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Risks and Benefits of Late Onset Hypogonadism Treatment:
An Expert Opinion
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Late-onset hypogonadism (LOH) is a syndromic condition that has a well-recognized association with sexual and reproductive
failure. LOH is frequently associated with chronic conditions including cardiovascular diseases (CVD), obesity, osteoporosis,
HIV infection, renal failure, and obstructive pulmonary diseases. Despite this evidence, in patients with these conditions, LOH
is still only rarely investigated and testosterone replacement therapy (TRT) rarely considered. In this paper, we critically reviewed
the available evidence on LOH treatment focusing on possible risks and benefits. Medical therapy of LOH should be
individualized depending on the etiology of the disease and the patient’s expectations. The fear of prostate cancer and the risk
of erythrocytosis probably represent the main limitations of TRT in aging men. However, TRT in healthy older men in near
physiological doses does not appear to incur serious adverse events, although regular monitoring of prostate-specific antigen and
hematocrit levels is required. Available evidence also suggests that TRT might ameliorate central obesity and glycometabolic
control in patients with metabolic syndrome and type 2 diabetes. In addition, TRT has been associated with an increase in bone
mineral density in men with osteoporosis, with an improvement in lean body mass in subjects with human immunodeficiency
virus infection or chronic obstructive pulmonary disease, as well as with peripheral oxygenation in patients with chronic kidney
diseases. Despite this evidence, however, it should be recognized that the results of these trials were heterogeneous and limited

by small sample sizes. Hence, further research is required regarding the long-term benefits and adverse effects of TRT in LOH.
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TESTIS PHYSIOLOGY docrine function, that is, the secretion of sex steroids from
the Leydig cells (steroidogenesis) - testosterone (T) being

The testis, the male gonad, has essentially a double the main product.' There is much evidence suggesting that
function: 1) an excretory one, that is, the production of the testicles produce other non-steroidal hormones, such
sperm cells (spermatogenesis) - which depends on the in- as insulin-like 3 (INSL-3)," but little is known about their
tact functioning of the seminiferous tubules - and 2) an en- physiological role. Spermatogenesis and steroidogenesis
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are not independent phenomena. Spermatogenesis is a
highly complex process, involving subtle and continuous
interactions between paracrine and autocrine regulators -
among which T is the most important - and pitui-
tary-derived hormones (gonadotropins: follicle-stimulat-
ing hormone [FSH] and luteinizing hormone [LH]). LH and
FSH secretion from the anterior pituitary is finely regulated
by inhibitory influences coming from the testis itself (sex
steroids and inhibin B) and stimulated by the secretion in
the portal vessels of the pituitary stalk of a decapeptide, go-
nadotropin-releasing hormone (GnRH), synthesized in
the arcuate nucleus of the hypothalamus.'? The pulsatile
secretion in the stalk vessels of GnRH is negatively con-
trolled by the activity of other hypothalamic neurons, in-
cluding corticotrophin-releasing hormone and /4 endor-
phin, and stimulated by Kiss-1 neurons, though the activa-
tion of the specific Kiss-1 receptor, G protein-coupled re-

1,2 . . . .
“ Infusion of Kiss-1 in humans stimulates

ceptor-54.
GnRH secretion from the hypothalamus, leading to an in-
crease in LH and FSH secretion and a corresponding rise
inT."?

Production of T by the human fetal testis begins at ap-
proximately 8 weeks of gestation and peaks between 11
and 14 weeks of gestation."” During the first year of life,
plasma T concentrations decrease with time. Thereafter,
testicular T secretion remains very low during childhood
until puberty, when production of both adrenal and tes-
ticular androgens markedly increases, leading to an-
drogen-dependent changes such as deepening of the
voice, growth of pubic hair, and an increase in muscle
bulk."” In the adult male, sex steroids, and in particular T
and its active metabolite 5 @ -dihydro-T (DHT), have nu-
merous biological functions that are essentially devoted to
stimulating or maintaining male characteristics and
behaviors."? The testes are the major source of circulating
androgens and T is the principal androgen secreted.
Besides T, the testes also secrete small amounts of other
sex steroids including androstenedione, DHT, and
estradiol. T plasma levels are relatively constant and sus-
tained (high nanomolar range) because of a continuous
testicular production. This relatively continuous T pro-
duction is an essential condition for species perpetuation,
allowing the male to be always ready to take advantage of
sexual (and therefore reproductive) opportunities. In nor-
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mal men, approximately 2% of circulating T is free or un-
bound, whereas the rest is either tightly bound to sex hor-
mone binding globulin (SHBG) or loosely bound to
albumin. Circulating SHBG (and thereby total T) is de-
creased by androgens and glucocorticoids or increased by
estrogens and thyroxine.'” Other determinants of circulat-
ing SHBG levels are up-regulation by acute or chronic liv-
er disease and androgen deficiency and down-regulation
by obesity, insulin, and growth hormone deficiency.'”
There is debate concerning which components of circulat-
ing T are capable of exerting a bioactive role. Free T (FT) is
mostly considered the biologically active form of this hor-
mone and, thus, the FT level is a better representation of
the true T status."”” However, some clinicians believe that
bioavailable T (T loosely bound to albumin +FT) is a better
reflection of the true level of the active hormone than the
level of FT alone."” Although circulating T levels are rela-
tively stable, small diurnal and seasonal fluctuations can
be observed.” For example, T plasma levels peak early in
the morning and in summer. At least in younger men, early
morning values are, on average, 30% higher than the
trough levels later in the day. Seasonal fluctuation in T has
also been documented and related to changes in air tem-
perature via variation in hypophysial LH production.’
Although in modern societies air-conditioning, artificial
lighting, and warm clothing attenuates abrupt seasonal
changes, seasonal variation in the number of births has
still been documented with a maximum during spring,”
which corresponds to a maximal conception rate during
the time period when T reaches the highest levels. Sexual
activity also affects T levels. Studies in the rhesus macaque
indicate that plasma T levels are increased by exposure to
receptive females and copulation.” However, it is still un-
clear whether, in mating male individuals, T is higher to al-
low better sexual and reproductive fitness (affecting libido
or penile erections and/or spermatogenesis) or the reverse
is true: sexual activity positively affects T production.

In the present manuscript, we did not focus on the bio-
logical actions of T because the topic has already been
covered by previous reviews.'” We should mention, how-
ever, that T exerts biological actions in part by itself, and in
part through its reduction or aromatization to DHT and es-
trogens, respectively. Measurement of circulating DHT is
often considered useless because it does not reflect target



tissue production of the hormone, while measurement of
estradiol (E2) in men is generally considered unreliable
because the available assays are designed for detecting the
ovulatory peak in women.°

MALE HYPOGONADISM

Male hypogonadism is defined as the failure of the
testes to produce sperm, sex steroids (T being the most
abundant), or both, because of a distant (pituitary/hypo-
thalamus) or a local (testicular) deficiency."® The latter
condition is termed primary (hypergonadotropic) hypo-
gonadism, while the former is known as secondary or cen-
tral (hypogonadotropic) hypogonadism. It is important to
note that nowadays, in the andrology community, the
term ‘male hypogonadism’ is commonly used to catego-
rize T deficiency, which may or may not be associated
with infertility. The classical dichotomic nosography in
hypo- and hypergonadotropic hypogonadism retains a
practical utility for treatment purposes. In fact, while hypo-
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Fig. 1. Classification of male hypogonadism as a function of age
onset and patient’s phenotype. Schematic prevalence in male
population is also shown. Size of ellipsis reflects on abscissa (log
scale): age of onset and on ordinates (log scale): incidence (right
axis) or female to male phenotype (left axis, arbitrary unit). Adapted
from ref. # 7. HCG: human chorionic gonadotropin, VEOH: very
early onset hypogonadism, i.e. starting during foetal life for absence
of testosterone formation or activity (e.g complete androgen
insensitivity or Morris’ syndrome, blue ellipsis) or impaired
secretion or activity of GnRH (e.g., Kallmann’s syndrome or
mutation in GPR54 and GnRH receptor, red ellipsis), EOH: early
onset hypogonadism (i.e peri-pubertal onset, such as in Klinefelter’s
syndrome, green ellipsis), LOH: late onset hypogonadism, i.e. in
adulthood or aging (brown ellipsis).
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gonadal patients with hypothalamic or pituitary diseases
can be successfully treated with either gonado-
tropin/GnRH or T, for those affected by primary testicular
failure, only T substitution may be considered. However,
the aforementioned classification of hypogonadism (i.e.,
primary/secondary) does not take into consideration T-de-
ficiency related symptoms. It is well known that both pri-
mary and secondary hypogonadism, if not treated, are
characterized by symptoms and signs of dramatically dif-
ferent severity, ranging from a complete pseudo-female
phenotype to no phenotype, dictated more by the age of
onset of the testicular failure than by the cause of this
failure. Hence, a new classification of male hypogonad-
ism is needed. We now provide ours, based on time of
symptom onset, as described in Fig. 1./

TOWARD A SYMPTOM- AND AGE OF ONSET-
BASED CLASSIFICATION OF MALE HYPOGO-
NADISM

In the case of very early-onset hypogonadism (VEOH),
that is, during early fetal life, symptoms can be very severe,
ranging from an almost completely feminine body shape
(complete androgen insensitivity or enzymatic defects
blocking androgen synthesis) to various defects in viriliza-
tion (micropenis, hypospadias, cryptorchidism), such as in
the case of impaired secretion or activity of GnRH or
gonadotropins.®’ In the case of a peri-pubertal appearance
of hypogonadism (early-onset hypogonadism, EOH), be-
cause of central (e.g., pituitary tumors, such as germinoma)
or peripheral defects (e.g., Klinefelter’s syndrome), a slow-
ing or delaying in the progression of puberty may occur,
with a eunuchoidal phenotype, including scant body hair,
a high-pitched voice, microorchidism, and prostate
hypoplasia. EOH and, in particular, VEOH are often due to
rather uncommon problems (although not so rare, span-
ning from 1 :500 for Klinefelter's syndrome to 1 :
100,000 for complete androgen insensitivity syndrome). It
is important to note that a clinical condition manifesting it-
self very early on in fetal life (VEOH) or before or during
puberty (EOH) is dramatically different in terms of symp-
toms and signs from those beginning later on in adult life.®”
The latter is called ‘late-onset hypogonadism’ (LOH), to de-
note a form of syndromic male hypogonadism with a clin-

The World Journal of

ven's rcalti



106 World J Mens Health Vol, 31, No. 2, August 2013

ical exordium in young adulthood or later on. LOH is the
most frequent form of T deficiency.®’ In the case of LOH,
for any reason, hypogonadal symptoms will be relatively
mild, insidious, and difficult to recognize, but often bother-
some and frustrating, such as weakness and fatigue, re-
duced libido and erectile dysfunction, mood symptoms,
low bone mineral density, and mild anemia, all of which
can contribute to decreasing the overall quality of life.
However, many of these symptoms are rather non-specific,
as they are also characteristic of the aging process per se,
which, in turn, may act as a confounder in the inter-
pretation and identification of the syndrome. Fig. 1 also
summarizes these concepts: VEOH and EOH are rare con-
ditions strongly affecting phenotype and behaviors, while
LOH is a rather common condition, however mild or cryp-
to-symptomatic.

LATE-ONSET HYPOGONADISM: A NEW
CLINICAL SYNDROME

In contrast to what has been observed for female estro-
gen production - which essentially terminates abruptly af-
ter menopause - in the male, T levels slightly decline as a
function of the aging process - in concert with many other
biological functions - down to levels below the lower limit
of younger individuals.*” In the Massachusetts Male
Aging Study, after the age of 40, the average age-related re-
duction in total T is 0.8 ~1.6% per year, whereas FT de-
clines with age by 1.7~2.8% per year.? An unadjusted an-
nual trend of decline for total T of 0.04 nmol/L per year
(0.4% per year), has been observed in the European Male
Aging Study (EMAS), a population-based study involving
more than 3,000 subjects from eight European countries.’
In addition, in that study, healthy men had significantly
higher median T concentrations at all time points of their
life than apparently unhealthy men.” Low T s, in fact, asso-
ciated with several unhealthy conditions, such as im-
paired insulin sensitivity, increased body fat and visceral
obesity, dyslipidemia, hypertension, and CVD. When this
age- and/or morbidity-related T decline is associated with
symptoms (fatigue, weakness, decreased libido and en-
ergy, erectile dysfunction) and signs (increased abdominal
fat, reduced muscle and bone mass, decreased body hair,
gynecomastia, small testis) it defines the clinical syndrome
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commonly referred to as LOH.* '’ In addition to LOH, the
terms male climacteric, andropause, androgen deficiency
in the aging male, partial androgen deficiency in the aging
male, and T deficiency syndrome (TDS) have seldom been
used to define this condition.® Regardless of whether these
terms were intended to do so, they have been interpreted
as defining a unique hypogonadal syndrome in mid-
dle-aged or older men and have created controversy and
confusion on the part of practicing clinicians and the lay
public. Therefore, from a clinical standpoint, it is better to
use the term LOH. LOH is a mixed form of hypogonadism,
where a central (deficient GnRH and gonadotropin activ-
ity) and a peripheral (impaired steroidogenesis) compo-
nent are often simultaneously present. Hence, in LOH go-
nadotropins are often apparently normal, but relatively in-
appropriate for low T.°

DEFINITIONS OF LATE-ONSET
HYPOGONADISM

For diagnosing LOH, according to major international
guidelines, two separate biochemical determinations of
serum T levels must be obtained. In addition, as men-
tioned before, T levels should not only be low, but also as-
sociated with the presence of consistent symptoms and
signs.”'° Different T thresholds have been proposed for
the biochemical definition of low T.*'° The mostly shared
% is that T substitution has to be offered to

symptomatic individuals when circulating total T is below

6,1
consensus

8 nmol/L (231 ng/dl). In addition, there is also general
agreement that a total T level above 12 nmol/L (346 ng/dl)
does not require substitution. When total T is repetitively
>8 and <12 nmol/L, in the presence of typical hypo-
gonadal symptoms (as listed before), a T treatment trial
might be considered.®'® Although the measurement of FT
represents the cornerstone of evaluating the androgen
state, it is not an easy task, because the commercially avail-
able direct methods, based on a labeled T analogue, are of-
ten unreliable and separation of the unbound T fraction at
equilibrium dialysis is much too technically difficult.
Estimation of FT as calculated by Vermuelen’s formula (at
http://www.issam.ch/freetesto.htm) is therefore of great
help. Guidelines proposed by the American Association
of Clinical Endocrinologists'' and by the Endocrine



Society'? differ in the T threshold suggested, considering a
cut-off of 7 nmol/L (200 ng/dl) and 10.4 nmol/L (300
ng/dl), respectively. Recently, Wu et al”? introduced a new
definition of LOH based on evidence-based data from the
EMAS study. They found that many candidate symptoms,
especially psychological symptoms, were not associated
with decreased T levels in aging European men; however,
they reported a non-linear threshold relationship between
sexual symptoms and T levels. In particular, they demon-
strated a syndromic association between decreased T lev-
els (total T<11 nmol/L) and a triad of sexual symptoms:
low libido and reduced spontaneous and sex-related
erections."” Hence, LOH should be diagnosed in the pres-
ence of at least three sexual symptoms and a morning total
T level of less than 11 nmol/L (230~319 ng/dl) and FTT
levels of less than 222.2 pmol/L (<64 pg/ml). By using the
EMAS criteria, the prevalence of LOH in 40- to 80-year-old
European men is much lower than previously reported,
that is, 2.1%,"” with a rather similar figure when only the
Florence subgroup was considered.'* Fig. 2 shows the
prevalence of LOH in the authors’ town (Florence, ltaly) in
subjects from the general population (n=433) and in
those consulting our outpatient clinic for sexual dysfunc-
tion, which is, by definition, symptomatic of hypogonad-
ism (n=3,293). The proportion of subjects identified as
having EMAS-defined hypogonadism ranges from less
than 5% in the youngest age group to 15% in the oldest
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Fig. 2. Prevalence of hypogonadism according to the European
Male Aging Study (EMAS) criteria (13) in Florentine subjects of
the EMAS study (n=433) and in a consecutive series of
(n=3,293) output-patients attending medical care for sexual
dysfunction between 2000~ 2011 at our center (UNIFI study).
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age group. It is quite evident that in subjects complaining
of sexual dysfunction, LOH is 5 times more prevalent than
in the general population.

THERAPEUTIC INTERVENTION IN
LATE-ONSET HYPOGONADISM

Each subject with LOH should be individually studied
and counseled to carefully select the most valuable ther-
apy for that problem in that particular time of a patient’s
life. No universal therapy for male hypogonadism exists,
but many options should be carefully considered by the
patient and his doctor. If the clinical and biochemical
evaluation of low T leads to the diagnosis of a clear under-
lying condition that is amenable to treatment, this is the
first option. In obese individuals, several studies have
demonstrated that intense lifestyle intervention, along
with nutritional counseling and physical activity, is able
to reduce weight loss and to conjointly raise T levels. A re-
cent meta-analysis, in fact, showed that weight loss is as-
sociated with an increase of bound and unbound T levels,
along with gonadotropin levels, and that the final effect is
directly related to the amount of body mass index (BMI)
reduction.” In addition, the rise in T levels was higher in
younger and more obese subjects at baseline, whereas
the prevalence of type 2 diabetes mellitus (T2DM) was in-
versely related with a weight-loss dependent increase in T
levels.”” The nature of the hypogonadism (primary, sec-
ondary, or mixed) - along with patient needs - might also
dictate the most appropriate treatment.” For primary hy-
pogonadism T substitution is the only choice. For secon-
dary T deficiency, gonadotropins should be employed
until fathering occurs. Antiestrogens are an alternative;
however, their efficacy has not been adequately tested. In
the presence of increased estrogen production symptoms
(breast tenderness and gynecomastia), a short-term trial
with non-aromatizable androgens (DHT, mesterolone or
oxandrolone) might be advisable. However, after a few
months of therapy, switching to other aromatizable prep-
arations is recommended in order to prevent bone loss. T
supplementation is the first choice in those without a
short-term fertility objective. T replacement therapy
(TRT) can be initiated on an individualized basis in LOH
patients who have clinical signs and symptoms of an-
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drogen deficiency, if the benefits of treatment appear to tions of T or other androgens are currently available in
outweigh the potential risks (see below) and only after a different countries, as reviewed elsewhere'” and sum-
thorough discussion with the patient. Different prepara- marized in Table 1.

Table 1. Available preparations to treat male hypogonadism

Androgen available compounds

Oral agents
Compound Standard dosage Advantage Disadvantages
. Serum testosterone levels and clinical
Testosterone 120~240 mg Oral convenience [ESDONSES Va
undecanoate 2~3 times daily Modifiable dosage P Y

Must be taken with meals

Intramuscular agents

Testosterone 250 mg Low cost Wide fluctuations in circulating T levels
enanthate every 2~3 weeks Multiple injections

Relatively higher risk of polycythemia
Testosterone 200 mg Low cost Wide fluctuations in circulating T levels
cypionate every 2~3 weeks Multiple injections

Relatively higher risk of polycythemia
Testosterone 100 mg Low cost Wide fluctuations in circulating T levels
propionate every 2 days Multiple injections

Relatively higher risk of polycythemia
Testosterone 1,000 mg Testosterone levels within Pain at injection site
undecanoate in  every 10~14 weeks normal range
castor oil Long-lasting

Less frequent administration

Subcutaneous agents

Surgical —4~6 200 mg implants Treatment only twice per year Placement is invasive
implants lasting up to 6 months Risk of extrusion and site infections

Controlled release t-buccal formulation agents

Testosterone 30 mg/2 days Testosterone levels within Possible oral irritation
buccal physiologic range Twice-daily dosing
Unpleasant taste

Transdermal agents

Testosterone 5~10 mg/day Mimics circadian rhythm Skin irritation

patches Simple administration Daily administration

Testosterone 40~80 mg/day Testosterone levels within Possible transfer during intimate contact
gel 1~2% normal range. Daily administration

Flexible dose modifications
Skin irritation less common
that with patches

Underarm 60~120 mg/day Testosterone levels within Possible transfer during intimate contact
testosterone normal range Daily administration

(testosterone

solution 2%)
Testosterone gel 20.25~81.00 mg/day Testosterone levels within Possible transfer during intimate contact
1.62% normal range. Daily administration

Flexible dose modifications
Skin irritation less common
that with patches

Lower amount of gel to apply
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POTENTIAL AND ACTUAL RISKS OF
TESTOSTERONE REPLACEMENT THERAPY

1. Prostate cancer

The most universally known risk of TRT in older men is
the development of prostate cancer (PC), one of the leading
causes of death in males. Clinicians and regulatory agen-
cies are all concerned by the fact that TRT could cause or
promote PC and are very reluctant to prescribe or to ap-
prove TRT for the aging male. Huggins and Hodges, seven
decades ago, originally developed and spread the clinical
concept of the androgen dependence of PC, with the dem-
onstration that castration caused the regression of PC.'®
Later on, Wilson first hypothesized that the main an-
drogen-inducing prostate overgrowth was not T, but its
highly biologically active metabolite DHT, which is
formed locally by the action of two 5 a@-reducing iso-
enzymes, 5 @ -reductase type 1 (5AR1) and 2 (5AR2), the
latter being predominant.'® According to Wilson's original
hypothesis, blocking DHT formation with type 2-selective
(finasteride) or -unselective (dutasteride) inhibitors of 5 « -
reductase is an effective strategy in the medical treatment
of benign prostatic hyperplasia. The fact that eunuchs and
men with genetic deficiencies in 5 @ -reductase do not typi-
cally experience PC, along with the fact that androgen abla-
tion causes PC regression, has long been cited to support a
causal role of high androgen levels in PC development.'®
Accordingly, the use of 5 @ -reductase inhibitors (5ARI) has
been studied not only in BPH, but also as a chemo-
preventive strategy in PC. Both 5 @ -reductase isoenzymes
are expressed in normal prostatic tissue, but in PC cells
5AR1 expression is increased and 5AR2 expression is de-
creased or unchanged, as compared to BPH tissue.'® Both
5ARI have been shown to decrease the risk of PC.'° Data
from the PC Prevention Trial showed a 24.8% reduction in
PC prevalence during the 7-year period between the finas-
teride (18.4%) and the placebo group (24.4%). The results
of the Reduction by Dutasteride of PC Events (REDUCE) tri-
al using dutasteride, has also been published in a large,
randomized study to determine its ability to prevent PC.
Over the 4 years of the trial, dutasteride, as compared to a
placebo, reduced the relative risk of biopsy-detected PC by
23%. A total of 1,516 cancers were seen, with 659 in the
dutasteride section and 857 in the placebo one. Over the
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course of the study, 6.8% of men in the placebo group and
6.7% of men in the dutasteride group were found to have
aggressive, high-grade tumors, defined as a Gleason score
of 7~10. The investigators found that there was no greater
risk for the men who developed PC of having aggressive
tumors. This outcome was closely watched because an ear-
lier trial of a similar BPH drug - finasteride - produced con-
troversial results with regard to the risk of more aggressive
tumors in those men who developed PC while on
finasteride."®

Although a causative role for circulating androgens in
PC has been envisaged since the Huggins and Hodges
studies, evidence-based data have clearly shown that such
a link is at best unproven. We will now review evidence
derived from epidemiological (a) and intervention (b)
studies.

1) Epidemiological studies

The most extensive analysis of all available epidemio-
logical data found no evidence of a connection between
androgens and PC. However, Parsons et al reported in the
Baltimore Longitudinal Study of Aging that higher levels of
calculated serum free T and a higher FT index were asso-
ciated with an increased risk of PC, without a significant
age-adjusted association for total T."® In a prospective co-
hort study of 17,049 men (The Melbourne Collaborative
Cohort Study), not only there was little evidence that an-
drogen levels influenced the overall risk of PC, but the haz-
ard ratio for aggressive cancer almost halved for a doubling
of the concentration of T, suggesting that the androgen mi-
lieu is more protective than causal in PC."® Finally, no asso-
ciations were found between the risk of PC and serum con-
centrations of T, calculated FT, DHT, and other androgens
in a meta-analysis of 18 prospective studies, including al-
most 4,000 men with incident PC and 6,500 control sub-
jects released by the Endogenous Hormones and Prostate
Cancer Collaborative Group.'® When interpreting these
conflicting results, it should be taken into account that a
major limitation of epidemiological studies in PC, a tumor
which often afflicts aged men, is the lack of information on
cumulative T exposure early on in mid-life, and in partic-
ular at a younger age. For instance, it is well known that
African-American men have the highest incident rate of
prostate cancer. Interestingly, the PC disparity between
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African- and Caucasian-Americans is evident as early as
age 45, suggesting that T exposure in adulthood affects the
trajectory of cancer risk later in life."®

Prostate development and size, and consequently pros-
tate-specific antigen (PSA) levels, are known to be an-
drogen-dependent. According to the Morgentaler and
Traish hypothesis, the human prostate is sensitive to mas-
sive androgen ablation (castration levels), but rather in-
sensitive in normal or even subnormal conditions (such as
in mild hypogonadism) because, in physiological sit-
uations, the androgen receptor (AR) is ‘saturated’ by the
circulating androgens and therefore quite unresponsive to
further T increases.'® We recently confirmed this evidence
in a large clinical series of subjects consulting for erectile
dysfunction (ED). In particular, we found that PSA levels
were androgen-dependent only in hypogonadal men,
whereas this correlation disappeared with normal levels of
T (Fig. 3)."”"® In particular, when the association between
PSA and T was evaluated as a function of T deciles, the up-
per nine groups had similar PSA values, while the lowest
demonstrated a significantly reduced PSA. Full prostate
development during embryonic life requires a normal AR
and an efficient synthesis of DHT; however, in later life,
the correlation between androgen levels and prostate size
is attenuated - because both prostate volume and PSA in-
crease with aging - and verified only for the severe hypo-
gonadal range of T concentrations. Therefore, a significant
relationship is apparent only in the low T range and appa-
rent in studies evaluating TRT in hypogonadal subjects,
but not in those considering eugonadal subjects.'®

In conclusion, at a physiological T concentration, no
evidence suggests a link between androgen levels and PC
risk, although there is no controversy over the fact that
lowering the T serum to castration levels, at least tempora-
rily, reduces PC progression.

2) Intervention studies

A compilation of published prospective studies of TRT
revealed only five cases of PC among 461 men (1.1%) fol-
lowed up to 36 months, a prevalence rate similar to that in
the general population. The pooled odds ratio for TRT de-
rived from 19 randomized clinical trials was 1.09 (95%
confidence interval [Cl], 0.48~2.49) for PC and 1.19
(95% CI, 0.67~2.09) for PSA >4 ng/dl, or a 1.5% in-
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Fig. 3. PSA levels as a function of total testosterone deciles in a
consecutive series of 1,715 patients attending our Unit seeking
medical care for sexual dysfunction and apparently free from
prostate diseases: history of prostatitis, BPH, or suspected prostate
cancer as assessed by urological examination and/or an abnormal
(tender, enlarged, or with suspect nodules) digital rectal
examination of the prostate, and/or total PSA above 4 ng/ml,
and/or previous prostatic surgery or radiotherapy, and/or using
drugs altering prostate growth (testosterone, alpha-blockers,
vitamin D, and antiandrogen drugs including GnRH analogues,
bicalutamide, 5-alpha-reductase inhibitors, serenoa repens and
mepartricin). ANOVA Tukey post hoc was p <0.005 for 1st decile
vs. 2nd or higher. PSA: prostate-specific antigen, BPH: benign
prostatic hyperplasia.

crease during the study.'® Another study, investigating the
effect of TRT at the prostate level in aged hypogonadal
subjects, clearly indicated that TRT has little effect on pros-
tate cell function.'® In Marks's study, when TRT was com-
pared to placebo, several androgen-sensitive genes, such
as PSA, AR, NKX3.1, PAP2A, VEGF, and clusterin, meas-
ured by qRT-PCR, did not change in their prostatic ex-
pression, suggesting no effect of T substitution on prostate
biology.'® However, it should be emphasized that these
data, like all the data available in the literature, are derived
from relatively short-term studies (maximum 36 months).
It has been calculated that to detect a 30% difference in PC
incidence between placebo and T-treated subjects, 6,000
older men with low T would need to be randomized to
each treatment group and would require treatment for an
average of 5 years."”

Animal and experimental models of PC have demon-
strated a differential role of AR in inducing PC progression,
depending on its location: differentiating in the epi-



thelium and oncogenic in the stroma. Since PC arises from
the epithelium, a beneficial more than a causative role for
androgens is derived. Accordingly, the majority of in vitro
studies in PC cells have shown that enforced expression of
AR in otherwise AR-negative PC cells (as the PC-3 cell line)
may decrease the metastatic/invasive potential of the
cells.'

The risk of exacerbation of latent PC is always a key is-
sue due to which a patient may be excluded from treat-
ment if any suspicion of PC is present. Hence, according
61213 TRT should not be prescribed to
men with clinically evident PC, because the tumor is usu-

to all guidelines.

ally androgen sensitive. Guidelines suggest that men opt-
ing for T treatment be offered an estimation of PC risk
based on PSA measurement and a digital rectal examina-
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tion, at baseline. Men found to have a higher risk should
have a urological examination before commencing T
treatment even with PSA levels less than 4 ng/ml. While
on treatment, the PSA levels should be monitored at 3 to
6 months after the initiation of treatment. An annual incre-
ment of PSA higher than 1.4 ng/ml should prompt a uro-
logical examination. Furthermore, an annual rate of PSA
rise greater than 0.4 ng/ml over a 2-year period should also
lead to a urological evaluation. However, based on the
critical analysis of clinical trials and on the afore-
mentioned experimental data on PC cell lines, several in-
vestigators have initiated TRT, even in PC patients, with
the aim of inducing differentiation in the tumor biology."®
Table 2 summarizes those studies.”>” In the vast majority
of patients, an association with PC progression or clinical

Table 2. Studies addressing the effect of testosterone replacement therapy in symptomatic hypogonadal men with prostate
cancer not treated or after radical prostatectomy, brachytherapy, or external beam radiotherapy

Age (yn),

Diagnosis of Follow-up

Study mean +SD Subjects hypogonadism  duration (mo), Recurren.ce/
(range) () (ng/dl) mean (range) progression
Kaufman and 62+7 7 Radical TT<300 12~144 None
Graydon™ (2004) (50~ 70) prostatectomy
Agarwal and 64 10 Radical TT<250 19 None
Oefelein®' (2005) (59~69) prostatectomy (9~29)
Khera et al,* 64 57 Radical TT<300 13 None
(2009) (53~83) prostatectomy (1~99)
Leibowitz et al,” 61 96 Radical Not reported 15 56 discontinued
(2010) (46~85) prostatectomy (1~83) TRT due to
increasing PSA
levels
9 stopped TRT for
reasons other
than progression
Davila et al,” 67.5 14 Radical Not reported 10.5 None
(2008) prostatectomy
Nabulsi et al,”’ 6149 22 Radical TT<300 20 1/22
(2008) prostatectomy (14~30)
Sarosdy?’ Median 65 36 Brachytherapy TT<300 Median 60 None
(2007) (51~79) (17~108)
Davila et al,” 66 6 External beam Not reported 9 None
(2008) radiotherapy
Morales et al,* 65 5 External beam TT<300 14.5 None
(2009) radiotherapy (6~27)
Morgentaler et al,*® 58.8 13 Not treated Median 30 None
(2011) (12~97)
Pastuszak et al,* 68 13 Brachytherapy TT<300 29.7 None
(2013) (62~77) and/or external (2.3~67.3)

beam radiotherapy

SD: standard deviation, TT: total testosterone, TRT: testosterone replacement therapy, PSA: prostate-specific antigen.
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recurrence was not reported. Only one study, collecting
records of 96 patients who received TRT after initial man-
agement for PC from 2000 to 2007, showed that nearly
60% of men had increasing PSA levels that triggered dis-
continuation of TRT, even though biochemical pro-
gression was not associated with clinical or symptomatic
disease progression.” In this series, however, the majority
of PC subjects (61%) were treated, as a primary treatment,
with androgen deprivation therapy and therefore a TRT-as-
sociated PSA rise was not surprising. In a recently pub-
lished retrospective analysis,*’ the authors reviewed the
outcomes of 13 hypogonadal men (defined as the pres-
ence of typical symptoms and total T <10.4 nmol/L; me-
dian age, 68 years) with PC treated with brachytherapy or
external beam radiotherapy and undergoing TRT.
According to the National Comprehensive Cancer
Network guidelines, the subjects were stratified into very
low or low (n=4), intermediate (n=7), and high (n=1) risk
of recurrence. TRT was based on a transdermal T for-
mulation in 12 cases and T pellets in 1 patient. After a me-
dian follow-up of 29.7 months (range, 2.3 ~67.3), no sig-
nificant change in PSA levels or evidence of PC recurrence
was detected. However, it should be recognized that the
number of reported cases is still small and heterogeneous.
In the absence of randomized controlled trials (RCTs), the
concept of using TRT for PC survivors is debatable.
Accordingly, current recommendations suggest limiting
TRT to symptomatic hypogonadal men successfully treat-
ed for PC, after a prudent interval, although the length of
that interval is not specified.®"°

2. Benign prostate hypemlasia

Prostate weight is only a few grams at birth, while it in-
creases during puberty, reaching approximately 20 g in
young adults. During puberty, there is extensive, an-
drogen-dependent, prostate growth and remodeling, char-
acterized by branching of ducts and development of new
gland buds, followed by acini formation within the fi-
bromuscular stroma. In contrast to the pubertal growth
phase, which involves the entire gland, in about 75% of
men, during the 5th decade of life, there is a second
growth phase involving selectively one of the three ana-
tomically distinct prostate zones, the periurethral one.
Conversely, the other two prostate zones, that is, the pe-
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ripheral and the central ones, which represent up to 95%
of the total prostate volume, are generally unaffected. In
humans, enlargement of the periurethral zone gives rise to
the most common and costly age-related disease of the ag-
ing male; BPH. BPH is the most frequent tumor in aging
men, with a histological prevalence at autopsy of 50% in
men aged 50~60 years, and of 90% in those over 80
years. Although non life-threatening, BPH has been docu-
mented as substantially reducing quality of life, to an ex-
tent similar to hypertension and heart disease.”® The pres-
ence of androgens is required for the development of BPH
and anti-androgen agents can decrease prostate volume in
patients with BPH.*

Clinically, BPH is distinguished by progressive devel-
opment of lower urinary tract symptoms (LUTS). BPH can
cause LUTS because of compression of the prostatic ure-
thra, which, in the earliest stages, is relatively compen-
sated by the bladder muscular system. However, later on,
the hypertrophic bladder becomes dysfunctional, com-
plete voiding is prevented, and it finally decompensates
with more frequent spontaneous activity and deterioration
of the ability to generate pressure and empty. Chronic in-
flammation is another common finding in BPH.*
Epidemiological data have indicated that chronic in-
flammatory infiltrates are associated with higher prostatic
volume, a higher risk of BPH progression, and acute uri-
nary retention. We recently provided evidence that in-
flammatory infiltrates within the prostate are associated
with metabolic syndrome (MetS) features, and, in partic-
ular, with dyslipidemia.*' ™

Although it has been historically assumed that high T in-
duces prostate overgrowth, most observational studies
failed to find correlations between circulating T levels and
BPH; in fact, no clear correlation with serum PSA or pros-
tate volume across the normal T range has been shown.*®
In addition, the notion that intraprostatic 5 @ -reductase ac-
tivity, which is responsible for converting the bulk of T in-
to DHT, is altered in the BPH tissues is contentious.
However, it could be hypothesized that the intraprostatic
level of DHT could be more important than the level of se-
rum T for the growth of the prostate,'® thus explaining this
lack of association between the serum T level and prostate
overgrowth. Preclinical data from our lab demonstrate

31,35-39

that, in an animal model of MetS, there was both



prostate and bladder inflammation, which were further ag-
gravated by hypogonadism and restored by T
supplementation.® In addition, we demonstrated that
DHT exerts an immunoregulatory role in human prostatic
BPH stromal cells, inhibiting their potential to actively in-
duce and/or sustain autoimmune and inflammatory
responses.*® This is relevant because the prostate is an im-
munocompetent organ, not only as it is populated by resi-
dent inflammatory cells, including T- and B-lymphocytes,
macrophages, and mast cells, but also because stromal
prostatic cells can secrete several pro-inflammatory cyto-
kines and are able to recruit and activate CD4 + cells into
the inflamed tissue.® Under most conditions, this im-
munocompetence of the prostate would be beneficial to
the host. However, in some situations, an immune re-
sponse towards a Th1/Th17 cytokine profile might lead to
the development of chronic immune-mediated tissue de-
struction and fibromyomatous growth, as observed in the
pathogenesis of BPH. Interestingly, our data indicate that
AR signaling might restrain, rather than facilitate, prostate
inflammation. Thus, DHT should be considered more a
friend than a foe of prostate cells, consistent with the ob-
servation that prostate glands from hypogonadal subjects
are more inflamed than those from eugonadal ones.
Interventional studies aimed at evaluating the anti-in-
flammatory effects of TRT in hypogonadal subjects with
BPH are therefore warranted. Some pilot and RCT studies
in hypogonadal men affected by BPH with or without
MetS have documented the efficacy of TRT in reducing
LUTS.*" In a small study on hypogonadal men affected by
both BPH and MetS (n=95), normalization of plasma T
levels, following treatment with T undecanoate, not only
significantly improved MetS parameters, but also reduced
the International Prostate Symptom Score (IPSS) and low-
ered the residual bladder urine volume, without any sig-
nificant change in the prostate size.*' Shigehara and
Namiki,*" in another small RCT with T enanthate or place-
bo in 46 men with mild BPH, showed a significant de-
crease in the IPSS, and amelioration in urodynamic param-
eters in the TRT group but not in the control one.
Kalinchenko et al reported similar results.*' Some uncon-
trolled studies have reported a gradual improvement in
the IPSS following long-term T therapy in men with hypo-
gonadism and/or MetS.*' A small RCT with T enanthate in
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23 men with BPH tended to support these findings, with a
significant decrease in the IPSS, maximum flow rate, and
voided volume in the T group but not in the 23 untreated
controls.*' Finally, in a recent retrospective study on 120
hypogonadal men who underwent TRT, the group of
McVary demonstrated that TRT not only has a low risk of
worsening LUTS but induces an improvement in symptom
scores in many men, while PSA changes appear to be
minor.*

Because several studies have shown that TRT in older
hypogonadal men alters PSA, but often below the normal
upper limit, in the presence of severe symptoms of lower
urinary tract obstruction - as indicated by an IPSS of 19 or
greater - there is a relative contraindication to T treatment,

. . . 6,10,12
according to recent guidelines.” ™

3. Erythrocytosis

Erythrocytosis is an increase in the total red cell mass sec-
ondary to any of a number of non-hematologic systemic
disorders in response to a known stimulus (secondary poly-
cythemia), in contrast to primary polycythemia (polycythe-
mia vera). Erythrocytosis is the most frequent adverse event
associated with T administration in clinical trials, as well as
in clinical practice. T is an important regulator of red blood
cell production through augmentation of erythropoietin
and through a direct effect on the bone marrow, including
on erythroid progenitors, ferrokinetics, and red cell pre-
cursor survival. Recently, suppression of circulating and
hepatic hepcidin (an iron regulatory peptide) has been pro-
posed as an additional mechanism of action of T on red cell
mass.” Fig. 4A and 4B show the relationships between en-
dogenous T levels and hemoglobin or hematocrit in almost
500 subjects consulting our Andrology Unit for sexual
dysfunction. In contrast to the curvilinear relationship be-
tween T and PSA (Fig. 3), the associations between T and
hemoglobin and hematocrit are better described by a line-
ar relationship (adjusted r=0.162 and adjusted r=0.163,
both p<0.0001, n=491), suggesting that there is a con-
tinuum in the T-induced promotion of red cell mass. In a
meta-analysis of 19 RCTs including 1,084 subjects, T-treat-
ed subjects were nearly 4 times as likely as those in the pla-
cebo arm to develop a hematocrit >50%.* Similar results
were reported by another meta-analysis.*” Erythrocytosis
has been reported to occur in healthy older men mainly af-
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Fig. 4. Age adjusted (adj) relationship between testosterone levels and hematocrit (A), hemoglobin (B), predicated cardiovascular (CV)
risk as detected by Progetto Cuore risk engine (C) and homeostatic model assessment (HOMA) index (D). Data were obtained from a
consecutive series of patients attending our unit seeking medical care for sexual dysfunction.

ter parenteral and oral T administration, but usually not af-
ter transdermal T."*° Some reports indicate the occurrence
of myocardial infarction or stroke associated with T-in-
duced polycythemia, resulting from intermittent high-dose

"">® Hence, it is important to monitor the

T administration.
hematocrit at regular intervals, to avoid potentially serious
adverse events."*® In addition, pre-existing erythrocytosis
constitutes a risk factor for thrombosis in hypogonadal

1,26

men Guidelines indicate that a hematocrit >54% is an

indication to stop TRT until the hematocrit decreases to a

| 610,12

safe leve Phlebotomy can also be considered in the

most severe cases.

4. Obstructive sleep apnea

Obstructive sleep apnea (OSA) is the most common cat-
egory of sleep-disordered breathing. Cautionary state-
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ments about T therapy in OSA appear frequently in the T
therapy literature and guidelines, despite lack of convinc-
ing evidence.® Only one RCT study that addresses this is-
sue has been published so far.* In obese men with severe
OSA, T supplementation with a relatively high dose of pa-
renteral T undecanoate for 18 weeks mildly worsened
sleep hypoxemia acutely (at 7 weeks), but not at a later
time point (18 weeks).* However, Snyder et al*” could not
detect any change in the Respiratory Distress Index after
36 months of transdermal T. Hence, despite the warnings
in the package inserts, it is evident that the link between T
therapy and OSA is relatively weak.

5. Infertility

Infertility, defined as the inability to conceive after 1 year
of unprotected intercourse, affects approximately 10% to



15% of reproductive aged couples in developed countries,
and, in the vast majority, it is idiopathic. Administration of
androgens has been proposed for more than 20 years as a
therapy for idiopathic male infertility. However, a
meta-analysis of 9 RCTs, involving 1,025 patients, revealed
no significant influence of androgens on the pregnancy
rate.* These results are not surprising because androgens
have been, for two decades, actively investigated for po-
tential use in the opposite condition, that is, male medical
contraception. In fact, because T exerts negative feedback
on the hypothalamus and pituitary, TRT may temporarily
suppress the hypothalamic-pituitary-gonadal axis, if this
axis was previously at least partly functional. Therefore,
spermatogenesis, no longer stimulated by gonadotropins,
becomes less efficient or even suppressed. Accordingly,
cases of TRT-induced male infertility have been reported.*
This negative impact on fertility is transient and disappears
some months after discontinuation of TRT. In cases in
which fertility is desired, agents that stimulate the endoge-
nous production of T such as human chorionic gonado-
tropin (HCG) or, in mild cases, anti-estrogens should be
prescribed.” On the other hand, in young men with hypo-
gonadotropic hypogonadism, long-term TRT does not
compromise the forthcoming responsiveness to LH and
FSH when fertility is desired, > and may even in some cas-
es be followed by recovery of pulsatile secretion of gona-
dotropins with T secretion and spermatogenesis.’'
However, a recent report indicates that prior androgen
therapy is independently associated with a decrease in the
likelihood of achieving conception.>

In conclusion, T treatment in healthy older men in
near-physiological doses does not appear to incur serious
adverse events, although long-term safety has not been es-
tablished, and regular monitoring of PSA and hematocrit
levels is required.

POTENTIAL POSITIVE OUTCOME OF
TESTOSTERONE REPLACEMENT THERAPY

1. Sexual function

The EMAS study demonstrated that sexual symptoms,
and in particular, ED, reduced frequency of sexual
thoughts, and reduced nocturnal erections, were the most

important symptoms related to LOH (see above).">”’
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Accordingly, applying EMAS criteria, we found that the
overall prevalence of LOH in our patients was sig-
nificantly higher when compared to that reported in the
original EMAS study (see above)."” Hence, patients seek-
ing medical care for sexual dysfunction represent a pop-
ulation with a high proportion of LOH cases, and T evalua-
tion should be suggested before prescribing any kind of
treatment."” In contrast to the general population, we re-
cently reported that in subjects with sexual dysfunction,
the presence of sexual symptoms does not help raise the
suspicion of hypogonadism among clinicians, because of
lack of specificity, in particular when a severe form of hy-

. . . 54,55
pogonadism is considered.”™

Other clinical signs, such
as increased waist circumference, might help, but only the
clustering of several symptoms and signs, as reported in
specific structured interviews such as ANDROTEST, result
in a reliable screener for this condition.”

T plays a crucial role in regulating male sexual
response. The libido is profoundly regulated by circulat-
ing T levels. Accordingly, we recently reported that in pa-
tients seeking medical care for sexual dysfunction, more
than 40% of those with hypogonadism (total T below 12
nmol/L) reported a form of reduced libido.’® In these sub-
jects, the severity of reduced libido increased according to
the T decline, further substantiating the concept that a low
androgen level is a clear, level-dependent risk factor for
secondary reduced libido.”® Conversely, the specific role
of T in regulating arousal and erectile function has not
been completely clarified. In fact, T regulates both the re-
laxation of the corpora cavernosa thorough a positive ac-
tion on nitric oxide synthase (NOS) formation and neg-
ative controls on the activity of the RhoA/ROCK (ras ho-
molog gene family member a - rho associated, coiled-coil
containing protein kinase) pathway.” Accordingly, Fig. 5
shows a clear stepwise relationship between T and ob-
jective parameters derived from penile doppler ultra-
sound in a large series of subjects seeking medical care at
our unit for sexual dysfunction. However, it is important to
recognize that T also positively regulates the expression of
phosphodiesterase type 5 (PDE5).””*® Hence, since T pos-
itively controls both the enzymatic steps necessary for ini-
tiation (positive effect on NOS and negative on
RhoA/ROCK) and the end (positive effect on PDE5) of the
erectile process, its net effect on erection ends up as mod-
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Fig. 5. Age adjusted (adj) relationship between testosterone levels and penile doppler ultrasound parameters performed before (flaccid)
and after (dynamic) prostaglandin-1 stimulation. Data were obtained from a consecutive series of 2,345 patients attending our unit
seeking medical care for sexual dysfunction. PSV: peak systolic velocity.

1.”°7°% The main physiological action of T is

est overal
therefore to adjust the erectile process in a timely manner
as a function of sexual desire, therefore finalizing erec-
tions with sex.”””*® TRT is able to improve sexual function
in hypogonadal patients (total T <12 nmol/L);"***" how-
ever, it has been suggested that aging could play an im-
portant role in evaluating the effect of TRT on sexual
function.®® The latter observation is not surprising. In fact,
while hypogonadism can be the main cause of ED in
younger patients, it is generally only one element of a mul-
tifactorial ED in older ones.**®® Considering the an-
drogen-dependency of PDE5 (see above), in the last dec-
ade it has been suggested that the combination of TRT and
PDES5 inhibitors (PDE5i) can be used to improve PDE5i
outcomes in hypogonadal men.®* Accordingly, current
guidelines emphasize the concept that hypogonadism
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must be ruled out or, if present, adequately treated, before
prescribing PDE5i.® Despite this evidence, in a dou-
ble-blind, parallel, placebo-controlled trial, involving 140
hypogonadal individuals, Spitzer et al®® were unable to
document any additional effect on erection by T in men
treated for ED with the PDES5i sildenafil. However, it
should be recognized that in this trial, TRT was initiated af-
ter a sildenafil-alone run-in period characterized by the in-
crease of T levels already within the normal range (about
12.0 nmol/L [345 ng/dl]) in line with previous reports.**
Hence, the failure to respond to T in terms of erection was
to be expected.”* However, the real efficacy of the combi-
nation of TRT and PDE5i needs to be proven in larger pla-
cebo-controlled studies since available studies enrolled
small heterogeneous cohorts of participants with ques-
tionable diagnoses in terms of ED and hypogonadism and



the meta-analytic result of the available evidence did not
. 6
support this approach.
Finally, it should also be recognized that clinical and ex-
perimental data have documented that T is profoundly in-
volved in the regulation of the male ejaculatory reflex act-

65-67

ing both at central and peripheral levels.”™" Accordingly,
our data showed that while patients reporting premature
ejaculation have a reduced risk of hypogonadism, those
complaining of delayed ejaculation or ejaculation volume
reduction have a 2.5-fold increased chance of being
hypogonadal.®® Hence, in our view, low T should be sus-
pected and analyzed in all subjects with delayed

ejaculation.
2. Cardiovascular effects

1) Ischemic cardiovascular diseases and overall mor-

tality

The relationship between reduced T levels and CVD
still represents a matter of speculation. Cross-sectional epi-
demiological studies clearly show a significant association
between low T and CVD.®**® Accordingly, in patients
seeking medical care for sexual dysfunction at our unit, we
have reported an inverse relationship between the pre-
dicted cardiovascular risk as assessed by the Progetto
Cuore risk engine and T levels (Fig. 4C). However, avail-
able evidence does not prove that T itself deserves the
credit, and it is too soon to recommend TRT to try to lower
heart disease risks. In fact, it is also known that any serious
health condition can lower T levels. Hence, it is not com-
pletely known whether reduced T levels in aging males
might play a direct pathogenetic role in the stratification of
cardiovascular risk or if CVD and hypogonadism are con-
comitant conditions both associated with the aging
process. Furthermore, the possibility that suppressed T
during chronic diseases represents a desired protective
mechanism, which could turn off T-dependent functions
(such as reproduction and physical labor) that are not de-
sired when the physical condition is ailing, cannot be
excluded. Hence, the existence of a low T syndrome has

d."*”%”" In line with this view, three in-

been hypothesize
dependent meta-analyses published, so far, demonstrated
an association between hypogonadism and overall- and
cardiovascular-mortality, but they failed to find any stat-

.. .. e . . 72-74
istical association with incident cardiovascular events.
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In addition, it has also been suggested that the increased
risk associated with low T could be limited to elderly
subjects.”

The main problem regarding the effect of TRT on car-
diovascular risk is the lack of evidence from clinical trials
actually testing whether TRT in older men decreases the
risk of heart disease and stroke or not. A recent ob-
servational study evaluating the mortality rate in a series of
1,031 T-treated, compared with untreated hypogonadal
(total T<8.7 nmol/L) male veterans found that men receiv-
ing TRT have a 39% decrease in mortality, when com-
pared to their untreated counterparts.”” Similar results
have been previously reported in diabetic subjects.”®
Interestingly, by meta-analyzing these studies, we found
that the lack of TRT doubled the risk of mortality (Fig. 6).
However, these results should be interpreted cautiously
because residual confounding may still be a source of bias,
including the substantial risk of a primary selection bias
due to the nonrandom assignment of T exposure.

Only afew studies have investigated the effect of TRT in
subjects with known CVD. Through the meta-analysis of
available evidence, we previously reported that TRT was
positively associated with a significant increase in tread-
mill test duration and time to 1-mm ST segment
depression.”” However, the number of patients studied
and the observational time were too small to draw defini-
tive conclusions. In addition, three previous meta-analy-
ses found no significant difference between the T and pla-
cebo groups for all cardiovascular events, nor for each
type of event, except an increase in having a hematocrit of
over 50%, which was significantly more prevalent in the T
group.”””® The statistical power of available meta-analyses
is far from being adequate, due to limited sample series
and the short duration of observations. However, a more
recent meta-analysis including 27 RCTs with 2,994, eligi-

Source 0.1 1 10 OR LL, 95% CI UL, 95% Cl p value
Shores etal’ (2012) bed | 2272 1560 3,310 <0.0001
Muraleedharan et al”* (2011) | 2614 0974 7,012 0056
Overall HH | 2313 1628 3287 <0.0001

TRT INo TRT
—

Fig. 6. Odds ratio (OR) for overall mortality in patients treated vs.
not treated with testosterone replacement therapy (TRT). Cl:
confidence interval, LL; lower limit, UL: upper limit.
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ble elderly men for the first time claimed the possibility
that TRT might increase the risk of cardiovascular-related
events.?® It is important to recognize that this meta-analy-
sis included a larger number of studies evaluating the ef-
fect of TRT in older frail and sick men when compared to
the previous ones. As also recognized by the authors, old-
er people may be most affected by any decrement to their
already poor health, so hospitalization may represent a
particularly significant event.

In conclusion, the specific benefit of TRT in major car-
diovascular outcomes, including mortality, deserves more
and larger studies. We speculate that in conditions of car-
diovascular frailty, the low T is due to a pre-existing dis-
ease, and is only a marker of poor health. In other words,
low T characterizes subjects that are more frail, because
they are affected by overt or silent chronic diseases, and
therefore more prone to fatal cardiovascular events.
According to the view of the ‘low T syndrome’, low T is an
adaptive response in order to be more resilient to an ab-
normal environment (e.g., obesity) or to a pathological
condition (e.g., T2DM, CVD), which are very common in
the elderly, to save energy (less physical and sexual activ-
ity) and to protect the species (low fertility). Similar adap-
tive mechanisms have been previously described for other
hormonal axes. For example, a typical pattern of altered
thyroid hormone metabolism, characterized by low T3
circulating levels, is described as ‘the low T3 syndrome’.
The possibility that the low T syndrome could protect
against forthcoming cardiovascular events might be of im-
portance when considering replacement treatment in
LOH, a condition in which low T is often associated with
comorbidities related to cardiovascular burden. If the low
T syndrome is a naturally occurring protective mecha-
nism, its treatment might be deleterious for overall and
cardiovascular health. However, it is possible that hypo-
gonadism, even when caused by a pre-existing disease,
might contribute to its progression or induce other dis-
eases, finally resulting in an increased risk of fatal events.

2) Heart failure

The American Heart Association estimates that about
5.7 million Americans have congestive heart failure (HF),
about 2 percent of the population.?’ The condition ac-
counts for about a third of heart-related deaths. Lower T
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levels have been shown to be an independent risk factor
for worse outcomes among men and women with HF. In
particular, it has been speculated that low T levels may
contribute to the anabolic/catabolic imbalance, a typical
feature of advanced HF.?® Patients with HF experience an
impaired exercise capacity and muscle fatigue, not neces-
sarily related to the degree of myocardial dysfunction,
which can benefit from TRT.*® Hence, low T might con-
tribute to some clinical features of advanced HF such as re-
duced muscle mass, energy handling, fatigue dyspnea,
and finally, cachexia.®® In line with this hypothesis, a re-
cent meta-analysis of placebo-controlled trials found that
TRT was associated with a significant improvement in ex-
ercise capacity (including the 6-minute walk test, in-
cremental shuttle walk test, and peak oxygen con-
sumption) when compared with a placebo.?’ However, it
should be recognized that only four studies including 198
subjects were identified.

3. Metabolic effects

A large body of evidence supports the association be-
tween low T and impaired fasting glucose and insulin re-
sistance,®*®® T2DM, and MetS.****® Fig. 4D shows, for
example, the inverse relationship between the homeo-
static model assessment (HOMA) Index and T levels in pa-
tients seeking medical care for sexual dysfunction in our
unit. The specific pathogenetic mechanisms linking hypo-
gonadism with MetS and insulin resistance appear to be
complex and often multi-directional. Visceral obesity can
probably be considered a relevant cause of hypogonad-
ism, but at the same time, hypogonadism could be a cause
of obesity and insulin resistance, consequently establish-

688488 Accordingly, although some

ing a vicious cycle.
prospective studies have demonstrated that low T at base-
line predicts the development of both T2DM and MetS,
other evidence suggests that T2DM or MetS at baseline
could predict the occurrence of low T at follow-up.*#*%*
Based on this epidemiological evidence, current guide-
lines suggest that patients with clinical conditions asso-
ciated with insulin resistance (obesity, T2DM, and MetS)
should be screened for hypogonadism.®'®'

Several uncontrolled studies have shown that TRT
could improve body composition and reduced fat

mass.®***® The International, multicenter, Post-Authori-
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Table 3. Mean difference in several clinical parameters after testosterone replacement therapy as derived from meta-analysis
of the available evidence (adapted from reference 14)

Glycaemia HOMA Triglycerides Waist HbATC (%) Lean body Hematocrit
(nmol/L) index (nmol/L) circumference (cm) mass (kg) (%)
MetS —0.48 —0.54 —0.40 —4.90
(—0.78; (—2.69; (—0.66; (—7.78;
—0.19)*** —0.50)*** —0.14)*** —0.39)**
T2DM —1.09 —0.60 —0.62
(—1.84; (—0.83; (—1.00;
—0.35)*** —0.37)*** —0.24)***
HIV 0.91
(0.15;
1.66)**
CKD 5.21
(3.69;
6.73)%**
COPD 2.36
(1.03;
3.69)***

MetS: metabolic syndrome, T2DM: type 2 diabetes mellitus, HIV: human immunodeficiency visrus, CKD: chronic kidney

diseases, COPD: chronic obstructive pulmonary disease.
*p<0.05, **p<0.005, ***p<0.0001.

zation Surveillance Study on long-acting-intramuscular T
undecanoate conducted on 1,493 hypogonadal men
showed that, after 9 ~ 12 months, waist circumference de-
creased from 100 to 96 cm and blood pressure and lipid
parameters were altered in a favorable and significant
manner.* Another more recent open-label, single-center,
cumulative, prospective registry study of 255 hypo-
gonadal men (aged 33 ~ 69 years) showed that normaliz-
ing serum T to normal physiological levels produced a
consistent loss of body weight (—16 kg), waist circum-
ference (—9 cm), and BMI (—4 kg/mz) over the full 5 years
of the study.”

Despite this evidence, unfortunately only a few RCTs
have evaluated the impact of TRT in patients with MetS
and T2DM. We recently performed a meta-analysis of ex-
isting studies, now summarized in Table 3. So far, six RCTs
have specifically evaluated the effect of TRT on MetS, en-
rolling a total of 483 patients, with a mean follow-up of 57
weeks."* When only patients with T2DM were evaluated,
5 RCTs were available, enrolling 263 patients, with a
mean follow-up of 28 weeks."* Similarly to what was re-
ported in our previous meta-analyses, TRT was associated
with a significant reduction in fasting glycemia, HOMA
Index, triglyceride levels, and waist circumference in pa-

tients with MetS (Table 3). Accordingly, an improvement
in fasting glycemia, HbA1c, and triglyceride levels was
observed in subjects with T2DM (Table 3).

Weight loss is able to reduce insulin resistance, prevent-
ing the progression to overt diabetes." Lifestyle inter-
vention is therefore the widely recognized, first-line ap-
proach of all patients with T2DM."* Unfortunately, diet
and behavioral therapies often ultimately fail. Based on
this evidence, lifestyle modifications should be strongly
encouraged in hypogonadal subjects with obesity, T2DM,
and MetS.*"""? Accordingly, the analysis of the longi-
tudinal data of the EMAS study demonstrated that weight
loss was associated with a proportional increase - and
weight gain with a proportional decrease - in total T and
SHBG.”" In line with these data, by performing a
meta-analysis of the available studies, we recently demon-
strated that weight loss, however it is obtained, sig-
nificantly reverts obesity-associated hypogonadotropic
hypogonadism."” TRT and lifestyle modifications can also
be combined, and this is strongly recommended in obese
individuals with LOH. Accordingly, a combined inter-
vention might maximize improvement in insulin sensi-
tivity, reducing liver steatosis and increasing free-fat mass.
However, this strategy has been tested only in two place-
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bo-controlled RCTs.”*®* In the first study, Heufelder et
al,”*in a small RCT involving 16 subjects with newly diag-
nosed T2DM and MetS, demonstrated that the combina-
tion of TRT and lifestyle intervention leads to a greater
therapeutic improvement of glycaemic control and re-
verses the MetS condition after 52 weeks of treatment.
Similarly, an 18-week, placebo-controlled RCT in obese
patients with OSA demonstrated that the combination of
TRT and lifestyle modifications improved insulin sensi-
tivity, ameliorated fatty liver, and increased muscle mass,
in comparison to placebo and lifestyle modification
alone.” By meta-analyzing the results of these studies, we
report here that the combination of TRT and lifestyle mod-
ifications is able to improve waist circumference, the
HOMA Index, and the lipid profile (reducing triglycerides
and increasing high density lipoprotein cholesterol levels)
when compared to both placebo and lifestyle mod-
ifications alone (Fig. 7).

4. Osteoporosis

T plays a major role in regulating male bone health,

6,14

mainly through its aromatization to E2.” " However, some

reports have indicated a possible independent link be-

Waist circumference
mean differences (cm)

Source ~40-30-20-100 10 20 30 pjf jnmean  LL,95% Cl UL, 95% Cl p value

Heufelder et al'~ (2009) l -7.00 -9.77 -4.23 0.75
Hoyos etal” (2012) | + y -4.75 -33.84 2434 0.0
Overal HH -6.98 -9.74 -422 0.0

I
Favours TRT | Favours no TRT

Triglycerides mean
differences (nmol/L)

N o
Source "2 LMV 4 %0 & i in mean LL,95% Cl UL, 95% Cl p value
Heufelder etal - (2009) l—{ -0.80 -1.32 -0.28  0.00
93
Hoyos etal  (2012) ; i -0.23 -7.39 6.93 0.95
Overall N] -0.80 -1.31 -0.28 0.00

Favours TRT | Favours no TRT
—

tween reduced T levels and the risk of bone fractures, sug-
gesting a possible direct role of T in increasing bone
health.®"

dependent meta-analyses have shown a positive effect of
94,95

In line with the latter evidence, two in-
TRT on bone mineral density.” > Conversely, insufficient
data have been published to calculate the effect of TRT on
the risk of bone fractures.”®

5. HIV infection

The prevalence of low T levels in human im-
munodeficiency virus (HIV)-infected men ranges from
20% to 25%. In particular, reduced levels of T are closely
related to weight loss, progression to AIDS, wasting syn-
drome, depression, and loss of muscle mass and exercise
capacity.'* The mechanisms underlying the association
between LOH and HIV infection remains, however, not
completely understood and has been reviewed else-
where."* Current guidelines suggest that clinicians consid-
er short-term T therapy as an adjunctive therapy in HIV-in-
fected men with low T levels and weight loss to promote
weight maintenance and gains in lean body mass and mus-

6,10,12
h., )

cle strengt In line with these suggestions, in a

meta-analysis of the available placebo-controlled RCT in

HOMA index
D O 5 O 9 Q »
Source 727V N NS piff inmean L, 95% CI UL, 95% CI p value

Heufelder et al”~ (2009) —1 -1.00 -1.54 -0.46  0.00
Hoyos etal (2012) | | -1.56 -3.09 -0.03 005
Overall 1 -1.06 -1.57 -055  0.00

Favours TRT | Favours no TRT
—

HDL cholesterol
mean differences (nmol/L)

Sl r 9 X
Source N NSO oSS piff. jnmean  LL, 95% CI UL, 95% CI p value

Heufelder et al”~ (2009) H 0.05 0.02 0.08 0.00
. 0.57

Hoyos etal  (2012) | } i -0.20 -0.89 0.49
0.00

Overall H 0.05 0.02 0.08

Favours TRT | _Favours no TRT
——

Fig. 7. Weighted differences (with 95% confidence interval [Cl]) of waist circumference (A), homeostatic model assessment (HOMA)
index (B), triglycerides (C) and high density lipoprotein (HDL) cholesterol (D) at endpoint across randomized controlled trials evaluating
the combination of testosterone replacement therapy (TRT) and lifestyle modifications vs. lifestyle alone. The size of the circles reflects
the sample dimension. LL: lower limit, UL: upper limit, Diff: difference.

The World Journal of

vien's mcain



hypogonadal HIV-positive men, we found that TRT sig-
nificantly improved lean mass over a placebo (Table 3)."
Similarly, a recent systematic review of the efficacy and
safety of pharmacologic agents for the treatment of depres-
sive and psychotic disorders in patients with HIV infection
concluded that TRT may be effective in subsyndromal
depression.” However, it should be recognized that the
results of the these trials were heterogeneous and limited
by small sample size. Hence, further information would
be required regarding the long-term benefits and adverse

effects of anabolic steroid use in HIV subjects.

6. Chronic kidney diseases

T deficiency is a common finding in men undergoing
dialysis, to a great extent a consequence of the failing kid-
ney per se. On the basis of laboratory testing, recent re-
ports estimate a 40~ 60% prevalence of hypogonadism
in men undergoing dialysis.'* Although insufficient in-
formation exists regarding the prevalence of this syn-
drome in chronic kidney disease (CKD) patients not re-
quiring dialysis, it seems proportional to the reduction in
renal function. Accelerated aging (uremia-associated oxi-
dative stress), malnutrition, other associated conditions
such as T2DM, chronic inflammation, vascular disease,
and hypertension, as well as different classes of drugs
used in these conditions, can all contribute to the devel-
opment of CKD-associated hypogonadism, acting both at
central and peripheral levels. Despite this evidence, how-
ever, it is still unknown whether in humans hypogonad-
ism has any effect on progression to end-stage renal dis-
ease (ESRD). Interestingly, similar to what has been ob-
served for CVD, recent evidence indicates that reduced T
levels in hemodialysis patients are associated with in-
creased all-cause and cardiovascular mortality,"* but no
association with cardiovascular events has been reported.
Taken together, these results suggest that low T, even in
CKD, may be considered a marker of poor general health
status, negatively affecting prognosis, rather than a specif-
ic cardiovascular risk factor. Interestingly, by meta-ana-
lyzing two placebo controlled RCTs combining the effect
of steroid therapy and erythropoietin in the treatment of
ESRD anemia, we recently reported that TRT might im-
prove erythropoietin outcomes (Table 3)."* However, it
should be recognized that studies in this area are scarce,
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and thus information about the benefits and risks of T ther-
apy in ESRD male patients is too limited to draw final
conclusions.

7. Other chronic illnesses

1) Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is a
widespread systemic disease with high morbidity rates.
Advanced stages can be complicated by unintentional
weight loss and muscle wasting, which may contribute to
increased morbidity and mortality. Reversal of weight loss
increases muscle strength and exercise capacity and im-
proves survival.'"* The prevalence of hypogonadism in
men with COPD can range from 22% to 69% and has
been associated with several other systemic manifes-
tations including osteoporosis, depression, and muscle
weakness. However, it is unclear whether TRT can im-
prove outcomes in COPD or can delay its progression.
Interestingly, by meta-analyzing the few available data,
even in COPD, TRT seems to be able to improve lean
body mass (Table 3).'* Similar to what has been observed
for CKD, however, it is unclear whether TRT can improve
outcomes in COPD or can delay its progression.

2) Glucocorticoid therapy

Glucocorticoid therapy, a common treatment modality
in COPD, is a common acquired cause of hypogonadism
acting both at peripheral (reduction of T response to HCG
stimulation) and pituitary (reduced pituitary response to
GnRH) levels." Limited data suggest that lean mass and
lumbar bone minerals may improve with TRT in subjects
chronically treated with glucocorticoids."

3) Opioid treatment

Opioids are among the most prescribed analgesic
drugs, but present several side effects including nausea,
itching, constipation, and hypogonadism." Opioid-in-
duced androgen deficiency in males (OPIAD) is usually ig-
nored by pain physicians and rarely considered for treat-
ment, despite its high frequency (almost 100%) and
persistence. Strong inhibition of androgen production
quickly follows the onset of sustained-action opioid use,
whether the opioids are administered orally, trans-
dermally, or intrathecally.™ Interestingly, limited studies
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have shown that TRT in OPIAD can induce a general im-
provement of chronic pain and patients’ quality of life, an
important clinical aspect of pain management.'*

CONCLUSIONS

Almost 80 years after the first chemical synthesis of T,
the understanding of T deficiency (male hypogonadism),
its determinants, and its consequences is still in its infancy.
Evidence-based data have confirmed the close association
between LOH and relevant sexual symptoms, including
ED and low libido. Nonetheless, long-term RCTs evaluat-
ing the effects of T supplementation in hypogonadal sub-
jects with ED or hypoactive sexual desire disorder are still
needed. LOH is frequently comorbid with almost all se-
vere and/or chronic diseases. In hypogonadal subjects
with associated chronic morbidities, available evidence
suggests that TRT is able to improve central obesity
(subjects with MetS) and glycometabolic control (patients
with MetS and T2DM), as well as to increase lean body
mass (HIV, COPD), along with insulin resistance (MetS)
and peripheral oxygenation (CKD). However, it should be
recognized that the number of RCTs is too limited to draw
final conclusions. Longer and larger studies are advisable
to better clarify the role of TRT in such chronic conditions.
Even though we cannot say, as Brown-Séquard did, that T
is the ‘rejuvenating elixir’, we at the present time are reas-
sured that TRT is at least not dangerous.
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