generate minimal bother in the
elderly. QoL and sexual health can progressively change
owing to anatomical modifications, treatment for PCa, or
the natural aging [127]. Therefore, age at time of treatment
and perspectives in both sexual and general health have the
same clinical relevance of tumor features [128]. Finally, tumor
progression or recurrence after RP can generate anxiety and
fear that can further worsen QoL and sexual health [129]. In
a retrospective, cross-sectional study, enrolling 595 men with
PCa treated with radical treatment as primary therapy, we
demonstrated that pretreatment tumor characteristics (clini-
cal stage, bioptical Gleason score, and total PSA), treatment
timing (age at time of treatment, follow-up duration after
treatment, and age at time of follow-up), and posttreatment
outcomes (biochemical recurrence and hormonal status) had
a remarkable impact on QoL.

One of the leading determinants of QoL and sexual
health after RP is the surgical approach: a more conservative
procedure, sparing neurovascular bundles, bladder neck, and
proximal urethra can strongly increase the chance of better
functional outcomes [130, 131]. The decision for the surgical
approach is usually a compromise between patient’s desire to
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Figure 3: Comparison of function and bother in long-term disease-free survivors after nerve sparing RP without hormone treatment: UF:
urinary function; UB: urinary bother; SF: sexual function; SB: sexual bother; RP: radical prostatectomy (adapted from [70]).

preserve sexual activity and the eligibility to a conservative
surgery based on tumor characteristics (PSA, Clinical stage,
bioptical Gleason Score). In a prospective survey on 2,408
PCa patients treated with RP, we demonstrated that at least
737 men (30.6%) were interested in preservation of sexual
activity, but not eligible for a nerve-sparing procedure, based
on their high-risk PCa features [132]. For 372 (50.5%) of these
patients a nerve sparing approach (monolateral or bilateral)
was chosen: in these highly selected cases, surgeons’ strategy
was performed in accordance with patients’ desire, without
compromising surgical margin status.

The complete recovery of urinary continence after RP
is mandatory to preserve general health and to maximize
the outcomes of sexual rehabilitation: after catheter removal,
most patients reported some level of urinary incontinence
[132]. In a multicenter prospective study, we enrolled 1972
men with full continence preoperatively and complete post-
operative data: 1 month after RP, 644 (32.7%) were fully
continent, 810 (41.1%)were using 0-1 pad/day, and 518 (26.3%)
>1 pad/day. Age and nerve sparing were not significant
predictors of continence recovery after RP, while preoperative
erectile function allowed predicting PPI: the integrity of
pelvic vasculature and nerves prior to RP was determinant
to avoid of early PPI.

ED and urinary continence can improve even beyond
more than 1 year postoperatively, with an average time to
sexual and urinary recovery of >6 months [133]. More-
over, Phosphodiesterase type 5 inhibitors (PDE5-I), either
in nightly or on-demand dosing, are the gold standard to
recover sexual function after nerve-sparing prostatectomy
[134]. In a multicenter RCTwe have randomizedmen treated

with nerve sparing prostatectomy for localized PCa into 3
groups: (1) PDE5-Is on demand; (2) PDE5-Is once a day;
(3) placebo [135]. PDE5-IS improved continence recovery
compared with placebo (Improvement of Urinary Function
at 3, 6, and 9months after PDE5-Is once a day versus placebo:
𝑃 = 0.042,𝑃 = 0.044, and𝑃 = 0.039, resp.): the positive effect
of PDE5-I on continence recovery, even in the absence of the
prostatic gland, suggested a direct activity of PD5-Is on lower
urinary tract by a pathway not including prostate. Therefore,
the long-term use of PDE5-Is after RP can strongly influence
the general QoL, the urinary function, and the sexual health.

During the natural aging process in disease-free survivors
after RP, both urinary and sexual symptoms and bother can
be strongly modified, due to hormonal modification and
both vascular and nerve impairment. Moreover, after long-
term disease-free follow-up, several men reconsider their
QoL status [136]. In two tertiary referral center for PCa we
recruited 367 men treated with RP (for clinically localized
PCa), without biochemical failure (PSA ≤ 0.2 ng/mL) at
the follow-up ≥5 years, with the aim to evaluate long-term
general QoL and sexual health in elderly PCa survivors [70].
Older men presented worse urinary continence regardless of
age at time of surgery or follow-up duration. Moreover, after
more than 8 years after nerve sparing RP without hormone
treatment, patients reported substantial sexual dysfunction,
but, interestingly, they wereminimally sexually bothered (see
Figure 3). Our data confirmed that slight urinary inconti-
nence is poorly tolerated even after several years of complete
cancer control, while sexual dysfunction is better tolerated,
in the daily life of long-term disease-free survivors, perhaps
because patients consider ED as a part of their natural aging.
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5.3. Radiotherapy. Current indications for external-beam
radiotherapy (EBRT) in PC include primary treatment (in
localized intracapsular tumors or combined with ADT in
locally advanced and high-risk PC), adjuvant treatment
in patient with adverse pathologic features, (extracapsular
extension, positive surgical margins), and salvage radiother-
apy (after radical prostatectomy) [137].

However, over recent years, radiotherapy (RT) has seen
major advances such as the introduction of intensity-
modulated radiation therapy (IMRT) and image-guided RT
(IGRT) [138, 139]. The higher radiation doses that can be
delivered to the prostate by these new techniques, whilst
sparing surrounding organs, have improved progression-free
survival and reduced acute and late toxicities [140, 141].
Several studies investigated this aspect of QoL [119] with a
short (1–3 years) or intermediate (4-5 years) follow-up, while
longer-term outcomes remain largely unknown. Regarding
age of patients, some studies have found equal rates of both
acute and late side effects in all age groups [142, 143] while
others have found older age to be associated with faster
onset and more frequent side effects [71]. A prospective
trial evaluating patients more than one year following EBRT
treatments with final dose of 70–72Gy found that older age
and diabetes were predictive of both preexisting ED and post-
EBRT acquired ED [144].

Sanda et al. concluded a substantial decline from baseline
of sexual function at 2 years after surgery, but only a
moderate decline after EBRT or brachytherapy. Recovery of
sexual function was worse in patients treated with androgen
suppression combined with radiotherapy, in older patients,
obese patients, and patients with a larger prostate size and a
high pretreatment PSA. The patient’s QoL concerning sexual
function was also significantly related to satisfaction in the
partner [111].

Pardo et al., in a Spanish study, had similar results after
a follow-up of 3 years in patients treated by surgery or EBRT
or brachytherapy [145], as well as Rice et al. in a USA study:
the authors concluded that EBRT had no significant impact
on sexual function at 12 months and may be offered to
older patients with minimal QoL impact [146]. As reported
in the studies of Potosky et al. [115], the Prostate Cancer
Outcomes Study (PCOS), and the one of Miller et al. [113],
the patients treated by surgery had an improvement in their
sexual function at 2 years after diagnosis, whereas the patients
treated by EBRT had slight declines: a possible explanation of
this result is the older age of the group of patients treated by
radiotherapy. Instead in the Litwin’s et al. report long-term
sexual function scores were better among surgical patients,
but return to baseline was more rapid in patients treated by
EBRT [147].

In their report of a long-term follow-up, Resnick et al.
[148] described that, although patients undergoing RP were
more likely to have ED at 2–5 years, at 15 years the prevalence
of ED is very common, affecting 87% of men treated by
surgery and 93.9% of men treated by EBRT: it is matter of
debate if this decline is due to late sequelae of oncologic
treatments, to normal aging process, or to a combination of
these factors. Van der Wielen et al. studied the correlation
between ED and dose to penile bulb in patients treated with

doses of 68–78Gy: but there was no relation found [149].
Mangar et al. demonstrated that a dose received by 90% of the
penile bulb (D90) >50Gy was significantly associated with
ED (𝑃 = 0.006) [150], results comparable to the outcomes of
the study of Wernicke et al. [151].

The RadiationTherapyOncology Group 9406 trial exam-
ined 158 men with a regular erectile function at baseline and
found a greater risk of impotence with a penile mean dose
>52.5Gy (𝑃 = 0.039) [152]. So these data are suggestive
for a correlation between dose to penile bulb and ED, but
more prospective studies are indispensable for predicting
preservation of sexual function.

Regarding alternative fractionations, the low 𝛼/𝛽 ratio of
PC causes the high sensitivity of these cells to higher doses for
fraction than other tumors [153, 154], even if it is well known
that hypofractionated treatments can result in increased rate
of late toxicity. In a Canadian prospective study, at 39 months
of follow-up, moderate and severe distress related to urinary
and bowel symptoms was minimal (3% and 5% of patients,
resp.), and the rate of sexual dysfunction was in line with the
studies with conventional fractionations [155].

Finally, the few studies available concerning QoL after
dose-escalated radiotherapy (thanks to advances in radio-
therapy techniques) suggest an increased radiation dose does
not result in decline of QoL [156–159].

5.4. Androgen Deprivation Therapy (ADT). Approximately
50% of men with PCa receive ADT at some time after
diagnosis, and most will take it for at least 2 to 3 years
[160, 161]. Currently, luteinizing hormone-releasing hormone
(LHRH) agonists are the most frequently used agents for
ADT. However, other agents including high-dose estrogen,
high-dose ketoconazole, abiraterone, and LHRH antagonists
can also be used to achieve a castrate level of T. Single-agent
antiandrogen therapy is also used as a form of ADT, but it is
more likely to reach lower serum T levels [162].

ADTpresents several symptoms of “castration syndrome”
as side effects, based on low serum T concentration. The
symptoms include loss of libido and sexual interest, erectile
dysfunction, general fatigue, decreased intellectual ability,
depression, loss of muscle strength, increased abdominal fat
mass, and loss of vigor [163]. Several cross-sectional studies
have described the effect of ADT on self-reported physical
function; these studies consistently found that ADT treated
men reported decreased physical function in comparison to
nontreated [164, 165].

Regarding the side effects of hormonal therapy, in a
Canadian retrospective study of Joly et al. [166, 167] patients
treated with ADT for at least 3 months for localized PCa
both as adjuvant therapy and as biochemical relapse were
enrolled. Tests were administered to assess the: patients
had significantly poorer scores than controls, especially for
urinary disorders and sexuality (𝑃 < 0.01). The urinary
and sexual symptoms may be primarily due to the prior
local treatment. ADT contributed to deterioration in sexual
functions, but this study was not designed to address this
question; of the patients, 90% reported sexual problem, in
agreementwith results of other studies [168].However elderly
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patients often report that urinary symptoms have a greater
impact than sexual functions on global QoL [166, 169].

In an Australian longitudinal study the authors inves-
tigated the change to QoL and T level in men starting
an intermittent maximal androgen blockade program. Two
hundred and fifty men were recruited in this multicentre
study: T suppression leads to a significant reduction in
global QoL and deterioration in most function as sexual
function. Complete loss of libido increased from 37.2% before
treatment to 72.2% after hormonal deprivation. Complete
sexual inactivity increased from 54.3% to 86.9%. Following
treatment cessation, T recovery was gradual andmedian time
to eugonadal levels of the hormone was 9.3 months with an
improvement in emotional function, sexual function, fatigue,
sleep, and hot flushes [170].

In the American study of Lubeck, QoL of 1178 newly
diagnosed patients was examined (mean age at diagnosis
was 73 years) which were enrolled in the Cancer of the
Prostate Strategic Urologic Research Endeavor Database.
General and disease specific QoL outcomes were measured
with tests at study entry and quarterly thereafter. Patients
were randomized in 3 groups: ADT, surveillance, radical
prostatectomy, or EBRT.Men receiving ADT reported poorer
urinary and sexual function and a higher rate of urinary and
sexual symptoms than patients selecting surveillance. ADT
and surveillance QoL scores remained low in the year after
treatment, whereas men treated by RP showed improvement
in these scales [167].

In the Australian phase 3 trial of Denham, all patients
were given six months of leuprorelin, and radiotherapy
to the prostate and seminal vesicles after 5 months from
randomisation. After leuprorelin, patients were given either
no further treatment or an additional 12 months of leuprore-
lin. In addition to androgen suppression, men who were
randomly allocated to the two bisphosphonate groups were
given zoledronic acid for 18 months. In this study, 18 months
of androgen suppression worsened the adverse changes in
the “patients-reported-outcome” score caused by 6 months
of androgen suppression and radiotherapy. However, these
increases were restricted to only sexual activity, hormone
treatment related symptoms, fatigue, and financial problems
at 18 months after randomization. The increases were also
restricted in time [171].

Mature survival data frommenwith previously untreated,
locally-advanced disease reveal that bicalutamide monother-
apy provides survival benefits that do not differ significantly
from castration, while offering important advantages with
respect to the maintenance of physical capacity and sexual
interest [172]. Also the study of Stav confirms that sexual
interest appears to be better preservedwith bicalutamide than
with castration [173].

In the two largest phase III studies comparing bicalu-
tamide 150mg/die monotherapy with castration (orchiec-
tomyor the LH-RHagonist goserelin acetate) in 1453 patients,
the combined analysis at 12months showed that bicalutamide
was associated with a significant advantage for sexual interest
compared with castration (𝑃 = 0.029), although a decrease
was recorded in both groups [174].

6. Conclusions

In conclusion, the present review underlines the double role
of androgens and the androgen receptor in the development
and proliferation of PCa as well as in maintaining a correct
functional state of the prostate of elderly men. Evidence in
the literature suggests that maintaining a correct function of
the androgen receptor may limit PCa progression by keeping
a more differentiate state of the cells. Althoughmore RCT are
needed to better define the risk/benefit of androgen therapy
in elderly men previously cured for PCa, current evidence
indicates that treatment with androgens of hypogonadal men
with previous PCa may be safe and may ameliorate both
sexual health and QoL.

There are several lines of evidence regarding the emerging
role of MetS and its components in PCa development and
progression. Moreover, MetS can be associated with a state
of chronic, low-grade inflammation, in particular in elderly
men. We have summarized the evidence about the involve-
ment ofMetS in the pathogenesis of PCa, particularly of high-
grade disease and we suggested that MetS should be assessed
as a new domain in basic and clinical research in elderly men
with PCa. In particular, all the components of MetS should
be adequately assessed either before or after any treatment of
PCa.

It is mandatory to use validated questionnaire to provide
adequate details to patients not only regarding urinary and
bowel symptoms, but also regarding their sexual function
in order to avoid anxiety in patients and their families, to
provide adequate medical and psychological counseling, and
to analyze the progressivemodifications during the follow-up
of PCa survivors.

The adverse effects of surgery, radiotherapy, or androgen
deprivation may be more pronounced in the elderly pop-
ulation, especially those with lower functional status and
increased comorbidities, in particular regarding their sexual
health. Therefore it is important to consider the specific
benefits and risks for each treatmentmodality as they apply to
the elderly because of the greater risk in both short- and long-
term postoperative complications and mortality following
any radical treatment.
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[21] M. Jagla, M. Fève, P. Kessler et al., “A splicing variant of the
androgen receptor detected in a metastatic prostate cancer
exhibits exclusively cytoplasmic actions,” Endocrinology, vol.
148, no. 9, pp. 4334–4343, 2007.

[22] K. Choucair, J. Ejdelman, F. Brimo et al., “PTEN genomic
deletion predicts prostate cancer recurrence and is associated
with low AR expression and transcriptional activity,” BMC
Cancer, vol. 12, pp. 543–552, 2012.

[23] L. Sagnak, H. Topaloglu, U. Ozok, and H. Ersoy, “Prognostic
significance of neuroendocrine differentiation in prostate ade-
nocarcinoma,” Clinical Genitourinary Cancer, vol. 9, no. 2, pp.
73–80, 2011.

[24] L. Tamburrino, F. Salvianti, S. Marchiani et al., “Androgen
receptor (AR) expression in prostate cancer and progression of
the tumor: lessons from cell lines, animal models and human
specimens,” Steroids, vol. 77, no. 10, pp. 996–1001, 2012.

[25] S. Minner, M. Enodien, H. Sirma et al., “ERG status is unrelated
to PSA recurrence in radically operated prostate cancer in the
absence of antihormonal therapy,”Clinical Cancer Research, vol.
17, no. 18, pp. 5878–5888, 2011.

[26] Y. Niu, S. Altuwaijri, S. Yeh et al., “Targeting the stromal
androgen receptor in primary prostate tumors at earlier stages,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 105, no. 34, pp. 12188–12193, 2008.

[27] Y. Niu, S. Altuwaijri, K. P. Lai et al., “Androgen receptor
is a tumor suppressor and proliferator in prostate cancer,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 105, no. 34, pp. 12182–12187, 2008.

[28] M. Mimeault and S. K. Batra, “Development of animal models
underlining mechanistic connections between prostate inflam-
mation and cancer,” World Journal of Clinical Oncology, vol. 4,
no. 1, pp. 4–13, 2013.

[29] L. Bonaccorsi, V. Carloni, M. Muratori et al., “Androgen
receptor expression in prostate carcinoma cells suppresses𝛼6𝛽4
integrin-mediated invasive phenotype,” Endocrinology, vol. 141,
no. 9, pp. 3172–3182, 2000.

[30] L. Bonaccorsi, V. Carloni, M. Muratori et al., “EGF receptor
(EGFR) signaling promoting invasion is disrupted in androgen-
sensitive prostate cancer cells by an interaction between EGFR
and androgen receptor (AR),” International Journal of Cancer,
vol. 112, no. 1, pp. 78–86, 2004.

[31] L. Bonaccorsi, D.Nosi,M.Muratori, L. Formigli, G. Forti, andE.
Baldi, “Altered endocytosis of epidermal growth factor receptor
in androgen receptor positve prostate cancer cell lines,” Journal
of Molecular Endocrinology, vol. 38, no. 1-2, pp. 51–66, 2007.

[32] B. Cinar, K. S. Koeneman, M. Edlund, G. S. Prins, H. E. Zhau,
and L. W. K. Chung, “Androgen receptor mediates the reduced
tumor growth, enhanced androgen responsiveness, and selected
target gene transactivation in a human prostate cancer cell line,”
Cancer Research, vol. 61, no. 19, pp. 7310–7317, 2001.

[33] R. Davis, D. Jia, B. Cinar et al., “Functional androgen receptor
confers sensitization of androgen-independent prostate cancer
cells to anticancer therapy via caspase activation,” Biochemical
and Biophysical Research Communications, vol. 309, no. 4, pp.
937–945, 2003.



12 International Journal of Endocrinology

[34] V. Guerini, D. Sau, E. Scaccianoce et al., “The androgen
derivative 5𝛼-androstane-3𝛽,17𝛽-diol inhibits prostate cancer
cell migration through activation of the estrogen receptor 𝛽
subtype,” Cancer Research, vol. 65, no. 12, pp. 5445–5453, 2005.

[35] Y. Niu, T. M. Chang, S. Yeh, W. L. Ma, Y. Z. Wang, and C.
Chang, “Differential androgen receptor signals in different cells
explain why androgen-deprivation therapy of prostate cancer
fails,” Oncogene, vol. 29, no. 25, pp. 3593–3604, 2010.

[36] M.-L. Zhu and N. Kyprianou, “Role of androgens and the
androgen receptor in epithelial-mesenchymal transition and
invasion of prostate cancer cells,” The FASEB Journal, vol. 24,
no. 3, pp. 769–777, 2010.

[37] S. Marchiani, L. Tamburrino, G. Nesi et al., “Androgen-
responsive and -unresponsive prostate cancer cell lines respond
differently to stimuli inducing neuroendocrine differentiation,”
International Journal of Andrology, vol. 33, no. 6, pp. 784–793,
2010.

[38] J. Tian, S. O. Lee, L. Liang et al., “Targeting the unique
methylation pattern of androgen receptor (AR) promoter in
prostate stem/progenitor cells with 5-aza-2-deoxycytidine (5-
AZA) leads to suppressed prostate tumorigenesis,” Journal of
Biological Chemistry, vol. 287, no. 47, pp. 39954–39966, 2012.

[39] W. Kleeberger, G. S. Bova, M. E. Nielsen et al., “Roles for the
stem cell-associated intermediate filament nestin in prostate
cancer migration and metastasis,” Cancer Research, vol. 67, no.
19, pp. 9199–9206, 2007.

[40] L. Boccon-Gibod, P. Hammerer, S. Madersbacher, N. Mottet, T.
Prayer-Galetti, and U. Tunn, “The role of intermittent androgen
deprivation in prostate cancer,” BJU International, vol. 100, no.
4, pp. 738–743, 2007.

[41] J. D. Debes and D. J. Tindall, “Mechanisms of androgen-
refractory prostate cancer,” The New England Journal of
Medicine, vol. 351, no. 15, pp. 1488–1490, 2004.

[42] I. M. Thompson Jr., P. J. Goodman, C. M. Tangen et al., “Long-
term survival of participants in the prostate cancer prevention
trial,” The New England Journal of Medicine, vol. 369, no. 7, pp.
603–610, 2013.

[43] P. Mathew, “Prolonged control of progressive castration-
resistant metastatic prostate cancer with testosterone replace-
ment therapy: the case for a prospective trial,” Annals of
Oncology, vol. 19, no. 2, pp. 395–396, 2008.

[44] M. J. Morris, D. Huang, W. K. Kelly et al., “Phase 1 trial of
high-dose exogenous testosterone in patients with castration-
resistant metastatic prostate cancer,” European Urology, vol. 56,
no. 2, pp. 237–244, 2009.

[45] C. P. Chuu, J. M. Kokontis, R. A. Hiipakka et al., “Androgens
as therapy for androgen receptor-positive castration-resistant
prostate cancer,” Journal of Biomedical Science, vol. 18, no. 1,
article 63, 2011.

[46] E. Baldi, L. Bonaccorsi, and G. Forti, “Androgen receptor: good
guy or bad guy in prostate cancer invasion?” Endocrinology, vol.
144, no. 5, pp. 1653–1655, 2003.

[47] S. Wen, Y. Niu, S. O. Lee, and C. Chang, “Androgen receptor
(AR) positive vs negative roles in prostate cancer cell deaths
including apoptosis, anoikis, entosis, necrosis and autophagic
cell death,” Cancer Treatment Reviews, vol. 40, no. 1, pp. 31–40,
2014.

[48] E. Hörnberg, E. B. Ylitalo, S. Crnalic et al., “Expression of
androgen receptor splice variants in prostate cancer bone
metastases is associated with castration-resistance and short
survival,” PLoS ONE, vol. 6, no. 4, Article ID e19059, 2011.

[49] R. J. Andersen, N. R. Mawji, J. Wang et al., “Regression of
castrate-recurrent prostate cancer by a small-molecule inhibitor
of the amino-terminus domain of the androgen receptor,”
Cancer Cell, vol. 17, no. 6, pp. 535–546, 2010.

[50] M.D. Sadar, “Advances in smallmolecule inhibitors of androgen
receptor for the treatment of advanced prostate cancer,” World
Journal of Urology, vol. 30, no. 3, pp. 311–318, 2012.

[51] J. K.Myung, C. A. Banuelos, J. G. Fernandez et al., “An androgen
receptor N-terminal domain antagonist for treating prostate
cancer,” Journal of Clinical Investigation, vol. 123, no. 7, pp. 2948–
2960, 2013.

[52] A. W. Roddam, N. E. Allen, P. Appleby, and T. J. Key,
“Endogenous sex hormones and prostate cancer: a collaborative
analysis of 18 prospective studies,” Journal of theNational Cancer
Institute, vol. 100, no. 3, pp. 170–183, 2008.

[53] G. Severi, H. A.Morris, R. J.MacInnis et al., “Circulating steroid
hormones and the risk of prostate cancer,” Cancer Epidemiology
Biomarkers and Prevention, vol. 15, no. 1, pp. 86–91, 2006.

[54] M. Sofikerim, S. Eskicorapci, Ö. Ozruç, and H. Özen, “Hor-
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To investigate effects of long-term testosterone (T) therapy in obese men with T deficiency (TD) and type 2 diabetes mellitus
(T2DM), data were collected from two observational, prospective, and cumulative registry studies of 561 men with TD receiving T
therapy for up to 6 years. A subgroup of obese hypogonadal men with T2DM was analyzed. Weight, height, waist circumference
(WC), fasting blood glucose (FBG), glycated haemoglobin (HbA1c) blood pressure, lipid profile, C-reactive protein (CRP), and
liver enzymes were measured. A total of 156 obese, diabetic men with T deficiency, aged 61.17± 6.18 years, fulfilled selection
criteria. Subsequent to T therapy, WC decreased by 11.56 cm and weight declined by 17.49 kg (15.04%). Fasting glucose declined
from 7.06± 1.74 to 5.59± 0.94mmol/L (𝑃 < 0.0001 for all). HbA1c decreased from 8.08 to 6.14%, with a mean change of 1.93%.
Systolic and diastolic blood pressure, lipid profiles including total cholesterol: HDL ratio, CRP, and liver enzymes all improved
(𝑃 < 0.0001). Long-term T therapy for up to 6 years resulted in significant and sustained improvements in weight, T2DM, and
other cardiometabolic risk factors in obese, diabetic men with TD and this therapy may play an important role in the management
of obesity and diabetes (diabesity) in men with T deficiency.

1. Introduction

Obesity has recently been recognized as a chronic disease
condition necessitating appropriate medical treatment and
not merely a transient condition that can be ameliorated sim-
ply with diet and exercise alone [1]. Obesity impacts quality of
life and shortens life expectancy. A worldwide increase in the
obesity epidemic has been reported. The increase in obesity,
coupled with increased insulin resistance (IR) and T2DM,
represents a healthcare crisis in developed and developing
countries. Obesity is also associated with a host of other
comorbidities including sleep apnoea, hypogonadism (testos-
terone deficiency, TD), dyslipidaemia, and hypertension.The

prevalence of obesity and T2DM in the USA is higher than
reported in other parts of the world and obesity is now
considered a disease condition to be treated as any other
disease conditions. The prevalence of diabetes increased by
7.3% and obesity increased by 7.8% during the past decade [2].
Obesity is associated with increased risk of IR and T2DM [3].
This increased risk was attributed to release of nonesterified
fatty acids, glycerol, hormones, proinflammatory cytokines,
and other factors from adipose tissue in obese individuals.
The risk of developing T2DM may be reduced by 50–60%
with a modest weight loss (WL) of 5–7% of body weight [4].
Huang et al. [5] projected the distribution of newly diagnosed,
undiagnosed, and established cases of diabetes in the USA

Hindawi Publishing Corporation
International Journal of Endocrinology
Volume 2014, Article ID 683515, 15 pages
http://dx.doi.org/10.1155/2014/683515

http://dx.doi.org/10.1155/2014/683515


2 International Journal of Endocrinology

from 2009 to 2034 and estimated that the number of people
with diagnosed and undiagnosed, diabetes will increase from
23.7 million to 44.1 million during this period. The obesity
distribution in the population without diabetes will remain
stable over time with ∼65% of individuals of the population
being overweight or obese [5]. Seidell et al. [6] reported that
visceral fat accumulation is associated with increased insulin
and C-peptide and with glucose intolerance [6].

In the early 1970s, Sims et al. [7] coined the term “dia-
besity” to describe the strong common link between diabetes
and obesity, when they exist in the same individual. The risk
of T2DM increases with body weight gain and obesity [8–
12] and, more importantly, visceral fat accumulation reduces
insulin sensitivity and increases IR, thus increasing risk of
T2DM [13]. It is estimated that the risk of diabetes worldwide
will exceed 171 million and may reach 366 million by the year
2030 [14]. Because increases in obesity are paralleled with
increases in T2DM [14], the diagnosis of obesity and T2DM
in the same individual presents clinical and therapeutic
challenges to healthcare providers [15]. It should be rec-
ognized that T2DM complications contribute to cardiovas-
cular disease (CVD), stroke, neuropathy, nephropathy, and
retinopathy [16].On the other hand, obesity confers increased
hypertension, dyslipidaemia, stroke, cancer, depression, and
obstructive sleep apnoea in addition to T2DM. Thus, the
combination of T2DM and obesity in the same individ-
ual (diabesity) will have even more complications than
either condition alone. The presence of obesity and T2DM
in the same individual represents a complex relationship
between these conditions. Clearly, it is established that the
increased incidence of obesity and T2DM contributes to
higher incidence of CVD, hypertension, stroke, cancer, and
increased mortality [17, 18]. The frequency of CVD and
T2DM increased with increased body mass index (BMI) and
WC. This relationship between WC, CVD, and T2DM was
noted even in patients with BMI ≤ 25 kg/m2 [17].

Recent studies have provided a critical assessment of
the therapeutic options in diabetes and obesity and high-
lighted the various approaches used to date, including (a)
antidiabetics, (b) incretin and glucagon like peptide-1 (GLP-
1) receptor agonists and dipeptidyl peptidase inhibitors,
(c) lifestyle modifications, (d) antiobesity agents, and (e)
bariatric surgery [1, 19]. For instance, a recent report
showed that bariatric surgery resulted in significant and
sustained remission and improvement of T2DM and other
metabolic factors in severely obese patients [20]. Indeed,
some of the therapeutic strategies discussed above will be
met with success in some patients while in others it may
not. There remains a need for new and innovative alternative
approaches to the management of diabetes and obesity.
Recently, angiopoietin-like proteins (ANGPTLs) have been
suggested as targets for treatment of obesity [21]. It was
proposed that suppression of expression of ANGPTL2 and
increased expression of ANGPTL6may represent a therapeu-
tic target for treatment of obesity [21].

Several studies have suggested that TD may contribute
to development of obesity, IR, and T2DM and T therapy
of men with TD may ameliorate these conditions [22–
28]. Men with TD treated with T therapy experienced a

positive effect on visceral obesity, as determined by reduction
in body weight (−2.66%), waist-hip ratio (−3.96%), and
body fat (−5.65%) when compared to the control group
[29]. This treatment also resulted in decreased fasting blood
glucose and mean glycated haemoglobin (HbA

1c) [29].
Kapoor et al. [27] also demonstrated that T therapy in
men with T2DM reduced visceral adiposity and reduced
homoeostasis model assessment (HOMA) index, HbA

1c, and
fasting glucose, suggesting improvement in insulin sensi-
tivity and glycaemic control in men with TD and T2DM
[27]. Jones et al. [28] examined the effects of T therapy
on IR, CVD risk, and symptoms of T deficiency in men
with T2DM and/or MetS over a 12-month trial period. T
therapy improved glycaemic control and reduced HOMA-
IR as well as HbA

1c, suggesting a beneficial effect of T
therapy in men with T2DM [28]. In a study by Aversa et
al. [24], in which the effects of T therapy on homoeostasis
model assessment-estimated insulin resistance (HOMA-IR),
carotid intima media thickness (CIMT), and high-sensitivity
C-reactive protein (hsCRP) were investigated in men with
TD and metabolic syndrome (MetS), T therapy significantly
improved HOMA-IR, CIMT, and hsCRP as compared to the
placebo treated group [24]. In another study in men with
MetS, Kalinchenko et al. [30] found significant decreases
in weight, BMI, WC, and HOMA-IR [30]. The effects of
T therapy in 87 diabetic men with coronary artery disease
(CAD) were investigated for a period of 12 weeks. T treat-
ment significantly reduced the number of anginal attacks,
silent ischaemic episodes, and total ischaemic burden, as
compared with the placebo group. Total cholesterol (TC),
plasma triglycerides (TG), and HOMA index were also
significantly reduced in the T treated group compared to
the placebo group, suggesting beneficial effects of T on
T2DM complications [31]. In patients with chronic heart
failure, T treatment significantly reduced insulin resistance
measured by fasting insulin and HOMA-IR [32]. In a recent
meta-analysis, Corona et al. [33] showed that T therapy was
associated with marked reduction in fasting blood glucose,
HOMA-IR, TG, and WC with concomitant increase in
high density lipoprotein-cholesterol (HDL), suggesting that
T therapy improves metabolic control and may ameliorate
central obesity [33].

Several recent reports have shown that long-term T
therapy inmenwith TD has produced significant weight loss,
reduction in WC and BMI, as well as marked and signifi-
cant reduction in total cholesterol, low density lipoprotein-
cholesterol (LDL), TG, and increased HDL [23, 25, 34].
Also, marked reductions were noted in fasting glucose,
HbA
1c, the nonspecific inflammatory marker hsCRP, and

liver enzymes aspartate aminotransferase (ASA) and alanine
aminotransferase (ALA) suggesting improvement in hyper-
glycemia and reduction in the inflammatory response [23,
25, 34, 35]. The first controlled five-year study using T in
men with MetS showed significant decreases in weight, WC,
BMI, HbA

1c, HOMA-IR, total cholesterol, LDL cholesterol,
triglycerides, hsCRP, systolic, and diastolic blood pressure,
and an increase in HDL [36]. In the current study, we present
data on the long-term effects of T therapy in men with
“diabesity.”
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2. Methods and Procedures

This study represents a pooled subgroup analysis of obese
hypogonadal men with T2DM from two cumulative registry
studies of men, aged between 41 and 73 years (mean 61.17 ±
6.18), who were seeking urological consultation in two
urologists’ offices for various medical conditions such as
erectile dysfunction, decreased libido, questions about their
T status, or a variety of urological complaints. All subjects
included in this study had subnormal plasma total T levels
(mean: 8.9 ± 1.99; range: 1.63–11.79 nmol/L) and at least mild
symptoms of hypogonadism assessed by the Aging Males’
Symptoms scale (AMS). All patients had been diagnosedwith
T2DM prior to seeking urological consultation and treated
accordingly by their family physicians with various standard
treatmentmodalities. At their first visit, all men received brief
general advice that it would be beneficial if they attempted
to lose weight by a healthier diet consisting of more fruits
and vegetables and less meat and increasing their physical
activity bywalking or using the bicycle instead of the car.They
were not given any written instructions. All men received
treatment with parenteral T undecanoate 1000mg (Nebido,
Bayer Pharma, Berlin, Germany), administered at baseline
and 6 weeks and thereafter every 12 weeks for up to 72
months, as described previously [23, 25].

Measurements of anthropometric parameters (height,
weight, and waist circumference) were performed and blood
samples drawn at baseline and at the majority of visits prior
to the next injection of testosterone. Therefore, T levels,
measured by standard laboratory measurement, were trough
levels at the end of an injection interval. All laboratory
measurements for both centres were performed at the same
commercial laboratory. Waist circumference (WC) was mea-
sured midpoint between the iliac crest and the lowest rib.
Since not every measurement was performed at every single
visit, values were averaged per patient and year.

Due to the cumulative registry design of the study, the
number of subjects decreased over time. New subjects are
entered into the database once they have received one year of
treatment with T. All 156 subjects were followed for at least
one year, 146 for at least two years, 136 for three years, 114
for four years, 105 for five years, and 69 for six years. The
declining number of patients reflects duration of treatment
but not the dropout rates. On the contrary, adherence to
treatment was excellent, and T was only discontinued in two
men who were diagnosed with prostate cancer.

3. Statistical Analyses

For continuous variables, the mean, median, standard devi-
ation, range, minimum, maximum, and sample size for the
overall sample and various groups were reported at each time
point. For categorical variables the frequency distribution
was reported. We tested the hypotheses regarding change in
outcome scores across the study period by fitting a linear
mixed effects model to the data. Time (to indicate follow-
up interviews) was included as fixed effect in the model. A
random effect was included in the model for the intercept.
Estimation and test of change in scores were determined by

Table 1: Baseline characteristics and measures at the end of the
observation period for 156 obese hypogonadal men with type 2
diabetes mellitus treated with testosterone undecanoate for up to 6
years.

Baseline Endpoint
Mean age (years) 61.17 ± 6.18

Anthropometry
Weight (kg) 113.56 ± 11.53 97.18 ± 9.05

BMI (kg/m2) 36.31 ± 3.51 31.19 ± 2.6

Normal weight (proportion) 0 1 (0.6%)
Overweight (proportion) 0 48 (30.8%)
Obese (proportion) 156 (100%) 107 (68.6%)
Waist circumference (cm) 114.0 ± 8.69 102.52 ± 7.93

Normal (<94 cm) 1 (0.6%) 7 (4.5%)
Increased (≥ 94 cm) 155 (99.4%) 149 (95.5%)

Diabetic parameters
Fasting glucose (mg/dL) 128.37 ± 31.63 101.55 ± 17.02

Fasting glucose (mmol/L) 7.06 ± 1.74 5.59 ± 0.94

HbA1c 8.08 ± 0.9 6.14 ± 0.71

Other metabolic parameters
Total cholesterol (mg/dL) 294.85 ± 47.65 194.38 ± 16.79

Total cholesterol (mmol/L) 7.64 ± 1.23 5.03 ± 0.43

HDL cholesterol (mg/dL) 56.63 ± 19.8 67.88 ± 17.34

HDL cholesterol (mmol/L) 1.47 ± 0.51 1.76 ± 0.45

LDL cholesterol (mg/dL) 177.84 ± 28.34 125.47 ± 33.05

LDL cholesterol (mmol/L) 4.61 ± 0.73 3.25 ± 0.86

Triglycerides (mg/dL) 297.05 ± 71.25 197.9 ± 23.24

Triglycerides (mmol/L) 3.36 ± 0.81 2.24 ± 0.26

Systolic blood pressure (mmHg) 157.03 ± 15.46 134.61 ± 10.21
Diastolic blood pressure (mmHg) 93.89 ± 11.67 79.0 ± 5.57
Pulse pressure 63.07 ± 10.7 55.61 ± 8.62

Total cholesterol : HDL ratio 6.02 ± 2.97 3.05 ± 0.78

LDL :HDL ratio 3.61 ± 1.71 1.88 ± 0.41

CRP (mg/dL) 3.16 ± 4.12 0.72 ± 0.56

Liver enzymes
AST 35.55 ± 13.28 23.94 ± 8.77

ALT 39.04 ± 19.38 26.08 ± 14.42

Testosterone
Testosterone (nmol/L) 8.9 ± 1.99 17.36 ± 1.92

computing the differences in least square means at baseline
versus the score at each follow-up interview. For the cor-
relation study, Pearson correlation was calculated between
baseline changes in outcomes at various time points. The
significance of each correlation was tested using Fisher’s test.

4. Results

Table 1 provides the baseline characteristics for 156 obese,
diabetic men with TD (mean age 61.17 ± 6.18 years). All 156
subjects hadBMI≥ 30 kg/m2. One hundred fifty-fivemenhad
WC ≥ 94 cm. Table 1 also contrasts the endpoints achieved
with T therapy for most of the parameters described in the
baseline characteristics.
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Table 2: Comorbidities and concomitantmedications at baseline for
156 obese hypogonadal men with type 2 diabetes mellitus treated
with testosterone undecanoate for up to 6 years.

Comorbidities
Hypertension 153 (99.4%)
Type 2 diabetes 156 (100%)
Dyslipidaemia 156 (100%)
Coronary artery disease 37 (23.7%)
Myocardial infarction 19 (12.2%)

Concomitant medications for diabetes at baseline
Metformin 36 (23.1%)
Insulin 25 (16%)
Sulfonylurea 8 (5.1%)
Acarbose 2 (1.3%)
Antidiabetic drugs not further specified 51 (32.7%)
Total antidiabetic drugs 122 (78.2%)
No diabetes drugs (including 2 patients who
were “prescribed” a diet) 29 (18.6%)

No information available 9 (5.8%)
Other concomitant medication categories at baseline

Antihypertensives 123 (78.8%)
Lipid-lowering drugs 99 (63.5%)

The subjects in this study had several comorbidities.
All 156 men had T2DM and dyslipidaemia, 153 men had
hypertension, 37 men had a history of CAD, and 19 men had
previously had a myocardial infarction. These are shown in
Table 2. Table 2 also lists the concomitantmedications related
to T2DM, hypertension, and dyslipidaemia reported by the
patients at baseline.

4.1. Total Testosterone Levels during the 6-Year Period of
Testosterone Treatment. Total T levels showed a significant
rise from 8.9 ± 1.99 nmol/L at the beginning of therapy
to above 16 nmol/L within the first year of therapy, and
such physiological levels remained constant at this level
throughout the course of treatment, as reported previously
[23, 25] (data not shown).

4.2. T Therapy of Obese Diabetic Men with TD Produced
Reduction in Waist Circumference (WC). Figure 1 demon-
strates the measured reduction in WC subsequent to T
therapy in obese diabeticmenwithTD.WCdeclined from 114
± 8.69 cm (min 89, max 148) to 102.52 ± 7.93 cm (min 82.25,
max 121) with a mean reduction of 11.56 ± 0.34 cm over the
entire course of treatment (𝑃 < 0.0001).The reduction inWC
was statistically significant at the end of each year compared
to the previous year over the first five years (𝑃 < 0.0001) and
had a statistical significance of 𝑃 = 0.0021 at the end of six
compared to five years. At the end of the observation period,
7 patients had achieved a WC below 94 cm.

4.3. T Therapy of Obese, Diabetic Men with TD Produced
Significant Weight Loss (WL). Figure 2 shows the effects of T
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Figure 1: Waist circumference (cm) in 156 obese hypogonadal men
with type 2 diabetes mellitus treated with testosterone undecanoate
injections for up to 6 years.
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Figure 2: Weight (kg) in 156 obese hypogonadal men with type 2
diabetes mellitus treated with testosterone undecanoate injections
for up to 6 years.

therapy on the body weight of obese diabetic men with TD
over the course of 6 years of therapy. Body weight decreased
from 113.56 ± 11.53 kg (minimum: 87, maximum: 141) to 97.18
± 9.04 kg (min 80, max 118.5) with a mean loss of 17.49 ±
0.58 kg over the course of treatment. This decrease in body
weight was statistically significant at the end of each year
compared to the previous year over the first five years (𝑃 <
0.0001) and had a statistical significance of 𝑃 = 0.0041 at the
end of six compared to five years.

4.4. Percentage Change in BodyWeight as a Result of TTherapy
of Obese Diabetic Men with TD. Marked and significant
decrease in percentage bodyweight was noted over the course
of T therapy. Over the entire 6-year observation period,
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Figure 3: Weight change from baseline (%) in 156 obese hypogo-
nadal men with type 2 diabetes mellitus treated with testosterone
undecanoate injections for up to 6 years.

patients lost 15.04% of their initial body weight (Figure 3).
After one year, patients had lost 3.1 ± 0.37% of their initial
weight, after two years, 6.82 ± 0.37%, after three years, 9.55 ±
0.38%, after four years, 11.78 ± 0.4%, after five years, 13.56 ±
0.41%, and after 6 years, 15.04 ± 0.48%. These changes were
statistically significant versus baseline (𝑃 < 0.0001).

4.5. T Therapy of Obese, Diabetic Men with TD Produced Sig-
nificant Decline in BMI. Consistent and progressive decline
in BMI was observed over the entire course of treatment
with a mean reduction of 5.59 ± 0.18 kg/m2 (𝑃 < 0.0001)
(Figure 4). BMI declined from 36.31 ± 3.51 to 35.09 ± 3.44
after one year, 33.99 ± 3.4 after two years, 33.03 ± 3.19 after
three years, 32.29 ± 2.97 after four years, 31.58 ± 2.8 after
five years, and 31.19 ± 2.6 after 6 years. The decline in BMI
is consistent with the observed reductions in WC and body
weight. At the end of the observation period, 48 patients
(30.8%)were overweight and one patient (0.6%) had achieved
normal weight.

4.6. TTherapy ofObese,DiabeticMenwithTD ImprovedBlood
Glucose Levels. T therapy of obese, diabetic men with TD
resulted in a significant gradual decrease in fasting blood
glucose from 7.06 ± 1.74mmol/L (128.37 ± 31.63mg/dL) to
5.59 ± 0.94mmol/L (101.55 ± 17.02mg/dL) (Figure 5). The
decrease was significant after one year (𝑃 < 0.0001), further
declined after two years (𝑃 = 0.0178 versus 12 months), and
then reached a plateau with another slight but statistically
significant decrease at five years compared to four years
(𝑃 = 0.0246). A decrease of 1.49 ± 0.14mmol/L (27.14 ±
2.48mg/dL) over the course of six years treatment was noted.

4.7. Effects of T Treatment of Obese, Diabetic Men with TD
on Haemoglobin 𝐴

1𝑐
(𝐻𝑏𝐴

1𝑐
) Levels. The decrease in fasting

blood glucose was accompanied by a marked decrease in
HbA
1c from 8.08± 0.09% to 6.14± 0.71%with amean change

of 1.93 ± 0.06% (𝑃 < 0.0001) at the end of the observation
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Figure 4: Body mass index (BMI, kg/m2) in 156 obese hypogonadal
men with type 2 diabetes mellitus treated with testosterone unde-
canoate injections for up to 6 years.
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Figure 5: Fasting glucose (mg/dL or mmol/L) in 156 obese hypog-
onadal men with type 2 diabetes mellitus treated with testosterone
undecanoate injections for up to 6 years.

period (Figure 6).The decrease inHbA
1c was progressive and

statistically significant after one year (𝑃 < 0.0001), between
two years and one year (𝑃 < 0.0001), between three and
two years (𝑃 < 0.0001), between four and three years (𝑃 <
0.0001), and between five and four years (𝑃 = 0.0003) and
approached significance between six and five years (𝑃 =
0.0635) (Figure 6).

At baseline, 25 subjects (16%) had a HbA
1c target level

of ≤7.0%. At the end of the observation period, 123 men
(79%) had reached this goal (Figure 7(a)). At baseline, 12
patients (8%) had a HbA

1c level of ≤6.5%. At the end of the
observation period, 92 men (59%) had achieved this target
(Figure 7(b)).

4.8. T Therapy Improved Systolic and Diastolic Blood Pressure
in Obese, Diabetic Men with TD. T therapy of obese, diabetic
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Figure 6: HbA
1c (%) in 156 obese hypogonadal men with type 2

diabetes treated with testosterone undecanoate injections for up to
6 years.

men with TD produced marked and sustained gradual
decrease in systolic blood pressure from 157.03 ± 15.46mmHg
to 134.61 ± 10.21mmHg (𝑃 < 0.0001) over the course of 6
years of treatment. The mean decrease (23.15 ± 0.83mmHg)
was significant and progressive over the first three years and
reached a plateau at this level over the remaining course of
the 6 years of treatment. Similar results were recorded with
the diastolic blood pressure which decreased from 93.89 ±
11.67 to 79 ± 5.57mmHg (𝑃 < 0.0001) with a mean change
of 15.07 ± 0.8mmHg over the course of treatment (Figure 8).
A gradual and progressive decrease was noted over the first
three years of treatment and then blood pressure stabilized
over the remaining years of treatment.

Another finding was a significant reduction of pulse
pressure from 63.07 ± 10.7 (minimum: 35, maximum: 102) to
55.61 ± 8.62 (minimum: 38, maximum: 70).This decrease was
statistically significant each year compared to the previous
year during the first three years after which it remained stable.

4.9. TTherapy inObese, DiabeticMenwith TD Improved Lipid
Profiles. As shown in Figure 9, T therapy improved lipid pro-
files as demonstrated with increase in high density lipopro-
tein cholesterol (HDL-C) by 35.03 ± 5.11% (Figure 9(a)),
significant reductions in total cholesterol (TC) by 32.12 ±
1.41%, low density lipoprotein cholesterol (LDL-C) by 25.93 ±
1.63%, and triglycerides (TG) by 29.91± 2% (Figure 9(b)).The
mean changes in lipid profiles were gradual and progressive
and were significant at each year when compared to baseline
levels, reaching plateaus between three and four years. The
ratio of total cholesterol to HDL cholesterol improved from
6.02 ± 2.97 to 3.05 ± 0.78. These changes reached a plateau
after three years with further slight but not statistically
significant decreases.

4.10. T Therapy in Obese Diabetic Men with TD Reduced
the Levels of Inflammatory Biomarkers. T therapy produced
a marked and significant decrease in the concentration of

the nonspecific inflammatory biomarker C-reactive protein
(CRP) from 3.16 ± 4.12 to 0.72 ± 0.56U/L (𝑃 < 0.0001 with
a plateau after 24 months) and a significant (𝑃 < 0.0001)
mean decrease of 2.88 ± 0.28 over the course of treatment
(Figure 10(a)). Moreover, T therapy reduced the concentra-
tion of the liver enzyme aspartate transaminase (AST) from
35.55 ± 13.28 to 23.94 ± 8.77U/L (𝑃 < 0.0001 with a plateau
after 24 months) and a significant (𝑃 < 0.0001) mean change
of 12.01 ± 1.33U/L over the course of treatment. Similarly,
alanine transaminase (ALT) concentration was reduced from
39.04 ± 19.38 to 26.08 ± 14.42U/L (𝑃 < 0.0001) with a
plateau after 12 months and significant mean change of 12.46
± 1.83U/L over the entire course of treatment, suggesting
a reduction in liver fat content, a reduced inflammatory
response, and improvement in liver function (Figure 10(b)).

4.11. T Therapy in Obese Diabetic Men with Total Testosterone
below versus above 8 nmol/L. According to most of the cur-
rent guidelines for testosterone replacement therapy, levels
of total T below 8 nmol/L require treatment whilst levels
above this threshold are considered borderline. We therefore
analysed whether there were any differences in response in
those of our patientswhohadT levels< 8 nmol/L versus those
with T levels > 8 nmol/L and < 12 nmol/L.The results suggest
that obese diabetic men in the higher T category respond to
T treatment equally well (Table 3).

5. Discussion

In this long-term, cumulative, uncontrolled, and observa-
tional registry study from two independent sites, we investi-
gated the effects of T therapy on anthropometric parameters,
fasting blood glucose (FBG), HbA

1c, systolic and diastolic
blood pressure, lipid profiles, and inflammatory markers
in 156 obese, diabetic men with TD. T therapy restored
physiological T levels within the first 12 months and T levels
were maintained with T therapy throughout the entire 6-year
period. Of particular interest, our data demonstrate that T
therapy in obese, diabetic men with TD produced significant
and marked WL in 100% of all obese, diabetic patients.
The WL subsequent to T therapy was gradual, progressive,
and sustainable for the course of 6 years of treatment. The
WL was significant and was associated with considerable
and marked reductions in WC and BMI, suggesting that T
therapy in obese, diabetic men results in improvement in
metabolic function and probably behavioral changes with
increased energy and motivation and physical activity that
are translated into changes in body composition, which are
accompanied by increases in lean body mass and reduction
in fat mass, as discussed previously [22, 23, 25].

Over the entire observation period of 72 months, the
longest follow-up reported to date, T therapy produced
marked reductions in WC and BMI, consistent with the
hypothesis that T is an anabolic hormone required for
maintenance of muscle mass and regulation of adipogenesis
[25]. It is of interest to note that themagnitude of changes over
time in the obese, diabetic men was marked, progressive, and
significant when compared with baseline data.These findings
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Figure 7: Patients reaching HbA
1c target of ≤7% (a) and ≤6.5% (b) at baseline and end of observation time after treatment with testosterone

undecanoate injections for up to 6 years.
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Figure 8: Systolic (dotted line) and diastolic (continuous line)
blood pressure (mmHg) in 156 obese hypogonadal men with type
2 diabetes treated with testosterone undecanoate injections for up
to 6 years.

are not surprising since it is known that T promotes myoge-
nesis and inhibits adipogenesis and regulates carbohydrate,
lipid, and proteinmetabolism [25].Thus, the changes in body
composition noted in this study are attributed to T regulation
of the metabolic processes in muscle and adipose tissues as
well as functional metabolism.

It is important to point out that all these hypogonadal,
obese men had been diagnosed with T2DM and received
standard treatment by their family physician prior to ini-
tiation of T therapy. The mean baseline for HbA

1c in this
study was 8.08% and only 25 men had an HbA

1c ≤
7.0%, suggesting an overall poor control prior to T therapy.
Interestingly, however, T therapy produced marked decrease
in fasting blood glucose andHbA

1c, suggesting that T therapy
ameliorates hyperglycemia and IR in subjects with T2DM,
consistent with previous reports [25]. These findings are also
congruent with those reported in the IPASS study [37] in

which 1438menwith TDwere treated with T and followed up
for up to 12 months suggesting similar reductions in glucose
andHbA

1c, particularly in patients with a poorHbA
1c control

[37].
We also noted a meaningful reduction in systolic and

diastolic blood pressure in response to T therapy. That T
therapy improves hypertension in patients with TD is of
interest, but limited data are available. It is possible that
T modulates arterial blood pressure, through a variety of
mechanisms, such as direct effects on the heart, the kidney,
and the vessels, as well as the endothelium [38, 39]. Our data
are consistent with previous work in obese, hypogonadal, and
diabetic men in which blood pressure was shown to decrease
favorably in response to therapy with an oral T formulation
[29, 40].

Men with prostate cancer who were treated with andro-
gen deprivation therapy (ADT) showed increased arterial
stiffness [41, 42]. In our study, we observed a significant
decrease of pulse pressure. Elevated pulse pressure is associ-
ated with an increase in large artery stiffness and recognized
as an independent risk factor for CVD [43]. Our results are
consistent with a placebo-controlled study that demonstrated
a reduction in arterial stiffness, measured by use of the
augmentation index, following T therapy [44].

CRP, a nonspecific marker of inflammation, was mark-
edly reduced over the course of T therapy in obese, diabetic
men with TD. Since it has been shown that WL significantly
reduces plasma C-reactive protein (CRP) concentration [45],
it is likely that the reduced weight reestablishes a new equi-
libriumwith attenuated inflammatory responses and reduced
CRP levels. It has been suggested that CRP concentration was
significantly and directly associated with change in systolic
blood pressure (SBP) and WC but inversely associated with
HDL cholesterol [46]. Since T therapy improved both systolic
blood pressure and reduced WC in this cohort of obese,
diabetic men, it is not surprising that CRP levels were
significantly reduced.

In addition, we noted a marked reduction in the activities
of several liver enzymes, used asmarkers of nonalcoholic fatty
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Figure 9: Changes in lipids (mg/dL) in 156 obese hypogonadal
men with type 2 diabetes treated with testosterone undecanoate
injections for up to 6 years. HDL cholesterol (a). Total cholesterol,
LDL cholesterol, and triglycerides (b).

liver disease (NAFLD) and liver function, suggesting that T
therapy reduces liver fat content and attenuates the inflamma-
tory response and improves various physiological functions.
Our findings are consistent with the work by Hoyos et al.
[44] who showed a reduction in liver fat content assessed
by diagnostic imaging [44]. Taken together, these findings
strongly suggest that normalizing T levels in obese men with
TD ameliorates a host of MetS components and reduces
inflammation, thus reducing the risk of cardiometabolic
diseases.

It is of interest to note that, in this group of obese, diabetic
men with TD, T therapy markedly and significantly reduced
total cholesterol (TC) levels and this diminution was very
pronounced and sustained over the entire 6-year period of
T treatment. Further, we noted that long-term T therapy
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Figure 10: (a) C-reactive protein (mg/dL); (b) liver enzymes
aspartate transaminase and alanine transaminase (U/L) in 156 obese
hypogonadal men with type 2 diabetes treated with testosterone
undecanoate injections for up to 6 years.

reduced LDL throughout the treatment period, and LDL
levels were maintained at low levels throughout the course of
treatment. The clinical implication of this observation is that
reduction in LDL correlates with reduced CVD risk. Further,
T therapy not only reduced the levels of LDL and TC but
also produced small yet significant increases in HDL levels.
Moreover, the ratio of total cholesterol to HDL cholesterol
dropped from >6 to <3.5. These findings suggest that T
therapy of obese, diabetic men with TD may reduce CVD
risk and increase health benefits, such as improved lipid
profiles. Another important observation in this study was
the marked and significant reduction in triglycerides (TGs)
in response to T therapy in these obese, diabetic men with
TD. Since visceral fat storage depends on accumulation of
TGs, thus, in men with TD, it is expected that increased
lipid accumulation will contribute to obesity and T therapy is
expected to produce reduction in body weight,WC, and BMI
[23, 25]. Finally, a closer look at the per cent reduction in the
lipids concentrations (TC, LDL, and TGs) indicated that the
reductions approach 30%, a value similar to that attained by
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Table 3: Changes in anthropometric and metabolic parameters in subgroups of obese hypogonadal men with type 2 diabetes and total
testosterone <8 nmol/L versus total testosterone >8 nmol/L and <12 nmol/L after treatment with testosterone undecanoate for up to 6 years.

T < 8 nmol/L (𝑛 = 53) T > 8 nmol/L (𝑛 = 103)
Mean age (years) 61.43 ± 7.78 60.96 ± 5.24

Anthropometry
Decrease in weight (kg) 16.05 ± 1.01 18.42 ± 0.71

Weight reduction from baseline (%) 13.75 ± 0.84 15.88 ± 0.58

Decrease in BMI (kg/m2) 5.06 ± 0.32 5.94 ± 0.22

Decrease in waist circumference (cm) 12.84 ± 0.64 10.77 ± 0.36

Diabetic parameters
Decrease in fasting glucose (mg/dL) 32.31 ± 5.19 24.4 ± 2.42

Decrease in HbA1c (%) 1.98 ± 0.09 1.9 ± 0.07

Other metabolic parameters
Decrease in total cholesterol (mg/dL) 94.99 ± 8.72 106.21 ± 4.04

Increase in HDL cholesterol (mg/dL) 14.87 ± 3.08 10.78 ± 1.3

Decrease in LDL cholesterol (mg/dL) 51.28 ± 5.29 44.07 ± 2.83

Decrease in triglycerides (mg/dL) 107.73 ± 12.23 98.55 ± 5.64

Decrease in systolic blood pressure (mmHg) 22.11 ± 1.56 23.57 ± 0.97

Decrease in diastolic blood pressure (mmHg) 9.21 ± 1.41 18.29 ± 0.88

Testosterone
Increase in testosterone (nmol/L) 11.45 ± 0.54 6.37 ± 0.37

use of statins inmen with dyslipidaemia.This is an important
finding and warrants further investigations.

Obesity is a public health threat and its prevalence con-
tinues to increase worldwide [44, 47]. Obesity is associated
with numerous comorbidities including T2DM, hyperten-
sion, stroke, and coronary artery disease [48]. From a global
health policy perspective, the increased prevalence of T2DM
and obesity epidemics represents a warning salvo for all
healthcare systems. Evidence is accumulating suggesting that
WL improves insulin sensitivity and 𝛽-cell function [49, 50].
It has been suggested that a loss of approximately 5–7%
of body weight reduces the risk of developing diabetes by
roughly 58% [4, 51]. The potential benefits of a moderate 5–
10%WL in high risk patients with a cluster of atherothrom-
botic proinflammatory abnormalities associated with hyper-
triglyceridaemic waist have been proposed by Després et
al. [52]. The authors suggested that visceral obesity leads
to T2DM, dyslipidaemia, and hypertension, which result in
increased risk and development of CVD, and a 5–10%WL
can be very beneficial for improving health status and this
should be pursued by behavioral therapy, exercise, diet, and
pharmacotherapy [52].

The role of obesity in development of TD, T2DM,
and inflammation is complex and involves a bidirectional
and integrated variety of endocrine factors that results in
increased IR, decreased T secretion, and increased inflam-
matory cytokines [53–56]. Increased levels of circulating free
fatty acids and blood glucose result in triglyceride forma-
tion and storage, thus increasing visceral and subcutaneous
fat mass. This further promotes additional release of free
fatty acids into the circulation due to activation of lipases.
Increased glucose is taken up by the liver. The increased
sugar and fat uptake by the liver impairs the ability of
insulin to regulate gluconeogenesis and activate glycogen

synthesis. Inflammatory cytokine expression is increased
which contributes to the development of insulin resistance. A
recent study by Phillips and Perry [57] suggested that reduced
inflammatory status increases the likelihood of metabolic
health, particularly among obese subjects. Schnell et al.
[58] showed that treatment which reduced inflammation, as
assessed by CRP levels, was also associated with reductions
in HbA

1c in diabetic individuals. Most studies have shown
that HbA

1c control is not sustainable [59, 60]. However, we
observed that T therapy produced significant and sustained
reduction in HbA

1c, suggesting that normalizing T levels
reduces inflammation and restores glycaemic control [25].

The prevalence of T2DM is attributed, in part, to the
increased prevalence of obesity combined with aging [14, 61].
The increased prevalence of obesity together with diabetes in
the same individuals, henceforth referred to as “diabesity,” has
also been reported, and individuals with “diabesity” exhibited
higher risks of CVD [62, 63]. Obesity is also associated
with increased expression of inflammatory cytokines. These
inflammatory cytokines contribute to the impairment of
insulin action and increased IR [64]. In a recent study
of middle-aged individuals without glucose lowering med-
ication the contributions of IR and hyperglycaemia to the
development of subclinical atherosclerosis were attributed to
a large extent to abdominal adiposity [65]. These findings
suggest that weight management and prevention of weight
gain in adulthood are critical for management of IR, obesity,
and CVD. Casanueva et al. [18] reported that abdominal
obesity was strongly associated with CVD and diabetes, even
in patients who may be considered lean based on BMI
assessment.

It is well recognized that adipose tissue is a unique
endocrine organ which produces proinflammatory cytokines
and free fatty acids that may promote development of IR and
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therefore will contribute to the development of atherosclero-
sis and CVD through hyperglycemia, inflammation, dyslipi-
daemia, and hypertension [65–67]. We believe that T therapy
may confer health benefits since it results in significant and
sustained WL in individuals with abdominal adiposity, as
suggested previously [68]. One of the key measures of WL
is the reduction in WC [69]. In fact, some studies have
suggested thatWCmay be a risk factor for all-causemortality
[69, 70], incident CVD, and diabetes [17, 71]. Tseng [72]
suggested that BMI and WC may be used as determinants
of CAD in men with T2DM. Since T therapy produces
significant reductions in WC, we believe that T therapy
may provide significant health benefits in obese and diabetic
patients with TD andmay improve cardiometabolic function
and reduce the risk of CVD.

Therapeutic approaches to treatment of obesity and
diabetes include bariatric surgery, which were reported to
be successful in management of this condition, producing
rapid and durable weight loss, reductions in CVD events
and overall mortality, and sustained remission of diabetes in
most patients [73, 74]. However, bariatric surgery is not indi-
cated for all obese diabetic patients and only select patients
undergo this procedure, and thus this may be considered
to be a limitation, given the large number of obese/diabetic
patients.

Several other therapeutic approaches have also been used
as potential treatment for diabetes, including sulfonylureas,
thiazolidinediones, metformin, and insulin. However, with
the exception of metformin, many of these agents result in
weight gain and may increase IR risk. Alternative approaches
also include the development of stable glucagon like peptide
1 (GLP-1) receptor agonists, which increase insulin secretion
and suppress glucagon secretion and appetite [75]. GLP-1
is an effective agent in improving glycaemic control, when
administered subcutaneously in patients with T2DM [76, 77].
Also the use of dipeptidyl peptidase inhibitors (DPP-4) to
increase the intracellular level of endogenous GLP-1 has been
proposed [78]. DPP4 inhibitors do not cause WL but instead
are “weight neutral” [78]. These approaches were considered
advantageous in treating diabetes when compared with the
thiazolidinediones or sulfonylureas which result in weight
gain.

T is well known to regulate a host of metabolic functions
in liver, adipose tissue, muscles, coronary arteries, and the
heart.Thus, it is not surprising that T therapy reduces the risk
of CVD. An inverse relationship exists between T and obesity
and TD is associated with dyslipidaemia, atherosclerosis,
cardiovascular diseases, MetS, and diabetes (for review cf.
Kelly et al. [54–56]). Several studies have suggested an
association between reduced T levels and visceral obesity
and diabetes. Visceral fat accumulation inmen was positively
associated with IR, hyperglycaemia, and C-peptide and is
negatively associated with T levels [6].The proportion ofmen
with TDwas increased inmen with T2DM [79]. A significant
association between TD and BMI and WC was noted in 355
male patients with T2DM (mean age 58 years) [27]. These
findings suggest that WC and BMI in diabetic patients are
associated with increased obesity. These findings are further
supported by the work of Hackett et al. [35].

A number of studies have shown that T therapy in
diabetic men with TD reduced body weight, WC, and body
fat and reduced fasting blood glucose andHbA1c [24, 27–33].
These findings support the data presented in this study and
suggest that T therapy may be a novel therapeutic approach
to the management of T2DM and obesity in men with
“diabesity.”

It should be pointed out that a number of studies
have evaluated several drugs approved for management of
diabetes and obesity with some positive outcome, albeit
the efficacy of these drugs in maintaining WL or sustained
weight loss remains debatable. Dyson [80] summarized
the findings from studies on lifestyle, diet, and behavioral
interventions on WL and WL maintenance. Based on a
systematic review and meta-analysis, the authors suggested
that all lifestyle interventions have a modest but significant
effect on WL ranging between 1 and 4.9 kg in the overweight
and obese subjects [80]. The authors concluded that exercise
alone results in a moderate effect but is more effective
when combined with dietary interventions. It was strongly
suggested that behavioral therapy is an effective approach
when combined with diet and exercise [80]. The diabetes
prevention program (DPP) research group investigated the
long-term safety and tolerability of metformin, along with
WL, and change in WC during the diabetic prevention
program (DPP) in a randomized double-blind clinical trial
followed by a 7-8-year open-label extension [81]. Metformin
treatment resulted in modest WL and WC, when compared
with placebo. Most importantly, themagnitude ofWL during
the 2-year period was dependent on patients’ adherence to
treatment. During the open follow-up period, WL remained
significantly greater in the metformin group than in the
placebo group. In a double-blind clinical trial, Smith et al.
[82] investigated the effects of lorcaserin together with diet
and exercise and counseling in a large number of obese or
overweight adults over a period of 52 weeks. After one year
of treatment, approximately 47.5% of patients who received
lorcaserin lost 5% or more of their body weight (∼5.8 ±
0.2 kg) [82]. Interestingly, even in the treatment group, some
weight gain was noted over the course of the second year
of treatment. When treatment was discontinued, patients
regained the weight lost over the course of the year. Gadde
et al. [83] investigated the effects of oral phentermine and
topiramate on WL in overweight or obese patients with
several comorbidities such as hypertension, dyslipidaemia,
diabetes, or abdominal obesity. The authors suggested that
the combination of phentermine and topiramate, with office-
based lifestyle interventions, might be a valuable treatment
for obesity. In a subanalysis of the aforementioned study, the
investigators could show reductions of 70.5% and 78.7% in
the annualised incidence rate of T2DM [84]. Astrup et al.
[63] investigated the effects of liraglutide over a two-year
period and assessed the effects of this drugwhen coupledwith
diet and exercise on mean change in BW and WC in obese
patients. The findings of this study indicated that liraglutide,
together with diet and exercise, provides sustained WL over
2 years, with improvements in obesity associated metabolic
and cardiovascular risk factors [63]. Chilton and colleagues
[68] analysed data comparing orlistat or lorcaserin to lifestyle
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modifications (placebo) with sibutramine, rimonabant, or
metformin on changes in WC and dropout rates attributed
to adverse events of these agents. The authors suggested that
orlistat significantly reducedWC by 6.96 cm when compared
to placebo at 6 and 12 months. Lorcaserin also reduced WC
and was more effective than that of other interventions at
12 months. Approximately 6.5% of patients on orlistat and
5.4% of those on lorcaserin discontinued their treatment due
to adverse events at 12 months. The authors suggested that
orlistat should be combined with lifestyle interventions in the
treatment of obesity.

Thus, while a number of drugs, combinedwith behavioral
and lifestyle changes, are shown to have moderate effect on
WL and maintenance of weight loss, our data suggest that
T therapy in obese diabetic men has a profound effect on
WL and WC and this is irrespective of diet and exercise
or behavioral counseling. This is meaningful, since the WL
and the reduction in WC were observed over a long period
of followup. We believe that since obesity is associated
with hypogonadism (TD) and may, in fact, cause TD, long-
term T treatment in hypogonadal men results in continuous
improvements in weight andWC andmay be an effective tool
for weight management in obese men. The reduction in WL
and WC with T-undecanoate in more than 500 hypogonadal
men [23, 34] appears to be superior when compared to data
published with other drugs, in combination with lifestyle and
behavioural interventions.

Our study is the first to report 6-year data of T therapy in
hypogonadal obese men with T2DM, showing a progressive
and sustainable reduction of HbA

1c levels. This result seems
to be highly favorable when compared to any other reported
interventions where maintaining glycaemic control over a
prolonged period of time appears extremely difficult to
achieve, even with a modern generation of T2DM drugs
[59, 85, 86]. Moreover, the findings that a large proportion
of patients reach HbA

1c targets appear to be unique in
comparison to other studies reported in the literature. Most
testosterone studies in men with T2DM and/or metabolic
syndrome have been performed over a relatively short period
of time. Hackett et al. [35], in their 18-month study, found the
marked decrease in HbA

1c during the last 12 months of their
study [35], indicating that these effects may take some time to
occur.

As shown in the United Kingdom Prospective Diabetes
Study (UKPDS), HbA

1c levels were not maintained over
time even with intensive control treatment [59, 85]. Simi-
larly, glycaemic control as assessed by fasting blood glucose
and HbA

1c were not maintained over time with treatment
with rosiglitazone, metformin, or glyburide monotherapy
[60]. Similar trends were noted in HbA

1𝑐
after treatment

with liraglutide [86]. These findings suggest that control of
hyperglycemia is not maintained over time by these phar-
macotherapeutic agents. In contrast, the data from our study
showed that T therapy consistently lowered HbA

1c, and the
reduced HbA

1c and fasting blood glucose were maintained at
the lower level and we did not observe any return to higher
levels during the 72 months of T treatment. These findings
are further supported by a recent study in which T therapy
in diabetic patients was shown to reduce mortality, which

could be explained in part by the positive effects of T on
cardiometabolic function [87].

Because, six years ago when this study was commenced,
we did not anticipate changes in diabetic parameters in
response to T therapy, comedication was only assessed at
baseline. The initial mean HbA

1c of 8.08% and the small
proportion of men within HbA

1c targets at baseline indicated
that the hyperglycemia in these patients was not very well
controlled. The lack of assessment of antidiabetic treatment
on the outcome of T therapy may represent a potential
limitation of this study. It is important to note that a recent
study by Hackett et al. [88] reported a marked reduction
in HbA

1c as a result of T therapy, in addition to standard
antidiabetic treatment.The reduction in HbA

1c in the cohort
of poorly controlled patients was 0.41% by 6 weeks and was
maintained at 18 and 30 weeks of treatment, respectively
[88]. In this well-controlled study, there were no changes in
antidiabetic medications. These findings are congruent with
our observations.

Hypertension and obesity are common comorbidities in
patients with T2DM. Thus, any pharmacotherapy that not
only ameliorates hyperglycemia, but also improves blood
pressure and reduces adipogenesis would be of interest.
The prevalence of hypertension is higher in patients with
T2DM and ∼60% of patients diagnosed exhibit arterial
hypertension. This is attributed to (i) hyperinsulinaemia,
(ii) increased sympathetic tone, and (iii) increased renin-
angiotensin-aldosterone system activity [89]. Our findings
suggest that T therapy not only improves lipid profiles, but
also improves hyperglycemia and blood pressure. This is a
novel finding and merits further exploration.

One of the limitations of this study is the nature of
the registry design. This combined two-center, open-label
observational study was not a randomized controlled study
and therefore may limit the scope of interpretation of the
presented findings. Simply, obese and diabetic subjects were
treated in a urology clinical setting. This may introduce
unintended bias since many of the subjects are seeking
medical treatment of various urological conditions. Another
potential limitation is that we used total T levels and not
free T levels, in combination with signs and symptoms, to
evaluate TD (hypogonadism). An additional limitation was
that the patients in these registries had a number of different
comorbidities. Since our results were not foreseen when the
study was designed and commenced six years ago, we did
not assess the duration of T2DM, neither was a continued
assessment of potential changes in comedications performed.
Therefore, we did not have the possibility to assess whether
there were any cases of remission of T2DM (defined as
HbA
1c < 6.0% without antidiabetic medications for at least

one year).
Another limitation is that we did not assess behavioral

and lifestyle changes, that is, changes in nutritional and
exercise habits. Since weight loss had not been expected, we
did not consider the use of questionnaires or other methods
to measure dietary changes or changes in physical activity.

In summary, the findings of this study demonstrate
that long-term treatment with T-undecanoate in obese men
with diabetes and TD restored physiological T levels and
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produced marked and significant WL and reduced WC
and BMI. Further, T treatment significantly reduced fasting
blood glucose and HbA

1c levels. Of equal importance, T
therapy significantly reduced total cholesterol, LDL choles-
terol, and triglycerides and increased HDL cholesterol lev-
els and improved systolic and diastolic blood pressure. T
therapy also reduced the levels of inflammatory markers,
suggesting reduction in the inflammation response. These
findings strongly suggest that T therapy of obese, diabetic
men improves glycaemic control and lipid profiles and may
prove useful in reducing the risk of CVD. These findings
further suggest that long-term T treatment of diabetic obese
menwith TDmay produce important clinical benefits inmen
with “diabesity.” One unique aspect of this study is that it
followed up diabetic obese men with TD for a period of 6
years, which is the longest reported duration of T treatment
to date. We suggest that T therapy in obese diabetic men may
prove useful in management of men with “diabesity.”
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The role of nutritional status as key factor of successful aging is very well recognized. Among the different mechanisms by which
nutrients may exert their beneficial effects is the modulation of the hormonal anabolic milieu, which is significantly reduced with
aging. Undernutrition and anabolic hormonal deficiency frequently coexist in older individuals determining an increased risk
of mobility impairment and other adverse outcomes. Mineral assessment has received attention as an important determinant of
physical performance. In particular, there is evidence that magnesium exerts a positive influence on anabolic hormonal status,
including Testosterone, in men. In this review we summarize data from observational and intervention studies about the role of
magnesium in Testosterone bioactivity and the potential underlying mechanisms of this relationship in male subjects. If larger
studies will confirm these pivotal data, the combination of hormonal and mineral replacements might be adopted to prevent or
delay the onset of disability in the elderly.

1. Biological Role of Magnesium

Magnesium is an essential ion involved in multiple fun-
damental physiologic functions in humans [1]. As part of
the activated MgATP complex, magnesium is involved in
the pathways generating adenosine triphosphate (ATP) and
energy in mitochondria, electron transport chain and com-
plex subunits, and oxygen detoxification. Magnesium is also
a cofactor in over 300 enzymatic reactions and biological
processes, including protein and nucleic acid synthesis, and
neuromuscular excitability [1].

Circulating magnesium exists in three forms. The
metabolically active free ionized fraction (magnesium ion)
is the most represented, accounting up to 60–70% of the
total serummagnesium.Othermain serum forms include the
protein-bound (25% and 8% bound to albumin and globulin,
resp.) and the chelated magnesium fraction (12%) [2].

The most represented reservoir of magnesium in human
body is the mineral phase of the bone that accounts for
about 64% of total magnesium. The remaining amount is
located in the intracellular (34%) and extracellular spaces
(1%). The intracellular magnesium concentration is funda-
mental to ensure the most important cellular and metabolic
activities [3]. Indeed, the rapid requirements of this cation are
usuallymet by intracellular stores thatmore quickly exchange
magnesium with intracellular fluids.

Because of the lack of clinical tests available for assessing
total-body magnesium content, the serum magnesium con-
centration remains the most clinically reliable test.

Adequate serummagnesium levels (normal ranges: 0.75–
0.95mmol/L or 1.7–2.5mg/dL) seem to be critical in ensuring
the normal cellular homeostasis [1, 2]. Magnesium status is
influenced by dietary intake, absorption in the gastrointesti-
nal tract, renal excretion, and tissue uptake and utilization
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(e.g., cardiac and skeletal muscle tissue) [4]. To guarantee an
optimal magnesium homeostasis the recommended intake
from dietary sources is estimated in 420 and 320mg/day
for healthy men and women, respectively [5]. Food-rich
magnesium sources are cereals, green leafy vegetables, seeds,
nuts, cocoa, and seafood [6]. However, the definition of
magnesium deficiency is notoriously complex. Magnesium
serum concentrations below the laboratory reference range
of <1.8mg/dL are currently used to define some degree
of magnesium depletion. However, this cut-off value could
be not necessarily related to a pathophysiologic state of
deficiency, because low intracellular magnesium has been
documented even in patients with serum magnesium con-
centrations >1.8mg/dL [7].

2. Magnesium and Muscle Function in
Young Trained Individuals

Magnesium has been the most investigated mineral involved
in muscle function. The beneficial effects of magnesium on
skeletal muscle and physical performance are linked to its
known actions on energetic metabolism (phosphorylation
processes and reactions requiring ATP, energy utilization
and transfer, and transmembrane transport) which have
enormous implications in muscle contraction [1]. In fact,
dietary magnesium deprivation is associated with increased
oxygen requirements to complete submaximal exercise and
reduced endurance performance [8].

Magnesium administration elicited the reductions in
heart rate, ventilation, oxygen uptake, and carbon diox-
ide production during submaximal work [9, 10]. In male
athletes, 25 days of magnesium (390mg/d), with a 3wk
washout, increased peak oxygen uptake and total work
output during work capacity tests [11]. Similarly, in physi-
cally active collegians, magnesium supplementation signif-
icantly improved endurance performance and oxygen uti-
lization [12]. In a depletion-repletion experiment in 10 post-
menopausal women (aged 45–71), dietary magnesium (320
versus 180mg/d) improved magnesium balance, erythrocyte
and skeletal muscle magnesium concentrations, heart rate,
and oxygen consumption during submaximal exercise [13].

It is not surprising that most of the current observational
and intervention studies have been conducted on athlete
subjects. In young men participating at 7-week strength
training program, supplemental magnesium was capable of
significantly improving muscle strength and power [14]. The
gain in muscle strength occurred at dietary magnesium
intake higher than 250mg/d and was even more evident at
500mg/d (exceeding the recommended dietary allowance,
RDA) [14]. However, magnesium supplementation per se
does not affect work performance in magnesium-replete
trained individuals [15]. Dietary surveys reveal a magnesium
intake equaling or exceeding the RDA for male athletes [16].
In female athletes it tends to be 60% to 65% of the current
recommendation. Regardless of sex, athletes competing in
sports requiringweight classifications or esthetic components
tend to consume up to 30–55% of the magnesium RDA
[17]. Serum magnesium levels may also be reduced during

intense and/or long-term exercise [18] leading to latent
fatigue and decreased endurance [19], similarly to what has
been observed during the condition of zinc deficiency [20].

These lines of evidence led to consider magnesium as
potentially limiting element for human physical perfor-
mance, creating the rationale for the routine use of magne-
sium supplementation during intense endurance exercise.

3. Age-Related Changes in Magnesium
Levels and Physical Performance

Suboptimalmagnesium status is a frequent condition in older
persons.Themost common cause of magnesium deficit is the
low dietary magnesium intake [21].This is a well-represented
phenomenon in older population, occurring in up to 10–
15% of community-dwelling older subjects [22]. The typical
western diet, highly rich in processed foods and deficient in
green vegetables and whole grain, may also contribute to an
inadequate magnesium intake.

The magnesium requirement for older population does
not differ from young and adult subjects. However, data
from the National Health and Nutrition Examination Survey
(NHANES) III show an average daily magnesium intake
dramatically below the recommendedRDA, approximately of
225mg/day in men and 166mg/day in women [5].

A suboptimal magnesium status may also result from
altered magnesium absorption and/or increased urinary
loss [23]. Polypharmacotherapy (loop diuretics, digitals, and
proton pump inhibitors) as well as a wide range of clinical
conditions (HIV, type 2 diabetes, alcoholism, and cardiovas-
cular diseases) plays additional important roles in lowering
magnesium levels [24–26].

However, themagnesiumdeficiency ismore difficult to be
detected in the elderly population. In fact the pauperization
of intracellular stores is not usually accompanied by a parallel
decline in magnesium serum concentrations that tend to
remain more stable, within the normal range [27]. The
deficiency of magnesium at cellular level and in the body
stores is crucial formaintaining the skeletal muscle efficiency.
It is very well known that sarcopenia (recently defined by
consensus documents as the presence of both low muscle
mass and low muscle function (strength or performance))
[28–30] frequently leads to a condition of decreased phys-
iological reserve, increased vulnerability to stressors, and
adverse outcomes, known as “frailty” [31]. The frail status is
a strong predictor of mortality, independent of traditional
indicators of disease [32]. Despite the role of magnesium
in muscle integrity and function, there are few data in this
regard in the elderly. In a representative cohort of 1138 older
men, Dominguez and colleagues [33] using data from the
InCHIANTI Study showed a significant, independent, and
strong positive relationship between circulating magnesium
levels and measures of muscle performance (hand grip
strength, lower-leg muscle power, knee extension torque,
and ankle extension strength). These authors suggested the
need of identifying serummagnesium cut-off values to attain
the best possible physical function. These data suggest the
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potential contribution of low magnesium status, frequently
observed in the elderly, to the reduced physical performance.

4. The Concept of Nutritional Modulation of
Anabolic Hormonal Status in Older Men

In healthy adult subjects, changes in food consumption
and utilization may induce homeostatic adaptations that
redistribute nutrients without affecting muscle function and
physical performance. During the aging process the body
energy delivery system could be impaired because of the
decline in physiological reserves and the disruption of
metabolic pathways, and sarcopenia may arise. Physiological,
psychological, and hormonal systems interact to determine
the energy need. Macronutrients are essential to provide the
body structure to perform work. Minerals are fundamental
to enable the use of macronutrients for all physiological
processes. In fact, an insufficient qualitative and quantitative
nutrient intake is one of the multiple causes of loss of
muscle mass, decreased physical performance, and adverse
outcomes [34]. Anabolic hormones, whose levels decrease
with age, play an important role in maintaining the optimal
body energy delivery. In older persons, the occurrence of a
single mild hormonal derangement is rarely observed. More
frequently there is a simultaneous anabolic hormonal defi-
ciency [Testosterone (T), Dehydroepiandrosterone (DHEA),
estradiol (E2), growth hormone-Insulin-like Growth Factor-
1 (GH-IGF-1), and vitamin D] which is part of “multiple
hormonal dysregulation” [35]. These hormones interplay in
ensuring overall anabolic state and induce the satellite cell
activation together with exercise and muscle hypertrophy
[35].The simultaneous presence of low levels of Testosterone,
together with DHEAS and IGF-1, has a strong effect on all-
cause mortality in older men [36]. Experimental data con-
firm that hormonal therapies, singularly or in combination,
may improve body composition and physical performance
[37–41]. The nutrients (especially the minerals magnesium,
selenium, and zinc) and the anabolic hormones, especially T
and IGF-1, seem to interact. The combination of nutritional
and hormonal strategies in frail undernourished older people
determines a more effective reduction in the number of
hospitalizations, the time to hospital admission, and the
days of hospital stay [42, 43]. The specific actions of both
micronutrients andhormones at skeletalmuscle level have led
to the hypothesis of an interaction of these factors in ensuring
optimal physical performance [44].This novel concept could
have important clinical implications in the elderly, who
are more prone to a disruption of the anabolic/catabolic
equilibrium and undernutrition. The use of specific mineral
supplements may represent a sort of preventive measure of
mobility impairment.

5. Changes in Testosterone Secretion
with Age and Implications in Skeletal
Muscle Function

Testosterone is the most important male sex steroid, synthe-
sized by the Leydig cells of the testes (95%) and derived by

peripheral adrenal androgens conversion for the remaining
5% [45].

In men, up to 44–65% of the circulating plasma T is
bound to sex hormone binding globulin (SHBG) and 33–
54% to albumin, and approximately 2-3% is available as a free
form. The free fraction of circulating T plus albumin-bound
T represents the amount of biologically active T (Bio-T) that
more accurately reflects the clinical androgen state of the
subject [46]. Total T levels progressively decrease from the age
of 35, by 1% per year.The decline is more pronounced for Bio-
T, 2%per year [45], especially in untreated depressedmen [47,
48].The causes of the age-related fall in total and Bio-T levels
include a decrease in testicular function and a disruption of
hypothalamic-pituitary axis. This peculiar phenomenon of
the ageing process involves the GnRH secretion and activity
(reduced amplitude of the peaks, attenuation of the circadian
rhythm, and reduced sensitivity to negative feedback), the
pituitary gland (reduced gonadotropin response to GnRH),
and the Leydig cells (reduced response to human chorionic
gonadotropin, HCG) [49].

Other mechanisms such as the increased SHBG lev-
els and T aromatization (increased activity aromatase in
adipose tissue) as well as the reduced bioconversion of
T into dihydrotestosterone could also concur to impair T
biological activity with age [50, 51]. Some authors hypothesize
that the age-related decline in androgenic activity could
be related to the reduced DHEA secretion, which is an
important precursor of T [52]. Finally, qualitative changes
in signaling transduction (reduced T receptors expression
and/or impaired T binding capacity in the liver, brain, and
prostate) should be also accounted for [53, 54].

The anabolic, anticatabolic, and neurotrophic effects of
T administration on muscle are well known and extensively
studied.

Observational studies on castrated animals [55] and adult
men [56, 57] show that low T levels are associated with a
reduction in lean body mass and muscle strength and other
negative changes in body composition.

In a very recent cross-sectional analysis of 250 patients, 70
years or older, Ucak et al. [58] have found a negative impact
of “compensated” or “subclinical” hypogonadism (defined
as mild biochemical alterations accompanied by signs and
symptoms of T deficiency) [59] on physical function, mood,
cognitive, and nutritional status.

Intervention studies on elderly subjects have documented
beneficial effects of T on counteracting the age-related
changes of body composition and physical function [60–62].
T exerts direct influence on lean body mass and strength
[63, 64], whereas equivocal evidence is available on the effects
of T on physical performance and quality of life [35].

The anabolic effects of T are even more evident in older
subjects with mobility limitation.

In 209 community-dwelling men with low T levels (100
to 350 ng/dL [3.5 to 12.1 nmol/L]) from Testosterone in Older
Men (TOM) with Mobility Limitations Trial, the daily T
gel therapy for 6 months improved both leg-press and
chest-press strength and stair-climbing power [65]. Testos-
terone may also influence muscle metabolism by improving
haemoglobin levels in older men with mild anaemia [66, 67].
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In women, skeletal muscle tissue seems to be sensitive to the
anabolic action of androgens [68]. However, the impact of T
administration on full physical function has not been fully
studied.The precise molecular mechanisms underlying these
observed physical changes inmen are likely to include specific
T effects on adipocytes and skeletal muscle cell receptors.The
binding of T to its receptors could lead to the stimulation of
lipolysis and protein synthesis [41, 69]. Finally, several lines
of evidence support the hypothesis of permissive effects of
T on the differentiation of the precursor stromal cells into
muscular line [70].

6. The Interplay between Magnesium and
Testosterone in Physical Function

The hypothesis of a link between magnesium and T has
been tested in pivotal experiences using magnesium supple-
mentation in adult subjects. Brilla and Conte investigated
the combined role of magnesium supplementation and exer-
cise on T levels [71]. A simple zinc-magnesium nutritional
formulation (30mg zinc monomethionine aspartate, 450mg
magnesium aspartate, and 10.5mg of vitamin B-6) was
able to improve T levels of athletes engaging in intense
physical activity compared to placebo (132.1 to 176.3 pg/mL
versus 141 to 126.6 pg/mL). The highest levels of T were
found in those athletes both exercising and receiving mag-
nesium supplementation. Moreover, significant differences
in muscle strength via torque measurements and functional
power were noted between the 2 groups (189.9 to 211 Nm
at 180∘/s and 316.5 to 373.7Nm at 300∘/s versus 204.2 to
209.1 Nm at 180∘/s and 369.5 to 404.3Nm at 300∘/s). These
data have been confirmed in a recent study performed on
young subjects, where 4-week magnesium supplementation
(magnesium sulfate 10mg/kg/d) and exercise increase free
and total T concentrations at exhaustion before and after
supplementation compared to resting levels [72, 73].There are
limited data about the relationship between magnesium and
T in study population, especially of older subjects. Maggio
and colleagues [74] in 399 older men ≥ 65 years (74.18 ±
6.43 mean age ± SD) from the InCHIANTI Study docu-
mented for the first time the strong and positive association
between magnesium levels and total T and total IGF-1 levels.
Interestingly, the relationship between magnesium and T
was independent of body mass index, IL-6, DHEAS, SHBG,
insulin, total IGF-1, grip strength, Parkinson’s disease, and
chronic heart failure. Because of the cross-sectional nature
of the study the authors could not establish a cause-effect
relationship between magnesium and T levels. This finding
led the authors to perform a pilot single-center, random-
ized, placebo-controlled, single-blind intervention study. 46
elderly hospitalizedmale subjects (21 in the treatment group),
aged 65 years or older, with magnesium serum levels <
2.5mg/dL, were randomly assigned to magnesium sulfate
treatment (1 g/mL of ion Mg++ diluted in 250 cc of normal
saline solution) or placebo (250 cc of saline solution) [75].
The active product or placebo was in a single intravenous
dose administered in about 30 minutes. Testosterone, IGF-
1, SHBG, and C-reactive protein (CRP) concentrations were

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

Baseline Post-treatment

Treatment  group
Control group

Te
sto

ste
ro

ne
 (n

m
ol
/
L)

P = 0.12

Figure 1: Changes in Testosterone levels at baseline and after
treatment. Changes in the average Testosterone levels (nmol/L)
before (baseline) and after (post-treatment) magnesium sulfate
administration (blue line) and placebo (red line). The difference in
total Testosterone levels between the 2 groups touched the statistical
significance (𝑃 = 0.12).

evaluated before and after treatment. All measurements were
performed at the Laboratory of the University-Hospital of
Parma. Baseline characteristics between intervention and
control groups were analyzed by 𝑡-test. Paired 𝑡-test was used
to examine and to compare the response trends between the
two groups at baseline and after treatment. As expected, mag-
nesium sulfate administration induced a significant increase
in serum magnesium levels (delta 1.28 ± 0.61) compared
to placebo (delta −0.03 ± 0.14) (𝑃 < 0.001). Interestingly,
total T levels remained substantially unchanged (delta 0.01 ±
0.80) in the intervention group while they were significantly
decreased in the placebo group (delta −0.03 ± 0.14). The
difference in total T levels between the 2 groups touched the
statistical significance (𝑃 = 0.12) (Figure 1). No differences
were appreciated in bioavailable T (Bio-T), IGF-1, and SHBG
concentrations. In this preliminary analysis no differences in
CRP levels were observed between the two groups at baseline.
The adjustment for CRP levels at baseline did not affect the
relationship between magnesium and total T [75].

These preliminary data in humans are supported by
experimental studies in animal models.

Interestingly, magnesium supplementation has been
shown to have an apparent beneficial effect on male gonadal
system, as observed in a very recent study performed on
sexually mature male rats [76]. Chandra et al. evaluated the
morphological, cytological, and functional changes in testis
after magnesium administration. Interestingly, the authors
showed significant enhancing in steroidogenic enzymes,
namely, delta(5)3beta-hydroxysteroid dehydrogenase and
17beta-hydroxysteroid dehydrogenase, activities at moderate
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Figure 2: Relationship between Testosterone and magnesium, potential underlying mechanisms and clinical implications.The aging process
is frequently characterized by an impaired homeostatic reserve due to an imbalance between energy assumption (left side) and utilization
and consumption (middle and right sides). The activity of anabolic hormones, where T plays a central role, is influenced by mineral status
(magnesium), along with caloric and protein intake.The systemic inflammation, which negatively influences magnesium and T and is in turn
downregulated by these 2 factors.

and high dose of magnesium that resulted in increased
serum T levels [76]. This phenomenon was followed by a
progressive development in cytoarchitecture of genital organs
without significant changes in quantitative spermatogenesis.
The results were remarkably more evident in the groups
treated for a longer period and at high doses of magnesium.
In mice, dietary magnesium depletion seems to target api-
cal cells within caput epididymis [77]. Moreover, in older
male dromedary camel, the age-related decline in plasma T
concentrations has been associated with a disruption of the
mechanisms controlling normal cation distribution (includ-
ing magnesium) in the testis, epididymis, and accessory
glands [78].

7. The Role of Inflammation in
the Interplay between Magnesium and
Testosterone Levels

We can account for different factors influencing both T
and magnesium concentration in adult and elderly men.
Particular attention deserves the role of inflammation, which
is a negative modulator of both these factors.

Inflammatory cytokines act as inhibitory factors at pitu-
itary (on the secretion of LH) and testicular level (reduction
of T secretion and sensitivity of T to LH) [79], contributing
to the development of hypogonadism.

Higher levels of inflammatory markers and low T con-
centration are strong predictors of frailty, disability, and
cardiovascular events [80, 81] that negatively influence the
muscle mass [82].

In oldermen, there is a steeper decline of T levels during a
proinflammatory postoperative status (also known as “acute
postoperative frailty”) [83].

However, short-term T administration seems in turn
to reduce systemic inflammatory cytokines including TNF-
alpha, IL-6, and IL-1𝛽 [84] and to increase the anti-
inflammatory cytokine IL-10 [85]. In a similar manner,

magnesium seems to be fundamental in maintaining the
threshold of antioxidant capacity and the control of oxida-
tive stress [1]. Moreover, there is evidence of impaired
overall antioxidant capacity and low-grade inflammation in
magnesium-deficient cultured human and animals cells [86].
Inadequate intracellular magnesium may reduce the mito-
chondrial efficiency and increase the production of reactive
oxygen species (ROS), determining structural and functional
impairment of proteins [87] and DNA [88]. Interestingly,
magnesium and T were found to be lower during systemic
inflammation, and conditions associated with both increased
ROS, oxygen-derived free radicals, oxygen peroxide pro-
duction, and impaired antioxidant enzyme expression and
activity [89, 90].

Multiple changes in physiological pathways could be
identified as pathogenic factors in several age-related phe-
nomena including sarcopenia, frailty, disability, or altered
immune response and chronic diseases. Therefore, during
the aging process, where lower anabolic hormones, increased
proinflammatory cytokines, and impaired nutritional status
frequently coexist, combined strategies could have important
clinical implications [91] (Figure 2).

8. Biomolecular Mechanisms
Underlying the Relationship between
Magnesium and Testosterone

In the recent years biomolecular interactions between T,
SHBG, and magnesium have been studied by high perfor-
mance liquid chromatography (HPLC) [92]. Excoffon and
colleagues [92] provided evidence of a magnesium-mediated
variation in the T-SHBG affinity. The change in magnesium
levels inside the biological serum concentration range (0.75–
0.95mM) could lead to an enhancement of the Bio-T. In
fact, the affinity of T to SHBG seems to change slightly with
the magnesium concentration. Magnesium binds SHBG in
a nonspecific mode, leading to an uncompetitive inhibition
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with T in binding SHBG and to a subsequent enhancement
of Bio-T availability. The binding is accompanied by a
magnesium release (or uptake) with a corresponding heat
effect around in magnitude 17 kJ/mol [92].

SHBG is a homodimer comprising 373 amino acid
residues for each monomer that transports the sex steroids in
the blood and also regulating their activity in target cells [93].
Interestingly, each monomer of SHBG contains three metal-
binding sites, one calcium-binding and two zinc-binding,
[94, 95], that are divalent cations as well as magnesium. This
data supports, at molecular level, the role of magnesium in
modulating T bioactivity.

Guillaume’s group investigated the role of magnesium
on both the T-serum albumin binding process and the T
displacement to its human serum albumin (HSA) binding
cavity by DHEA. Serum albumin binds to T with low affinity
[46]. In particular DHEA and T seem to bind to the same
HSA site. DHEA has been shown to displace T to its HSA
binding site. The authors observed in vitro that adequate
magnesium concentrations displaced T from itsHSA binding
site [96, 97] and hypothesized the opportunity of testing
in vivo the effects of magnesium supplementation, during
DHEA treatment, on the Bio-T rate.

9. Conclusions

The ageing process seems to be at least partly due to
the defect of anabolic hormones, low-grade inflammation,
reduced physical activity, and a poor quality of nutrition.The
permissive role that several micronutrients, such as mag-
nesium, might exert on the serum concentration and the
biological activity of T could be of undoubted interest for
future clinical approaches. Male individuals with impaired
magnesium status and T deficiency (accurately assessed)
could benefit from magnesium and/or T treatment target-
ing physical performance. Future randomized clinical trials
adopting synergistic treatments could lead to improving the
effectiveness of T treatment, in preventingmobility limitation
and adverse outcomes in older men.
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The increased prevalence of obesity represents, currently, one of the major public health issues, due to its consequences on physical
and psychological health status as well as on the psychosocial functioning. As defined by the World Health Organization, sexual
health is “a state of physical, emotional, mental, and social well-being in relation to sexuality.” The aim of the present study was
to explore the relationship between sexual life in obese subjects and quality of life, psychological status, and disability. Methods.
95 obese subjects were recruited from June 2012 to February 2013 and underwent physical examination and measures for the
assessment of quality of life, sexual life, psychological status, and disability. Results. In obese subjects sexual life was related to
gender, age, psychological status, disability, and quality of life.Conclusion. As obesity is a multifactorial disease, and is accompanied
by multiple comorbidities, it is difficult to identify a single causative factor responsible for the impairment of sexual life in obese
subjects; thus, a thorough,multidimensional evaluation including sexual function assessment should be performed in obese people.

1. Introduction

The increased prevalence of obesity represents, currently, one
of the major public health issues, due to its consequences on
physical and psychological health status as well as on psy-
chosocial functioning [1–3]. On one hand, chronic diseases
associated with excess fat are well known and documented
[1, 2]; on the other hand, evidence is relatively scarce with
respect to quality of life—including sexual life—in obese
subjects [4, 5].

As defined by the World Health Organization, sexual
health is “a state of physical, emotional, mental, and social
well-being in relation to sexuality” [6]. Sexual dysfunction
encompasses clinical syndromes that impair sexual function-
ing such as sexual aversion, dysfunctional sexual arousal
and vaginismus in females, and erectile dysfunction and
premature ejaculation in males [7].

Studies exist reporting that obese men and women tend
to have greater problems in their sexual life when compared

to their lean counterparts [8, 9]. A number of obesity-
related comorbidities, such as dyslipidemia, hypertension,
type 2 diabetes, and depression, are associated with sexual
dysfunction [9–12]; hence, it is difficult to identify the role
of obesity per se in the development of sexual dysfunction.
Potential mechanisms explaining the association between
obesity and sexual dysfunction include: endothelial dysfunc-
tion, metabolic syndrome and diabetes, endocrine disorders,
obstructive sleep apnea syndrome, physical disability, and
social and psychosocial problems [5].

Overweight and obesity have been identified as risk
factors for sexual dysfunction only inmen [4, 13, 14], whereas
the relationship between female sexual function and excess
fat remains to be better clarified [15–19].

Few studies described the impairment of quality of life
in obese subjects [20]; sexual functioning is a determinant
of quality of life, and excess fat could play a pivotal role also
in the quality of sexual life [21, 22]. The aim of the present
study was to explore the relationship between sexual life in
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obese subjects and quality of life, psychological status, and
disability.

2. Materials and Methods

2.1. Study Population. Participants were recruited from June
2012 to February 2013 among outpatients referring to the
High Specialization Centre for the Care of Obesity (named
“CASCO”) at the Department of Experimental Medicine—
Pathophysiology, Food Science and Endocrinology Section,
Policlinico Umberto I—Sapienza University of Rome, Italy.
Inclusion criteria were BMI ≥30Kg/m2 and age ranging
from 15 to 69 years. Oral and written informed consent was
obtained from all the participants.The study was approved by
the local ethics committee.

2.2. Demographics and Clinical Status. Medical history, with
particular attention to obesity-related complications (insulin
resistance, type 2 diabetes, hypertension, dyslipidemia, thy-
roid dysfunction, cardiovascular, osteoarticular, respiratory,
gastrointestinal, and psychiatric diseases) and medication
use, as well as demographic, social, and cultural information
(age, gender, job, and education level), and smoking habits
were obtained.

2.3. Anthropometric Measurements. All the subjects under-
went physical examination. Anthropometric measurements
were gathered following the procedures described in the
Standard Manual for Anthropometric Measures [23]. Body
weight was measured using a SECA scale (Hamburg, Ger-
many) to the nearest 0.1 kg; height was measured using a
SECA stadiometer (Hamburg, Germany) to the nearest 0.5
cm. Body mass index (BMI = bodyweight/height squared)
was calculated. Skinfold thicknesses were measured using
a Harpenden Skinfold Caliper (British Indicators Ltd, St
Albans, Herts, UK), to the nearest 0.2mm. Body composition
fat mass (FM) and fat-free mass (FFM) were estimated
by bioelectrical impedance analysis (BIA) using a single-
frequency 50 kHz analyzer STA—BIA (Akern Bioresearch
SRL, Pontassieve, FL, Italy). Measurements were performed
following standardized procedures [24]. Estimation of FM
and FFM by BIA was obtained using gender-specific BIA
prediction equations developed by Sun et al. [25].

2.4. Measures for the Assessment of Quality of Life, Sexual
Life, Psychological Status, and Disability. All the participants
underwent the administration of four questionnaires.

(i) The Laval questionnaire—Italian version [26] con-
sists of 44 items distributed in 6 domains: symptoms,
activity/mobility, personal hygiene/clothing, emotions, social
interaction, and sexual life (items n. 12 and 37). Each domain
is scored on a 7-point Likert scale, higher scores correspond-
ing to a better quality of life.

(ii)The O.R.Well-97 questionnaire [27] is composed of 18
items; for each item the patient is asked to score on a 4-point
Likert scale the occurrence and/or severity of the symptom
(occurrence) and the subjective relevance of the symptom-
related impairment in one’s own life (relevance). The items

are related to three different areas: symptoms, discomfort, and
impact of obesity on familial relationship, role functioning,
and social network. We selected the items n. 2, 10, and 11
regarding sexual life.

(iii) The SCL-90 (Symptom Checklist-90) [28] is a
scale including 90 questions exploring the presence and
the severity of psychological symptoms occurred in the
last week. Dimensions explored are somatization, obsessive-
compulsive, interpersonal sensitivity, depression, anxiety,
hostility, phobic anxiety, paranoid ideation, and psychoti-
cism. Each answer is scored on a 5-point Likert scale. For the
evaluation of sexual life, we selected the items n. 5, 21, 69, 84.

(iv) The TSD-OC (SIO obesity-related disability) test
[29] is a questionnaire developed by the Italian Society
of Obesity (SIO); it is made of 36 items divided into 7
sections: pain, rigidity, activities of daily living, housework,
outdoor activities, occupational activities, and social life.
Each question is answered using a visual analogue scale, with
a score ranging from0 (absence of difficulty) to 10 (the highest
degree of disability) for each item.

2.5. Statistics. After the verification of the normal distri-
bution of the variables, t-test was performed to describe
differences between means of the groups. A linear regression
analysis (Pearson’s r) was performed to verify the association
among continuous variables. Differences were considered to
be statistically significant for 𝑃 < 0.05. Statistical analysis
was performed using SPSS 10.0 statistical software (SPSS Inc.
Wacker Drive, Chicago, IL, USA).

3. Results

95 subjects (25 men and 70 women) were enrolled. Partici-
pants’ demographic and clinical characteristics are summa-
rized in Tables 1 and 2.

3.1. Sexual Life and Demographics. Men reported better
scores than women in the domain “Sexual life” of the Italian
version of the Laval questionnaire (𝑃 < 0.05). Analogous
differences were reported in the scores obtained at the items
n. 5; 21; 69; 84 of the SCL-90 questionnaire (𝑃 < 0.05).

A statistically significant relationship was found between
age and scores at the selected items (n. 5; 21; 69; 84) of the
SCL-90 scale addressed to sexual life (𝑟 = 0.24, 𝑃 < 0.05);
no significant differenceswere observed between genders and
related to smoking habits.

3.2. Sexual Life and Anthropometric Parameters. Statistically
significant correlations emerged between waist circumfer-
ence (𝑟 = 0.33, 𝑃 < 0.05) and the scores obtained
for items n. 12 and 37 in the “Sexual life” domain of
the Laval questionnaire—Italian version. The relationship
between BMI and scores was obtained at the specific items
about sexual life (n. 2; 10; 11) of the O.R.Well-97 questionnaire
(𝑟 = 0.24, 𝑃 < 0.05).

3.3. Sexual Life and Clinical Status (Table 3). Subjects suf-
fering from cardiovascular diseases had a worse sexual life
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Table 1: Demographic and clinical characteristics.

Total sample Males Females 𝑃

Population Study (no.) 95 25 70
Age (years) 44.2 ± 13.5 41.1 ± 13.9 45.3 ± 13.3 ∗∗

BMI (Kg/m2) 41.2 ± 8.2 43.9 ± 11.0 40.3 ± 6.4 ∗

Waist circumference (cm) 118.4 ± 14.3 131.4 ± 20.2 113.8 ± 12.1 ∗∗

Fat mass—BIA (%) 43.9 ± 4.8 39.8 ± 6.0 45.4 ± 4.3 ∗∗

Fat mass—anthropometry (%) 44.3 ± 6.2 40.2 ± 8.5 45.8 ± 5.8 ∗

Obesity-related diseases
Type 2 diabetes mellitus (no.) 10 4 6
Cardiovascular disease (no.) 10 3 7
Hypertension (no.) 31 8 23
Osteoarticular disease (no.) 40 9 31
Respiratory disease (no.)

Total (no.) 28 8 20
OSAS (no.) 19 6 13

Hypogonadism (no.) 3 3
Medications
CPAP therapy (no.) 5 1 4
ACE inhibitors (no.) 9 2 7
ARB (no.) 13 4 9
∗

𝑃 < 0.05; ∗∗𝑃 < 0.01.
BMI: body mass index; Fat mass—anthropometry: assessed by the measurement of skinfold thicknesses (Lohman et al. [23]); fat mass—BIA: assessed through
bioimpedance electric analysis; OSAS: obstructive sleep apnea syndrome; ACE: angiotensin converting enzyme; ARB: angiotensin II receptor blockers; CPAP:
continuous positive airway pressure.

(𝑃 < 0.05). No significant association was observed between
sexual life and the remaining diseases or medication use.

3.4. Sexual Life and Quality of Life. In obese subjects a sta-
tistically significant relationship was shown between scores
corresponding to the items n. 12 and 37 of the “Sexual life”
domain, the total score of the Laval questionnaire—Italian
version (𝑟 = 0.65; 𝑃 < 0.01), and the other single domains of
the same questionnaire: “activity-mobility”, “Symptoms”, and
“Emotions” (𝑃 < 0.01), as well as total score (𝑟 = −0.61, 𝑃 <
0.01) and scores of “Occurrence” (𝑃 < 0.01) and “Relevance”
(𝑃 < 0.01) at the O.R.Well-97 questionnaire (𝑟 = −0.61,
𝑃 < 0.01).

3.5. Sexual Life and Psychic Discomfort. Scores of the “Sexual
life” domain of the Laval questionnaire—Italian version were
statistically significantly correlated with the total score at
the SCL-90 questionnaire and its single domains: “Soma-
tization”, “Obsessive-compulsive”, “Interpersonal sensitivity”,
“Depression”, “Anxiety”, “Hostility”, “Phobic anxiety”, “Para-
noid ideation”, and “Psychoticism” (all: 𝑃 < 0.01).

3.6. Disability. Scores regarding the “Sexual life” domain
of the Laval questionnaire—Italian version were statistically
significantly correlated with the total score at the TSD-OC
test (𝑟 = −0.64, 𝑃 < 0.01) and scores at its single domains:
“Pain”, “Rigidity”, “Activities of daily living”, “Housework”,
“Outdoor activities”, “Occupational activities”, and “Social
life” (all: 𝑃 < 0.01).

4. Discussion

In the present study, in obese subjects sexual life was related
to gender, age, psychological status, disability, and quality of
life.

We observed that sexual life in obese men was better
than obese women; moreover, sexual life was influenced by
age in our study population. These findings are in agreement
with data provided by Laumann et al. [30], showing a greater
prevalence of sexual dysfunctions in women (43%) when
compared tomen (31%); in addition, authors found a positive
relationship between age and erectile dysfunction and lack of
sexual desire inmen, whereas women reported a reduction of
sexual disturbances with ageing. From data analysis, in our
study population, no differences related to gender emerged
with respect to age and sexual life, but this finding may be
due to differences in the male and female sample size (men
were only 25).

In our study, we showed an inverse relationship between
sexual life and BMI, and sexual life and waist circumference.
With respect tomen, our results are consistent with a number
of previous studies [13, 18, 21, 31], demonstrating the associ-
ation between obesity and erectile dysfunction, with obvious
consequences in the global sexuality. In accordance with data
in our study, Morotti et al. [32] observed an impairment
in sexual function in overweight and obese women when
compared with their lean counterparts. In a paper by [33],
even though a negative relationship was found between body
weight and sexual function, no association appeared between
central fat distribution and sexual dysfunction. In contrast,
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Table 2: Correlations between sexual life domain (at Laval questionnaire, SCL-90 test, and O.R.WELL questionnaire) and quality of life,
psychological status, and disability.

Laval questionnaire SCL-90 Test O.R.Well questionnaire
Items: 12-37 Items: 5-21-69-84 Items: 2-10-11

Age −0.18 0.24∗ −0.03
Body composition

Waist circumference 0.33∗ −0.21 0.02
Fat mass—anthropometry −0.11 0.23 0.15
Fat mass—BIA −0.12 0.17 0.18
BMI −0.11 −0.03 0.24∗

Laval questionnaire
Total Score 0.65∗∗ −0.62∗∗ −0.51∗∗

Activity-mobility 0.70∗∗ −0.52∗∗ −0.51∗∗

Symptoms 0.55∗∗ −0.51∗∗ −0.37∗∗

Emotions 0.68∗∗ −0.67∗∗ −0.48∗∗

O.R.Well-97 questionnaire
Total score −0.61∗∗ 0.63∗∗ 0.77∗∗

Incidence −0.51∗∗ 0.56∗∗ 0.69∗∗

Relevance −0.62∗∗ 0.63∗∗ 0.76∗∗

SCL-90 test
Global score index −0.65∗∗ 0.82∗∗ 0.49∗∗

Somatization −0.58∗∗ 0.57∗∗ 0.37∗∗

Obsessive-compulsive −0.60∗∗ 0.68∗∗ 0.49∗∗

Interpersonal sensitivity −0.59∗∗ 0.80∗∗ 0.50∗∗

Depression −0.68∗∗ 0.77∗∗ 0.51∗∗

Anxiety −0.61∗∗ 0.73∗∗ 0.41∗∗

Phobic anxiety −0.42∗∗ 0.68∗∗ 0.34∗∗

Paranoid ideation −0.49∗∗ 0.74∗∗ 0.38∗∗

TSD-OC test
Total score −0.64∗∗ 0.49∗∗ 0.44∗∗

Pain −0.60∗∗ 0.49∗∗ 0.38∗∗

Stiffness 0.62∗∗ 0.55∗∗ 0.42∗∗

Activities of daily living −0.30∗∗ 0.23∗ 0.19
Housework −0.55∗∗ 0.43∗∗ 0.28∗∗

Outdoor activities −0.61∗∗ 0.41∗∗ 0.37∗∗

Occupational activity −0.50∗∗ 0.39∗∗ 0.37∗∗

Social life −0.51∗∗ 0.45∗∗ 0.48∗∗
∗

𝑃 < 0.05; ∗∗𝑃 < 0.01
Legend: BMI: body mass index; TSD-OC test: Italian Society of Obesity test for obesity-related disabilities; fat mass—anthropometry: assessed by the
measurement of skinfold thicknesses (Lohman et al. [23]); fat mass—BIA: assessed through bioimpedance analysis.

in our study, waist circumference negatively correlated with
sexual function, and it seems to be in line with the association
between increased BMI and reduced sexual health, both
showing a relationship between adiposity indices and sexual
dysfunction.

In line with our results, cardiovascular disease was de-
monstrated to influence sexual function in both males and
females [34]. Neurovascular factors seem to have a causal role
linking cardiovascular disease and sexual dysfunction in both
genders [35], but the evaluation of these peculiar causative
aspects was beyond the objective of our study.

A relevant finding in the present study was the strict
relationship between sexual life and the global quality of

life. This connection has been previously described in obese
individuals [36, 37].Moreover, independently of bodyweight,
in a large sample of subjects [30], poor physical and emotional
quality of life was associated to a higher prevalence of sexual
dysfunction in both the genders, and, in a sort of vicious cycle,
an impaired sexual function was connected to a diminished
individual and social quality of life.

Another important observation in our study was the
association of sexual life and mental health, consistently with
extant literature [22, 38–40]. In addition, in a number of
studies, the association between obesity and psychological
distress has been described [41, 42]. In particular, in our
sample of obese subjects, the obesity-related psychological
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Table 3: Sexual life defined through Laval questionnaire and clinical status.

Laval questionnaire
Total score Score in sexual life domain Item 12 Item 37

Type 2 diabetes
+ 4.4 ± 1 4.8 ± 2 4.4 ± 2 5.0 ± 2

− 4.5 ± 1 4.7 ± 2 4.0 ± 2 5.2 ± 2

Cardiovascular diseases
+ 4.0 ± 1 3.8 ± 1

∗

3.2 ± 2 4.4 ± 2

− 4.6 ± 1 4.8 ± 2 4.2 ± 2 5.3 ± 2

Hypertension
+
−

Osteoarticular diseases
+ 4.4 ± 1 4.4 ± 2 3.9 ± 2 4.6 ± 2

− 4.6 ± 1 5.0 ± 1 4.2 ± 2 5.7 ± 2

Respiratory diseases
+ 4.3 ± 1 4.6 ± 2 4.0 ± 2 4.7 ± 2

− 4.6 ± 1 4.7 ± 2 4.1 ± 2 5.4 ± 2

∗

𝑃 < 0.05.

distress, as well as other psychological characteristics in obese
subjects, may account for the positive relationship between
psychic discomfort and sexual dysfunction in our study.

An interesting aspect explored in our study was the
relationship between sexual dysfunction and disability in
obese individuals. Functional disability in osteoarticular and
neurologic diseases is known to affect sexual function. In
our study, we reported that obesity-related disability, assessed
through a specific tool (the TSD-OC test), was related to
sexual dysfunction.

The main limitation to our study was the evaluation
of sexual life and dysfunction-assessed using single items
from different tools, without exploring the underlying dis-
turbances. However, the aim of our study was to investigate
the presence of sexual discomfort related to obesity, inde-
pendently of any other potential cause. Another limitation
is represented by the composition of the study sample that
was not homogeneous in terms of gender. Sexual dysfunction
takes different forms inmen and women but the small size, in
particular of the male subgroup, may account for the impos-
sibility to perform separate analysis to identify gender-related
differences in correlations between sexual life and quality
of life, psychological status, and disability. Finally, probably
due to the small sample, we did not find any correlation
between sexual life and smoking habits, medication use, or
hypogonadism.

5. Conclusion

As obesity is a multifactorial disease and is accompanied
by multiple comorbidities, it is difficult to identify a single
causative factor responsible for the impairment of sexual
life in obese subjects; thus, a thorough, multidimensional
evaluation including sexual function assessment should be
performed in obese people.

Obesity is a disabling disease with significant sequelae in
multiple domains [43], and our results suggest the need of
awareness toward obesity-related disability and its impact on
sexual life in obese subjects.
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Metabolic syndrome (MetS) is a well-recognized cluster of cardiovascular (CV) risk factors including obesity, hypertension,
dyslipidemia, and hyperglycaemia, closely associated with an increased risk of forthcoming cardiovascular disease and type 2
diabetesmellitus. Emerging evidence indicates that benign prostate hyperplasia (BPH) and its related lower urinary tract symptoms
(LUTS) represent other clinical conditions frequently observed in subjects with MetS. Several modifiable factors involved in MetS
determinism, such as inadequate diet, lack of physical exercise, and smoking and drinking behaviours are emerging as main
contributors to the development of BPH. The pathogenetic mechanisms underlying the connection between MetS and BPH have
not been completely clarified. MetS and its components, hypogonadism, and prostate inflammation probably play an important
role in inducing BPH/LUTS. Although historically considered as a “normal” consequence of the aging process, BPH/LUTS should
now be faced proactively, as a preventable disorder of the elderly. Type of diet and level of physical activity are now considered
important factors affecting prostate health in the aging male. However, whether physical exercise, weight loss, and modifications
of dietary habit can really alter the natural history of BPH/LUTS remains to be determined. Further research is advisable to better
clarify these points.

1. Introduction

Time is an absolute dimension which ranks events as past,
present, and future. Since biological aging is the accumulation
and stratification of time-associated changes in a person,
aging is an inevitable phenomenon, and, as such, it must
be accepted. Because rejuvenation is impossible, the health-
care intervention in aging should be focused on formatting
this biological process as an acceptable lifetime season and,
therefore, as healthy as possible. We strongly believe that
acting on modifiable factors—such as going to the primary
care doctor routinely, a healthy diet, or smoking cessation—
can reduce an individual’s absolute propensity to aging. In
contrast, chronic morbidities—such as cardiovascular dis-
eases (CVD), type 2 diabetesmellitus (T2DM), osteoarthritis,
and mental disabilities—are conditions that seniors often

face as they age and that impair their enjoyment of this
late lifetime season. Low-grade inflammation is supposed
to represent the common determinant underlying almost
all the aforementioned, age-related, and degenerative health
conditions [1]. In fact, almost 10 years ago, Time magazine,
on its cover, labeled inflammation as “The Secret Killer”
for human health (http://content.time.com/time/magazine/
article/0,9171,993419,00.html). However, inflammation per se
is a beneficial reaction of the body, and its innate immune
system, to an injurious stimulus, recognized 2000 years ago
in the pioneering work of Celsius.

The concept of metabolic syndrome (MetS) was intro-
duced almost 60 years ago, but only recently it was recog-
nized as a valid construct to cluster some common medi-
cal disorders—such as visceral obesity, glucose intolerance,
hypertension, and dyslipidemia—which increase the odds for
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CVD and T2DM [2]. Even in the case of MetS, chronic, low-
grade inflammation is considered, in concert with insulin
resistance, the milestone of the syndrome. In the male,
three other bothersome, age-related conditions were recently
proposed as new factors often associated with MetS [2–
4]. They are hypogonadism, erectile dysfunction (ED), and
benign prostate hyperplasia (BPH). These age-associated
medical conditions have a relatively high socioeconomic bur-
den and are generally not regarded as preventable ailments.
In contrast, we strongly believe that their impact on male
aging can be halted by lifestyle changes or at least buffered
by available medications. In this study we will overview
pathogenetic interconnections between BPH, inflammation,
MetS and hypogonadism, highlighting possible interventions
to prevent their negative effect onmen’s health. In fact, several
modifiable factors, such as inadequate diet, lack of physical
exercise, and smoking and drinking behaviors, are emerging
as main contributors to the development of MetS and its
related disorders, including BPH.

2. BPH/LUTS and Hypogonadism

Androgens play an essential role in the development and
growth of the entire male genital tract and in particular
of the prostate, stimulating differentiation and proliferation
of both the epithelial and the stromal compartments of
the gland. Androgens acts through activation of androgen
receptor (AR), which is expressed in both prostatic stromal
and epithelial cells.

2.1. Androgens and Prostate Differentiation. The differentiat-
ing and growth-promoting actions of androgens are exerted
starting in early embryonic life and still persist in adulthood
and senescence. In fetal life, the AR-induced differentiation
and branching morphogenesis was deeply explored by the
Cunha laboratory, which demonstrated the role of androgens
in mesenchyme cell-induced prostatic development [5, 6].
Cunha et al. [7, 8] found that androgens could stimu-
late prostatic epithelial development and growth interacting
with AR within the stromal tissue, under the influence of
specific growth factors. This concept was originally based
on tissue recombinant experiments, composed of wild-type
stromal cells and AR-deficient epithelium from the testicular
feminization mouse. During prostatic development, several
growth factors, termed andromedins (IGF-1, EGF, and sev-
eral FGF-related proteins), have been proposed to be the
paracrine mediators of these androgen-induced, stromal-
mediated, generation of prostatic epithelial buds, and subse-
quent ductal elongation and branchingmorphogenesis [9]. In
the adult prostate, AR expression drives basal epithelial cells
of the glands into differentiation to generate intermediate
cells and into terminal differentiated luminal cells [10]. As a
caveat of these prodifferentiating actions of androgens, recent
studies indicate that hypogonadism is associated with a more
aggressive phenotype of prostate cancer [11].

2.2. Androgens and Prostate Growth. Besides differentiation,
another biological action of androgens in the prostate is to

promote growth [12], which is essentially orchestrated in
three distinct waves. The first growth wave is completed at
birth, when the average weight of the prostate is about 1.5
grams. Prostatic development at this stage is a clear function
of androgen signaling and is dependent on the function of
the fetal testis. After a quiescent phase, at puberty—under
the influence of increasing testosterone—the second wave
starts: the prostate size reaches approximately 10 grams at
early puberty and almost double that around the age of twenty
[13].Thereafter, the size of the prostate remains constant until
midlate adulthood. At that time, in contrast to the pubertal
growth phase which involves the entire gland, often there
is a third selective growth phase, involving one of the three
anatomically distinct prostate zones, the periurethral one,
and which gives rise to BPH. BPH is a condition extremely
prevalent in male adulthood and senescence, affecting 42%
of men in the fifth decade to almost 90% in men older than
80 years [14]. BPH is essentially a histological diagnosis, char-
acterized by hyperproliferation of the stromal and, to a lesser
extent, of the epithelial compartment of the prostate, which
can be clinically manifested as benign prostate enlargement
(BPE), in almost half of the cases, or, less often, as benign
prostate obstruction (BPO). The latter two clinical entities
are characterized by progressive development of symptoms
(lower urinary tract symptoms, LUTS), that are derived from
prostate enlargement to the point where urination becomes
difficult (BPE) or impaired (BPO), due to mechanical pres-
sure on the bladder and urethra. Approximately 25% of men
in their 50s and 80% of men in their 70s have clinically
significant LUTS. However, not all men with BPH develop
LUTS. In addition, not all men with LUTS have BPH as the
underlying cause, because they are not disease-specific, being
often multifactorial.

Although an increased androgen signaling is clearly
implicated in the first two waves of prostate growth, its
role in the third phase, BPH, is a matter of debate. In
fact, a clear dose-response relationship between circulating
androgen levels and BPH has never been demonstrated [15,
16]. In addition, during male senescence, androgens tend
to decrease and not to increase [17]. Several recent studies
indicate that a low testosterone (T), more than a high T,
might have a detrimental effect on prostate biology. In fact,
LUTS can even be lessened by androgen supplementation in
hypogonadal men [18–25]. Recent data indicate that not only
low testosterone but also high estradiol can favor BPH/LUTS
progression. It is important to note that circulating T is
actively metabolized to estrogens and part of T hormonal
activity depends upon its binding to the estrogen receptors
(ERs), that are present in both the prostate and bladder
[26]. In addition, the enzyme P450 aromatase which converts
androgens to estrogens [27] is highly expressed not only in
fat tissue but also in the urogenital tract [28]. Evidence of an
increased estrogen/androgen ratio was originally provided by
Marmorston et al. almost half a century ago [29] reporting
that the estrogen/androgen ratio in 24-hour urinary collec-
tions was elevated in men with BPH, as compared to normal
controls. Several studies have observed a correlation between
plasma 17𝛽estradiol (17𝛽E

2
) levels and prostate volume or

other features of BPH [30–32], while others have not [33].
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Figure 1: Association between insulin levels and prostate total or transitional zone volume. Association between insulin levels and prostate
total (a) or transitional zone (b) volume. Insulin levels are reported as quartiles. All data are adjusted for age and total testosterone. Data are
derived from a series of subjects seeking medical care for coupler infertility at our unit. The number of subjects with available parameters is
reported in the inset. Note that the statistical analyses have been performed using insulin levels as a continuous variable, even if grouped in
quartiles for graphical purposes.

In two longitudinal, population-based cohort studies it was
recently shown that a higher baseline 17𝛽E

2
was associated

with a worse forthcoming maximal flow rate and urinary
symptoms [34, 35].

3. BPH/LUTS and Metabolic Syndrome

The historical view that BPH-related LUTS are merely gener-
ated by the compression of the urethra through the volumet-
ric increased transitional prostate has been heavily challenged
in the last few years [36]. In fact, nowadays, BPH/LUTS are
not only viewed as a mere hydraulic problem, to be solved
by a surgical intervention, but as a metabolic problem, to
be solved with a multidisciplinary approach, which includes
also the endocrinologist. Several recent studies have provided
convincing evidence of a possible role of MetS, and/or its
individual components, in the development of BPH, prostate
growth, and worsening of LUTS [36].

3.1. Hyperinsulinemia, Glucose Intolerance/T2DM, and BPH.
Possible links between BPH and T2DM were noted, in a
retrospective study, as far back as 1966 [37]. Since that time,
hyperinsulinaemia/glucose intolerance (the key component
of MetS) and even T2DM have been considered as potential
risk factors for BPH/LUTS based on several studies [38, 39].
In a population-based cohort of African-Americanmen aged
40–79 years, BPH patients reporting a diabetes history have
a 2-fold increase in the risk of moderate-severe LUTS [40].
In diabetic individuals, a similar odds ratio for having LUTS
was reported in the second Nord-Trondelag Health Study
[41]. In a stepwise regression analysis, Nandeesha et al. [42]
found that insulin levels were an independent predictor of
prostate volume in symptomatic BPH patients aged over

sixty. Interestingly, a similar conclusion was drawn by us
in a sample of 171 young subjects undergoing transrectal
sonography for couple infertility and not complaining of
LUTS [43].We found an association between prostate volume
and insulin levels, which was retained after adjusting for
total testosterone, othermetabolic factors, and blood pressure
[43]. All these findings indicate that insulin is an independent
risk factor for BPH, most probably stimulating prostate
growth acting on IGF receptors [44]. Figure 1 shows the
relationship between increasing insulin levels (represented as
quartiles) and prostate total and transitional zone volume,
as detected by transrectal sonography, in the sample of
subjects consulting for couple infertility, collected as previ-
ously described [43]. The highest quartile of insulin levels is
associated with a clear increase in prostate size.

3.2. Obesity and BPH. In worldwide conducted studies,
obesity—and in particular visceral obesity—was found to
be often comorbid with BPH [45–49]. Although there were
also some negative reports [50, 51], a recent meta-analysis,
including a total of 19 studies, reported a positive association
between BMI and LUTS associated with BPH (odds ratio
(OR) = 1.28%) [52]. In population-based case-control studies,
a marginal positive association was observed between risk
of BPH and increased BMI. [52]. The impact of obesity
on prostate size is apparent even in early adulthood, as
demonstrated by a sonographic study conducted in 222
young men seeking medical care for couple infertility [53].

3.3. Dyslipidemia and BPH. The prostate synthesizes choles-
terol at a level similar to the liver and accumulates it in a
deposit within the gland in an age-dependent manner [54].
More than 70 years ago, Swyer [55] analyzed the cholesterol
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Table 1: Characteristics of the studies comparing International Prostatic Symptom score (IPSS) and prostate volume in patients with and
without metabolic syndrome (MetS) according to different criteria. NCEP-ATPIII: National Cholesterol Education Program-Third Adult
Treatment Panel; IDF: International Diabetes Federation; AHA/NHLBI: American Heart Association/National Heart, Lung, and Blood
Institute.

Overall population Men with MetS Men without MetS

Study MetS criteria Age (years) Number of pts IPSS total
score

Prostate
volume (cc) Number of pts IPSS total

score
Prostate

volume (cc)
Ozden et al.,
2007 [67] NCEP ATP III 60 38 22 37.4 40 20 32

Park et al.,
2008 [68] NCEP ATP III 74 ± 8.1 102 11.1 41.7 246 12.3 40.4

Yim et al.,
2011 [69] NCEP ATP III 41.4 ± 5.2 140 — 18.4 708 — 17.8

Jeong et al.,
2011 [70] NCEP ATP III 46.4 ± 8.4 354 6.8 20.6 1003 6.5 19.7

Byun et al.,
2011 [71] NCEP ATP III 55.6 ± 9.72 209 6.85 31.4 499 7.89 29.8

Yang et al.,
2012 [72] NCEP ATP III 53.8 ± 6.9 142 — 30.1 278 — 25.2

Gacci et al.,
2013 [4] AHA/NHLBI; IDF 68.2 ± 7.4 86 22.5 63 185 20.9 58

Park et al.,
2013 [73] NCEP ATP III 50–59 355 10 34 869 10 28

content in the prostate of BPH subjects and reported that
its concentration was twice that in a normal prostate. Later
on, Nandeesha et al. [56] reported that circulating total and
HDL cholesterol were associated, in a positive and negative
manner, respectively, with prostate enlargement in a series of
50 symptomatic BPH cases and 38 controls. However, other
studies did not confirm the association [57–59]. In the Ran-
cho Bernardo cohort study, Parsons et al. [60] found a 4-fold
increased risk of BPH among diabetic men with elevated low
density lipoprotein (LDL) cholesterol, but not in the overall
cohort. This observation suggests that dyslipidemia per se is
not sufficient enough to concur with BPH determinism, but
the presence of other metabolic derangements, like T2DM,
favors the process, because of an unfavorable total and LDL
cholesterol particle size and density [60].

3.4. Hypertension and BPH. An association between BPH,
hypertension, and T2DM was originally reported in a retro-
spective study 50 years ago [61]. Later on, hypertension was
associated with increased odds of surgery for BPH in the
Physician’s Health Study [62] and with a higher prevalence
of LUTS in other studies [63–65]. However, because both
hypertension and BPH prevalence increase as a function
of aging, the relationship between the two conditions was
underlooked.

3.5. Metabolic Syndrome and BPH. From all the previ-
ous considerations (see Sections 3.1–3.4) it can be derived
that each individual factor of MetS has been associated
in some study with BPH/LUTS prevalence or progression,
although several authors noted that their clustering, more
than their individual presence, underlies the link. In 1998,

Hammarsten et al. [66] elaborated this concept investigating
the relationship between prostate volume and individual
MetS components in 158 men with BPH, demonstrating that
T2DM, hypertension, obesity, high insulin, and low HDL-
cholesterol levels were all risk factors for the development
of BPH. Thereafter, only few additional studies, based on
the concept of the MetS construct, have investigated the
association between MetS and BPH/LUTS; results are sum-
marized in Table 1 [4, 67–73]. All the studies found an
association between the presence of MetS, even if defined
with different criteria, and prostate volume, whereas the
relationship between MetS and LUTS is more controversial
(see Table 1). However, changing definition of MetS has little
impact on its long-termmetabolic and CV consequences [74,
75]. In the study of Gacci et al. [4], reduced HDL-cholesterol
and increased triglyceride levels were noted to be the main
determinants of MetS-related prostate alterations.

A recently published epidemiological survey of the
Boston area (BACH) confirmed an association betweenMetS
and LUTS; however, when subjects were stratified by age, the
association was confirmed only in the youngest individuals
[76].

In the previously mentioned cohort of relatively young
male subjects examined for couple infertility we recently
reported a stepwise, component-dependent association
between increasing MetS severity and prostate enlargement
at color Doppler ultrasound (CDU) [43]. No association
between MetS-related prostate CDU abnormalities and
semen parameters was detected, even though, in this
cohort, MetS was associated with poor sperm morphology
[43, 77]. Increased central obesity and reduced HDL
cholesterol were the main correlates of prostate enlargement
in this young, asymptomatic population. This and previous
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evidence suggest that, beginning at a young age, MetS and
in particular high waist circumference and reduced HDL
cholesterol play an important role in prostate overgrowth.
Interestingly, no association between MetS severity and
prostate-related symptoms was observed, using either IPSS
or the National Institutes of Health Chronic Prostatitis
Symptom Index (NIH-CPSI) [43], which is a brief self-
reported questionnaire for screening prostatitis symptoms
[78].

4. BPH/LUTS and Inflammation

4.1. Epidemiological Evidence. In the last decade, cross-
sectional and longitudinal observation of several large
cohorts have finally confirmed that chronic inflammation is
a crucial component of BPH pathogenesis. An examination
of baseline prostate biopsies in a subgroup of 1,197 patients,
followed for more than 4 years in the Medical Therapies of
Prostate Symptoms (MTOPS) study to assess BPH-disease
progression, found that men in the placebo arm with inflam-
mation were significantly more likely to experience BPH
worsening and at higher risk of acute urinary retention
(AUR) or BPH-related surgery than those without [79]. This
was confirmed in the subgroup analysis of 8,224 men in
the Reduction by Dutasteride of Prostate Cancer Events
(REDUCE) trial indicating that histologic inflammation was
present in more than 78% men and that the severity of
LUTS and the intensity of inflammation were related [80].
Another study retrospectively reviewed all histopathological
examinations of 3,942 patients with BPH and showed that
43%of patients had histologic inflammation and 69%of them
had chronic inflammation. In addition, inflammation in the
prostate increased significantly with the increase in prostate
volume and age [81]. Finally, the data from the placebo
arm (1359 men) of the Prostate Cancer Prevention Trial
(PCPT) demonstrated that circulating levels of inflammatory
markers, including elevated CRP and interleukin-6 (IL-6),
were associated with risk of incident, symptomatic BPH [82].

4.2. Physiopathology. Within the prostate, several classes of
immunocompetent cells (lymphocytes, macrophages, and
granulocytes) are physiologically resident and termed human
prostate-associated lymphoid tissue (PALT). Activation of the
intraglandular immune system PALT is the usual response
to infectious agents. However, we believe that this initial
acute inflammation could be succeeded by chronic inflam-
mation that persisted if favored by hormonal and metabolic
derangements or by exposure to other environmental and
dietary factors [83]. Activated PALT recruits and stimulates
the proliferation of other immunocompetent cells leading to
an upregulation of several proinflammatory chemokines and
cytokines [84]. Prostatic stromal cells—acting as targets of
bacterial or viral toll-like receptor (TLR) agonists and, later
on, as antigen-presenting cells (APC)—play a crucial role in
the induction of inflammatory responses.They in fact activate
CD4+ lymphocytes and favor their differentiation to the
effector subsetsTh1 andTh17 [85]. In addition, TLR activation
leads to the production of proinflammatory cytokines (IL-6)

and chemokines (IL-8 and CXCL10) capable of recruiting
CXCR1- and CXCR2-positive leukocytes and CD15+ neu-
trophils and further promoting prostate cell hyperplasia,
through the direct action of IL-8 or the release of other
intraprostatic growth factors, like basic FGF [85–87]. Stromal
BPH cells are able to secrete IL-8, CXCL-10, and IL-6 not only
in response to specific proinflammatory stimuli (i.e., TNF𝛼 or
the TLR 4 agonist lipopolysaccharide), but also to metabolic
insults and, in particular, to oxidized LDL and insulin. This
suggests the hypothesis that lipids can induce and sustain an
inflammatory response in human prostatic cells [87, 88].

4.3. Clinical Evidence. In line with this preclinical evidence,
in a multicentre study on 271 consecutive men treated with
simple prostatectomy, we demonstrated that the presence of
MetS—and in particular of some of its components, such
as dyslipidemia—is associated with a more severe intrapro-
static inflammation [87, 88]. In particular, histopathologi-
cal examination of BPH specimens demonstrated that the
inflammatory score (IS), as well as the positivity for the pan
leukocyte marker CD45, significantly increased as a function
of MetS components [86–88]. Among MetS components,
reduced HDL cholesterol and elevated triglycerides were
significantly associated with elevated IS and CD45 positivity.
Fats could have, therefore, a detrimental effect on prostate
cells, boosting prostate inflammation, a key factor in the
development and progression of BPH/LUTS. In the previ-
ously mentioned cohort of young, infertile subjects [43], we
noted a significant, stepwise correlation between the number
of MetS components and seminal IL-8, which has been
proposed as a surrogate marker of prostate inflammation
[89–92]. In addition, in the same population, a higher
MetS severity was associated with sonographic features of
prostate inflammation, including texture nonhomogeneity,
major calcification size, and elevated arterial peak systolic
velocity. Abdominal adiposity and dyslipidemia were the
main determinants, among MetS factors, of sonographic
alterations and increased seminal IL-8 [43].

4.4. Experimental Models of MetS and Prostate Inflamma-
tion. We recently developed an animal model of MetS by
feeding New Zealand male rabbits a high fat diet (HFD)
for 12 weeks. MetS in rabbits was characterized by glucose
intolerance, dyslipidemia, hypertension, increased visceral
fat accumulation, and hypogonadotropic hypogonadismwith
a concomitant hyperestrogenism [93–95]. In MetS animals
we have described a specific prostate [96] and bladder
[93] phenotype, which includes features of inflammation,
tissue remodeling, and hypoxia. Interestingly, almost all these
alterations were positively associated with a low-testosterone
and high-estrogen milieu [93, 96, 97]. Accordingly, Figure 2
(upper panel) shows thatMetS severity, in rabbit fedHFDor a
regular diet (RD), is associated with a stepwise increase in AR
and ER𝛼, but not ER𝛽 (not shown), gene expression within
the prostate. In addition, in the same figure, it is shown that
also the nonclassical, G protein-coupled estrogen receptor,
GPER/GPR30, increases as a function of number of MetS
factors. This indicates a potentially increased sensitivity of
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Figure 2: Gene expression of sex steroid receptors (upper panel) and inflammatory markers (middle and lower panels) in prostate of rabbits
fed a regular diet (RD) or a high fat diet (HFD), according tometabolic syndrome (MetS severity). MetS severity was categorized as previously
described [138], according to the number of factors present (abscissa). Ordinate axis indicates level of mRNA expression in arbitrary unit, as
derived from quantitative RT-PCR analysis of the indicated prostate samples. Level of significance was derived from Kruskall-Wallis analysis
of the data.

the MetS prostate to changing sex steroids. We, in fact, found
that T administration to HFD rabbits reverted the majority
of MetS-induced prostate alterations [96]. This finding is in
line with the observation that, in human BPH stromal cells,
the selective AR agonist DHT was able to blunt TNF𝛼, LPS,
or CD4(+)T cell-induced secretion of inflammatory/growth
factors, including IL-6, IL-8, and bFGF, by blocking NF-
𝜅B nuclear translocation [86]. A protective effect of DHT
was also found on oxLDL- or insulin-induced IL-8 secretion
[87]. Interestingly, DHT was also able to prevent TNF𝛼-
induced LOX-1 (the receptor for oxLDL) mRNA expression.
This strongly indicates a potential beneficial effect of AR
signaling on diet-induced prostate inflammation. In contrast,

tamoxifen dosing to HFD rabbits further exacerbated MetS-
induced prostate alterations, most probably by stimulating
GPER/GPR30, as demonstrated by experiments with selec-
tive ligands for these receptors and by genetic ablation of their
expression [26].

We also recently reported that the prostate of HFD-
rabbits showed an increased expression of both mRNA and
protein for phosphodiesterase type 5 (PDE5), the enzyme that
catalyzed cGMP breakdown [97]. PDE5 expression within
the prostate was associated with the majority of HFD-
inducedmarkers of inflammation, fibrosis, andmyofibroblast
activation, and, in particular, with COX2 and TNF𝛼 among
inflammatory genes and with TGF𝛽, ROCK2, and 𝛼SMA
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Table 2: Characteristics of the studies included in the meta-analysis.

Overall population
Study Age (years) Duration (weeks) Drugs Dosage (mg) Placebo number of pts PDE5 number of pts
McVary et al., 2007 [113] 60 12 Sildenafil 50 (2 weeks); 100 155 168
McVary et al., 2007 [114]∗ 61.5 12 Tadalafil 5 (6 weeks); 20 126 125
Stief et al., 2008 [115] 55.9 8 Vardenafil 10 110 105
Roehrborn et al, 2008 [116]∗ 62.0 12 Tadalafil 2.5; 5; 10; 20 185 701
Porst et al., 2009 [117]∗ 61.9 12 Tadalafil 2.5; 5; 10; 20 105 386
Tamimi et al., 2010 [118]∗ 60.9 12 UK-369003 10; 25; 50, 100 37 246
Porst et al., 2011 [119] 64.8 12 Tadalafil 5 152 148
Egerdie et al., 2012 [120]∗ 62.5 12 Tadalafil 2.5; 5 200 406
Oelke et al., 2012 [121] 63.6 12 Tadalafil 5 172 171
Brock et al., 2013 [122] 63.3 12 Tadalafil 5 545 544
Dmochwski et al., 2013 [123] 58.6 12 Tadalafil 20 101 99
Yokoyama et al., 2013 [124]∗ 63.2 12 Tadalafil 2.5; 5 154 306
∗The effect derived from a ponderated mean at end point on International Prostate Symptom Score and maximum urinary flow rate were analyzed.

among those genes specifically involved in fibrosis and
myofibroblast activation. Interestingly, HFD-induced PDE5
overexpression was counteracted by T dosing. Consistent
with this effect, a negative correlation between prostate PDE5
mRNA expression and plasma testosterone/estradiol ratio
was identified. However, a direct role of hypogonadism in
HFD-induced PDE5 upregulationwas ruled out by the obser-
vation that hypogonadotropic hypogonadal rabbits (GnRH
analog-treated group), characterized by a reduced plasma
testosterone/estradiol ratio, showed prostatic PDE5 mRNA
expression similar to that of the RD group, which was not
modified by T treatment [97]. Hence, we can hypothesize that
HFD-related derangements, rather than hypogonadism per
se, may be related to the PDE5 overexpression in the prostate.

5. Possible Intervention in
MetS-Associated BPH/LUTS

Current therapy for BPH/LUTS is largely based on the
use of 𝛼

1
-adrenergic receptor blockers, which relax pro-

static smooth muscle, and 5-𝛼 reductase inhibitors, which
reduce prostatic volume. Accordingly, current EAU guide-
lines attributed level of evidence of 1b and 1a to 𝛼

1
-blockers

and 5-𝛼 reductase inhibitors, respectively, for the treatment of
men with moderate-to-severe LUTS [98]. Recently, the pos-
sible use of PDE5 inhibitors was also recognized as a valuable
treatment of the condition, with a level of evidence of 1b [98].
However, the same guidelines also suggest the usefulness of
lifestyle modifications, without better explanation except for
avoidance or moderation of caffeine or alcohol intake that
mayhave a diuretic and irritant effect, thereby increasing fluid
output and enhancing frequency, urgency, and nocturia [98].

5.1. Lifestyle Modification. Current evidence, suggesting a
close relationship among BPH/LUTS, MetS, hypogonadism,
and inflammation, indicates that the impact of lifestyle
modification should be more carefully analyzed. Prospective
data of the Health Professionals Follow-up Study (HPFS), on

more than 18,000 men without LUTS at baseline, recently
showed that men with higher total and abdominal adiposity
orwho gainedweight at follow-upweremore likely to develop
LUTS or experience progressive LUTS [99]. Previous meta-
analyses have clearly demonstrated that lifestyle modifica-
tions, such as weight loss and increased consumption of fruit
and vegetables, can reduce the incidence of obesity-related
morbidities including hypogonadism [100], type 2 diabetes
[101], coronary artery disease [102], and stroke [103]. Quite
unexpectedly, studies on efficacy of lifestyle modifications on
BPH/LUTS outcome are still lacking.

In 2002, Suzuki et al. [104] first reported that men with
high energy intakes and particularly with high consumption
of protein and polyunsaturated fatty acidwere at a greater risk
of developing BPH.Data from the placebo arm in the Prostate
Cancer Prevention Trial (PCPT), which enrolled 18,880 men
aged over 50 years, confirmed that high consumption of red
meat and a high fat diet increased the risk of BPH [105]. In
addition, the same authors reported that high consumption
of vegetables reduced risk of BPH [105]. Similarly, data from
HPFS study have demonstrated that consumption of fruits
and vegetables rich in 𝛽-carotene lutein or vitamin C was
inversely related to BPH [106]. As reported above, oxidative
damage and inflammation are thought to be associated with
development of BPH. High consumption of unsaturated
fatty acids might contribute to lipid peroxidation of the cell
membrane exacerbating the inflammation and impairing 5𝛼-
reductase activity [107]. Conversely, high intake of fruits and
vegetables was found to be associated with less oxidative
stress, as measured by malondialdehyde concentration [108].
The effect of diet on BPH/LUTS is also supported by the
lower incidence of prostate related problems in some Asian
countries using a predominantly plat-based diet, as compared
with Western countries, using a provokingly animal-based
diet [109].

Physical activities were also shown to reduce the pos-
sibility of prostate enlargement, LUTS, and LUTS-related
surgery [110]. In particular, increasing walking by 3 h/week
decreases the risk of BPHby 10% [110]. In ameta-analysis that
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Figure 3: Weighted differences (with 95% confidence interval (CI)) of International Prostate Symptom Score (IPSS; (a)) and maximum
flow rate (𝑄max; (b)), for the studies on phosphodiesterase type 5 inhibitors (PDE5-Is) versus placebo. § no erectile dysfunction; §§ erectile
dysfunction.

enrolled 43,083male patients, intensity of exercise was related
to reduction of risk of prostate enlargement. Compared to the
sedentary group, the risk for BPH or LUTS was significantly
reduced with OR = 0.70, 0.74, and 0.74 for men engaging in
light, moderate, and heavy physical activity, respectively [111].

In conclusion, type of diet and level of physical activity
are emerging as other important factors affecting prostate
health in the aging male, most probably reducing risk factors
such as MetS, hypogonadism, and inflammation. However,
whether physical exercise, weight loss, and modifications of
dietary habit can really alter the natural history of BPH/LUTS
remains to be determined. Further research is advisable to
better clarify these points.

5.2. PDE5 Inhibitors and BPH/LUTS. Emerging evidence
suggests that PDE5i might reduce moderate-to-severe (stor-
age and voiding) LUTS in men with or without ED [98].
Accordingly, tadalafil (5mg once daily) has been approved
by the US Food and Drug Administration (FDA) and by
the European Medical Agency (EMA) and licensed for

the treatment of male LUTS in Europe. By meta-analyzing
the available evidence we previously reported that PDE5i
alone, as compared with placebo, is able to improve LUTS
symptoms, as detected by the decrease of IPSS score [112]. In
addition, the association of PDE5i and𝛼1-adrenergic blockers
improved both IPSS score and maximum urinary flow rate
(𝑄max) at the end point, as compared with 𝛼 blockers alone
[112]. Since our last analysis, other five double-blind, placebo-
controlled, randomized clinical trials (RCT) comparing the
effect of PDE5i versus placebo on BPH/LUTS, have been
published (see Table 2). Hence, so far, 12 RCTs [113–124] have
specifically evaluated the effect of PDE5i alone in patients
with BPH/LUTS. Overall, the studies enrolled 5158 patients,
with a mean follow-up of 11.6 weeks (Table 2). Similar to
previous analysis [112], we now report that PDE5i treatment
was associated with a significant improvement of LUTS, as
detected by the reduction of total IPSS score (Figure 3(a)).
In addition, present meta-analysis also originally shows
that PDE5i users report a small, but significant, improve-
ment in 𝑄max (Figure 3(b)). Hence, the current analysis, in
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a larger cohort of subjects, further indicates a role of PDE5i in
improving LUTS in patients with BPH. In addition, it shows
for the first time a possible role of PDE5i in improving urinary
outflow in the same category of subjects.

Despite the aforementioned clinical evidence, the mech-
anism of action (MOA) of this class of medication in
BPH/LUTS is still amatter of debate. Several dedicated recent
reviews are available on this topic [112, 125–127]. Preclinical
studies demonstrated that prostate, bladder, and urethra, as
well as their relative blood vessels, all represent potential
targets of PDE5i [128, 129]. Experimental evidence suggested
that chronic blockade of PDE5 could impact several pathways
involved in LUTS generation [88, 112, 125–127], including a
reduced nitric oxide (NO)/cyclic guanosine monophosphate
(cGMP) and an increased RhoA/Rho-kinase signalling [130–
132]. In addition, PDE5i can also reduce chronic pelvic
hypoxia and its related functional and morphologic changes
in the bladder and prostate, by increasing blood perfusion
[129, 133]. A possible direct effect for PDE5i in modulating
autonomic nervous system overactivity and bladder/prostate
afferent nerve activity was also suggested [134]. However, in
the last few years, some experimental and clinical data have
offered a newMOA for PDE5i in BPH/LUTS, reducingMetS-
associated prostate inflammation. In the previously described
rabbit model of MetS-associated prostate alterations we
found that tadalafil dosing was able to reduce inflamma-
tion and leukocyte infiltration (CD 45 scoring), along with
fibrosis/myofibroblast activation [97]. In a retrospective pilot
study on a BPH population (𝑛 = 60), previously enrolled in
a double-blind, placebo-controlled, clinical study on the effi-
cacy of daily vardenafil (10mg) added to tamsulosin (0.4mg)
[135], we evaluated prostatic CD 45 score in those undergoing
simple prostatectomy for persistent/recurrent severe urinary
symptoms. Patient cohort was categorized according to the
presence of MetS. In those without MetS, CD45 positivity
was low and unaffected by vardenafil dosing. In those with
MetS, increased CD45 positivity was significantly blunted
by chronic vardenafil treatment [88]. It is interesting to
note that even in this small cohort the MetS factor most
closely associated with CD45 positivity was dyslipidemia.
Interestingly, in isolated human BPH stromal cells both
tadalafil and vardenafil decreased TNF𝛼-induced expression
of genes related to inflammation (COX-2, IL-8, Il-6, IP-10,
and MCP-1) and tissue remodelling (𝛼SMA, bFGF). Similar
results were obtained when TNF𝛼-induced secretion of IL-8
and CXCR-10 was considered. Both vardenafil and tadalafil
were able to blunt IL-8 secretion induced also by metabolic
stimuli, such as oxLDL, AGE, and IGF-1. The effect was
apparently due to the ability of these PDE5i to stimulate
PKG activity because it was mimicked by a nonhydrolysable
cGMP analog and blocked by a PKG antagonist. Finally, both
PDE5i significantly reduced the ability of TNF𝛼 to increase
the expression of oxLDL receptor, LOX-1 [88].

6. Conclusions

People are living longer and, in some parts of the world,
healthier lives. In 2006, almost 500million people worldwide
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Figure 4: Graphical representation of a proposed multifactorial
pathogenesis of benign prostatic hyperplasia/low urinary tract
symptoms (BPH/LUTS). Symptomatic or asymptomatic prostate
inflammation (very common in young individuals), in the presence
of permissive factors such as metabolic syndrome (MetS), and
in particular dyslipidemia, or an altered sex steroid milieu, can
progress through prostate enlargement (BPE). The latter can or
cannot be associated with LUTS, in particular in the presence of
bladder dysfunction. Recent data indicates that MetS itself can also
favour bladder alteration.

were 65 and older. By 2030, that total is projected to increase
to 1 billion—1 in every 8 of the earth’s inhabitants. Signifi-
cantly, themost rapid increases in the 65 and older population
are occurring in developing countries, which will see a jump
of 140 percent by 2030 [136]. Hence, we must proactively
face the health issues of the elderly. BPH/LUTS represent
significant bother among aging men; they were historically
considered as a “normal” consequence of the aging process
and, as such, their negative effects on men’s well-being only
dealt with throughmedical or surgical intervention.This view
has been challenged in the last decade and now BPH/LUTS
are seen more as preventable than inexorable ailments of
the elderly [137]. Evidence presented in this review indicates
that several modifiable metabolic factors play a role in the
determinism or progression of LUTS/BPH. MetS and its
components, hypogonadism, and prostate inflammation are,
in fact, emerging asmedical conditions commonly associated
with BPH/LUTS. Figure 4 summarizes our view. In our
view, BPH/LUTS may be viewed as a complex disorder that
also involves a metabolic component that may begin early
in the life of the male, and, although asymptomatic, it is
likely detectable even in the early stages of the disease. The
mechanisms underpinning the relationship between MetS
and prostate inflammation are likely to be similar in young
and old men but chronic exposure to elevated inflammation,
along with low T/high 17𝛽E2, may contribute to BPH in
the long term. Preventing the development of the disease
even from the asymptomatic phase should be the basis for
designing a resilient program of elderly healthcare. Analysis
of the European Prospective Investigation into Cancer and
Nutrition (EPIC)-Norfolk cohort has clearly demonstrated
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that the adverse CV effects of having MetS on coronary
heart disease could be substantially reduced or nullified by
increasing physical activity. Several epidemiological studies
support this view also for BPH/LUTS; intervention studies
are urgently needed.
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Testosterone deficiency leads to bone loss and testosterone treatment has a beneficial effect. This study investigated the effects of
normalizing serum testosterone on bone mineral density in 45 men with osteoporosis, diagnosed with testosterone deficiency
(serum testosterone levels < 12.1 nmol/L, T-scores: (mean ± SD) −3.12 ± 0.45, minimum: −4.10, and maximum: −2.60). In
a cumulative, prospective, registry study of hypogonadal men (mean age: 53 ± 7 years) they received parenteral testosterone
undecanoate of 1000mg/12 weeks for up to six years. After one year 44 men were included in the registry, after two years 36 men,
after three years 32 men, after four years 25 men, after five years 10 men and after six years 4 men. The declining numbers do
not reflect drop-out rates but are a result of the registry design. Over the 6 year period there was a significant and progressive
improvement of the T-scores in these men. Normalizing of serum testosterone leads to an improvement of bone mineral density
and this improvement was progressive with the time period of testosterone administration. In this study of 6-years many men with
testosterone deficiency suffered from classical diagnoses (Klinefelter’s syndrome and testicular pathology) hitherto undiagnosed.

1. Introduction

Osteoporosis remains underrecognized and undertreated,
more so in men than in women, adding considerably to
fracture burden and costs [1].

Thoughmen suffer fewer fractures thanwomen, fracture-
related morbidity and mortality are higher in men than in
women [2], partly due to greater frailty. Age-related changes
in blood androgens and estrogens may contribute to the
development or progression of frailty inmen [3].Men usually
have higher bone mineral density which contributes to
lower fracture incidence in men. Bioavailable androgens and

oestrogens regulate these aspects of musculoskeletal sexual
dimorphism [4]. Numerous studies point to the significance
of normal serum testosterone to maintain bone mineral
density (BMD) at various stages of life [5]. Testosterone
deficiency leads to loss of BMD and testosterone treatment
has a beneficial effect [6]. This study investigated the effects
of normalizing serum testosterone on BMD in 45 men with
osteoporosis who had consulted an orthopedic surgeon and
who were diagnosed as testosterone deficient.

Testosterone deficiency may not be an entity in itself but
it may be part of another condition and other constituents
of the disease might contribute to bone loss as well. Our
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patients were suffering from a number of diseases, which,
apart from the associated testosterone deficiency, could
account for the loss of bone mineral density as well. These
conditions included Klinefelter’s syndrome, Crohn’s disease,
alcohol abuse, Hodgkin’s lymphoma, kidney transplant, and
undescended testis.

2. Subjects and Methods

The study was carried out in a Private Urology Practice,
Bremerhaven, Germany, between the years 2004 and 2012.
Patients had been referred to the Orthopedic Clinic for
complaints of the locomotor system. This clinic routinely
measures serum testosterone levels in patients with osteo-
porosis (defined by a T-score more than 2.5 standard devi-
ations below the mean value for young adult reference data),
especially when patients are young. If, indeed, subnormal
serum testosterone levels are encountered, the patient is
referred to theUrology Practice for assessment of the etiology
of subnormal testosterone levels and possible administration
of testosterone, provided there are no contraindications.

The cut-off level for below-normal serum testosterone
was determined on the basis of the following considera-
tions: although there is no international consensus as to the
normal range of testosterone, clinical data suggest that the
normal range of testosterone in adult men is between 12 and
40 nmol/L. A threshold of 12.1 nmol/L was confirmed by an
international group of authors based on analyses of several
well-known studies in which liquid chromatography tandem
mass spectrometry had been used [7].

Menwith Klinefelter’s syndrome often have reduced bone
mass [8, 9]. Remarkably, in one study the loss of bone
mineral density in this group did not correlate with serum
testosterone or with CAG repeats of the androgen receptor
[10]. Muscle strength, previous history of testosterone treat-
ment, age at diagnosis and bone markers were predictors
of BMD, but testosterone was not [11]. So, positive effects
of testosterone on BMD may be indirect by its well-known
effects on muscle.

Men with Crohn’s disease show reduced bone mass and
bone formation [12]. T cell-mediated increased osteoclast
formation from peripheral blood may be a factor [13]. Bone
cells from patients with quiescent Crohn’s disease show a
reduced growth potential and an impededmaturation [14]. In
a pilot study we have found a beneficial effect of testosterone
on the clinical course of Crohn’s disease. The mechanism
of this improvement may be immunosuppressive effects of
testosterone, reducing chronic inflammation of the intestinal
wall in men with Crohn’s disease [15].

Men with alcohol abuse may have a bone remodeling
imbalance, with a predominant decrease in bone formation.
In addition, recent studies have reported new mechanisms
by which alcohol may act on bone remodeling, including
osteocyte apoptosis, oxidative stress, and Wnt signaling
pathway modulation [16].

A single patient had been treated for Hodgkin’s lym-
phoma. Men who have been successfully treated for malig-
nancies earlier in life may develop hypogonadism when they
age (>50 year) [17].

Three patients had had a kidney transplant. Impaired
renal function maybe associated with loss of BMD and
lowered testosterone [18].

Seven patients had a history of undescended testis, most
of them bilateral and some with unilateral orchiectomy or
testicular atrophy. If not appropriately treated [19], this often
leads to a loss of exocrine and endocrine testicular function.

The study was a cumulative, prospective, registry study of
men (mean age: 53.07±6.89 years; minimum: 40; maximum:
68 years) with testosterone levels below 12.1 nmol/L. Their
T-scores were (mean ± SD) −3.12 ± 0.45 (minimum −4.10
and maximum −2.60). They received parenteral testosterone
undecanoate of 1000mg/12 weeks following an initial 6-week
interval for up to six years. After six years, 44 men were
included in the registry, after five years 36 men, after four
years 32 men, after three years 25 men, after two years 10
men, and after one year 4 men. The declining numbers do
not reflect drop-out rates but are a result of the registry
design.Newpatients are consecutively entered once they have
completed one year of treatment.

Exclusion criteria for testosterone administration
included a previous diagnosis of primary or secondary
hypogonadism, previous treatment with androgens, bone
metastases, prostate cancer, prostate specific antigen (PSA)
levels > 4 ng/mL, International Prostate Symptom Score
(IPSS) > 19 points, a history of congestive heart failure
or recent angina, history of cerebral vascular accident or
untreated sleep apnoea.

All initial serum testosterone samples had been obtained
between 7.00 and 11.00 h a.m. Serum testosterone levels
were measured before testosterone administration, and then
before the second injection at 6 weeks, subsequently before
the next injection of testosterone undecanoate was due, as
a rule; 12 weeks later. Serum testosterone was measured by
commercially available chemiluminescent immunoassays.

BMD was measured by using a whole body dual-energy
X-ray densitometer (Norland XR-800). All calculations were
performed according to the instructions of the manufac-
turer and standardized procedures. The daily system quality
assurance calibration procedures were strictly performed
according to the instructions of the manufacturer using a QA
Calibration Standard and a QC Spine Phantom.The accuracy
of AP Spine Scans and Hip Scans was within 1.0% of industry
standard. The In vivo Precision of AP Spine Scan is 0.84%
(BMD L 2–4 CV). The In vivo Precision of Hip Scan is 1.4%
(BMD Femoral Neck CV).

Bone mineral density is expressed in g/cm2. The individ-
ual bone mineral density (BMD) variation was expressed as
a T-score of measurements of the spine (L2–4) and femoral
neck.

Not only was BMD assessed in this study but also the
metabolic conditions were followed up. At each visit, body
weight, waist circumference, body mass index, serum levels
of total cholesterol, HDL, LDL, triglycerides, glucose, and
hemoglobin A1c were measured after an overnight fast.
Systolic and diastolic blood pressure were measured. C-
reactive protein as an indicator of chronic inflammation was
determined. The Aging Male Symptoms scale was measured
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Table 1: Patient characteristics and gains in 𝑇-score upon testosterone treatment.

No Year of birth Diagnosis Initial testosterone nmol/L Initial 𝑇-score Months of testosterone 𝑇-score
1 1950 Alcohol abuse 11.1 −3.1 39 −2.1
2 1949 Alcohol abuse 12.1 −3.1 57 −2.1
3 1951 Alcohol abuse 11.8 −3.9 48 −3.1
4 1964 Alcohol abuse 7.6 −3.9 39 −1.9
5 1955 Alcohol abuse 8.7 −2.9 27 −2.1
6 1948 Alcohol abuse 8.3 −2.7 48 −1.5
7 1962 Klinefelter’s syndrome 9.7 −2.9 75 −1.3
8 1952 Klinefelter’s syndrome 7.6 −3.7 75 −1.5
9 1969 Klinefelter’s syndrome 8.3 −3.7 15 −1.9
10 1967 Klinefelter’s syndrome 10.1 −3.8 12 −2.1
11 1961 Klinefelter’s syndrome 10.1 −3.4 12 −2.9
12 1959 Klinefelter’s syndrome 10.7 −3.6 15 −2.1
13 1963 Klinefelter’s syndrome 9.4 −3.8 15 −1.9
14 1963 Klinefelter’s syndrome 9.0 −4.1 15 −2.1
15 1959 Klinefelter’s syndrome 7.3 −3.6 12 −2.9
16 1967 Klinefelter’s syndrome 8.3 −3.7 12 −2.5
17 1971 Klinefelter’s syndrome 10.7 −3.1 9 −2.7
18 1952 Klinefelter’s syndrome 10.1 −2.8 57 −1.8
19 1955 Klinefelter’s syndrome 11.1 −2.6 54 −1.6
20 1959 Klinefelter’s syndrome 8.0 −2.9 54 −1.7
21 1955 Klinefelter’s syndrome 10.7 −2.9 51 −1.7
22 1961 Klinefelter’s syndrome 11.1 −3.1 45 −1.8
23 1957 Klinefelter’s syndrome 8.3 −2.8 57 −1.7
24 1965 Klinefelter’s syndrome 11.1 −2.8 36 −1.7
25 1950 Klinefelter’s syndrome 8.7 −2.7 63 −1.5
26 1965 Klinefelter’s syndrome 10.7 −2.9 39 −1.9
27 1965 Klinefelter’s syndrome 11.4 −2.8 39 −1.8
28 1951 Klinefelter’s syndrome 10.1 −2.8 51 −1.5
29 1949 Crohn’s disease 7.3 −2.9 54 −1.8
30 1949 Crohn’s disease 7.3 −2.9 51 −1.8
31 1947 Crohn’s disease 6.6 −2.7 63 −1.9
32 1950 Crohn’s disease 10.7 −2.9 57 −1.4
33 1959 Crohn’s disease/Klinefelter’s syndrome 7.3 −2.9 33 −1.8
34 1946 Primary hypogonadism 8.3 −2.6 60 −1.6
35 1962 Primary hypogonadism 9.7 −2.7 30 −1.7
36 1951 Primary hypogonadism 10.1 −2.8 54 −1.7
37 1949 Primary hypogonadism 7.6 −2.6 60 −1.5
38 1950 Primary hypogonadism 7.3 −2.8 57 −1.7
39 1960 Primary hypogonadism 7.3 −3.7 36 −1.8
40 1938 Primary hypogonadism 8.7 −3.7 75 −1.5
41 1952 Primary hypogonadism 11.1 −2.9 24 −1.8
42 1950 Primary hypogonadism 12.1 −2.7 60 −1.3
43 1939 Primary hypogonadism 11.8 −2.7 57 −1.5
44 1941 Renal insufficiency 7.6 −2.9 69 −1.2
45 1949 Renal insufficiency 8.7 −3.8 72 −1.5

[20] and also the International Index of Erectile Function
(erectile function domain) was assessed [21].

A number of safety parameters in relation to testos-
terone treatment were assessed: prostate volume, serum
prostate specific antigen (PSA), residual bladder volume
after voiding, the International Prostate Symptoms Score

(IPSS), hemoglobin and hematocrit values, and serum ala-
nine aminotransferase (ALT) and aspartate aminotransferase
(AST).

Ethical guidelines as formulated by the German
“Ärztekammer” (the German Medical Association) for
observational studies in patients receiving standard treatment
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Table 2: Serum levels of testosterone over 72 months of testosterone treatment.

Visit month testosterone 𝑁 Mean ± SD (nmol/L) Minimum Maximum
0 months 45 9.35 ± 1.5 6.59 12.13
12 months 44 17.3 ± 2.66 13.52 23.92
24 months 36 17.23 ± 2.22 14.21 23.58
36 months 32 16.83 ± 1.91 13.52 20.46
48 months 25 17.28 ± 2.09 14.56 21.84
60 months 9 16.95 ± 1.87 14.21 19.76
72 months 4 14.91 ± 0.63 14.21 15.60
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Figure 1: T-scores during testosterone administration.

were followed. All subjects consented to be included in the
research of their treatment protocol which is in accordance
with the Declaration of Helsinki http://www.wma.net. All
procedures were carried out with the adequate understanding
and written consent of the subjects.

2.1. Statistical Analysis. For continuous variables, the mean,
median, standard deviation, range, minimum, maximum,
and sample size for the overall sample and various groups
were reported at each time point. For categorical variables
the frequency distribution was reported. We tested the
hypotheses regarding change in outcome scores across the
study period by fitting a linear mixed effects model to the
data. Time (to indicate follow-up interviews) was included as
fixed effect in the model. A random effect was included in
the model for the intercept. Estimation and test of change in
scores were determined by computing the differences in least
square means at baseline versus the score at each follow-up
interview. Statistical significance was set at 𝑃 < 0.05.

3. Results

Particulars of the 45 patients are presented in Table 1.
Serum testosterone levels rose significantly upon testos-

terone administration. Trough levels after 1 to 6 years were
well above the cutoff for hypogonadal values (12.1 nmol/L),
so the values were steady in a eugonadal range (Table 2).

Table 3: 𝑇-scores over 72 months of testosterone treatment.

Visit month—𝑇-Scores 𝑁 Mean ± SD Minimum Maximum
0 month 45 −3.12 ± 0.45 −4.10 −2.60
12 months 44 −2.59 ± 0.35 −3.80 −2.10
24 months 36 −2.24 ± 0.34 −3.70 −1.80
36 months 32 −2 ± 0.32 −3.50 −1.70
48 months 25 −1.8 ± 0.32 −3.10 −1.50
60 months 10 −1.55 ± 0.19 −1.90 −1.30
72 months 4 −1.4 ± 0.14 −1.50 −1.20

Table 4: Comparison of 𝑇-scores over periods of testosterone
treatment.

Comparison Difference ± SE 𝑃-Value
12 Months—Baseline 0.53 ± 0.04 <0.0001
24 Months—Baseline 0.85 ± 0.04 <0.0001
36 Months—Baseline 1.13 ± 0.04 <0.0001
48 Months—Baseline 1.34 ± 0.04 <0.0001
60 Months—Baseline 1.58 ± 0.06 <0.0001
24 Months—12 Months 0.32 ± 0.04 <0.0001
36 Months—24 Months 0.28 ± 0.04 <0.0001
48 Months—36 Months 0.21 ± 0.05 <0.0001
60 Months—48 Months 0.24 ± 0.07 0.0003
72 Months—60 Months 0.33 ± 0.1 0.0016

Over the 6-year period there was a significant improve-
ment of the T-score in these men (Table 3).

The improvement was progressive: each year of testos-
terone treatment led to a significant further improvement of
the T-scores (Table 4) to a state defined as osteopenia (−1 to
−2.49 below the mean value for young adult reference data).

Figure 1 shows that over the 6 year period the T-scores of
men improved and were no longer classified as osteoporosis
but as osteopenia.

Table 4 compares T-scores over periods of testosterone
treatment from 12 months to 72 months.

Metabolic parameters, blood pressure, and serum CRP
showed an improvement over the study period, so did the
AMS and IIEF-EF (Table 5).

Safety parameters were assessed (Table 6).
Prostate volume increased slightly but significantly while

serum PSA did not change. Values of the IPSS and the
residual bladder volume showed a decrease. Hemoglobin and
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Table 5: Effects of testosterone on metabolic variables (means ± SD).

Visit month Difference 60
0 month 12 months 24 months 36 months 48 months 60 months 72 months months-baseline

𝑁 45 44 36 32 25 10 4
WC (cm) 101.6 ± 6.4 100.1 ± 5.5 99.2 ± 4.9 98.4 ± 4.2 97.7 ± 4.3 97.7 ± 5.2 95.8 ± 4.4 −6.3 ± 0.51

Weight (kg) 97.1 ± 14.4 94.1 ± 13.3 92.2 ± 11.9 91.0 ± 10.7 86.6 ± 9.8 87.0 ± 10.2 86.8 ± 7.9 −14.1 ± 1.11

BMI 29.9 ± 5.0 29.0 ± 4.7 28.7 ± 4.2 28.3 ± 3.8 27.0 ± 3.4 27.5 ± 4.1 27.7 ± 2.5 −4.4 ± 0.31

Fasting glucose (mg/dL) 5.47 ± 0.36 5.32 ± 0.36 5.35 ± 0.51 5.33 ± 0.32 5.34 ± 0.18 5.39 ± 0.13 5.36 ± 0.06 −0.15 ± 0.112

Total cholesterol (mg/dL) 248 ± 29 195 ± 21 185 ± 17 185 ± 14 183 ± 14 187 ± 12 193 ± 10 −63 ± 51

HDL (mg/dL) 50 ± 15 55 ± 15 58 ± 14 59 ± 15 57 ± 14 57 ± 17 60 ± 19 8 ± 11

LDL (mg/dL) 159 ± 32 143 ± 29 131 ± 25 133 ± 24 132 ± 20 125 ± 28 122 ± 33 −30 ± 31

Triglycerides (mg/dL) 241 ± 32 195 ± 25 186 ± 18 184 ± 13 190 ± 14 188 ± 14 190 ± 10 −55 ± 51

Systolic BP (mmHg) 136 ± 10 128 ± 9 126 ± 7 127 ± 7 128 ± 5 127 ± 3 126 ± 5 −12 ± 21

Diastolic BP (mmHg) 83 ± 7 76 ± 5 74 ± 4 75 ± 4 74 ± 4 75 ± 3 71 ± 4 −9 ± 11

AMS 47 ± 10 21 ± 3 18 ± 1 17 ± 1 17 ± 1 17 ± 1 18 ± 1 −30 ± 11

IIEF-EF 19.5 ± 5.1 23.0 ± 4.6 23.8 ± 5.1 23.8 ± 4.7 24.2 ± 4.5 26.6 ± 1.8 28.5 ± 0.6 4.8 ± 0.61

𝑁 19 7 7 6 3 3 2
HbA1c (%) 5.9 ± 1.3 6.5 ± 1.4 6.2 ± 1.0 5.8 ± 1.0 6.4 ± 0.5 6.1 ± 0.6 6.4 ± 0.8 1.4 ± 0.21

𝑁 45 19 15 17 12 5 1
CRP (mg/L) 6.2 ± 7.6 3.7 ± 5.4 2.8 ± 3.7 4.2 ± 4.4 2.8 ± 2.9 1.7 ± 1.5 2.2 −7.7 ± 11
1

𝑃 < 0.0001.
2Non significant.
WC: Waist Circumference.
BMI: Body Mass Index.
HDL: High Density Lipoprotein.
LDL: Low Density Lipoprotein.
BP: Blood Pressure.
AMS: Aging Male Symptoms Scale.
IIEF-EF: International Index of Erectile Function.
HbA1c: Hemoglobin A1c.
CRP: C-reactive protein.

hematocrit rose but remained within normal limits. Serum
ALT and AST decreased significantly.

4. Discussion

In this study men with osteoporosis and lower-than-normal
serum testosterone were treated with testosterone unde-
canoate whereupon serum testosterone levels normalized.
Their copathologies varied strongly but testosterone defi-
ciency was a common denominator. Other elements of their
disease may have contributed to their bone loss as well. But
in all men, an improvement of T-scores was found upon
testosterone treatment with a significant progression over
duration of the testosterone treatment. In fact, while all men
had been in the category of osteoporosis at baseline, the
mean T-scores improved to a level which is classified as
osteopenia. Part of the positive effects may have been due
to the positive effects of testosterone on muscle [22–24].
The increase of T-scores was impressive, amounting to 1.5
points.The calculated fracture risk reductionwould be at least
50%. Several studies have documented the beneficial effects
of testosterone administration on BMD in hypogonadal
men [9, 25–31]. One study demonstrated that adequacy of
testosterone is pivotal for the restoration of BMD in men
[32]. Serum testosterone after administration of testosterone

undecanoate was well in the eugonadal range. It is now
well documented in the literature that a chronic state of
testosterone deficiency leads to a host of pathologies in
(aging) men [33, 34]. These pathologies (metabolic syn-
drome, inflammatory factors, lower urinary tract symptoms,
erectile dysfunction, and psychological functions were also
assessed in this study and showed improvements over the
duration of the study (Table 5).

A significant part of the group studied were relatively
youngmen, particularly themenwith Klinefelter’s syndrome.
In a recent study it was reported that over one-third of men
less than 50 years with testosterone deficiency and infertility
or sexual dysfunction were found to have reduced BMD.
These were no men with a classical condition of testosterone
deficiency (Klinefelter’s or Kallmanns syndrome etcs). Over
a mean follow-up of 2.5 years testosterone therapy in this
population increased BMD [35]. These findings argue for
measurement of BMD in relatively young hypogonadal men.

We noted not only an improvement of T-scores in the
men studied but also a progressive improvement of the
metabolic status of the study subjects: body weight, BMI
and waist circumference improved progressively which was
also the case for lipids, blood pressure, hemoglobin A1c,
and a parameter of inflammation.These improvements upon
testosterone treatment have been reported from our clinic
[36–38].There was a progressive improvement of serumALT
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and AST probably indicating improvement of liver steatosis,
as we have reported earlier [39]. Sexual function, as mea-
sured by International Index of Erectile Function, improved
significantly over time as reported earlier [40, 41]. We noted
also an improvement of the AgingMale Symptoms scale, also
reported in other studies [31]. Earlier we have reported that
there is a relation with parameters of inflammation such C-
reactive protein [37].

Serious attentionwas paid to safety aspects of testosterone
administration to men, for a part elderly, in this study. No
malignancies occurred in the study population. We noted
a slight increase in prostate volume over the study period,
which also occurs in men not treated with testosterone,
simply because they age [42, 43]. Serum PSA did not change
significantly over the study period. Remarkably, residual
volume in the bladder and scores of International Prostate
Symptom Score improved considerably upon testosterone
treatment, a positive effect earlier reported from this clinic
[44]. As expected, hemoglobin levels and the hematocrit
rose upon testosterone treatment but remained within safe
limits as reported earlier [45]. There was no indication of
a disturbance of liver function. The safety of testosterone
administration to elderly men is now well documented in the
literature [46].

One of the limitations of this study is the nature of the
registry design. This single-center, open-label study is not a
randomized controlled study and therefore limits the scope
of interpretation of the presented findings. Simply, subjects
were treated in a urology clinical setting. It is an observational
study, not blinded, and not placebo-controlled.The study was
not primarily designed to monitor the effects of normalizing
serum testosterone in hypogonadal men on bone mineral
density and was performed in a urology setting. We never
expected to have such a large number of patients with
osteoporosis, and, therefore, biomarkers of bone remodeling
were not measured.

5. Conclusions

This study analyzed testosterone deficiency in a population
of middle-aged to elderly men who were referred to an
orthopedic clinic with complaints of the locomotor system
and were diagnosed with osteoporosis. Their copathologies
varied widely but a state of testosterone deficiency was a
common denominator. In spite of the varieties of etiologies
of their testosterone deficiency, they all benefited from
testosterone treatment restoring their serum testosterone
to the mid normal range of reference values. Osteoporosis
improved to osteopenia. It would appear from our study that
men attending an orthopedic clinic should be assessed for
testosterone deficiency, first on clinical grounds whether they
have copathology associated with testosterone deficiency,
and second by confirmation of measurement of testosterone.
In case of lower-than-normal serum testosterone, treatment
with testosterone not only improved their bone mineral
density but benefited also their metabolic state, mood and
sexual functioning. Risks of testosterone administration to
elderly men are acceptable and manageable.
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Metabolic and hormonal modifications after long-term testosterone (T) treatment have never been investigated. 20 hypogonadal
men (mean T = 241 ng/dL–8.3 nmol/L) with metabolic syndrome (MS, mean age 58) were treated with T-undecanoate injections
every 12 weeks for 60 months. 20 matched subjects in whom T was unaccepted or contraindicated served as controls. Primary
endpoints were variations from baseline of metabolic and hormonal parameters. In T-group, significant reductions in waist
circumference (−9.6 ± 3.8 cm, 𝑃 < 0.0001), body weight (−15 ± 2.8Kg, 𝑃 < 0.0001), and glycosylated hemoglobin (−1.6 ± 0.5%,
𝑃 < 0.0001) occurred, along with improvements in insulin sensitivity (HOMA-I; −2.8 ± 0.6, 𝑃 < 0.0001), lipid profile (total/HDL-
cholesterol ratio−2.9 ±1.5,𝑃 < 0.0001), systolic and diastolic blood pressure (−23 ± 10 and−16 ± 8mmHg,𝑃 < 0.0001, resp.), and
neck and lumbar T-scores (+0.5 ± 0.15 gr/cm2,𝑃 < 0.0001;+0.7 ± 0.8,𝑃 < 0.0001, resp.). Also, serumvitaminD (+14.0 ±1.3 ng/mL,
𝑃 < 0.01), TSH (− 0.9 ± 0.3mUI/mL, 𝑃 < 0.01), GH (0.74 ± 0.2 ng/mL, 𝑃 < 0.0001), and IGF1 (105 ± 11 ng/mL, 𝑃 < 0.01) levels
changed in T-group but not in controls. Normalization of T levels in men with MS improved obesity, glycemic control, blood
pressure, lipid profile, and bone mineral density compared with controls. Amelioration in hormonal parameters, that is, vitamin D,
growth hormone, and thyrotropin plasma levels, were reported.

1. Introduction

Obesity, and particularly visceral fat excess, is associated with
insulin resistance, hyperglycemia, atherogenic dyslipidemia,
and hypertension as well as prothrombotic and proinflam-
matory states and with vitamin D deficiency [1]. Several
papers have suggested that a significant relationship between
low levels of testosterone (T) and the metabolic syndrome
(MS) exists [2]. Also, epidemiological studies have found that
low T levels are a predictor of mortality in elderly men [3].
In addition, increasing evidence is accumulating regarding
inverse associations between the severity of features of the
MS and plasma T [4]. An inverse relationship between
waist circumference (WC), a surrogate of visceral obesity,
and T levels exists [5], thus leading to hyperinsulinism and
reduced levels of sex hormone binding globulin (SHBG)
and luteinizing hormone (LH), and all these factors along

with increased leptin contribute to the suppression testicular
steroidogenesis [6]. Also, in centrally obese individuals, there
is an overactivity of the corticotropin-releasing-hormone
(CRH)—corticotropin (ACTH)—cortisol axis as speculated
by pioneer work of Björntorp and coauthors who demon-
strated that this increased activity may result in a suppression
of the production of T and growth hormone (GH) [7].

The European male ageing (EMAS) study is the first
epidemiological study suggesting an upper limit of 11 nmol/L
(FT 220 pmol/L) as the one correct for treating testosterone
deficiency syndrome (TDS) [8]. Despite the fact that in
this study the reported prevalence of hypogonadism was
low (17%), Corona et al. reported an incidence as high as
29.3% in obese men [9]. This can be explained by the fact
that EMAS investigated a relatively healthy sample of the
general population, whereas Corona assessed T levels in
outpatients presentingwith erectile dysfunction (ED). In fact,
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T substitution inmenwith such values determines significant
improvement in body composition, as reported in several
studies [10, 11]. If this may be considered the threshold T
level for the appearance of major symptoms like erectile
dysfunction or decreased sexual desire, this may not be
true for reverting body composition and mineral density
changes induced by TDS. As previously demonstrated by
other authors, the improvement in metabolic parameters
may require achievement of higher and sustained therapeutic
levels of testosterone over the time [12]. Moreover, evidence
exists suggesting that T regulates adipogenesis and therefore
increases lean bodymass and reduces fatmass thus regulating
body composition [13]. Long-term hormonal and anthropo-
metric variations during T replacement therapy (TRT) in
men with metabolic syndrome have not been investigated in
controlled studies.

Aim of this study was to evaluate the effects of TRT on
metabolic and hormonal parameters in hypogonadal men
with MS.

2. Patients and Methods

2.1. Inclusion, and Exclusion Criteria. Forty patients, aged
from 45 to 65 years, were enrolled into this prospective study.
Patients were included in the study if they were between 45
and 65 years of age, had MS and/or type 2 diabetes mellitus
(T2DM) defined by the International Diabetes Federation
[14] and total serum T level below 320 ng/dL (11 nmol/L) or
calculated free-T levels below 255 pmol/L (74 pg/mL) on two
early morning separate days (between 8:00 and 11:00 a.m.) at
least 1 week apart, and had at least two symptoms of hypog-
onadism. Patients were not included in the study in case of
the following: use of TRT or anabolic steroids or any other
hormone replacement therapy in the previous 12 months;
history of prostate or breast cancer or other tumours; drug
or alcohol abuse; blood coagulation alterations; symptomatic
obstructive sleep-apnoea syndrome; haematocrit level ≥52%
at baseline; age-adjusted elevated prostate-specific antigen
(PSA) level or abnormal digital rectal examination (DRE) of
prostate suspicious for cancer or severe symptomatic benign
prostatic hyperplasia; an International Prostate Symptom
Scale (IPSS) >13 at baseline; use of 5-𝛼-reductase inhibitors;
presence of any uncontrolled endocrine disorder including
diabetes (HbA1c ≥9); presence of New York Heart Asso-
ciation III or IV heart failure; hepatic insufficiency; severe
neurological and psychiatric disease; and patients requiring
or undergoing fertility treatment. We also excluded men
who had diseases potentially affecting the skeleton, such
as chronic renal disease or malabsorption, or were taking
medications or drugs affecting bone turnover including any
vitamin supplementation or nutraceutics or more than three
alcoholic drinks a day. All concomitant oral hypoglycemic,
anti-hypertensive, and lipid-lowering medications were per-
mitted if startedwithin the previous 12months and continued
throughout the study without dose adjustments. Subjects
were asked to maintain their usual physical exercise and
lifestyle for the duration of the study. Written informed
consent was obtained before commencement of the study

according to Protocol and Good Clinical Practice on the
conducting and monitoring of clinical studies and approved
by our University Ethical Committee.

2.2. PrimaryOutcomeMeasures. Theprimary outcomeswere
variation from baseline of themetabolic, bone, and hormonal
parameters. At baseline, every three (within the first year)
and six (in the following 4 years) months, the following
evaluations were assessed: general physical examination and
anthropometric parameters (i.e., body weight (BW), height,
BMI, and waist circumference (WC)), systolic and diastolic
blood pressure, heart rate, blood samples for biochemical and
hormonal analyses, and digital rectal examination (DRE).
Every twelve months, BMD was calculated by using a whole-
body dual-energy X-ray absorptiometry (DEXA-HOLOGIC
QDR-1000) according to the instructions of the manufac-
turer and standardized procedures, and the individual bone
mineral density (BMD) variation has been measured with
a T-score [15]. Calibration with the manufacturer’s spine
phantom and quality control analysis were performed daily.
The long-term precision error in vitro was 0.54% (phantom);
short-term precision error in vivo was 1.2% for the lumbar
spine and 2% for the femoral neck [16]. BMD was expressed
in grams per square centimeter (g/cm2) and result expressed
as T-score.

Fasting blood samples were tested for glucose, triglyc-
erides, high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) at the hospi-
tal’s clinical laboratories. Hormonal assessment included
serum total T (TT) and LH, as measured by chemilumines-
cent microparticle immunoassay (CMIA, Architect System)
(Abbott Laboratories, Abbott Park, IL, USA), with detec-
tion limit of 0,28M, calculated free T (according to http://
www.issam.ch/), sex hormone binding globulin (SHBG),
estradiol, prolactin, thyroid stimulating hormone (TSH),
growth hormone (GH), somatomedin-C (IGF1), insulin,
and PSA were analyzed by immunometric assay based on
chemiluminescence using an automated clinical chemistry
analyzer (Immulite 2000, Diagnostic Product Corp., Los
Angeles, CA, USA). To overcome seasonal variability, 25-
hydroxy vitamin D (25OHD; ng/mL) was measured by
chemiluminescent immunoassay always during the same
season and each subject served as an internal control (ARUP
Laboratory, Salt Lake City, UT; coefficient of variation (CV)
8.6–10.0%).HbA1cwasmeasured by high performance liquid
chromatography (Bio-RadLaboratories,Hercules, CA,USA).
To assess insulin sensitivity, we calculated the HOMA-I using
the formula [fasting insulin in mU/L × fasting glucose in
mmol/L]/22.5.

2.3. Modality of Treatment. After screening any patient for
the presence of hypogonadism, twenty of 72 patients met
the inclusion/exclusion criteria and entered into the study.
Patients received TU (TRT group) administered intramus-
cularly at a dose of 1000mg every 6 weeks for the first two
injections and then every 12 weeks, according to recom-
mendations, for a period of 60 months. Twenty patients not
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fulfilling inclusion/exclusion criteria or refusing TRT for per-
sonal reasons and preferring lifestyle changes as the primary
treatment were observed throughout the time and served as
controls. Due to severe overweight, most patients adhered to
comply with a standard hypocaloric diet and slight changes in
lifestyle that is, low/moderate walking at least three times per
week. Each patient was assigned to a personalized nutritional
program, consisting in a hypocaloric diet with a protein of
0.8–1 g/Kg of lean body weight, along with a personalized
movement program, with recommendation of at least 60
minutes/week of aerobic exercise of low/moderate intensity
(40% of maximum heart rate). Physical activity should have
been distributed in at least 3 days/week, and there must
be no more than 2 consecutive days without activity [17].
The patients were monitored for compliance with a personal
diary indicating “yes” or “no” regarding the lifestyle changes
prescriptions.

2.4. Safety. Safety parameters included DRE, PSA total and
free, hemoglobin, hematocrit, liver, and kidney functions
were monitored every three (within the first year) and six
(in the following 4 years) months, respectively, according to
previously published procedures [18].

Patients with the following clinical laboratory parameters
were withdrawn either at the baseline or during the course of
study: if hematocrits levels were >52%; PSA level increased
>1.0 ng/mL above the baseline PSA if baseline PSA was
<2.0 ng/mL; PSA levels increase >50% of the baseline PSA if
baseline PSA was >2.0 ng/mL.

2.5. Statistical Analyses. Data were analyzed using 𝑡-tests (for
single between-group comparisons), analysis of covariance
(for between-group comparisons at specific time points,
using baseline score as a covariate), and a mixed linear
regression model on repeated measures data (for between-
group comparisons across all time points) to analyze data for
an Intent-to-Treat Group (including all subjects enrolled and
treated in this trial with values imputed for their Last Obser-
vation Carried Forward (LOCF) for any subjects who did not
complete the trial) and a Completer’s Group (including only
data from subjects who completed the trial per protocol).
Data were expressed as means ± standard deviation when
normally distributed, and as median (quartiles) when non-
parametric. A 𝑃 value < 0.05 was taken as statistically signif-
icant. Statistical analysis was performed using the computer
statistical package SPSS 11.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Metabolic and Hormonal Parameters. Demographic
characteristics of the patients at baseline are shown in Table 1.

All patients included were hypogonadal because of
metabolic disturbances, that is, metabolic syndrome and/or
diabetes, and none had primary/secondary hypogonadism
with alteration of gonadotropins (data not shown). As
expected, at the end of the study, the values of TTwere higher
in the TRT compared to the control group (+9.1±1.7 nmol/L,

Table 1: Demographic characteristics of patients at baseline.

Control (𝑛 = 20) Treatment (𝑛 = 20)
Age (years) 57 ± 8 58 ± 10

BMI (kg/m2) 31 ± 6 31 ± 5

Only metabolic syndrome
(𝑛/%) 14 (70%) 14 (70%)

MetS + type 2 diabetes
(𝑛/%) 6 (30%) 6 (30%)

Smokers (𝑛/%) 4 (20%) 4 (20%)
Treatments

None (𝑛/%) 8 (40%) 6 (30%)
Metformin (𝑛/%) 8 (40%) 8 (40%)
Antihypertensives
(𝑛/%) 12 (60%) 8 (40%)

Statins (𝑛/%) 4 (20%) 5 (25%)
Fibrates (𝑛/%) 0 (0%) 2 (10%)
Other (𝑛/%) 4 (20%) 5 (25%)

𝑃 < 0.0001) while estradiol levels showed a trend to increase
(Table 2).

At LOCF, only TRT group showed a significant reduction
of BMI (−2.9 ± 1.4, 𝑃 < 0.0001); also, WC (−9.6 ± 3.8 cm,
𝑃 < 0.0001; Figure 1(a)) and body weight (−15 ± 2.8Kg, 𝑃 <
0.0001; Figure 1(b)) significantly decreased in all men (100%)
treated with TU compared with controls, who displayed a
trend to increase both parameters over the time. This was
mainly due to major compliance of TRT group towards diet
and physical exercise compared with controls (90% versus
10% of overall patients, 𝑃 < 0.0001, data not shown). There
was a significant reduction of blood glucose as evaluated by
mean HbA1c levels during the 60 months study follow-up
period (−1.6 ± 0.5%, 𝑃 < 0.001; Figure 1(c)) for the TRT
group only.

In this latter group, significant reduction in insulin
sensitivity as evaluated by HOMA-i (−2.8 ± 0.6, 𝑃 < 0.0001)
and lipid profile (total/HDL-cholesterol: −2.9 ± 1.5, 𝑃 <
0.0001; and Triglycerides: −41 ± 25, 𝑃 < 0.0001) was found.
Also only TRT group showed a significant reduction in both
systolic (−23 ± 10mmHg, 𝑃 < 0.0001; Figure 2(a)) and
diastolic (−16 ± 8mmHg, 𝑃 < 0.001; Figure 2(b)) blood
pressure, heart rate (−15 ± 5 bpm, 𝑃 < 0.001; Table 2) and
a significant increment in neck and lumbar 𝑇-scores (+0.5 ±
0.15 gr/cm3,𝑃 < 0.0001; +0.7±0.8 gr/cm3,𝑃 < 0.0001, resp.).

Interestingly, serum vitamin D (+14.0 ± 1.3 ng/mL, 𝑃 <
0.01), TSH (−0.9 ± 0.3mUI/mL, 𝑃 < 0.01), GH (+0.74 ± 0.2,
𝑃 < 0.0001), and IGF1 (+105 ± 11, 𝑃 < 0.01) levels changed
in TRT group only (Table 2).

3.2. Safety. A significant increase in hematocrit (+2.8±0.9%,
𝑃 < 0.001) and PSA levels (+0.37 ± 0.29 ng/mL, 𝑃 < 0.01)
within the normal reference range values was found in TRT
group only without any clinical symptom or worsening in
voiding function [19]. This increase occurred within the first
12 months of treatment and remained stable throughout the
remaining period of study (Table 2).
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Figure 1: Effects of 5-year treatment with long-acting TU on (a) waist circumference (cm), (b) body weight (Kg), and (c) glucose homeostasis
(HBA1c) in 40 hypogonadal men (T < 11 nmol/L) with metabolic syndrome (IDF). 𝑃 variations were evaluated yearly in the testosterone
treatment (TRT) versus controls (CTRL).
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Figure 2: Effects of 5-year treatment with long-acting TU on (a) systolic blood pressure (mmHg) and (b) diastolic blood pressure (mmHg)
in 40 hypogonadal men (T < 11 nmol/L) with metabolic syndrome (IDF). 𝑃 variations were evaluated yearly in the testosterone treatment
(TRT) versus controls (CTRL).

4. Discussion

This is the first long-term controlled, nonsponsored study
with T-undecanoate (TU) for a 60-month period in
hypogonadal men with MS. Anthropometric, hormonal,

and body composition parameters were investigated. Our
results clearly demonstrate that TU is able to improve
anthropometric measurements in a stepwise yearly manner,
that is, WC and total BW; not surprisingly, a significant
reduction in blood pressure and heart rate was reported
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compared to controls. Also, hormonal panel including
vitamin D, TSH, GH, and IGF1 circulating levels all
improved and these hormonal changes were not described
elsewhere in such a population. No serious adverse event
related to TU treatment was reported over the time.

Several recent studies have focused on normalizing T
levels by using TU injections in obese hypogonadal men with
TDS. Saad et al. investigated the effects of TU injection in
110 elderly men with obesity and MS and demonstrated that
age, BMI, and C-reactive protein (CRP) levels, in addition
to hypogonadism, can be used clinically to predict which
men mostly benefit from T supplementation with regard
to components of the MS [20]. Aversa et al. demonstrated
that three-years TU in middle-aged men with TDS and
MS determined a significant increase in both vertebral
and femoral BMD that was correlated with the increments
in serum T levels, probably independently from estradiol
modifications and this was mainly related to CRP reduction
[21]. In another study, Saad et al. demonstrated that TU
treatment of 255 hypogonadal men determined a weight loss
in approximately 95% of all patients, with marked changes in
body composition, that is, an increase in lean body mass and
a decrease in fat mass [22]. Yassin and Doros confirmed same
results in a registry study of 261 hypogonadal men [23]. In
all reported studies to date, T treatment consistently showed
decreased fat and increased lean body masses. Similarly,
Traish et al. reported significant changes in MS components
during TRT at physiological levels [24]. Even if obtained in
uncontrolled studies, these findings suggest that T may be a
physiological modulator of body composition due to its role
in promoting myogenesis and inhibiting adipogenesis and
its role in carbohydrate, lipid, and protein metabolism. Data
obtained in the present controlled study are confirmative of
the evidence previously reported in uncontrolled studies that
features of the MS present in elderly men must not be a
limiting factor in prescribing TU in view of its advantages
on metabolic, bone, and hormonal ameliorations as well as
on overall improvements in estimated cardiovascular disease
(CVD) risk.

T is a well-known regulator of many metabolic functions
in liver, adipose tissue, muscles, coronary arteries, and the
heart. The TC/HDL-C ratio is another important marker of
CVD risk and its modification during treatmentmay indicate
major changes in metabolic function that is, improvement in
insulin resistance and decreased ischemic heart disease risk
[25]. It is thought that it may represent a better marker than
the apoB/apoA1 ratio for identifying insulin resistance and
MS in some populations [26]. A recent study demonstrated
that patients with peripheral artery disease treated with
atorvastatin showed improvement in endothelial function
and this was associated with decreased TC/HDL-C ratio,
suggesting that this ratio may be related to endothelial
damage [27]. The improvement of endothelial function may
be the basis for the reduction of blood pressure and heart rate
found in the present study. In fact, in previous report fromour
group we demonstrated that one-year TU is able to improve
arterial stiffness and endothelial function in morbidly obese
men (unpublished data), thus confirming that a sustained
and advantageous effect of TRT on cardiovascular function

is present in men with MS, thus leading to reduced CV
risk throughout the time. The present data confirm, in a
controlled study, that long-term TU reduces the risk of CVD
in men with MS as previously described in observational
studies [28].

Morbidly obese patients have been reported to often
present with vitamin D insufficiency and secondary hyper-
parathyroidism. In obese women who undergo weight loss
therapy, an abnormal vitamin D metabolism is still reported
after 5-year follow-up [29]; similarly, bariatric surgery does
not completely revert preexisting vitamin D deficient states
and secondary hyperparathyroidism [30]. The reduction in
WC and BW during weight loss program appear to be a
commonfinding in the obese population following controlled
weight loss programs; however, in our obese hypogonadal
male patients (with MS), the finding of persistent and
sustained yearly weight loss over the time was very sur-
prising when compared with control group in whom no
modification occurred despite the fact that slight lifestyle
changes were recommended to both groups. Hagenfeldt et
al. firstly described the improvement in vitamin D plasma
levels after TRT in a small group of men with Klinefelter’s
syndrome through a possible, indirect action of increased
estradiol circulating levels due to aromatization [31]. Other
authors have speculated that, in normal conditions, Leydig
cell may contribute to the 25-hydroxylation of vitamin D
through the CYP2R1 enzyme that catalyzes the hydroxylation
of cholecalciferol to 25-hydroxyvitamin D [32]. This enzyme
is in turn regulated by insulin-like 3 (INSL3), which has
also a role in osteoblast function, through an LH-T related
mechanism. Testicular dysfunction determines reduced T
levels, alongwith low INSL3 and 25-hydroxyvitaminD levels,
and consequently may lead to an increased risk of osteopenia
and osteoporosis. In our patients a mild osteopenia was
present, and improvements in bone mineral density were
reported despite no modification in estradiol levels. We
speculate that the increase in vitamin D obtained by our
patientsmay be partly due toT-induced overall trunk fatmass
reduction, since in cross-sectional studies we had previously
demonstrated a close relationship between trunk fat mass,
vitamin D, osteocalcin, and testosterone levels in obese men
[1]. Also, a direct effect of testosterone on renal expression of
the l-alpha-hydroxylase gene might be possible, as androgen
receptors have been demonstrated in kidney tissue [33].

On the other hand, other hormones or regulatory factors
could mediate the effect on vitamin D indirectly. GH and
IGF-I have been reported to influence vitamin Dmetabolism
both in animals and in humans [34]. Previous studies
demonstrated that increasing serum T concentrations to
the mid-normal range with low-dose T administration for
26 weeks increases nocturnal, spontaneous, pulsatile GH
secretion, andmorning IGF-I concentrations in healthy older
men, supporting the hypothesis that age-related reductions
in T may contribute to the concurrent “somatopause” [35].
Accordingly, in the present study, the stimulatory effects
obtained after TRT on GH secretion may be interpreted
as an indirect effect due to the activation of lipolytic cas-
cade of adipocytes leading to a better insulin sensitization,
reduction of abdominal fat, and amelioration of pituitary
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function. Several reports in the literature consider obesity
as a sort of “panhypopituitarism” condition determining a
multiendocrine dysfunction. It is well established that caloric
restriction applied for a relatively short term usually is able to
increase GH release significantly in normal weight subjects
[36]; however, this release results significantly reduced in
obese subjects, who exhibit large diet-induced weight losses
[37].The recovery of the GH/IGF-I axis after weight loss sug-
gests an acquired defect, rather than a preexisting pituitary
disorder. Noteworthy, in our control group, we hypothesize
that the persistent impairment of endocrine axes, that is,
GH/IGF-I might have acted toward expansion and mainte-
nance of fat mass and have contributed to perpetuation of the
obese state.

Few studies have investigated the effects of controlled
weight loss on thyroid hormone axis in male obese subjects.
Cross-sectional studies have demonstrated that T3 and TSH
correlate positively with adiposity [38]. In a recent study,
moderate weight loss intervention resulted in a significant
decrease in circulating T3 and only a marginal decrease
in TSH and in fT4 [39]. Altogether, these observations
indicate that even a moderate weight loss intervention may
generate some perturbation in this axis. Our data obtained
in TRT group clearly show that the stepwise decrease in
fat mass, anthropometric and blood pressure parameters
throughout the time may be considered an important factor
also impacting on thyroid homeostasis. The fact that these
changes were not observed in the control group is in keeping
with the failure in achieving a correct weight (and abdominal
fat) loss.

A limitation of the study represented by the low number
of subjects investigated. We understand that it is difficult
to rely on overall changes occurring in a small cohort
of patients, but we are aware of the fact that this is a
spontaneous, unsponsored study not designed to specifically
investigate the effects of T on metabolic and hormonal
pattern; thus patients were followed up for their specific
comorbidities. Another limitation of this study was that a
limited number of plasma hormones was investigated; thus
PTH, gonadotropins, osteocalcin, and free fraction of thyroid
hormones were not measured in all patients, in part because
of financial constraints.

The marked weight loss observed in hypogonadal men
with MS replaced with TU is an important finding of the
present study and is in agreement with previous in vitro
studieswhere T regulates lineage ofmesenchymal pluripotent
cells by promoting the myogenic lineage and inhibiting
the adipogenic lineage [40]. T also inhibits triglyceride
uptake and lipoprotein lipase activity resulting in rapid
turnover of triglycerides in the subcutaneous abdominal
adipose tissue and mobilizes lipids from the visceral fat
depot [41]. Thus, T-induced changes on metabolism and
body composition might have been determined by increased
motivation, enhancement of mood, and promotion of more
energy expenditure; this in turn might be responsible of
the multiple endocrine modifications occurred on pituitary
function. The changes in vitamin D levels and hormonal
status (GH, IGF1, and TSH) are likely to be explained by the
reduction of trunk fat mass content. By contrast, in control

groups all these changes were not present despite the fact that
lifestyle changes were applied.

In conclusion, this study demonstrates that TU in hypog-
onadal men with MS has favorable effect on body composi-
tion and metabolic parameters, after five-years replacement.
The present study also provides first evidence that remarkable
reduction of blood pressure and heart rate, as well as ame-
lioration of vitamin D, GH/IGF1, and TSH plasma levels, are
also attained. This may in turn yield to different overall CVD
estimated risk and overall survival rates as well as to different
pharmacological management of T2DM, hypertension, and
dyslipidemia in men with MS and obesity.
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Erectile dysfunction (ED), metabolic syndrome (MetS), and hypogonadism are closely related, often coexisting in the aging male.
Obesity was shown to raise the risk of ED and hypogonadism, as well as other endocrinological disturbances with impact on erectile
function.We selected 179 patients referred for ED to our andrology unit, aiming to evaluate gonadotropins and estradiol interplay in
context of ED,MetS, and hypogonadism. Patientswere stratified into groups in accordancewith the presence (or not) ofMetS and/or
hypogonadism. Noticeable differences in total testosterone (TT) and free testosterone (FT) levels were found between patients with
and without MetS. Men withMetS evidenced lower TT circulating levels with an increasing number of MetS parameters, for which
hypertriglyceridemia and waist circumference strongly contributed. Regarding the hypothalamic-pituitary-gonadal axis, patients
with hypogonadism did not exhibit raised LH levels. Interestingly, among those with higher LH levels, estradiol values were also
increased. Possible explanations for this unexpected profile of estradiol may be the age-related adiposity, other estrogen-raising
pathways, or even unknownmechanisms. Estradiol is possibly amolecule with further interactions beyond the currently described.
Our results further enlighten this still unclear multidisciplinary and complex subject, raising new investigational opportunities.

1. Introduction

Erectile dysfunction (ED) is the persistent inability to attain
and/or maintain an erection of sufficient rigidity for sexual
intercourse. Its prevalence has a tendency to increase over
time [1], being expected a worldwide increase of 12.0% from
1995 to 2025 [2]. An observational study revealed that 12.9%
of Portuguese men suffer from ED, with 5.8% describing it as
moderate/severe, and that ED was most prevalent amongst
men over the age of 60 [3]. ED has been linked to metabolic
syndrome (MetS) [4], which is an assembly of cardiova-
scular (CV) and metabolic risk factors, such as visceral adi-

posity, insulin resistance/diabetes, high blood pressure, and
dyslipidemia. Although several definitions of MetS have
been devised, the one proposed by the National Cholesterol
Education Program-Adult Treatment Panel III [5] emerged
as the most widely used definition, due to its simplicity
and superiority as a predictor of secondary outcomes. Its
prevalence in Portuguesemale population is 18.7% [6], which
is superior to other European countries [7].

Aging and age-related comorbidities are strongly associ-
ated with the increased prevalence of ED [1, 8], MetS [6],
and hypogonadism [7]. All these conditions often coexist
in the same patient [9, 10], whilst hypogonadism and ED
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have been demonstrated to increase the risk of MetS [9, 11–
15], supporting the idea of a multifactorial/directional endo-
crinological imbalance that occurs in specific subsets of
ED patients. Elderly men are prone to develop late onset
hypogonadism (LOH), a condition characterized by a pro-
gressive testicular impairment associated with specific sexual
symptoms (amongst them, ED) and a deficiency of serum T
levels [16, 17]. Several studies support LOH, unveiling that T
levels decrease along aging [14, 16, 18, 19].

Obesity by itself contributes to a wide range of endocrine
disturbances, such as reduced T levels. Indeed, among ED
patients, obese men present lower T levels compared to
those observed in the elder [15]. One of the most plausible
mechanisms by which obesity contributes to T levels decline
is the adipose tissue dependent aromatization of T to estradiol
[15]. In line with these remarks, hormonal ED etiology might
not be confined to androgen deficiency, as isolated high
estradiol levels have been reported in some ED patients [8,
20].

In addition to sexual hormones disturbances, several
other endocrinological imbalances might be found in ED
patients. ED has been related with glandular anomalies,
such as hyper- and hypothyroidism [21, 22]. However, the
relationship between the latter and ED is still controversial
[21–23]. Nonetheless, it is unlikely that ED associated with
hyperthyroidism is owed to hypogonadism, as no thyroid
hormone-dependent alteration in calculated free testosterone
(FT) levels has been described [21]. Severe hyperprolactine-
mia has been also reported as a cause of ED, since it may
compromise sexual desire and inhibit T secretion [22, 24],
an outcome that is potentially reversible by treating the
underlying disorder [24].

Hypogonadism and MetS strongly increase the risk of
ED at any age and both are risk factors for CV disease
[9, 25–27]. From several studies in this area, the importance
of understanding the complex interactions between those
entities became clear, as well as the underlying modulating
factors. In this study, we describe the hormonal milieu of
a Portuguese population with ED, comparing MetS to non-
MetS groups and correlating T levels with the number of
MetS parameters. Moreover, we analyze the hypothalamic-
pituitary-gonadal (HPG) axis in ED patients with and with-
out hypogonadism, aiming to describe and evaluate nonex-
pected hormonal alterations in this axis and further uncover
the relation between these three increasingly prevalent
conditions.

2. Materials and Methods

We selected 179 Caucasian patients referred to our andrology
unit for ED between January 2008 and March 2012. All
of them gave their written informed consent and had a
complete hormone assessment available. A known history
of neurological disease, pelvic trauma, major psychiatric
disorder, hepatic failure, end-stage renal disease, or drug
abuse was an exclusion criterion. A standardized health
questionnaire covering medical anamnesis (including sex-
ual history), CV risk factors, smoking and alcohol intake

history and current medication was obtained. All patients
underwent a standardized physical examination protocol.
Anthropometric evaluation, including weight, height, and
waist circumference (WC), was acquired by the same tech-
nician with the subjects in light clothing and barefoot. Blood
pressure was measured in the right arm using an automatic
manometer (DINAMAP Procare 300, GE, UK) in the sit-
ting position after a 10-minute rest period. Blood analysis
was performed using samples of venous blood collected
between 8:00 and 10:00 a.m., after a 12-hour overnight fasting
period.

The following measurements were made by routine lab-
oratory methods: triglycerides (Trig), high-density lipopro-
tein cholesterol (HDL), low-density lipoprotein cholesterol
(LDL), total cholesterol, serum glucose, and albumin. Total
testosterone (TT), sex hormone-binding globulin (SHBG),
estradiol, prolactin, follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and insulin were determined by
chemiluminescencewith a commercially available kit (Cobas;
Roche Diagnosis GmbH, Manheim, Germany). Triiodothy-
ronine (T3), thyroxine (T4), and thyroid-stimulating hor-
mone (TSH) were determined by chemiluminescence with
a commercially available kit (Abbott Diagnostics Division,
Princeton, NJ, USA). Free testosterone was calculated using
the Free and Bioavailable Testosterone calculator, developed at
theHormonologyDepartment, UniversityHospital of Ghent,
Belgium (http://www.issam.ch/freetesto.htm).The electronic
process of each patient and available digitalized records
were also consulted. Body mass index (BMI) was calculated
based on weight in kilograms and height in meters (kg/m2).
Participants were considered obese if BMI was ≥30 kg/m2.
The presence of three ormore of the following criteria defined
MetS, according to NCEP-ATPIII (2002): central obesity
(WC >102 cm), hypertriglyceridemia (Trig ≥150mg/dL or
treatment), low HDL cholesterol (<40mg/dL or treatment),
hypertension (HT, blood pressure ≥130/85mmHg or treat-
ment), and fasting serum glucose ≥110mg/dL [5]. Hypogo-
nadismwas defined as TTbelow 3.50 ng/mL (11.10 nmol/L) or
calculated FTbelow 0.072 ng/mL [28].We considered normal
LH levels between the normal range of 1.70 to 8.60 mUI/mL.
Hypothyroidism was defined as TSH levels >4.94 𝜇U/mL
and T4 levels in the normal range or <0.70 ng/dL. Hyper-
thyroidism was defined as TSH levels <0.35 𝜇U/mL, T3
levels >3.71 pg/mL, and T4 levels >1.48 ng/dL. Hypo- and
hyperinsulinemia were considered at insulin levels inferior to
2.60 𝜇U/mL and superior to 24.90𝜇U/mL, respectively.

2.1. Statistical Analysis. Absolute and relative frequencies
were used to describe categorical variables as well as median
and percentiles 25 and 75 were applied in the description of
continuous variables.Chi-square andKruskal-Wallis tests were used to evaluate
the differences between the subgroups with and without
MetS, respectively, for categorical and continuous variables.
We considered the differences statisticaly significant when
𝑃 < 0.050.

All data analyses were performed using STATA software,
version 9.2.
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Table 1: Population characteristics.

All participants
(𝑛 = 151)

Participants according to MetS status

𝑃

∗
Participants
with MetS
(𝑛 = 74)

Participants
without MetS

(𝑛 = 77)
Age (years), median (P25–P75) 56.0 (50.0–62.0) 56.0 (52.0–62.0) 58.0 (48.0–62.0) 0.790
Weight (kg), median (P25–P75) 80.0 (72.0–86.0) 82.0 (77.0–94.0) 75.0 (68.9–83.5) <0.001
Height (cm), median (P25–P75) 179.0 (164.0–173.0) 170.0 (163.0–173.0) 169.0 (164.0–173.0) 0.799
BMI (kg/m2), median (P25–P75) 27.9 (25.2–30.5) 29.7 (27.7–31.4) 26.3 (24.4–28.3) <0.001
Waist circumference (cm), median
(P25–P75) 104.0 (97.0–111.0) 107.7 (103.0–113.5) 99.5 (95.0–106.0) <0.001

Hormonal panel
Total testosterone (ng/mL),
median (P25–P75) 4.5 (3.5–5.6) 4.0 (3.2–5.0) 5.1 (4.1–5.9) 0.001

Free calculated testosterone (ng/mL),
median (P25–P75) 0.102 (0.074–0.156) 0.122 (0.074–0.653) 0.093 (0.075–0.113) <0.001

SHBG (nmol/L), median (P25–P75) 35.8 (27.3–48.6) 33.6 (23.8–41.6) 40.2 (31.4–55.0) 0.003
LH (mUI/mL), median (P25–P75) 4.0 (2.7–5.9) 4.1 (3.1–7.6) 3.7 (2.6–5.4) 0.062
Estradiol (pg/mL), median (P25–P75) 28.5 (22.0–37.8) 26.0 (21.0–35.4) 31.0 (23.2–40.0) 0.164
FSH (mUI/mL), median (P25–P75) 5.0 (3.7–7.3) 5.1 (3.7–8.1) 4.6 (3.5–6.1) 0.164
TSH (𝜇U/mL), median (P25–P75) 1.3 (1.0–1.8) 1.3 (0.9–1.8) 1.3 (1.0–1.7) 0.634
T3 (pg/mL), median (P25–P75) 3.0 (2.8–3.3) 3.0 (2.8–3.3) 3.0 (2.7–3.3) 0.404
T4 (ng/dL), median (P25–P75) 1.0 (0.9–1.1) 1.1 (1.0–1.2) 1.0 (0.9–1.1) 0.040
Comorbidities
Hypogonadism, 𝑛 (%) 35.0 (23.2) 17 (23.0) 18.0 (23.4) 0.953
Hypothyroidism, 𝑛 (%) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) —
Hyperthyroidism, 𝑛 (%) 1.0 (0.6) 0.0 (0.0) 0.0 (0.0) —
Hyperprolactinemia, 𝑛 (%) 183 (8.2) — — —
Alcohol intake, 𝑛 (%)

Absent 70.0 (61.9) 25.0 (67.6) 45.0 (59.2)
0.541Frequent 41.0 (36.3) 12.0 (32.4) 29.0 (38.2)

Former intake 2.0 (1.8) — 2.0 (2.6)
Smoking status, 𝑛 (%)

Never smoked 55.0 (36.7) 25.0 (33.8) 30.0 (39.5)
0.001Smoker 32.0 (21.3) 9.0 (12.2) 23.0 (30.3)

Former intake 63.0 (42.0) 40.0 (54.0) 23 (30.3)
∗Participants with MetS versus participants without MetS.
Data are expressed as the 25th percentile–the 75th percentile (P25–P75).
Metabolic syndrome (MetS), bodymass index (BMI), Sex-hormone-binding globulin (SHBG), luteinizing hormone (LH), follicle-stimulating hormone (FSH),
thyroid-stimulating hormone (TSH), free triiodothyronine (T3), and free thyroxine (T4).

3. Results

From the 179 patients who were engaged in this study, 28
subjects were excluded due to insufficient data. The remai-
ning 151 subjects had a median age, BMI, and WC, respec-
tively, 56 years (P25–P75: 50–62), 27.9 kg/m2 (25.2–30.5), and
104.0 cm (97.0–111.0). Current or past alcohol consumption
was absent in the majority of patients (61.9%), having only
36.8% reported a current frequent intake (until 37 gr of
alcohol per day) and 1.8% history of past intake. Smoking
habits were majorly absent (36.7%) or in the past (42.0%),

having only 21.3% reported being active smokers. Further
population characteristics are contemplated in Table 1.

Concerning the hormonal profile, the median TT, FT,
SHBG, LH, and estradiol levels were 4.5 ng/mL (P25–P75:
3.5–5.6), 0.102 ng/mL (0.074–0.156), 35.8 nmol/L (27.3–48.6),
4.0 ng/mL (2.7–5.9), and 28.5 ng/mL (22.0–37.8), respectively.
Levels of FSH, TSH, T3, and T4 were also measured and are
described in Table 1. Hypothyroidism was not present in any
of the patients, whereas hyperthyroidism was present in one.
Hyperprolactinemia was present in 15 patients (8.2%) and
hyperinsulinemia in 5 (7.4%).
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Figure 1: Box-plot representation showing a statistical significant
decrease of the total testosterone levels (vertical axis) with the
increase of the metabolic syndrome (MetS) parameters (horizontal
axis) (𝑃 < 0.001).

MetS, according to NCEP-ATPIII criteria, was present in
49% of our patients. These patients evidenced significantly
higher calculated FT levels of 0.1225 ng/mL (0.0738–0.6530),
when compared to patients without MetS (𝑃 < 0.001). Conv-
ersely, patients without MetS evidenced median TT of
5.1 ng/mL (4.1–5.9) and median SHBG of 40.2 nmol/L (31.4–
55.0), which were significantly higher in comparison to those
with MetS (𝑃 = 0.001 and 𝑃 = 0.003, resp.). Comparison
measurements are further described in Table 1.

Age, TSH, FSH, and estradiol levels presented no signifi-
cant differences between patients with or without MetS (𝑃 =
0.790, 𝑃 = 0.634, 𝑃 = 0.164, 𝑃 = 0.164, resp.). No differences
were observed in median LH levels between patients with or
without MetS (𝑃 = 0.062).

The relationship between hypogonadism and MetS was
also evaluated. Hypogonadism was present in 23.2% of the
patients, and no differences in its frequency were found
between patients with and without MetS (𝑃 = 0.953). How-
ever, TT levels were decreased consistently with the increase
of the number of parameters of MetS (𝑃 < 0.001) (Figure 1).
Moreover, multivariate regression analysis demonstrated that
within MetS, WC (𝑃 = 0.017) and hypertriglyceridemia
(𝑃 = 0.050) were independently associated with a decrease in
serum T levels. In spite of such observations, the presence of
MetS did seemnot to influenceTT andFT levels amongst pat-
ients with hypogonadism. Multivariate regression analysis
also demonstrated that the MetS is a determinant indepen-
dent of lower TT levels independent of the other model
variables such as age, alcohol consumption, and smoking
habits (beta coefficient:−0.70; 95% confidence interval:−1.29,
−0.10).

The relationship between MetS with LH levels was evalu-
ated and is presented in Table 2. LH levels werewithin normal
range or decreased in 136 patients, regardless of the presence
ofMetS.Moreover, amongst patients with hypogonadism, LH
levels did not vary with the MetS presence (𝑃 = 0.844).

On the other hand, as shown in Figure 2, estradiol lev-
els varied in patients with hypogonadism, which was related

Table 2: Hypothalamic-pituitary-gonadal axis response to
metabolic syndrome (MetS).

Participants
with MetS 𝑃

∗
Participants
without MetS 𝑃

∗

Without hypogonadism
Raised LH levels, 𝑛 (%)

Yes 6.0 (10.7) 0.903 3.0 (5.2) 0.909
No 50.0 (89.3) 55 (94.8)

With hypogonadism
Raised LH levels, 𝑛 (%)

Yes 2.0 (11.8) 0.903 1.0 (5.9) 0.909
No 15.0 (88.2) 16.0 (94.1)

∗Participants with raised LH levels versus participants without raised LH
levels.
LH levels were considered normal from 1.7 to 8.6mUI/mL. Hypothalamic-
pituitary-gonadal (HPG) axis was considered to be disrupted when the LH
levels were not raised in individuals with hypogonadism.
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Figure 2: Box-plot representation showing a statistical significant
increase of the estradiol levels (vertical axis) with the increase of the
luteinizing hormone levels (LH) (horizontal axis) (𝑃 = 0.033).

to dissimilarities in LH levels (𝑃 = 0.033). In these patients
with hypogonadism, we characterized the estrogen levels acc-
ording to the axis response (low or normal LH levels versus
raised LH levels). Indeed, while estradiol levels increased, LH
levels were raised (normally functioning axis) and dropped
while the LH levels were normal or low.

4. Discussion

Hypogonadism and MetS are strongly associated [12, 13, 16],
having even been demonstrated that with the increasing
number of MetS parameters there is a proportional raise
in the incidence of hypogonadism [29]. Although hypogo-
nadism was present in 23.2% of our patients, no noticeable
differences were observed among thosewith orwithoutMetS.

In the recent years, several studies unveiled that the
increasing number of MetS components is inversely associ-
ated with T levels [12, 13, 27, 30]. Accordingly, our population
with hypogonadism and MetS showed a decrease in T
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levels with the increase in the number of MetS parameters.
Thus, although the presence of MetS did not prove to be a
significant determinant of hypogonadism, as it did not lead to
a decline in T levels, inMetS patients with already established
hypogonadism, the increasing number of MetS features was
associated with further decline in T.

In the setting of MetS, hypertriglyceridemia and incre-
ased WC have been reported as the most important deter-
minants of hypogonadism [10, 16]. Accordingly, in patients
with MetS, these two features revealed the major influence
on decreasing T levels, with the former being the strongest
independent conditioning factor. In fact, recent literature
consistently associates obesity not only with higher risk of
hypogonadism [4, 6, 27] but also with lower T levels [8].
Visceral adiposity has been particularly related with reduc-
tion of T and SHBG levels (independent of other metabolic
disorders) [15, 27]. In this study, WC was one of the MetS
parameters with the greatest influence in T levels decrease,
presenting itself as a strong risk factor for hypogonadism
development. Furthermore, the metabolic and hormonal
profile of our population is not only consistent with ED
presence but also reinforces the usefulness of MetS screening
for ED and CV disease prevention [9, 25–27].

Aiming to establish further relations amongst the conditi-
ons described above, several authors observed that the MetS-
related T decline was not accompanied by an increase in
pituitary LH levels, suggesting impairment in gonadotropin
secretion [27]. The term mixed hypoandrogenism (primary
and secondary) was proposed for this phenomenon [9, 31].
Themolecules behind this smoothing compensatory effect of
GnRH/LH are still unknown, but estrogens and insulin, as
well as leptin, TNF-𝛼, and other adipokines, were proposed
candidates [15, 27]. An alternative etiopathogenic explanation
for this phenomenon proposes that fat stores undertake
an increase aromatization of androgens, therefore raising
estrogen levels [9, 15], which in turn decrease LH secretion
[9]. Hence, aging being associatedwith an increase in adipose
tissue accretion, a link between age and hypogonadism was
established [32]. However, in opposition to mixed hypoan-
drogenism definition, our MetS patients did not evidence
changes in themedian LH levels compared to non-MetS ones.
This was also true when only the patients with hypogonadism
were considered, suggesting that other factors than MetS
and obesity, such as age or any of the molecules described
above, might have a stronger influence on the HPG axis. It is
likely that the underlying ED, a common feature of all of our
patients, might play a multi-factorial masking role. Although
possible unforeseen confounders might also be influencing
this relation, the greatest effortsweremade in order to exclude
patients with known underlying pathologies or comorbidities
that could influence the hormonal results.

Theoretically, our data contradicts the concept that estra-
diol exerts a negative feedback on hypothalamicGnRH secre-
tion [28], as it would not be expected to find raised estradiol
levels concomitant with raised LH levels. We hypothesize
that, in our group of patients with MetS that did not present
estrogenic HPG axis-attenuation effect, obesity is playing an
important role in the estradiol levels increase. Nevertheless,
we have just a few patients without an estrogenic HPG

axis-attenuation effect and, amongst them, there were not
enoughMetS cases to accurately test this hypothesis in aMetS
setting. On the other hand, when considering data from pati-
ents with an estrogenic HPG axis-attenuation effect but
without MetS, possible explanations may imply additional
molecules, age-related fat deposits, or other estrogen-raising
mechanisms. However, even in this setting, the absence of
estradiol effect on LH secretion is still puzzling. Thus, taking
into account that high estradiol levels have already been
described as the only abnormality in a subset of patients with
ED, the hypothesis that the later might not only be caused by
androgen deficiency is becoming increasingly evident [8, 20].
Furthermore, it has been reported that the chronic exposure
to phosphodiesterase type 5 inhibitors (PDE5i), widely used
for the treatment of ED, may influence serum estradiol levels
[33, 34]. Even though we did not evaluate the influence of
PDE5i on the hormonal axis, we cannot exclude the role
these drugs might have in the serum T : estradiol ratio of our
patients.

When expanding this analysis for a broader endocrino-
logical spectrum, one must consider that even though a very
limited number of cases of dysthyroidism were found in our
population, thyroid disorders (specially hyperthyroidism)
have been related to ED and hypogonadism, and so must be
considered in a sexual-dysfunction setting [21, 22]. It is clear
from the current literature that collecting a more thorough
hormonal panel might be a wise approach to further uncover
hormonal relations.

Our study has several limitations, one being its retrospec-
tive design. It is possible that some confounders have not
been traced, therefore influencing the results. Nevertheless,
a thorough analysis of the patients was made in order to exc-
lude underlying pathologies or comorbidities that could alter
the results. Moreover, the sample size was sometimes a limi-
ting factor to test some hypothesis.

We concluded that in ED patients with hypogonadism
and MetS, the attenuated response of HPG axis (normal
or low LH levels) might not always be due to an underly-
ing adiposity-dependent estrogen-raising effect. The lower
estradiol levels observed in this peculiar group of patients
suggest that they may be influenced by mechanisms that are
not yet unveiled. Similarly, the increased estradiol levels in
patients with hypogonadism and a normally responsive HPG
axis (raised LH levels), mainly when MetS is not present,
remain to be elucidated. In addition, the basis for estradiol
negative feedback mechanism on the hypothalamic GnRH
secretion and consequently on the HPG axis should be
further investigated to clarify the concomitant increase of LH
and estradiol. In themeantime, our findings indicate that ED,
aging, and estradiol might have a stronger connection than
what is currently described in the literature.

Overall, this study underlines the importance of the
collection of a full hormonal panel in ED men, as well as
a detailed clinical history, to exclude the presence of other
hormonal disturbances than hypogonadism and MetS. Our
results yield further insights into this still unclear multi-
disciplinary and complex subject and raise new research
opportunities on alternative factors mediating the relation-
ship between ED, hypogonadism, and MetS.
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Osteocalcin (OSCA) seems to act as a negative regulator of energy metabolism and insulin sensitivity. Evidence frommale rodents
suggests that OSCA may also regulate testosterone (T) synthesis. Using a cross-sectional design, we evaluated OSCA, 25(OH)
vitamin D, T, 17𝛽-estradiol (E2), homeostasis model assessment of insulin resistance (HOMA-IR), and body composition in 86
obese (mean BMI = 34)male subjects (18–69 yr old). Independently fromBMI, an inverse relationship between trunk fat percentage
and plasma T (𝑟2 = −0.26, 𝑃 < 0.01) and between HOMA-IR and OSCA levels (𝑟2 = −0.22, 𝑃 < 0.005) was found. OSCA levels,
as well as vitamin D, decreased significantly for higher BMI with significant differences above 35 (𝑃 < 0.01). A direct correlation
between T and bone mineral density at lumbar (BMDL) and neck (BMDH) (𝑃 < 0.001, 𝑟2 = −0.20; 𝑃 < 0.001, 𝑟2 = −0.24) was
found, independently from age. An inverse correlation between E2 levels, BMDL, and BMDH (𝑃 < 0.001, 𝑟2 = −0.20; 𝑃 < 0.001,
𝑟

2

= −0.19) was observed. These data provide new evidences that a relationship between trunk fat mass, insulin sensitivity, OSCA
and T synthesis occurs. This new relationship with skeletal health has relevant implications for the aging male, suggesting OSCA
as a novel marker of metabolic and gonadal health status.

1. Introduction

Emerging data suggest that bone mass, energy metabolism,
and reproduction may be coordinately regulated. It is now
accepted that bone is an endocrine organ favouring whole-
body glucose homeostasis and energy expenditure. These
functions of bone are, at least in part, mediated by an
osteoblast-specific secreted molecule, osteocalcin (OSCA),
that, when uncarboxylated (ucOSCA), acts as a hormone
favouring 𝛽 cell proliferation, insulin secretion and sensitiv-
ity, and energy expenditure. Also, the recent study by Oury et
al. reveals that, in rodents, the bone is a positive regulator of
male fertility, and that this action may be mediated through
OSCA, via binding to a specific receptor present on Leydig
cells that favours testosterone (T) biosynthesis [1]. OSCA-
deficient mice show a decrease in testicular, epididymal, and

seminal vesicles weights and sperm count, and Leydig cell
maturation appears to be halted in absence of OSCA. Those
results, along with others previously published, support the
hypothesis that regulations of bone remodelling, energy
metabolism, and reproduction are linked [2, 3].

Ageing decreases circulating levels of sex steroid hor-
mones in men [4, 5], and it is associated with visceral fat
accumulation at the abdominal level. Male obesity might
be associated with a reduction of T levels, as well as with
sexual disturbances [6]. At present, the effects of raising T
levels on bonemineral density (BMD) inmenwithmetabolic
syndrome (central obesity) have been investigated by our
group demonstrating that a 5%/year increase in bonemineral
density occurs in this population. However, in that previous
study, OSCA levels were not evaluated [7].
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Thus, the aim of the present study was to evaluate the
potential relationship between circulating levels ofOSCA and
T with adipose tissue and BMD in obese men.

2. Materials and Methods

2.1. Subjects. A cross-sectional study was made in 86 con-
secutive outclinic male adult subjects. Physical examination
and routine biochemistry were performed to exclude signif-
icant diseases. Some of the obese subjects had an impaired
glucose tolerance test (according to WHO criteria), but none
was overtly diabetic [8]. Some had moderate hypertension.
None of the subjects had modified prior medications and
body weight over six months or reported excessive alcohol
consumption before clinical investigation. Smokers were
not considered as a separate group. Exclusion criteria were
chronic medical conditions, vitamin D supplementation, or
the use of medications affecting bone metabolism, hormonal
and nutritional status, recent weight loss, and prior bariatric
surgery interventions. All subjects provided informed con-
sent before taking part in the study, and the local ethical
committee approved the research protocol.

2.2. Study Protocol. Body mass index (BMI) was calcu-
lated dividing weight (kilograms) by the square of length
(meters). Blood samples were obtained in the morning
(07.00-08.00 am) after an overnight fast. Sera were frozen
at −80∘C until analysis. All subjects underwent an oral
glucose (75 g) tolerance test, and samples were taken at 0,
30, 60, 90, 120, and 180 minutes for glucose and insulin
determinations, as well as routine assay for total and HDL
cholesterol and triglycerides. To assess insulin sensitivity,
we calculated the HOMA-IR using the formula (fasting
insulin in mU/L × fasting glucose in mmol/L)/22.5. The
hormonal evaluation included OSCA, 17𝛽-estradiol (E2), T,
25-OH vitamin D (vitamin D), parathyroid hormone (PTH),
sex hormone binding globulin (SHBG), thyroid stimulating
hormone (TSH), free T3 (fT3), free T4 (fT4), and prolactin
(PRL). Nonspecific inflammatory markers as fibrinogen and
C reactive protein (CRP) were also evaluated.

2.3. Assays. OSCA, T, E2, TSH, fT3, and fT4 were measured
with solid phase commercial RIAs (provided by Diagnostic
Products, Los Angeles, CA, and Diagnostics Systems Lab-
oratories, Inc., Webster, TX). TSH, PRL, PTH, and SHBG
levels weremeasured by immunoradiometric assay (provided
by Diagnostic Products, Diagnostics Systems Laboratories,
Inc., and Radim, Pomezia, Italy). Plasma glucose, serum total
cholesterol, HDL cholesterol, and triglycerides were mea-
sured by an automated clinical chemistry analyser (Modular
P, Roche Diagnostics GmbH, Mannheim, Germany). Insulin
and vitamin D levels were measured by radioimmunoassay
while CRP circulating levels were measured by latex aggluti-
nation.The intra- and interassay coefficients of variations for
all hormonal assays ranged between 3.4–6.2% and 3.6–8.4%,
respectively. All determinations were performed in duplicate.

2.4. Measurements. Anthropometric measurements includ-
ed weight and height; body weight was measured as the

subjects were fasting overnight andwearing underwear. Body
fat mass, fat-free mass (kg), and both lumbar and femoral
BMD were measured by dual-energy X-ray absorptiometry
(DEXA) (Hologic 4500 RDR), with coefficient of variation
of <1% for bone density and <1.5% for fat mass [9]. Amount
of trunk fat mass was distinguished from peripheral and
appendicular fat mass as a measure of abdominal adiposity.
In particular, trunk fat was defined as the adipose tissue
localized within the region below the chin, delineated by ver-
tical lines within the left and right glenoid fossae bordering
laterally to the ribs and by the oblique lines that cross the
femoral necks and converge below the pubic symphysis [10].

2.5. Statistical Analysis. Data are presented as the mean ±
SD of absolute value except for skewed variables, which
were presented asmedian (interquartile range 25–75%). Con-
tinuous variables were normally distributed (Shapiro-Wilk
test) and were analysed using Student’s 𝑡-test for paired or
unpaired data, Pearson’s 𝜒2 test, Wilcoxon’s signed-rank test,
and Spearman’s correlation analysis, as appropriate. Multiple
stepwise regression analysis was performed to determine
the associations between serum OSCA, BMD, T, and E2
concentration after adjusting for potential confounders. A
𝑃 value <0.05 ± SD was considered statistically significant.
Statistical analysis was performed using the computer statis-
tical package SPSS/10.0 (SPSS, Chicago, IL,USA) and SAS/6.4
(SAS Institute Cary, NC, USA).

3. Results

Baseline characteristics of the study population are shown
in Table 1. Eighty-six adult men (mean age 45 yrs) were
subdivided, according to their BMI, into overweight (BMI <
30), class-I obesity (BMI> 30≤ 35), class-II obesity (BMI> 35
≤ 40), and class-III obesity (BMI > 40). Each group showed
normal levels of total and HDL cholesterol and triglycerides
(Table 1). No significant difference in the percentage of smok-
ers and hypertensive men among the groups was present.
IncreasedHOMA index (𝑃 < 0.0001), plasmafibrinogen, and
C reactive protein (𝑃 < 0.0001) but lower levels of vitamin D
(𝑃 < 0.0001) were found (Table 1). As expected, both trunk
fat andHOMA increased for higher BMIs (𝑃 < 0.0001, resp.);
regression analysis demonstrated that trunk fat was found to
be the independent variable from BMI (Table 2).

T levels were evaluated in different BMI subgroups, and,
as expected, they were significantly lower in the higher BMI
categories (BMI > 35 ≤ 40, 𝑃 < 0.01; BMI > 40, 𝑃 <
0.001; Table 1) but independent of age. Also, T showed an
inverse relationship with trunk fat (𝑃 < 0.01, 𝑟2 = −0.26;
Figure 1(a)) but a direct relationship with OSCA (𝑃 < 0.0001,
𝑟

2

= 0.23; Figure 1(c)). Noteworthy, OSCA levels showed
the same trend to decrease in the groups with a higher BMI
(BMI 35 ≤ 40, 𝑃 < 0.01; BMI > 40, 𝑃 < 0.0001; Table 1)
showing also an inverse relationship with HOMA index (𝑃 <
0.001, 𝑟2 = −0.20; Figure 1(d)) and trunk fat (𝑃 < 0.001,
𝑟

2

= −0.17; Figure 1(b)). A direct correlation between T and
bone mineral density at lumbar (BMDL) and neck hip site
(BMDH) (𝑃 < 0.001, 𝑟2 = −0.20, 𝑃 < 0.001 Figure 2(a);



International Journal of Endocrinology 3

Table 1: Biochemical and hormonal characteristics of the patients according to different BMI. Values are expressed as means ± SD.

BMI < 30
(𝑛 = 20)

BMI 30 ≤ 35
(𝑛 = 22)

BMI 35 ≤ 40
(𝑛 = 22)

BMI > 40
(𝑛 = 22)

BMI
27 ± 1.2 32 ± 1.6

∗∗

38 ± 1.5

∗∗∗

44 ± 4

∗∗∗

∗∗

𝑃 < 0.001

∗∗∗

𝑃 < 0.0001

Mean age (yrs)
51 ± 12 42 ± 18 47 ± 10 46 ± 13 —

Total chol. (mg/dL)
195 ± 43 197 ± 42 215 ± 34 202 ± 39 —

HDL (mg/dL)
42 ± 10 42 ± 7 41 ± 6 44 ± 4 —

TGL (mg/dL)
119 ± 53 131 ± 54 126 ± 52 151 ± 58 —

Fibrinogen (mg/dL)
263 ± 81 303 ± 70 366 ± 76 402 ± 133

∗∗ ∗∗

𝑃 < 0.001

CRP (ng/mL)
3 ± 1.5 3 ± 1.8 4 ± 2.4 5.5 ± 2.1

∗∗ ∗∗

𝑃 < 0.001

HOMA
2.7 ± 1.4 4.4 ± 2.1

∗∗∗

5.7 ± 2.5

∗∗∗

6.4 ± 2.2

∗∗∗ ∗∗∗

𝑃 < 0.0001

OSCA (𝜇g/L)
25.34 ± 10.7 19 ± 10.1 16.6 ± 9.1

∗

12.5 ± 7.1

∗∗∗

∗

𝑃 < 0.01

∗∗∗

𝑃 < 0.0001

SHBG (nmol/L)
25 ± 10 24 ± 13 25 ± 10 27 ± 12 —

PTH (pg/mL)
38 ± 14 39 ± 13 39 ± 13 49 ± 14 —

Vitamin D (ng/mL)
29 ± 7 23 ± 5

∗

19 ± 8

∗∗

14 ± 9

∗∗∗

∗

𝑃 < 0.01

∗∗

𝑃 < 0.001

∗∗∗

𝑃 < 0.0001

17𝛽-E2 (pg/mL)
29 ± 11 32 ± 9 31 ± 13 35 ± 16 —

Testosterone (ng/mL)
4.4 ± 1.06 4.5 ± 1.24 3.17 ± 1.32

∗

2.69 ± 1.1

∗∗

∗

𝑃 < 0.01

∗∗

𝑃 < 0.001

Trunk fat (%)
25.5 ± 6.6 33.74 ± 6.1

∗∗∗

37.11 ± 5.2

∗∗∗

41.86 ± 7.1

∗∗∗ ∗∗∗

𝑃 < 0.0001

Table 2: (a) Regression analysis: Trunk fat is an independent variable from BMI. (b) Regression analysis: total T levels is an independent
variable from age.

(a)

Model
Coefficientsa

𝑡 Siq.Unstandardized coefficients Standardized coefficients
𝐵 Std. error Beta

1

(Constant) 25.611 5.582 4.588 0.000
OSCA 0.015 0.080 0.027 0.185 0.854
HOMA

−0.130 0.297 −0.069 −0.437 0.665
Total T 0.492 0.499 0.147 0.985 0.330
FBN

−0.002 0.008 −0.036 −0.208 0.836
PCR

−0.329 0.332 −0.154 −0.990 0.328
Trunk Fat 0.224 0.100 0.330 2.253 0.030

aDependent variable: BMI.

(b)

Model
Coefficientsa

𝑡 Siq.Unstandardized coefficients Standardized coefficients
𝐵 Std. error Beta

1

(Constant) 71.519 15.074 4,745 0.000
OSCA

−0.098 0.216 −0.068 −0.454 0.652
HOMA

−0.441 0.802 −0.088 −0.550 0.585
Total T

−3.447 1.348 −0.387 −2.558 0.014
FBN 0.006 0.023 0.043 0.244 0.808
PCR 0.271 0.897 0.048 0.302 0.764

Trunk Fat
−0.290 0.269 −0.160 −1.078 0.288

aDependent variable: Age.
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Figure 1: Correlation between (a) total testosterone (total T) and trunk fat (TF) (𝑃 < 0.01, 𝑟2 = −0.26), (b) osteocalcin (OSCA) and TF
(𝑃 < 0.001, 𝑟2 = −0.17), (c) OSCA and Total T (𝑃 < 0.0001, 𝑟2 = 0.23), (d) OSCA and HOMA (𝑃 < 0.001, 𝑟2 = −0.20).

𝑟

2

= −0.24, Figure 2(c), respectively) was found; regression
analysis showed that T levels were independent from age
(Table 2(b)). On the contrary, an inverse correlation between
17𝛽-estradiol (E2) serum levels and BMDL and BMDH (𝑃 <
0.001, 𝑟2 = −0.20, 𝑃 < 0.001 Figure 2(b); 𝑟2 = −0.19,
Figure 2(d), respectively) was observed.

4. Discussion

As far as we are aware, this is the first study that demonstrates
a relationship between metabolic, bone, and testicular func-
tions in humans. In particular, our retrospective analysis car-
ried out in a series of overweight and obese outclinic patients
shows that OSCA, a product protein produced by osteoblasts
[11], involved in multiple regulatory pathways, might play a
pivotal role in the regulation of glucose metabolism, energy
expenditure, and testosterone synthesis in humans. Trunk-fat
mass influences cardiovascular diseases because of its impact
on glucose and lipid metabolism [12, 13].

Elevated OSCA levels have been associated with
improved glucose tolerance and with increased 𝛽 cell
function and insulin sensitivity [14]. Indeed, the uncar-

boxylated forms of OSCA (ucOSCA) appear to be associated
with improved glucose tolerance in healthy men [15].
Thus, the balance between cOSCA and ucOSCA seems
to be a key factor in this paradigm. Alfadda et al. [16]
found a relationship between OSCA and lipid indices in
patients with T2DM, and both OSCA and ucOSCA were
significantly lower in patients with metabolic syndrome
(MetS) compared to those without MetS, independently of
BMI. In patients with MetS, ucOSCA was significantly and
positively correlated with HDL cholesterol, while OSCA
was significantly and negatively correlated with serum
triglycerides [16, 17].

In the present study, we did not investigate whether this
carboxylation plays an active role in biological actions of
OSCA. However, it is known that circulating OSCA concen-
tration is associated with parameters of glucose metabolism,
insulin sensitivity, and fat mass in humans [18]. These
observations clearly suggest a role of OSCA as a regulator of
systemic energy metabolism so that we can speculate that the
skeletonmight act as an endocrine organ by secreting OSCA,
which leads to increased insulin secretion, lowering blood
glucose, and increasing insulin sensitivity and energy expen-
diture. The endocrine interplay between insulin, osteoblast,
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Figure 2: Correlation between (a) total testosterone (total T) and lumbar bone mineral density (BMDL) (𝑃 < 0.001, 𝑟2 = −0.20), (b) 17-
𝛽-estradiol and BMDL (𝑃 < 0.001, 𝑟2 = −0.20), (c) total T and hip BMD (BMDH) (𝑃 < 0.001, 𝑟2 = −0.24), (d) 17𝛽-estradiol and BMDH
(𝑃 < 0.001, 𝑟2 = −0.19).

and OSCA seems to represent a complex regulatory pathway.
In this loop, we were able to demonstrate that additional
components may be added and that OSCA may represent
a positive regulator of T production. Additionally, our data
show that our patients were vitamin D deficient according
to their BMI, and, thus, vitamin D deficiency might have
also played a role in the reduced T levels. Interestingly,
trunk fat more than BMI was an independent predictor
factor of vitamin D levels, and, furthermore, reduced T
levels resulted to be independent of age. It must be pointed
out that, as previously shown by others [16], we have not
found significant correlation between E2 levels and bone
mineral density at both lumbar and femoral sites. Indeed,
previous studies have suggested a pivotal role of estrogens
in the regulation of skeletal homeostasis in men [19, 20].
However, our data do not support a correlation between E2
levels and higher bone mineral density and are in agreement
with recent findings on the positive regulatory role of E2
in body composition and sexual function in men [21]. On
the contrary, lower levels of T significantly correlate with
lower bonemineral density in obesemale.These data strongly

indicate that androgens, more than estrogens, play a pivotal
role in the maintenance of male skeletal health.

Finally, an alteration of vitamin D levels and low OSCA
level altered insulin sensitivity strongly suggesting the exis-
tence of an important interplay between bone tissue, energy
metabolism, and gonadal status, likely for the presence of a
common pathogenic mechanism leading to the development
of metabolic and skeletal diseases.

5. Conclusions

Our data provide, for the first time, new lines of evidence of
the role of OSCA. In fact, a relationship between visceral fat
mass (not BMI), insulin sensitivity, OSCA, and testosterone
synthesis occurs in humans, which significantly correlates
with skeletal health. Furthermore, OSCA may exert different
actions on metabolic and gonadal health status, other than
the well-established function as marker of bone remodelling.
In our view, these findings have relevant implications for
the ageing male in that they clearly suggest OSCA as a
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novel marker for metabolic, skeletal, and testicular health
throughout the life.
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