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1 | INTRODUCTION

| Marco Castellana®

| Giuseppe Lisco* |

Abstract

Background: Late-onset hypogonadism (LOH) is a syndrome characterized by clinical
and biochemical evidence of low testosterone levels with advancing age. In recent years,
several guidelines, position statements and other recommendations have become avail-
able. It is unclear whether similar indications are reported in these documents.
Objective: To review similarities and differences among available documents on the
management of hypogonadism, with a special focus on LOH.

Materials and methods: PubMed, Google and international societies websites were
searched on March 2020 for documents published in the last 10 years on the man-
agement of hypogonadism and LOH.

Results: Nine documents were found, each developed by: (a) the American Urological
Association; (b) the British Society for Sexual Medicine; (c) the Canadian Medical
Association; (d) the Endocrine Society; (e) the Endocrine Society of Australia; (f) the
European Academy of Andrology; (g) the European Association of Urology; (h) the
International Consultation for Sexual Medicine; and (i) the International Society for
the Study of Aging Male.

Discussion: Despite similar principles, differences were found both for the diagnostic
workup and follow-up. Particularly, discrepancies were reported both for total and
free testosterone levels for diagnosis and for total testosterone for monitoring.
Conclusion: Available documents differ in terms of specific recommendations for the
management of hypogonadism and LOH. Given the relevant clinical implications of
adequate management of these disorders, future guidelines should report more con-
sistent measures to be adopted in clinical practice.
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system.m? As a milestone in this field, the European Male Aging
Study found the age-related decline in testosterone level to be

In the last two decades, there has been a growing interest in the

relationship between ageing and changes in the male reproductive
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associated with symptoms and signs among a random popu-

lation sample of men aged 40-79. The definition of late-onset
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hypogonadism (LOH) was progressively adopted in the scientific
community to identify a syndrome characterized by clinical and
biochemical evidence of low testosterone with advancing age.®
Also, given this definition, testosterone replacement therapy
(TRT) seemed to be the most physiological approach to reduce the
impact of this condition in affected subjects.“'5 Several years have
passed, and on a closer look, several issues still need to be ad-
dressed when managing LOH in clinical practice. First, after which
age should this syndrome be considered. Second, which signs and
symptoms should raise the suspicion of this disorder and prompt
a diagnostic workup. Third, which methods should be adopted
for the biochemical evaluation and which cut-off of testosterone
should be used when interpreting results. Fourth, the benefits
to be expected from its management. Finally, whether TRT still
represents the best therapeutic approach for LOH or whether the
definition of a management plan based on lifestyle modifications,
screening and treatment of comorbidities and medications, when
needed, may reach similar outcomes.

Different national and international societies have developed
and updated recommendations for the management of hypogonad-

ism.61°

It has to be acknowledged that clinical guidelines are not de-
signed to replace professional judgement in any field of medicine.
However, they are developed to be of assistance to physicians and
other stakeholders by providing guidance and recommendations
for specific areas of practice.9 From this perspective, the proposal
of consistent recommendations, irrespective of the appointed task
force, is key to letting patients receive the best counselling in clini-
cal practice. The present narrative review was conceived to assess
and discuss similarities and differences among available guidelines
on the diagnosis and management of hypogonadism, with a special
focus on LOH.

2 | MATERIALS AND METHODS

We searched PubMed, Google and international societies websites
for documents published in the last 10 years on the management
of hypogonadism and LOH. Guidelines, position statements and
other recommendations published in English were selected. The last
search was performed on 1 March 2020. The following information
was extracted: (a) document type; (b) age for the definition of LOH;
(c) symptoms and signs suggestive of testosterone deficiency; (d)
laboratory methods for the assessment of testosterone; (e) cut-offs
for the biochemical diagnosis of hypogonadism; (f) benefits to be ex-
pected from the management of LOH; (g) therapeutic options and

targets; and (h) follow-up.

3 | RESULTS

Nine documents were included in the present narrative review.
The documents were developed by the following societies: (a) the
American Urological Association (AUA) in 2018% (b) the British

Society for Sexual Medicine (BSSM) in 20177; (c) the Canadian
Medical Association (CMA) in 2015%; (d) the Endocrine Society in
2018°; (e) the Endocrine Society of Australia (ESA) in 2016101,
(f) the European Academy of Andrology (EAA) in 2020% (g)
the European Association of Urology (EAU) in 2020%3; (h) the
International Consultation for Sexual Medicine (ICSM) in 2019
and (i) the International Society for the Study of Aging Male (ISSAM)
in 2015.1° One document focused on the management of functional

hypogonadism only.*?

3.1 | Isthere any age cut-off for the definition of
late-onset hypogonadism?

Hypogonadism is a common endocrine disorder characterized by
both symptoms and signs of testosterone deficiency and unequivo-
cally and consistently low testosterone levels.? It can be classified
according to two main aspects: (a) the organ responsible for the dis-
order, either testis in primary forms or hypothalamus/pituitary gland
in secondary forms; (b) the mechanism underlying hypogonadism,
which could be differentiated between functional and organic forms.
Particularly, to be classified as functional, hypogonadism should be
reversible following the treatment of underlying causes. No struc-
tural, destructive or congenital disease should affect the hypotha-
lamic-pituitary-testicular axis (HPT).>*®'” Even if a consensus has
generally been reached on these definitions, the age after which tes-
tosterone deficiency can be classified as late-onset is still debated.
In the 2015 World Health Organization World report on Ageing and
Health, 60 years of age was used as the cut-off to describe the seg-
ment of the older population.18 In the Testosterone Trials, a coordi-
nated set of seven placebo-controlled double-blind trials in 788 men,
65 years of age was chosen as the cut-off to determine the efficacy
of increasing the testosterone levels of older men with low testos-
terone.’” Concerning the reviewed documents, sparse data were re-
ported on this issue. According to the BSSM, LOH should be used to
describe a functional disorder of androgen deficiency like features
and low testosterone levels in men older than 50 years.” Similarly,
in the CMA guidelines, a reference to the same age was reported,
because of the prevalence of testosterone deficiency after this age.®
Any age cut-off may seem simply academic more than clinically rele-
vant. Indeed, when all the effects of ageing on the male reproductive
system are considered, a moderate and gradual decline in gamete
quality and fertility possibly starts as early as the 30 of 35 years age
range.2 Comorbidities (eg obesity) may play a key role and contribute
to the apparent age-related decline of testosterone, as observed in
middle-aged and elderly men in the European Male Aging Study.'?
It is worth noting that a different nomenclature was adopted
to define LOH, possibly leading to confusion on this topic as well.
Indeed, until the 2000s, andropause, male climacteric, androgen
decline in the ageing male (ADAM) and partial androgen decline in
the ageing male (PADAM) were used. From the 2010s, the two most

)7,8,14

commonly used terms were testosterone deficit (syndrome and

adult hypogonadism.”*%'% Of note, both the functional and chronic
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organic forms of hypogonadism, regardless of their onset, were in-
cluded under these definitions by some societies.”%*31> On the
contrary, other societies considered LOH as a synonym of functional

hypogonadism in an ageing male.”*?

3.2 | Which symptoms and signs should raise one's
suspicion of testosterone deficiency in ageing?

Signs and symptoms of testosterone deficiency strictly depend on
the age at onset, duration, severity and the underlying pathogen-
esis. Indeed, in a subject with eunuchoid habitus and small testes, a
pre-pubertal organic form (eg Kallmann syndrome) is typically diag-
nosed.”!’ Different domains may be involved including the following:
(a) sexual (eg erectile dysfunction); (b) physical (eg gynaecomastia
and decreased body hair); (c) psychological (eg changes in mood
and well-being); and (d) cardiometabolic (eg changes in body com-
position and metabolic syndrome).6> Concerning hypogonadism
in middle-aged and older men, the association between testoster-
one and sexual function is a matter of fact. In the European Male
Aging Study, poor morning erection, low sexual desire and erectile
dysfunction were consistently associated with low serum testos-
terone levels, with thresholds of total testosterone ranging from
8 to 11 nmol/L (230-320 ng/dL).?° These results were in line with
previous studies.?! However, it is common knowledge that subjects
with LOH often complain or present with less specific symptoms
and signs, including fatigue, irritability, depressed mood, poor con-
centration and memory, reduced physical performance, mild unex-
plained anaemia and sleep disturbance.*” This raises the question
as to whether a diagnostic workup should be prompted solely by the
typical presentation of hypogonadism or whether one or more non-
specific findings may be deemed sufficient. On one hand, the chance
of success in diagnosing hypogonadism using the first approach is
high, leading, hopefully, to the expected benefits of therapy. On the
other hand, perhaps a wider approach would be beneficial in de-
tecting and treating hypogonadism earlier, for example in patients
with osteoporosis secondary to testosterone deficiency and one or
more fractures. Among the included documents, an indication of
the symptoms and signs to be considered as ‘more specific’ versus
‘less specific’ was reported in BSSM, the Endocrine Society, EAA and
EAU”?1213 while a common list of conditions was reported in the
other ones (Table 1).%81415 Of note, what should be considered as
specific differed among the former documents. For example, while
the Endocrine Society included almost exclusively the typical clinical
presentation of subjects with pre-pubertal forms of hypogonadism
(eg incomplete or delayed sexual development and small testes),
EAA and EAU referred to the post-pubertal ones (eg reduced libido,
decreased spontaneous erections and erectile dysfunction).”1?*3
The goal of the clinical evaluation is to increase the chances of find-
ing affected subjects for whom the diagnosis of LOH will be made
after a concordant laboratory assessment. Indeed, no therapy for
hypogonadism is indicated in those subjects who present with symp-

toms and signs but have normal testosterone levels. Also, there is
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no evidence supporting the universal screening for hypogonadism
by the means of the latter approach only, because possibility of ran-
domly finding low levels of testosterone in a healthy asymptomatic

man may be relevant.!?

One study focused on the association be-
tween symptoms and serum testosterone in men aged 50-86 years
and found no clear-cut threshold for LOH. Rather, the prevalence
of psychosomatic symptoms accumulated with decreasing andro-
gen levels, with some specific symptoms (eg loss of libido) increas-
ing in patients with testosterone concentrations below 15 nmol/L
(433 ng/dL). A close relationship between the number of metabolic
risk factors and the circulating testosterone levels was found in this
study too, raising the question as to whether some symptoms should
have been solely attributed to testosterone deficiency or to other
causes as well.?

To improve the performance of the clinical evaluation in detect-
ing hypogonadism including LOH and discriminating it from other
disorders, different questionnaires and structured interviews have
been developed. The most commonly used are the Aging Male's
Symptoms Scale (AMS),?® the Androgen Deficiency in Aging Males
(ADAM),?* the Massachusetts Male Ageing Study questionnaire
or Smith's screener questionnaire (MMAS),?®> and the Androtest.?®
Despite the general adequate sensitivity (>80%), a limited specific-
ity has been reported (<50%)'°; then, the recommendation against
their use for universal screening for hypogonadism was developed.12
Different recommendations were reported on the use of these ques-
tionnaires on an individual basis, with BSSM and ISSAM supporting
their use to provide a quantitative baseline assessment of patients
symptoms and evaluate the clinical response to treatment and EAU
not recommending their use in the assessment of testosterone

deficiency.7*13*15

3.3 | Which laboratory methods should be used
for the assessment of testosterone?

As previously stated, the diagnosis of LOH relies on both clinical and
biochemical findings. The relevance of available laboratory methods
may be of limited interest to the general physician. Nevertheless,
given that clinical decisions can be based on laboratory findings both
at diagnosis and during follow-up, assuring the reliability of these
data is key. The laboratory workup for hypogonadism includes total
testosterone (TT), free testosterone (FT), sex hormone-binding
globulin (SHBG), follicle-stimulating hormone (FSH) and luteinizing
hormone (LH). While the analysis of TT is warranted in all, the as-
sessment of FT may be indicated only in those patients who have
conditions that alter SHBG levels or whose initial TT concentrations
are at or near the lower limit of the normal range (see below).” For
the present review, we focused on these two hormones only.

The concentrations of serum TT and FT can be determined by
direct and indirect methods. Owing to their low levels (especially in
severe forms) and the presence of molecules with a similar structure,
their assessment has always been challenging.?” The first methods for

determination of testosterone were introduced about 40 years ago
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TABLE 1 Symptoms and signs suggestive of testosterone deficiency

Society, year

American Urological
Association, 2018°

British Society for Sexual
Medicine, 20177

Canadian Medical
Association, 20158

Endocrine Society, 2018°

Symptoms and signs

S

Symptoms: reduced energy, reduced endurance, diminished
work and/or physical performance, fatigue, visual field changes
(bitemporal hemianopsia), anosmia, depression, reduced
motivation, poor concentration, impaired memory, irritability,
infertility, reduced sex drive and changes in erectile function
Signs, including gynaecomastia

exual dysfunction, especially low sexual desire, decreased
morning and night-time erections and erectile dysfunction
are prominent, commonly presenting symptoms particularly
suggestive when associated with each other. Less specific
symptoms include fatigue, sleep disturbance, loss of physical
strength, decreased energy and motivation and depressed mood.
Sexual: delayed puberty, small testes, infertility, decreased
sexual decide and activity, decreased frequency of sexual
thoughts, erectile dysfunction, delayed ejaculation, decreased
volume of ejaculate, decreased or absent morning or night-time
erections
Cardiometabolic: increased body mass index or obesity, visceral
obesity, metabolic syndrome, insulin resistance and type 2
diabetes
Physical: decreased body hair, gynaecomastia, decreased
muscle mass and strength, hot flushes or sweats, sleep
disturbances, fatigue, osteoporosis, height loss and low-trauma
fractures
Psychological: changes in mood (eg anger, irritability, sadness
and depression), decreased well-being or poor self-rated
health and decreased cognitive function (including impaired
concentration, verbal memory and spatial performance)

Sexual: decreased libido, erectile dysfunction, decreased
frequency of morning erections and decreased performance
Somatic: increased visceral body fat/obesity, decreased lean
muscle mass, decreased strength, fatigue/loss of energy,
decreased physical activity/vitality, low bone mineral density,
anaemia, flushes, loss of facial, axillary and pubic hair/slow
beard growth, and decline in general feeling of well-being
Psychological: depression/depressed mood, mood changes,
irritability, inability to concentrate and insomnia/sleep
disturbances

Specific symptoms and signs: incomplete or delayed sexual
development, loss of body (axillary and pubic) hair and very
small testes (<6 mL)

Suggestive symptoms and signs: reduced sexual desire (libido)
and activity, decreased spontaneous erections, erectile
dysfunction, breast discomfort, gynaecomastia, eunuchoidal
body proportions, inability to father children, low sperm count,
height loss, low-trauma fracture, low bone mineral density, hot
flushes and sweats

Non-specific symptoms and signs: decreased energy,
motivation, initiative, and self-confidence, feeling sad or blue,
depressed mood, persistent low-grade, depressive disorder,
poor concentration and memory, sleep disturbance, increased
sleepiness, mild unexplained anaemia (normochromic,
normocytic), reduced muscle bulk and strength, increased body
fat and body mass index

Other data

Other conditions in which workup should be
considered include anaemia, bone density
loss, diabetes, exposure to chemotherapy,
exposure to testicular radiation, HIV/
AIDS, chronic narcotic use, male infertility,
pituitary dysfunction and chronic
corticosteroid use

Factors associated with an increased
prevalence of hypogonadism include
andrologic and endocrinologic disorders
(delayed puberty, cryptorchidism and
infertility varicocoele), metabolic diseases
associated with insulin resistance (obesity,
metabolic syndrome and type 2 diabetes),
cardiovascular diseases (hypertension,
coronary artery disease, cerebrovascular
disease, chronic heart failure and atrial
fibrillation), other chronic diseases
(chronic obstructive pulmonary disease,
obstructive sleep apnoea, end-stage
renal disease, cirrhosis, osteoporosis,
rheumatoid arthritis, HIV and cancer)
and pharmacologic treatments (regular
opioid use, antipsychotic medications,
androgen deprivation therapy, methadone
maintenance therapy, antiretroviral
therapy, chemotherapy + radiation and
anticonvulsivant therapy)

Other conditions in which the workup in
recommended include type 2 diabetes,
insulin resistance, metabolic syndrome,
HIV-associated weight loss, treatment with
opioids, glucocorticoids or ketoconazole,
chronic alcohol abuse or heroin use, liver
disease, hemochromatosis, end-stage renal
disease, chronic obstructive pulmonary
disease, obstructive sleep apnoea, infertility,
frailty, hyperprolactinaemia, sellar region
mass, disease, radiation or trauma and
testicular cancer treatment

(Continues)
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TABLE 1 (Continued)

Society, year

Endocrine Society of
Australia, 2016

European Academy of
Andrology, 2020*?

European Association of
Urology, 2020%

International
Consultation for Sexual
Medicine, 2019

International Society for
the Study of Aging Male,
2015%

Symptoms and signs

e Non-specific symptoms: lethargy, fatigue, decreased energy
and/or endurance, low mood, irritability, poor concentration,
impaired short-term memory, sleepiness, deteriorating work
performance and hot flushes

e Organ-specific symptoms on: bone (osteopenia, osteoporosis,
fracture/loss of height), muscle (reduced muscle mass and
strength), adipose tissue (increased fat mass) and breast tissue
(gynaecomastia)

e Sexual and reproductive symptoms: decreased libido and
erectile dysfunction

e Signs, including gynaecomastia

e Specific symptoms: reduced libido, decreased spontaneous
erections and erectile dysfunction

e Less specific symptoms: decreased energy, decreased physical
strength/function/activity, decreased motivation, low mood,
decreased concentration and hot flushes

e Less specific signs: loss of body/facial hair, decreased
testicular volume, increased body fat/reduced muscle mass,
osteoporosis/low bone density and central obesity

e More specific sexual symptoms: reduced libido, erectile
dysfunction and decreased spontaneous/morning erections

e More specific physical symptoms: decreased vigorous activity,
difficulty walking > 1 km and decreased bending

e More specific psychological symptoms: low mood/mood
deflection, decreased motivation and, fatigue

e Less specific sexual symptoms: reduced frequency of sexual
intercourse, reduced frequency of masturbation and delayed
ejaculation

e Less specific physical symptoms: hot flushes, decreased energy

and decreased physical strength/function/activity
e Less specific psychological symptoms: concentration or
mnemonic difficulties, and sleep disturbances

e Sexual symptoms: reduced or absent libido, erectile
dysfunction, difficulty achieving orgasm, reduced intensity of
orgasm and reduced sexual sensation in the genital region

e Non-sexual symptoms: fatigue, lack of energy, decreased
vitality, depressed mood, irritability, clouded cognition (‘brain
fog’) and decreased motivation

e Signs: anaemia and decreased bone mass

e Sexual symptoms: erectile dysfunction, diminished frequency
of morning erections, decrease in sexual thoughts (low libido),
difficulty in achieving orgasm and reduced intensity of orgasm

e Non-sexual symptoms: fatigue, impotence, impaired
concentration, depression and decreased sense of vitality and/
or well-being

e Signs: anaemia, osteopenia and osteoporosis, abdominal
obesity and the metabolic syndrome

ANDROLOGY © CHIRVV T vl

Other data

Other conditions in which workup is
recommended include cognitive impairment,
insulin resistance, arterial hypertension,
type 2 diabetes, decreased muscle mass and
strength, use of glucocorticoids, opioids and
antipsychotics

Note: Symptoms and signs listed in each document are reported. General references to the physical examination are not listed.

and were represented by indirect assays. Depending on the serum
concentrations of testosterone, an organic extraction of different
blood volumes by means of a column (eg Sephadex) or paper chro-
matography should have been performed for the samples to be ana-

lysed with a radioimmunoassay (RIA).28

Accordingly, these methods
were expensive, cumbersome and time-consuming and their results
strongly influenced by operator training. More recently, ready-made
commercial kits have become available and were progressively in-

troduced in central and local laboratories. These were based on

direct methods and generally consisted of an automated immunoas-
say platform. However, these advantages were not always followed
by adequate performance, and concerns about their reliability were
raised.?’” To improve the accuracy of testosterone measurements,
indirect assays based on pre-analytic procedures (organic extraction
and gas or liquid chromatography) followed by mass spectrometry
(MS) were developed and adopted as the gold standard.?’ However,
it is common knowledge that an adequate number of analyses are

needed for these methods to be sustainable. Then, new platforms
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of direct methods (manual RIA and automated immunoassays) were
developed and validated to increase accessibility.5%3!

According to BSSM, EAA, EAU and ESA, TT should be analysed
by using validated direct immunoassays methods if gold standard
methods are not available.”*1213 CMA and the Endocrine Society
recommended the use of assays traceable to internationally recog-
nized standardized reference material, certified by the Centers for
Disease Control and Prevention or verified by an accuracy-based
external quality control programme.®” Concerning FT, equilibrium
dialysis represents the gold standard, yet it is technically difficult,
expensive and seldom available to physicians.”*? Immunoassays
do not provide reproducible results and are not recommended.” A
method based on the calculation of FT from serum TT, SHBG and
albumin applying the mass action equation has been proposed and
validated 326 The calculation of FT is supported by and/or its reli-

ability reported in several documents.”8:1215

3.4 | What cut-off level of testosterone should
be used for the biochemical diagnosis of late-onset
hypogonadism?

Hypogonadism is a continuous variable, with mild and severe forms,
and dichotomously specifying a testosterone level threshold to de-
fine it may be an oversimplification. Therefore, one should keep in
mind that the clinical implications of changes in TT levels around the
cut-off may be limited (eg should a patient be differently classified if
TT is 299 or 301 ng/dL?). However, this holds true only if the same
cut-off is consistently used by all physicians. Also, the selection of a
specific cut-off has relevant implications, for both the single patients
and the healthcare system.

Testosterone is characterized by a significant variability, encom-
passing diurnal and seasonal changes and intra-individual variations.
Its levels are influenced by the subject's age, genetic background,
ethnicity, lifestyle factors and comorbidities.3”"*® Therefore, at least
two measurements of TT levels in a fasting state between either 7.00
or 8.00 AM and 10.00 or 11.00 AM, preferably four weeks apart (not
during acute illness) is widely considered to be the accepted diagnos-
tic approach for the diagnosis of hypogonadism by the vast majority
of available guidelines.»?”?*® About 40% of TT is bound to SHBG
and several conditions may also influence the levels of this protein.
Therefore, in patients presenting with conditions associated with
decreased concentrations of serum SHBG (eg obesity, diabetes, use
of glucocorticoids, nephrotic syndrome, hypothyroidism and acro-
megaly), or increased concentrations of serum SHBG (eg ageing, HIV
disease, cirrhosis and hepatitis, and hyperthyroidism) as well as in
those with borderline TT levels (eg 6.9-13.9 nmol/L [200-400 ng/dL]
for the Endocrine Society versus 8-12 nmol/L [231-346 ng/dL] for
BSSM, EAA), TT may not adequately reflect the androgen status and
FT should be assessed.””12143646 Notably, in a significant propor-
tion of patients with LOH, FT analysis may be indicated according
to the above mentioned conditions. Limited evidence is available in

elderly men on the association between TT or FT when considered

independently and with clinical variables, including muscle strength,
bone mineral density (BMD), body mass index (BMI) and fat mass
either in prospective studies or in randomized controlled trials.*’
Instead, only the combined measurement of TT and FT has been
shown to be associated with BMI and sexual disturbances, including
erectile dysfunction, decreased libido and decreased morning erec-
tion in prospective researches and, more recently, in randomized con-
trolled trials.>%°

Concerning the included documents, TT and FT cut-offs are re-
ported in Table 2. TT levels ranged from 9.2 to 12.1 nmol/L (264
to 350 ng/dL). FT levels were reported in three documents only
and ranged from 225 to 347 pmol/L (65 to 100 pg/mL). Of note,
while some documents reported a single TT/FT cut-off to exclude
or diagnose hypogonadism,6 others reported a larger cut-off above
which hypogonadism is unlikely, a more strict one below which hy-
pogonadism can be reliably diagnosed, and a borderline range.”!?
Also, whether blood should be drawn in the morning and in fasting
conditions was specifically questioned by ICSM.* As previously re-
ported, a diurnal variation in testosterone levels (with higher levels
in early morning) has been reported even in older men when the
gold standard method for testosterone evaluation (eg mass spec-
trometry) has been used.***® In addition, oral glucose load has been
associated with a 15%-30% decrease in mean TT levels, irrespec-
tive of the type of glucose tolerance.**° Hence, the vast majority of
the current guidelines, with the only exception of ISSAM and ICSM,
adequately recommend that testosterone blood testing should be

performed in a fasting state (Table 3).»

The confusion over the pro-
posed cut-offs for biochemical diagnosis of LOH further increased
after the publication of the Testosterone Trials. Indeed, <9.5 nmol/L
(275 ng/mL) was chosen as the inclusion criterion by the Institute of
Medicine of the National Academy of Science.'?! Finally, it is worth
mentioning that patients with severe secondary hypogonadism with
TT levels < 5.2 nmol/L (150 ng/dL) according to AUA, BSSM and the
Endocrine Society or < 6 nmol/L (175 ng/dL) according to EAA and
EAU should be evaluated through different procedures (eg magnetic
resonance imaging and multiple pituitary hormone assessments),
given that the risk of an organic form of hypogonadism due to pitu-
itary or hypothalamic problem in this subgroup is high.®7?121315 |
conclusion, no agreement has yet been reached on the criteria for
the biochemical diagnosis of hypogonadism. Also, whether the same
cut-offs have to be used irrespective of the subjects’ ages and/or

comorbidities has yet to be defined.

3.5 | What benefits should be expected from the
management of late-onset hypogonadism?

There is no doubt that significant clinical benefits have to be ex-
pected from the management of organic forms of hypogonadism,
especially those with pre-pubertal onset, and that TRT represents
the standard of care in these patients.>?> At the same time and
generally speaking, if no treatment is started (of any type), condi-

tions can only be expected to worsen. As regard to LOH, relevant
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TABLE 2 Cut-off for interpretation of

Free testosterone
total testosterone and free testosterone

Total testosterone

Society, year nmol/L ng/dL pmol/L pg/mL

American Urological Association, 104 300 - -
2018°

British Society for Sexual 12 346 225 65
Medicine, 20177

Canadian Medical Association, Local laboratory - - -
20158 ranges

Endocrine Society, 2018’ 9.2 264 - -

Endocrine Society of Australia, 7.4 in young men 216/190 - -
2016101 and 6.6 men

older than 70 y

European Academy of 12 350 - -
Andrology, 202012

European Association of Urology, 12 350 225 65
2020

International Consultation for 121 350 225-347 65-100
Sexual Medicine, 2019%*

International Society for the 12 350 225-243 65-70

Study of Aging Male, 2015%°

Note: According to the Endocrine Society, the harmonized reference range for TT in healthy,
non-obese young men (aged 19-39 years) was 9.2-31.8 nmol/l (264-916 ng/dl) using the 2.5th and
97.5th percentile, and 10.5-29.5 nmol/L (303 to 852 ng/dL) using the 5th and 95th percentile.?

TABLE 3 Recommendations for
testosterone testing

Society, year

American Urological Association,
2018°

British Society for Sexual
Medicine, 20177

Canadian Medical Association,
20158

Endocrine Society, 20187

Endocrine Society of Australia,
2016101

European Academy of
Andrology, 20202

European Association of
Urology, 20201°

International Consultation for
Sexual Medicine, 2019**

International Society for the
Study of Aging Male, 2015%°

Time of the day

Early morning fashion

Between 7 and 11 AM

Between 7 and 11 AM

Morning

Between 8 and 10 AM

Between 7 and 11 AM

between 7 and 11 AM

Morning blood testing
in men < 40 years;
for men > 40 years,
afternoon testing is
permissible as long as a
confirmatory morning
blood test is subsequently
obtained

Between 7 and 11 AM

Metabolic status

fasting testing is
appropriate for a first test

Fasting

Fasting results in higher
serum testosterone levels

Fasting

Fasting

There is insufficient
evidence as yet to
recommend fasting state

There is insufficient
evidence as yet to
recommend fasting state

data on the efficacy and safety of TRT have recently been gath- concentrations and also symptoms and objective evidence of

ered. The Testosterone Trials were a coordinated set of seven impaired mobility and/or diminished libido and/or reduced vital-
placebo-controlled double-blind trials to determine whether tes- ity would have been efficacious in improving mobility (Physical

tosterone treatment of elderly men with low serum testosterone Function Trial), sexual function (Sexual Function Trial), fatigue
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(Vitality Trial), cognitive function (Cognitive Function Trial), haemo-
globin (Anemia Trial), bone density (Bone Trial) and coronary artery
plaque volume (Cardiovascular Trial).”! TRT was associated with:
1) increased sexual activity, sexual desire and erectile function; 2)
slightly improved mood and decreased depressive symptoms; 3)
increased haemoglobin in men who had anaemia of either known
or unknown cause; and 4) increased volumetric bone mineral den-
sity and the estimated strength of the spine and hip. Conversely, it
increased coronary artery non-calcified plaque volume as assessed
using computed tomographic angiography. No changes in energy
or cognitive function were found. Discordant results were found
concerning the distance walked, with no change in men whose
walk speed was slow despite an increase in all participants 1

These results should also be interpreted in light of previous findings
on the topic.>*3%3 Concerning sexual function, scanty improvements
of ejaculatory dysfunction were found in other studies.®! Concerning
bone health, despite improvements in BMD, limited evidence sup-
ports a direct effect of TRT on fractures risk. Therefore, in patients
with hypogonadism and at high risk of fracture, a drug approved for
the treatment of osteoporosis should be considered.®? Concerning car-
diovascular risk, TRT has been associated with improvements in other
cardiovascular risk factors (eg HbA1c and lipids) and no increased risk
of events.®® Finally, concerning mobility, sarcopenia is a common find-
ing in ageing men and it is associated with an increased likelihood of
adverse outcomes.>® Testosterone is known to influence body compo-
sition, as confirmed by meta-analyses of both randomized controlled
trials and observational studies reporting a significant reduction in fat
and with an increase in lean mass.”®® Therefore, the effect of TRT in
ameliorating physical performance could be expected, although results
from previous studies were conflicting.>¢°

Recommendations reported in the included documents were gen-
erally in line with these findings. Particularly, while ESA stressed that
clinical features are highly variable between men, ISSAM highlighted
that the effects of TRT are time-dependent.!®'®> Changes in libido,
quality of life or mood may be experienced early, while up to 2-3 years
are generally needed to realize the full benefit of TRT on BMD.'> AUA
reported a specific recommendation on cardiovascular risk, stating
that clinicians should inform patients that low testosterone is a risk
factor for cardiovascular disease.® Different documents agreed that
TRT should be proposed to patients with hypogonadism who meet
specific criteria. They also agreed that it should not be used for weight
reduction in patients with obesity or to improve glycometabolic con-
trolin men with type 2 diabetes and/or metabolic syndrome.‘"12 Onthe
other hand, ICSM only stated that there may be a role for TRT in the
management of metabolic conditions, including obesity.** Concerning
LOH, EAA commented on the limited quality of the evidence available
on the effect of TRT in patients with LOH, with meta-analyses marred
by significant heterogeneity, low study quality, small participant num-
bers and short duration in the included studies. Accordingly, rou-
tinely prescribing TRT to men > 65 years as an anti-ageing regimen,
to frail men to improve exercise capacity/physical function or to age-
ing men to improve cognitive function was recommended against.12

Conversely, in patients with symptoms or conditions suggestive of

testosterone deficiency (such as low libido or unexplained anaemia)
and consistently and unequivocally low morning testosterone concen-
trations, TRT should be considered on an individualized basis after ex-
plicit discussion of the potential risks and benefits.”'?

In conclusion, while evidence supports the use of TRT in men
with hypogonadism to improve sexual disturbances, its effect on
other symptoms and signs have been inconclusive or disappointing.
Patients should be informed about the results to be expected and
any decision shared. Also, further long-term studies focusing on

LOH in non-sexual domains are needed.

3.6 | Does counselling on testosterone
replacement therapy in a patient with LOH differ from
other forms of hypogonadism?

The evidence-based use of TRT should always be performed in light
of specific indications and contraindications.®* First, it should not be
used in patients who have not been diagnosed with hypogonadism.
Second, it can be proposed only if the expected benefits outweigh
the risks. Specific contraindications include the following: (a) breast
cancer; (b) metastatic prostate cancer; (c) unevaluated prostate nod-
ule or induration; (d) unevaluated prostate-specific antigen (PSA)>
4 ng/mL (>3 ng/mL in individuals at high risk for prostate cancer);
(e) severe lower urinary tract symptoms (LUTS) associated with
benign prostatic hypertrophy; (f) recent myocardial infarction or
stroke; (g) uncontrolled or poorly controlled congestive heart fail-
ure; (h) untreated severe obstructive sleep apnoea; (i) haematocrit
above upper limit of normal (eg > 48% at baseline [>50% for men
living at high altitude] or 54% during TRT); (j) thrombophilia; and (k)
desire for fertility in the near term.®*> Concerning LOH, the abso-
lute prevalence of hormone-sensitive malignancies is low, and the
implications of suppressed spermatogenesis in an ageing male are
limited. However, a higher emphasis must be placed on possible ef-
fects on prostatic cancer or hyperplasia, cardiovascular safety and
sleep disorders.

Itis generally accepted that TRT is not harmful to prostate health.
It should be noted that subjects with a history of prostate cancer, a
high risk of prostate cancer or severe symptoms of benign prostatic
hyperplasia were excluded in some studies.®> However, several ob-
servational, randomized controlled trials and meta-analyses found
TRT to be associated with increased PSA levels or prostate volume
in the short term, but no higher prostate cancer risk or worsening of
LUTS in the long term (more than 1 year).®>*” Concerning cardiovas-
cular events, conflicting evidence has been gathered so far. Two co-
hort studies, one randomized controlled trial and one meta-analysis
of randomized controlled trials, found TRT to be associated with an
increased risk of adverse outcomes.®7* Several warnings followed
the publication of these studies.>’2”® However, those studies suf-
fered from several limitations. Furthermore, no other meta-analyses
found an increased cardiovascular risk related to TRT, when either
aggregate or disaggregate events were considered.’ Differences

in included patients, doses or formulations, with an increased risk
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found only with TRT prescribed at a higher dosage than those
recommended by the available guidelines or when frail men were
considered, may explain the heterogeneity of these findings.”* To
date, limited and discordant evidence supports the association be-
tween venous thromboembolism and TRT, as well. It is possible
that testosterone supplementation may increase this risk solely in
those patients with an undiagnosed thrombophilia-hypofibrinoly-
sis status, highlighting the relevance of an accurate medical history
before starting TRT.> Concerning sleep disorders, time-dependent
alterations in ventilatory recruitment threshold and sleep breathing
were found in subjects with hypogonadism and obstructive sleep
apnoea during TRT.7>7¢ Also, both TRT (especially when performed
with short-term parenteral formulations) and obstructive sleep ap-
noea can be associated with erythrocytosis. It should be taken into
account that testosterone deficiency can be a specific risk factor for
some of the above mentioned conditions.”””® Therefore, assessing
for these conditions is necessary before TRT can be safely started.
Shared decision-making is key to increasing patient compliance
and the chances of achieving benefits for any workup. Concerning
TRT, a relevant issue is the testosterone formulations themselves.
Different options are available including oral, short- and long-acting
injectable, buccal tablets, nasal gel, transdermal patches and gels.”’
Differences among these formulations were reported in several in-
cluded documents.?113:14 Injectable long-acting (eg testosterone
undecanoate) and transdermal formulations are the most commonly
used, convenient and cost-effective treatment modalities according
to ESA and EAA.1112 particularly, the injectable long-acting formula-

tions represent the ideal replacement therapy, being associated with

TABLE 4 Total testosterone levels
to be targeted during testosterone
replacement therapy

Society, year

British Society for Sexual Medicine, 20177

Canadian Medical Association, 20158

Endocrine Society, 2018°

Endocrine Society of Australia, 201611

European Academy of Andrology, 20202
European Association of Urology, 2020%

International Consultation for Sexual Medicine,

2019

International Society for the Study of Aging Male,

2015

American Urological Association, 2018°
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serum TT concentrations in the normal range in most treated men
and requiring infrequent administration.”’ Their main disadvantage
is their long half-life, since the long duration of action prevents drug
withdrawal in the event of adverse side-effects.” Therefore, accord-
ing to EAA and EAU, transdermal testosterone should be considered
as the preferred preparation in the initiation of TRT in patients with
LOH. If the patient shows significant clinical benefits, switching
to longer-acting testosterone preparations of TRT could then be
discussed.1?13

While general agreement on the above issues is reported in the
included documents, the same does not hold true for the serum
TT levels to be targeted in patients diagnosed with hypogonad-
ism on TRT (Table 4). The majority recommended the mid-normal
range, 871214 ESA the lower part of the reference range while
BSSM the mid to upper range for healthy young men.”*! Finally,
ISSAM underlined the lack of sufficient data to define optimal serum
levels of TT during TRT.'> Of note, these recommendations were
generally given for the monitoring of any patient with hypogonad-
ism, irrespective of his age; the only exceptions were represented by
EAA, EAU and ISSAM 121315

The clinical and laboratory follow-up should be generally per-
formed at 3, 6, and 12 months and then annually in any patient on
TRT, including those with LOH.”?1315 Both the efficacy and safety
of TRT should be assessed. CMA, the Endocrine Society, EAA, EAU
and ISSAM suggest performing digital rectal examination at each
assessment.®71215 Concerning the laboratory evaluation, TT, PSA
and haematocrit should always be evaluated.®®® In cases of rising
PSA levels > 1.4 ng/mL within 1 year from starting TRT or if PSA

Target

In the middle tertile of the normal
reference range (15.6-20.8 nmol/L;
450-600 ng/dL)

In the mid to upper range for
healthy young men (15-30 nmol/L;
433-865 ng/dL)

In the mid-normal range for healthy
young men (14-17.5 nmol/L;
404-505 ng/dL)

In the mid-normal range for healthy
young men (9.2-31.8 nmol/L;
264-916 ng/dL)

In the lower part of the reference
interval for eugonadal men (not
reported)

In the mid-normal range for young men
(9.6-30 nmol/L; 280-873 ng/dL)

The average normal range for young
men (9.6-30 nmol/L; 280-873 ng/dL)

Not reported

In the normal range (not reported)
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level is > 4 ng/mL at any follow-up, the Endocrine Society and EAA
recommend urological consultation.”*? On the other hand, ESA rec-
ommended against routine PSA monitoring during TRT since it could
lead to over diagnosis and harm from interventions for clinically in-
significant organ-confined prostate cancers.!! Lipids (with or with-
out glycaemic profile) should be evaluated too according to EAU.*
Finally, in patients with borderline TT levels, some documents sug-
gest administrating a trial of TRT, ranging from 3 months for CMA
to 6 months for BSSM.”® As stated earlier, the effects of TRT are
time-dependent and patients are likely to get only one trial in their
lifetime. The duration of this trial may possibly be closer to the lat-
ter cut-off and/or adapted according to the clinical presentation of
hypogonadism and the pharmacokinetic properties of chosen TRT
formulation. Of note, the recommendation of a 6 months trial of TRT
was reported in ICSM also for those men with symptoms sugges-
tive of TD but whose TT or FT concentrations appear normal. This
recommendation was not reported in other guidelines and seems to
be contradictory. Indeed, the ICSM defined testosterone deficiency
as a clinical syndrome associated with reduced serum testosterone
concentrations and acknowledged the relationship between symp-
toms and testosterone levels.

3.7 | Should testosterone replacement therapy be
considered as the only option for patients with late-
onset hypogonadism?

In several endocrine disorders, hormone replacement therapy rep-
resents the standard of therapy, allowing hormones not being pro-
duced by the gland to be replaced. Concerning hypogonadism, its
role in the organic forms deserves no discussion. However, whether
the same also holds true for functional forms is still being debated.
Testosterone levels can be influenced by a number of conditions,
physiological (eg diet), pharmacological (eg steroids) and pathologi-
cal (eg severe infections), as stated earlier. On one hand, it follows
that improvements in modifiable factors should always be pursued.
On the other hand, the assessment of their effects before consid-
ering TRT may be reasonable. Among the functional causes of hy-
pogonadism, the following are included: (a) obesity; (b) some sleep
disorders; (c) comorbid illness associated with ageing; (d) drugs (eg
opioids, anabolic steroid use and glucocorticoids); (e) alcohol and
marijuana abuse; (f) systemic illness; (g) nutritional deficiency/exces-
sive exercise; (h) organ failure (liver, heart and lung); and (i) hyper-
prolactinaemia.’ Classifying a form of hypogonadism as functional
implies the association between the treatment of the underlying
cause and the reversal of hypogonadism. Discordant findings have
been found to date on this topic. Particularly, a body of evidence
supports the significant improvements that can be achieved with TT
following the management of obesity, either by lifestyle measures,
pharmacological therapy or bariatric surgery, while no change in
TT has been found in hypogonadal subjects with obstructive sleep
apnoea following continuous positive airway pressure (CPAP).1780-

82 The mechanisms and effects of physical exercise in obesity have

been recently evaluated by using an animal model of metabolically
induced hypogonadism.83 It should be noted that, despite positive
results, high failure rates have been reported for interventions tar-
geting obesity, especially when treatment is discontinued; weight
is regained, and a worsening of hypogonadism has to be expected
in these pa\tients.g‘“85 Most of the included documents strongly
encourage improving lifestyle measures (eg diet and physical ac-
tivity for men with obesity) and the management of comorbidities
that underpin the adult form of male hypogonadism. The potential
to increase testosterone levels by these measures is acknowledged
in AUA, BSSM, the Endocrine Society, EAA, EAU and ESA.6721113
Also, the effects of these measures on conditions other than hypog-
onadism (eg type 2 diabetes) are reported. However, while the BSSM
endorsed lifestyle modifications only when performed in conjunc-
tion with TRT, EAA and ESA recommended treating comorbidities
first and starting TRT only in patients with persistently low testos-
terone levels.”**2 Finally, EAU confirmed weight loss to be the first
approach for all overweight and obese men with hypogonadism,
while recognizing the increase in TT levels observed after lifestyle
measures to be modest (with the exception of bariatric surgery) and
the benefit possibly lower compared to TRT.*®

Among the comorbidities associated with hypogonadism, obe-
sity is reported, as stated, and this can be associated with metabolic
syndrome or type 2 diabetes. Concerning the latter, there has been
a long debate on the relative contribution of excess body weight and
glycaemic control to the reversibility of functional hypogonadism
to eugonadism. Both inhibit the HPT axis prevalently at hypotha-
lamic-pituitary level, through a different mechanism and to a dif-
ferent degree.®® Indeed, severe obesity (BMI > 40 kg/m?) causes
overt hypogonadotropic hypogonadism by impairing the regular
pulsatility of GnRH-induced LH secretion.8”8® Hyperglycaemia, in-
dependently of obesity, can reduce LH pulses in eugonadal men
with type 2 diabetes, as well as both the secreted mass and pulses
of LH in poorly controlled young men with type 1 diabetes.’*8%%°
Recently, preliminary results on the disorder to be preferentially
targeted have been published. In obese patients with uncontrolled
type 2 diabetes and hypogonadism were prescribed with lifestyle
measures and metformin with or without glucagon-like peptide 1 re-
ceptor agonists or sodium-glucose cotransporter 2 inhibitors, losing
more than 10% of the initial body weight was associated with a sig-
nificant improvement in TT and FT and chances of achieving TT of at
least 10.4 nmol/L (300 ng/dL) irrespective of changes in glycaemic

control.?!

Therefore, current recommendations placing a high value
on the management of obesity should be considered as reliable and
up-to-date, even when the use of newly introduced pharmacologic
therapies for the management of type 2 diabetes is considered.
Finally, among strategies for the management of hypogonad-
ism, selective oestrogen receptor modulators (eg clomiphene
citrate) and aromatase inhibitors (eg anastrozole) should be men-
tioned. These drugs were evaluated off-label in the management
of hypogonadism, and interesting results were found. They have
been shown to restore testosterone levels to eugonadal lev-

els while promoting or preserving spermatogenesis in men with
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testosterone deficiency. Also, they are well tolerated, usually with
short-lasting and mild symptoms.”>”?* The use of some or both
of these drugs is mentioned in AUA, BSSM and the Endocrine
Society.®”? On the contrary, according to EAA these drugs should
not be used according to the poor available evidence (eg limited
number of randomized controlled trials, inadequate outcome data,
short duration of the trials as well as the small numbers of subjects
enrolled).*?

4 | CONCLUSIONS

In recent years, a number of guidelines, position statements or
other recommendations have been published by national and in-
ternational societies on the management of hypogonadism and
LOH. The goal of these documents is to support the physician in
the identification of those candidates who would benefit from
the management of these disorders, weighing possible benefits
against possible drawbacks. Despite common principles to be
adopted for diagnosis and follow-up, several differences exist.
The biggest difference is that the EAA guideline was the only
document to specifically focus on LOH. LOH has in its definition
the concept of occurring in older men; however, a consistent age
cut-off for its diagnosis could not be found. The same holds true
for the symptoms and signs to be considered as specific of hypo-
gonadism. Concerning the biochemical criteria, different cut-offs
were proposed for TT levels to be used both for diagnosis and
during follow-up; also, a cut-off level for FT for diagnosis was re-
ported only in some documents. Finally, discrepancies were found
for the relative contribution of TRT and non-pharmacological ther-
apies in the management of hypogonadism.

Among all forms of hypogonadism, LOH is characterized by spe-
cific challenges. It has a high prevalence in the general population
compared to other traditional forms of hypogonadism (eg Klinefelter
syndrome). The burden of LOH is expected to increase significantly
in the next decades, along with the trends in life expectancy and
in the prevalence of disorders associated with functional hypogo-
nadism (eg obesity). Also, a specific approach is warranted when
counselling on hypogonadism in an ageing male, given that these
subjects are often affected by other comorbidities. The number of
documents that were published in the last 10 years confirms the
high interest of the scientific community on this topic and the rele-
vant clinical implications of appropriate management. In light of the
above mentioned epidemiological and clinical issues, future guide-
lines should specifically focus on LOH and provide the physician
with consistent recommendations for the identification of affected

patients and their treatment.
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