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ABSTRACT
The relative proportional increase of the elderly population within many countries will become
one of the most significant social transformations of the twenty-first century and, for the first
time in history, persons aged 65 or above outnumbered children under five years of age glo-
bally. One in four persons living in Europe and Northern America will be aged 65 or over. One
of the goals of ISSAM is to raise awareness of the special health needs of older men. Since a sig-
nificant number of aging men will eventually become testosterone deficient, the Hypogonadism
panel of ISSAM updates its guidelines.
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Introduction

The relative proportional increase of the elderly population
within many countries will become one of the most signifi-
cant social transformations of the twenty-first century and,
for the first time in history, persons aged 65 or above out-
numbered children under five years of age globally. One in
four persons living in Europe and Northern America will be
aged 65 or over. One of the goals of ISSAM is to raise
awareness of the special health needs of older men. Since
a significant number of aging men will eventually become
testosterone deficient, the Hypogonadism panel of ISSAM
updates its guidelines periodically.

The International Society for the Study of the Aging
Male (ISSAM) Hypogonadism panel consists of a multi-
disciplinary group of experts, including urologists,
endocrinologists, andrologists and internists with vari-
ous subspecialties. The first recommendations were
published in 2002 [1]. Due to the need for ongoing
re-evaluation of the information presented in the rec-
ommendations they were revised in 2005 [2], 2009 [3],
2013 [4] and 2015 [5].

It must however be remembered that recommendations
can never replace clinical expertise. Treatment decisions,
selection of treatment protocols or choice of products for

individual patients must take into account patients’ per-
sonal needs and wishes. Hypogonadism or Testosterone
Deficiency (TD) in adult men as defined by low levels of
serum testosterone accompanied by symptoms and/or
signs as detailed below. These symptoms are compiled
from observations and recognized in clinical entities such
as Klinefelter’s syndrome, Kallmann’s syndrome, pituitary or
testicular disorders, as well as in men with idiopathic, meta-
bolic or iatrogenic conditions that result in testosterone
deficiency. These recommendations do not encompass the
full range of pathologies leading to hypogonadism (testos-
terone deficiency) but instead focus on the clinical spec-
trum of hypogonadism related to associated morbidities,
metabolic disturbances and idiopathic disorders that con-
tribute to the majority of cases occurring in adult and eld-
erly men. New data have accumulated since the last
revision of the recommendations were published that adds
to a better understanding of the benefits and limitations of
testosterone therapy (TTh) in elderly men (i.e. 65þ) [6]

Recommendation 1: definition

Testosterone deficiency (TD) in adult men is a clinical
and biochemical syndrome associated with a low level
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of testosterone, which may adversely affect multiple
organ functions and quality of life. Although the clin-
ical significance of TD in adult men is becoming
increasingly recognized, the extent of its prevalence in
the general population is still a matter of uncertainty
and perhaps underappreciated. A large number of
men with TD who would be expected to benefit from
testosterone treatment, continue to remain undiag-
nosed and untreated due to deficient basic knowledge
and postgraduate medical training in sexual medi-
cine [7,8].

Recommendation 2: clinical diagnosis

� Check for TD in men with symptoms and signs of
testosterone deficiency
The diagnosis of TD requires the presence of char-

acteristic symptoms and signs in combination with
decreased serum concentration of testosterone.
Symptoms of TD may be categorized as sexual and
non-sexual. The European Male Aging Study (EMAS) a
population-based survey performed on more than
3,400 men aged 40–80 clearly showed that sexual
symptoms, including erectile dysfunction (ED), dimin-
ished frequency of morning erections and decrease in
sexual thoughts (low libido) were the most frequent
symptoms in identifying patients with low T [9].
Similar results were reported by other authors [10–13].
Other sexual symptoms associated with TD include dif-
ficulties in achieving orgasm or reduced intensity of
orgasm [14].

Several other non-sexual symptoms such as fatigue,
impaired concentration, depression and decreased
sense of vitality and/or wellbeing have been associ-
ated with TD. However, the role of psychological and
physical symptoms in identifying subjects with low
testosterone (T) is more conflicting [9]. Signs or risk
factors for TD also include anemia, osteopenia and
osteoporosis, low-energy fracture, myopathy and
frailty, tender gynecomastia, abdominal obesity and
metabolic syndrome [15]. Principally, the clinician has
to distinguish between TD of primary (testicular) and
secondary (hypothalamic/pituitary) etiology and TD
associated with other conditions and/or co-morbidities
including drug-induced TD, potentially reversible and
recently also named as functional hypogonadism [16].
Hence, the classical etiologies with well-known con-
genital and acquired testicular or pituitary dysfunc-
tions that require lifelong substitution (e.g. Kallmann
syndrome, Klinefelter syndrome. anorchia due to
trauma or orchiectomy, pituitary lesions/tumors)
should be distinguished from forms of TD that might

be reversible. The latter, potentially reversible forms of
TD are most often found in co-existence with meta-
bolic disorders such as obesity/type 2 diabetes melli-
tus (T2DM), inflammatory diseases (e.g. chronic
obstructive pulmonary disease, chronic inflammatory
bowel diseases, prolactinoma) or psychological prob-
lems such as depressive mood or stress [16].
Screening questionnaires or structured interviews on
male symptomatic TD, although sensitive, have low
specificity [17]. Morley et al. compared the most com-
monly used questionnaires in 148 men using bioavail-
able testosterone (BT) for the diagnosis of TD and
found the sensitivity to be 97% for the ADAM
(Androgen Deficiency in the Aging Male question-
naire), 83% for the AMS (Aging Male’s Symptoms
scale) and 60% for the MMAS (Massachusetts Male
Aging Study questionnaire). Specificity was 30% for
the ADAM, 59% for the MMAS and 39% for the AMS
[18] (now validated in many languages [19,20].
Althogh other large face-to-face comparisons are lack-
ing, more recently a large systematic review including
40 studies concluded that [17], a specific structured
interview, ANDROTEST, for detecting hypogonadism
related symptoms and signs, showed both the most
favourable positive and negative likelihood ratio for
detecting low T [17]. Despite having low specificity,
the AMS and other male TDcase-history tools may be
useful to assess the presence and severity of symp-
toms [21] and for monitoring the clinical response to
testosterone therapy [22–25]. However, it should be
recognized that the latter instruments can not be
used to diagnose TD which requires the demonstra-
tion of reduced T circulating levels.

Physical examination of patients with suspected TD
should include an assessment of the amount and dis-
tribution of body hair (including beard growth and
pubic hair); the presence of acanthosis nigricans, asso-
ciated with insulin resistance [26–28], presence of
gynecomastia; size and consistency of the testes;
abnormalities in the scrotum and size, the appearance
of the penis. Weight, height, body mass index (BMI)
and waist circumference should also be measured
since symptoms and signs potentially indicative of TD
in men include height loss, reduced muscle bulk and
strength and increased body fat, in particular, abdom-
inal fat accumulation and BMI [29–32]. The greater the
number of symptoms in a man, the greater the prob-
ability that he truly has TD [33]. However, the pres-
ence of even one symptom may raise suspicion of
symptomatic TD. A high prevalence of symptomatic
TD has been observed in populations of aging men,
especially those with diabetes mellitus type 2, obesity
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[34], benign prostatic hyperplasia (BPH) and lower
urinary tract symptoms (LUTS) [35,36].

The presence of symptoms alone does not consti-
tute testosterone deficiency. Symptoms must be
accompanied by decreased serum concentrations of
total testosterone (TT) or free T level to support a
diagnosis of symptomatic TD.

Various prospective studies have reported the
occurrence of hypogonadal symptoms as side effects
of androgen deprivation therapy, including hot flashes,
decreased libido and ED [37,38]. Other complications
of androgen-deprivation therapy include osteoporosis,
with increased risk of fractures, and worsening of
comorbidities such as diabetes mellitus, cardiovascular
disease and metabolic syndrome, as well as physical,
functional and cognitive impairment [39–42].

Based on the above and below mentioned data, we
recommend the investigation of TD in men with the
following conditions (amost frequently associated with
TD ) (Table 1).

Reasons for drug-induced TD are listed in Table 2.

Recommendation 3: pathogenesis

� Check for concurrent diseases and drug consump-
tion as a reason of impaired testoster-
one production
The metabolic disorders such as obesity, T2DM,

inflammatory diseases and other co-morbidities men-
tioned above modify the hypothalamic–pituitary–go-
nadal axis by suppressing one or more of its
components (decreased hypothalamic–pituitary/
decreased Leydig cell function) but not in a constant
fashion as in the permanent forms of TD where one of
the components has irrevocably decreased function.

The age-related decrease in testosterone produc-
tion is related to an impairment of

hypothalamic–pituitary–gonadal axis [46], but in con-
trast, may not be reversible. The current opinion is
that TD and the respective co-morbidity reinforce
each other.

Risk factors for TD may include chronic illnesses,
including T2DM, hyperprolactinemia, chronic obstruct-
ive lung disease, rheumatoid arthritis, renal and HIV-
related diseases, obesity, metabolic syndrome [47],
stress and hemochromatosis, vitamin D deficiency
[48–50]. Severe vitamin D deficiency may contribute to
lower TT level [51], which is also confirmed by a
recent meta-analysis [52] Such chronic diseases should
be investigated and treated.

Though there is still a controversy in defining nor-
mal thyroid stimulating hormone (TSH) levels in the
elderly [53–56], thyroid gland function impairment
should be considered in all patients with TD, as symp-
toms of hypothyroidism may overlap those of TD.

Table 1. Disorders and conditions most frequently associated with TD.
Sexual disorders:
� Low libidoa

� Poor morning erectionsa

� Erectile dysfunctiona

� Difficulty in achieving orgasm or reduced intensity of orgasm

Somatic disorders and conditions:
� Insulin resistance
� Obesity, abdominal obesitya

� Anemia
� Metabolic syndromea

� Arterial hypertension
� Dislipidemia
� Diabetes mellitus type 2a

� Sarcopenia (decreased muscle mass and strength)a

� Decreased bone mineral density and osteoporosis
� Chronic pain [43,44,45]
� Sleep apnoe

Psychological disorders
� Depressed mood
� Fatiguea

� Decreased vitalitya

� Cognitive impairment
aMost frequently associated with TD.

Table 2. Medications that may be the reason for low testos-
terone level/decreased testosterone bioactivity.
Glucocorticoids Opioids
Antipsychotics Statins
Alkylating agents Methotrexate
Testosterone synthesis inhibitors Ketoconazole
Aminogutethimide Mitotane
Metyrapon GnRH agonist or antagonist
Oestrogens Progestogens (including cyproterone

acetate)
Prolactin increasing agents Drug-induced aromatase activity

blockade
� Letrozole
� Anastrazole
� Exemestane

Drug-induced AR blockage
Steroidal antiandrogen

� Cyproterone acetate
� Spironolactone

Non-steroidal antiandrogen
� Flutamide
� Bicalutamide
� Nilutamide

Drug-induced 5a reductase
activity blockade

� Finasteride
� Dutasteride
� Drug-induced ER blockade
� Clomiphene
� Tamoxifen
� Raloxifene
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TT levels have been reported to be lower in
depressed men compared with non-depressed men
[57]. TT is particularly low in men with severe, treat-
ment-resistant depression [58].

Poor sleep habits, as identified by shift work sleep
disorder, may also contribute to the decrease of TT
level [59].

Drugs such as glucocorticoids, opioids, antipsy-
chotics induce TD [60–62]. Glucocorticoids are widely
used as anti-inflammatory drugs. However, prolonged
use of glucocorticoids results in undesirable side
effects, including TD [62]. It has also been reported
that statins may reduce TT [63]. In addition, several
other drugs can interfere with T production acting
either at central or peripheral levels and/or influencing
T bioactivity (Table 1).

Aloisi and colleagues [64] were the first to show
that morphine induces a dramatic and long-lasting
decrease in TT. This finding has now been corrobo-
rated by numerous subsequent studies [65–67].

Recommendation 4: laboratory diagnosis

In patients at risk or suspected of TD, a thorough
physical and biochemical work-up is recommended.

Liquid chromatography–tandem mass spectrometry
(LCMS/MS) assays are considered the gold standard
for TT measurement provide consistently higher accur-
acy, specificity and sensitivity than do most immuno-
assays [68]. LCMS is not universally available, and
immunoassays are still much more frequently used
around the world, with reasonable accuracy in most
cases. The key laboratory tests to confirm the diagno-
sis of TD are serum total and free testosterone.
Theoretically, free testosterone (FT) concentrations
may have a better correlation with clinical symptoms
of testosterone deficiency [69,70]. LCMS/MS should
remain the gold standard method even for free T
evaluation [68]. Free T assays based on analog dis-
placement immunoassays are still widely available and
used some positive results [71], but their reliability has
been seriously questioned by some authors [72,73].
The use of formulae or algorithms based on the bind-
ing characteristics of sex hormone binding globulin
(SHBG) and albumin have been proposed as a method
to calculated FT (http://www.issam.ch/freetesto.htm)
[68]. Among the latter, the Vermeulen method [74]
showed the most consistent results when compared
to LCMS/MS. Regarding the best method for free T
evaluation, no consensus among the experts compos-
ing this group has been reached.

Another promising method to define TD consists of
salivary-free testosterone evaluation, but the lower tes-
tosterone limit is still disputable. Saliva contains only
the non-SHBG bound fraction of T, which can freely
diffuse across capillaries and salivary ducts [75]. It
should be noted that some conditions affect interpret-
ation such as hydration state, moreover, saliva collec-
tion devices may alter salivary concentrations of
sex steroids.

No consensus has been reached regarding the
lower TT threshold defining TD, and there is no gener-
ally accepted lower limits of normal TT [76]. This lack
of consensus follows from the fact that no studies
have shown a clear threshold for TT or free T that dis-
tinguishes men who will respond to treatment from
those who will not. Data from EMAS studies proposed
11 nmol/L as a lower cut-off value for TT [9]. TD may
be considered if the TT level is below 12.1 nmol/L
based on LCMS/MS measurements in three large
cohorts comprising more than 10000 men of various
ages [76]. Similarly, data derived from meta-analyses
suggest a lack of benefits of TTh in subjects with a
total T> 12 nmol/L [77–79].

The single greatest variable confounding the inter-
pretation of total T is that SHBG concentrations vary
enormously from one individual to another, among
both younger and older men. Since SHBG concentra-
tions greatly influence test results for hormones that
bind to SHBG, recognition of this large interindividual
variability should be considered in the clinical inter-
pretation of these hormone results, particularly for T
[80]. Routine SHBG testing should be considered for
men suspected of T deficiency.

Note should be made that transient decreases of
serum T levels can occur, due to acute illnesses [81],
and this should be excluded by careful clinical evalu-
ation and repeated hormone measurement.

Free T levels as low as 220–347 pmol/L
(63.5–100 pg/mL) [69,71,82] have been recommended
as a lower limit of the normal range and together
with the presence of one or more hypogonadal symp-
toms can provide supportive evidence for TTh.

It is preferred to obtain a serum sample for TT
determination between 07.00 and 11.00 h [83],
although diurnal variation is substantially blunted in
older men. In a cross-sectional study of 3006 men
with the mean age 60.3 years presenting for prostate
cancer screening, serum testosterone concentrations
were unchanged from 6 am to 2 pm, and then
decreased by only 13% between 2 pm and 6 pm [84].
However, other authors have reported that the diurnal
circadian rhythm of free testosterone and bioavailable
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testosterone may persist in men younger than 75
years [85].

A large body of evidence has documented that cir-
culating T levels are substantially decreased (from 14
to more than 30%) if not measured in fasting condi-
tions [86,87]. Hence blood testing for T should be per-
formed in a fasting state which allows to adequately
measure also glucose and lipids to detect co-
morbidities.

The number of cytosine–adenine–guanine triplet
(CAG) repeats in androgen receptors differs in men
and influences the androgen receptor activity
[88,89,90,91] (Figure 1). Hence testosterone sensitivity
may vary in different individuals. It has also been
argued that the magnitude of the decrease in serum T
concentrations might be a better predictor of TD than
the actual concentrations of TT and BT [92].

The same applies to androgen receptor gene CAG
repeat lengths >24 in the presence of symptoms and

normal testosterone levels may be considered as a
state of preclinical TD [93].

The prevalence of hypogonadal symptoms
increases with TT levels below 12.1 nmol/L (350 ng/dL)
[33]. However, Zitzmann et al. have shown that TD
symptoms may also be seen with TT levels as high as
15 nmol/L. This study showed that the prevalence of
loss of libido or vigor increased at testosterone con-
centrations below 15 nmol/L (p< 0.001), whereas
depression and T2DM (also in non-obese men) were
significantly more prevalent in men with TT concentra-
tions below 10 nmol/L (p< 0.001). ED has been identi-
fied as a composite pathology of metabolic risk
factors, smoking and depression, whereas only TT con-
centrations below 8nmol/L contributed to that symp-
tom (p¼ 0.003). Behre et al. [21] demonstrated that 6
months of TTh improved body composition and qual-
ity of life in men aged 50–80 years with
TT < 15 nmol/L and hypogonadal symptoms; these

Figure 1. Threshold continuum to hypogonadism.
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men showed further improvements in body compos-
ition and quality of life over the following 12 months
of TTh. Lower TT levels have also been shown to be
associated with sub-threshold symptoms of anxiety
and depression [94]. There is also a recent study
reporting increased hypogonadal symptoms in
younger men �40 years with TT below 400 ng/dL
(13.9 nmol/L) [95]. Free or bioavailable T should be
considered when the TT concentration does not cor-
respond with clinical presentation, since individual
variation in SHBG concentrations may influence total
testosterone results.

Measurements of serum luteinizing hormone (LH)
will assist in differentiating between primary and sec-
ondary TD. All cases of elevated LH level and testos-
terone below normal or in the lower quartile range
would indicate testicular failure and TTh should be
considered [96]. When elevated LH is present with
normal TT without any signs of TD, a compensated TD
should be considered, that is an early state of (overt)
TD, in that case, dynamic monitoring is recommended
[97]. Measurement of serum prolactin level is indicated
when TT is <5.2 nmol/L (150 ng/dL) [98,99] or when
hypogonadotropic TD due to a pituitary tumor (like
prolactinoma) is suspected [100–102]. Similar consider-
ations should be applied for pituitary MRI scans.

In general, it is currently speculated that variable
phenotypes of androgen insensitivity exist, mainly
owing to mutated androgen receptors. More subtle
modulation of androgen effects is related to the CAG
repeat polymorphism in exon 1 of the androgen
receptor gene: transcription of androgen-dependent
target genes is attenuated with the increasing length
of triplets. As a clinical entity, the CAG repeat poly-
morphism can relate to variations of androgenicity in
men in various tissues and psychological traits: the
longer the CAG repeat polymorphism, the less promin-
ent is the androgen effect when individuals with simi-
lar testosterone concentrations are compared. A
strictly defined threshold to TD is likely to be replaced
by a continuum spanned by genetics as well as symp-
tom specificity. In addition, the effects of externally
applied testosterone can be markedly influenced by
the CAG repeats and respective pharmacogenetic
implications are likely to influence indications as well
as modalities of testosterone treatment of hypo-
gonadal men. Investigation of CAG repeat polymorph-
ism in exon 1 of the androgen receptor gene may be
useful in testosterone treatment regimens adjustment.

Animal and human studies suggested a direct and
indirect stimulatory effect of androgens on erythropoi-
esis, as well as the fact that TD is a well-established

cause for anemia, especially in a condition, known as
«unexplained anemia in the elderly». The current
knowledge on this topic is summarized in 2019 in a
systematic review by Al-Sharefi et al. [103] and dem-
onstrated an increase in hemoglobin level in the TTh
trials with men >65 years old with the known and
unknown reasons for anemia. Taking into account the
role of testosterone in pathogenesis and treatment of
anemia in the elderly we recommend the investigation
of total blood count and ferritin in men with sus-
pected age-related TD and concomitant treatment of
diagnosed anemia [6].

We recommend 12.1 nmol/L as a lower limit of nor-
mal for serum TT level. However, due to individual
SHBG concentration variation, TTh may be reasonably
offered to symptomatic men with testosterone con-
centrations higher than 12 nmol/L if free T concentra-
tions are reduced.

Recommendation 5: assessment of treatment
outcome and decisions on continued therapy

� Improvement in hypogonadal signs and symptoms
occur at different times for different organ systems
The only indication for TTh in men is confirmed TD.

Improvement in hypogonadal signs and symptoms
occur at different times for different organ sys-
tems [104].

Reduction in fat mass and increased lean body
mass and muscle strength occur within 12–16weeks
of starting TTh, data from available meta-analyses on
observational studies indicate that the effects on body
weight can require up to 2 years [79].

Significant improvement in libido is usually experi-
enced within 3–6 weeks of commencing TTh whereas
ED improvement can be observed after 12 weeks [78].
Up to 12 months of TTh may be required before sig-
nificant improvement in ejaculatory function is
observed [105]. Some publications show continued
improvement of erectile function for up to 4-9 years
[106,107]. Significant improvement in quality of life
(QoL) usually occurs within 3–4 weeks of starting TTh;
longer-term TTh is required to achieve maximum QoL
benefit. Effects on depressive mood become detect-
able after 3–6 weeks of starting TTh, with maximum
improvement occurring after 18–30 weeks.
Improvements in bone are detectable after 6 months
of TTh, while the full beneficial effect of TTh on bone
mineral density may take 2–3 years [108,109] or even
6 years as suggested by Haider et al. [110].

Effects of TTh on lipids appear after 4 weeks, with
maximal effects being seen after 6–12 months of
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treatment. Insulin sensitivity may improve within a
few days of starting TTh, but effects on glycaemic con-
trol become evident only after 3–12 months. Failure to
improve clinical symptoms within a reasonable period
should result in reevaluation of TTh with regard to
dosage, compliance and level of serum T achieved.
Further investigation should be undertaken to deter-
mine other causes of the symptoms.

Recommendation 6: body composition
and mobility

� TTh lead to a reduction of fat massas well as the
consistent increase in lean mass
In hypogonadal men, TTh improves body compos-

ition (decrease of fat mass, increase of lean body
mass). Meta-analyses of randomized trials in middle-
aged and older men have demonstrated the beneficial
effects of TTh in reducing fat mass [79,111,112] with a
significant increase in lean body mass and
grip strength.

Rodrıguez-Tolr�a et al. demonstrated clearly that TTh
in men with TD decreased fat mass overall, and to the
greatest extent in the android and gynecoid regions
and caused improvements in body composition,
increasing lean mass, primarily in arms and legs [113].

Data mainly derived from observational studied
showed that TTh is potentially effective treatment in
aging obese men with TD [27]. There is also some evi-
dence that long-term T may result in substantial and
sustained reductions in body weight, waist circumfer-
ence and BMI in obese hypogonadal men [114–116].
The successful achievement of weight loss, as well as
the consistent increase in lean mass, lead to beneficial
effects on diabetes mellitus type 2 [117]. However, it
should be recognized that observational studies pre-
sent important limitations and that the data obtained
in placebo-controlled RCTs did not completely confirm
the positive role of TTh on body weight and metabolic
profile [118,119].

Within the T-Trials, a greater magnitude of subject-
ive improvement in physical ability compared to
objective measurements was observed within the
active group compared to placebo [6].

Higher free testosterone concentration is positively
associated with a lower risk of developing mobility
limitation and progression of mobility limita-
tions [120].

In young male cancer survivors with TD TTh com-
pared with placebo was associated with decreased
trunk fat mass, decreased whole-body fat mass and
increased lean body mass [121].

Long-term observational data indicate weight and
waist circumference improve progressively in over-
weight and obese men on TTh over a period of up to
11 years [116].

Recommendation 7: bone density and
fracture rate

� TD is a risk factor for secondary osteoporosis
� TTh significantly increases vertebral and hip

bone density in hypogonadal men
Osteopenia, osteoporosis and fracture prevalence

rates are increased in younger and older hypogonadal
men [122]. In a recent meta-analysis and in the
Fracture Risk Assessment Tool (FRAX) algorithm TD
was identified as a known disorder strongly associated
with secondary osteoporosis [123,124]. Total testoster-
one measurement is suggested in all men evaluated
for osteoporosis or considered for pharmacological
treatment with bone-active agents [125].

TTh significantly increased vertebral and hip bone
density in hypogonadal men of all ages
[108,111,126–128].

In older men, low testosterone levels are associated
with an increased risk of falls [129]. TTh has beneficial
effects on muscle mass and strength that may reduce
the propensity to fall and therefore decrease fracture
risk. Physical exercise, including stretching and equilib-
rium exercises, is mandatory in combination with TTh.
In older men, dihydrotestosterone (DHT) was inversely
associated with hip fracture risk and SHBG was posi-
tively associated with hip fracture risk [130]. Causal
effects of serum estradiol levels on fracture risk were
robust in sensitivity analyses and remained unchanged
in stratified analyses for age, body mass index, bone
mineral density as estimated by quantitative ultra-
sound of the heel, smoking status, and physical activ-
ity [131].

Assessment of bone density at 2-year intervals is
recommended in aging, hypogonadal men with nor-
mal bone density. In men with lowered bone mineral
density receiving TTh, stabilization or progress may be
monitored with annual dual-energy X-ray absorpti-
ometry (DXA). This should be performed using DXA as
a gold standard method providing the largest amount
of reliable data.

Meanwhile, there are no studies on TTh on fracture
risk, TTh is not recommended as an approved osteo-
porosis treatment, though clinical experience shows
that TTh may be efficient. We suggest TT measure-
ment in all men with osteoporosis.
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TTh should not be prescribed as a monotherapy in
patients with TD and increased bone fracture risk.

Recommendation 8: testosterone and
sexual function

� TTh improves libido and erectile function in
men with TD
The initial assessment of men with ED and/or

diminished libido or impaired morning erections
should include determination of TT and free T level.
These symptoms, with or without testosterone defi-
ciency, might be related to co-morbidities (i.e. T2DM,
hyperprolactinemia, obesity, bladder outlet obstruc-
tion, peripheral vascular disease or medications).

Men with poor morning erections, ED and/or dimin-
ished libido and documented TD are candidates for
TTh. Meta-analyses of randomized, placebo-controlled
trials of TTh in men with sexual dysfunction and vary-
ing TT levels demonstrated benefits in some aspects
of sexual desire, erectile function and perform-
ance [77,78,132].

Long-term TTh in hypogonadal men resulted in sig-
nificant improvements in urinary and sexual function,
and quality of life [133]. Several recently published
placebo-controlled trials showed TTh improve sexual
activity and desire in older men with TD [134–136].

In sildenafil non-responders with T2DM, a combin-
ation of oral T undecanoate and sildenafil was associ-
ated with improvement in erections, a significant
increase in International Index of Erectile Function-5
scale and increased sexual contacts [137].

In hypogonadal men with an inadequate response
to phosphodiesterase type-5 inhibitors, TTh has been
shown to be of benefit. In an international, multicen-
ter, prospective study (IPASS) with a sample of 1493
men, TTh showed a significant improvement in libido,
erectile function and response to PDE-5 inhibitors
(PDE5i) therapy [138]. However, it should be recog-
nized the other studies have failed to confirm the
positive outcomes between TTh and PDE5i [118].
Hence, more placebo-controlled studies are advisable
to better clarify the latter issue.

In aging hypogonadal men presenting with one or
more sexual dysfunction symptoms and low TT levels,
a short (3–6 months) trial of TTh may be justified.
Meanwhile, there is data that a 12- months period is
necessary to see an improvement in sexual function in
some men [105]. If no improvement in sexual function
is noted after an adequate trial of treatment, further
investigation should be undertaken to determine
other causes of ED.

An inadequate response to TTh requires a reassess-
ment of the causal mechanisms responsible for the
sexual dysfunction.

Recommendation 9: testosterone and obesity,
metabolic syndrome and type 2
diabetes mellitus

� We suggest measurement of serum T level in
men with obesity and diabetes mellitus type 2,
particularly in symptomatic subjects
Many of the components of the metabolic syndrome

(MetS) such as obesity, hypertension, dyslipidemia,
impaired glucose regulation and insulin resistance are
also present in hypogonadal men [139]. The MetS and
T2DM are frequently associated with low TT levels and a
majority of the patients with these conditions display
symptoms of TD [34,140,141]. In a large epidemiologic
study of more than 1150 healthy middle-aged Japanese
men, the probability of MetS was associated with lower
levels of serum TT [142]. The meta-analysis of the avail-
able cross-sectional data suggests that MetS can be con-
sidered an independent association of male TD [143].

In addition to improving TD symptoms, TTh may
have other benefits on metabolic status in hypo-
gonadal men with diabetes and/or MetS, that include
improvement of surrogate parameters of cardiometa-
bolic risk [144], such as significant reductions in fast-
ing plasma glucose, homeostasis model assessment
index (HOMA), triglycerides and waist circumference. It
has been demonstrated that TTh may be safely uti-
lized to ameliorate somatic and psychological frailty
symptoms in association with improved anthropomet-
ric and glucometabolic parameters in aging, over-
weight men with TD and impaired fasting glucose
[145]. TTh improved significantly glycemic control
(HbA1c), insulin levels and sensitivity, triglycerides, and
waist circumference and C-reactive protein levels
[105,143,146–148]. In a recently published double-
blind placebo-controlled randomized trial TTh showed
significant improvement in glucose metabolism and
reduced proportion of participants with type 2 dia-
betes beyond the effects of a lifestyle program [149].
However, it should be recognized that that study
enrolled a cohort of obese, borderline hypogonadal
[TT < 14 nmol/L], subjects, the majority of them with
impaired glucose tolerance and a minor fraction with
T2DM [20%]. Hence, the available placebo-controlled
studies and the number of enrolled patients are too
limited to draw final conclusions on the metabolic
effects of TTh. Hence, at present, TTh cannot be
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prescribed with the aim to improve metabolic profile
in subjects with MetS T2DM or obesity.

Recommendation 10: testosterone,
cardiovascular disease and all-cause mortality

� There is no evidence showing increased cardio-
vascular (CV) mortality or morbidity with TTh
Several studies have reported a significant inverse

association between serum T levels and markers of
atherosclerosis. In addition, a negative correlation
between TT levels, endothelial dysfunction and carotid
intima–media thickness (IMT) independent of other
cardiovascular risk factors have been also documented
[150–152]. Prospective observational studies in TTh-
treated men with coronary artery disease showed that
TTh improved endothelial function [153]. Conversely,
data from placebo-controlled RCT are more conflict-
ing:2 RCT showed a reduction of carotid IMT with the
effect being independent of BMI after 2 years of TTh
(mean age 58 years) [144,154], whereas data derived
from TTrials showed a significant increase in noncalci-
fied coronary artery plaque volume but not in calcified
coronary artery calcium score during 1 year of TTh in
older men (mean age 72 years) [6].

While the role of inflammation in cardiovascular dis-
ease is becoming apparent [Herring MJ, Oskui PM,
Hale SL, Kloner RA], several studies confirm the associ-
ation between low testosterone and low-grade sys-
temic inflammation. Observational evidence suggests
that several pro-inflammatory cytokines and TT are
inversely associated in patients with coronary artery
disease and T2DM [155], while TTh in hypogonadal
men with the MetS may reduce levels of inflammatory
markers [138,156–158].

Data derived from retrospective observational stud-
ies published in the last 10 years have suggested pos-
sible increased CV mortality and morbidity in men
under TTh [159–162]. However, it should be recog-
nized that the latter studies have been submitted to
important criticisms which have limited their clinical
significance [163,164]. ISSAM guidelines authors claim
these results should be interpreted with caution.

Meanwhile, several meta-analyses show a neutral or
beneficial effect of TTh on cardiovascular disease.
Meta-analysis of 37 observational studies including
43,041 subjects with a mean age of 63.5 years and
mean follow-up of 6 years showed low endogenous
TT predicted overall and CV mortality, as well as CV
morbidity when both unadjusted and fully adjusted
models were considered [165].

Recently published meta-analysis of pharmaco-epi-
demiological studies documented that TTh reduced
overall mortality and cardiovascular morbidity. Meta-
analysis of all placebo-controlled randomized clinical
trials does not support a causal role between TTh and
adverse cardiovascular events and even showed a pro-
tective role when studies enrolling obese (body mass
index >30 kg/m2) patients were considered [166].

A big systematic review including 10 randomized
controlled trials showed TTh in patients with heart fail-
ure (HF) was not associated with an increase in mor-
tality or HF hospitalization rate [167]. Moreover, Oni et
al. demonstrated in a large observational cohort of
male veterans with previous myocardial infarction (MI),
normalization of TT levels with TTh was associated
with decreased all-cause mortality compared with
those with non-normalized TT levels and the
untreated group. Furthermore, in this high-risk popula-
tion, TTh was not associated with an increased risk of
recurrent MI [168].

Several epidemiological studies as well as a recently
published meta-analysis showed no association
between TTh and risk of venous thromboembolism in
men [169–172].

TD may influence not only the quality of life in
men, but also the life span. There are strong observa-
tional data indicating that low endogenous testoster-
one levels are associated with increased risk of all-
cause and cardiovascular disease-related mortality
[165,173–175], meanwhile, TTh may improve survival
in hypogonadal men [107,176–178].

Lower serum testosterone is independently associ-
ated with higher all-cause and cancer-related, but not
CV-related, mortality in middle-aged to older men as
shown in a recent case analysis of 149,436 men with
10,053 deaths (1,925 CVD and 4,927 cancer-
related) [179].

In conclusion, available data showed that when
appropriately diagnosed and managed TTh in subjects
with TD is not associated with increased CV mortality
and morbidity. Possible preliminary positive results on
CV outcomes should be confirmed through larger pla-
cebo-controlled RCT.

Recommendation 11: depression and
cognitive function

� TTh is associated with a mild reduction of
depressive symptoms
Some meta-analyses showed a significant positive

effect of TTh to be effective and efficacious in reduc-
ing depressive symptoms in men, assessed by the
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Hamilton Rating Scale for Depression when compared
with placebo [180,181]. TTh has been shown to reduce
depression symptoms in hypogonadal men, including
middle-aged men with MetS [182] and those using
antidepressants [183,184]. However, data derived from
TTrials showed that the final effect of TTh on depres-
sive symptoms was small in magnitude [6]. In line
addition, the largest meta-analysis of available studies,
considering up to 1900 hypogonadal (baseline total
testosterone <12 nmol/L or fT <225pmol/L) men
showed that the positive effect of TTh was particularly
evident only in patients with milder symptoms [181].

Though the effect of TTh on cognitive function in
men with TD remains controversial [185,186], the
recent meta-analysis supports the potential for TTh as
a preventative measure against cognitive decline [187]
and it can be considered after exclusion of other
causes of cognitive impairment [188,189].

In a meta-analysis of seven prospective cohort studies,
low plasma TT level was significantly associated with an
increased risk of Alzheimer’s disease in elderly men [190].

Within the T-Trials, there was no improvement in
cognitive function and no difference between placebo
controls and active treatment. In line with the latter
data the most recent meta-analysis including 17 stud-
ies enrolling 1,438 patients with a mean age of 70.4
years and a mean follow-up of 45.6 weeks failed to
detect a positive effect of TTh on several cognitive
outcome measures [191].

Recommendation 12: benign prostatic
hyperplasia (BPH) and lower urinary tract
symptoms (LUTS)

� There is no evidence that TTh either increases the
risk of BPH or contributes to the worsening
of LUTS
Approximately one in five men with BPH has low

TT. There is a well-established relationship between
LUTS/BPH and increased BMI and low TT [192].

At present, there is no evidence that TTh either
increases the risk of BPH or contributes to the worsen-
ing of LUTS [104,193]. Several studies, including long-
term TTh data, reported improvement in LUTS in
hypogonadal men with mild BPH [133,194–196]. Data
derived from TTrials showed no difference in IPSS
(International Prostate Symptom Score) score in T
treated group compared with placebo [6].

Recommendation 13: prostate cancer (PCa)

� There is no evidence of increased PCa risk in
men on TTh

Recent evidence fails to support the longstanding
fear that T therapy will increase prostate cancer risk or
cause rapid growth of occult cancer. Indeed, a recent
meta-analysis including 608 testosterone-deficient PCa
survivors, of whom 109 were high-risk, showed TTh
may not increase biochemical recurrence risk [197],
another meta-analysis did not observe a higher rate of
biochemical recurrence risk after TTh for nonmeta-
static PCa [198]. Furthermore, in a number of studies
TTh was prescribed in hypogonadal men with
untreated prostate cancer undergoing active surveil-
lance with no signs of cancer progression [199–201] or
nonsignificant compared to the controls [202].

The relationship between testosterone and prostate
cancer appears to follow a saturation curve, present in
many biological systems, in which growth corresponds
with a concentration of a key nutrient until a concen-
tration is reached in which an excess of the nutrient is
achieved [203] (Figure 2). Clinical data indicate the sat-
uration point for serum T is approximately 250 ng/dL
(8.68 nmol/L) [183,204,205].

There is no evidence that TTh will convert sub-clin-
ical prostatic lesions to clinically detectable PCa.

A recently published review of observational studies
did not find any significant association between TT
level and PCa risk [206]. Analysis of pooled worldwide
data from 18 prospective studies (more than 3000
cases and 6000 controls) found no significant associ-
ation between serum testosterone concentrations and
prostate cancer risk [207]. A meta-analysis showed no
significant association between TTh and the incidence
of PCa or the need for prostate biopsy when com-
pared with the placebo/non-intervention
group [208,209].

Figure 2. Saturation curve, demonstrating the relationship
between testosterone and prostate cancer.
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In a multicenter, prospective study (IPASS) with a
sample of 1493 men, the prevalence of such adverse
effects like increase of the hematocrit and increase of
the prostate-specific antigen (PSA) was 51%, no cases
of prostate cancer were observed [138]. In observa-
tional, prospective registry studies in 1023 patients
receiving long-term TTh with a median follow-up of
5–6 years, the incidence of prostate cancer remained
well below the incidence reported in screening studies
in the general population [210]. These data were con-
firmed by a large study with a median follow-up of
5.3 years including 10,311 men on TTh and 28,029
controls [159]. The study showed the rate of a new
diagnosis of PCa was lower for men who received TTh
compared with men who did not, the longer the dur-
ation of TTh, the lower the risk of developing
PCa [159].

Two meta-analyses showed no increased risk of
prostate cancer development or progression on TTh
[211,212], and the placebo arm of the REDUCE trial
showed no increased risk of cancer associated with
serum T or DHT levels in43000 men who underwent
study biopsies of the prostate at year 2 and year 4.

Nonetheless, in the absence of large-scale, long-
term controlled studies, it is impossible to definitively
assert the safety of TTh with regard to PCa. Therefore,
prior to starting TTh, a patient’s risk of PCa must be
assessed using, at a minimum measurement of serum
prostate-specific antigen (PSA). Pretreatment assess-
ment should include PCa risk predictors such as age,
family history of PCa and ethnicity/race. If suspicion of
PCa exists, it may be reasonable to perform a prostate
biopsy if warranted by clinical presentation.
Testosterone therapy may be initiated in these men if
a prostate biopsy is negative.

After initiation of TTh, patients should be moni-
tored for prostate disease with measurement of serum
PSA at 3–6 months, 12 months and at least annually
thereafter. In a subject with an increased risk of PCa
urologist supervision is required.

An initial increase of prostate-specific antigen (PSA)
and prostate volume with TTh is frequently seen over
the first 2–6 months because the prostate is an andro-
gen-dependent organ. The increase in PSA will be
greatest in men with marked TD and least (or absent)
in men with milder degrees of TD [204]. The PSA level
at 6 months after initiation of TTh should be used as
the new baseline. Should a patient’s PCa risk be suffi-
ciently high based on suspicious findings on digital
rectal examination (DRE)/prostate ultrasound or PSA
>4.0 ng/ml, transrectal ultrasound-guided biopsies of
the prostate are recommended and the patient should

be referred to a urologist for further clinical
examination.

Referral to a urologist for prostate evaluation and
possible biopsy during TTh should be made with the
development of a new palpable prostate abnormality
on DRE or with a worrisome rise in PSA.
Recommendations regarding what constitutes a con-
cerning rise in PSA include an increase of 1.0 ng/ml
over baseline PSA [213] or a PSA velocity greater than
0.35 ng/ml per year [214].

Recommendation 14: treatment and
delivery systems

� T delivery systems should be prescribed accord-
ing to patient preference and clinical conditions

� Preparations of aromatizable T should be used
for TTh
Preparations of native testosterone or its esters

(aromatizable T) should be used for TTh. Currently
available intramuscular, subdermal, transdermal, oral
and buccal T preparations are safe and effective.

However, long-acting injectable T undecanoate and
T gels have demonstrated the best safety profile when
compared to older shorter-acting T esters such as pro-
pionate or enanthate. Similarly, older oral T prepara-
tions are not longer recommended since their
absorption is unpredictable and tightly related to the
type of meals [215].

In the case of primary TD, testosterone preparations
are the only option of TTh. In the case of secondary
TD, testosterone monotherapy should be used if fertil-
ity is not required. Conversely, when fatherhood is
desired, the combination of hCG with menopausal/
recombinant FSH should be considered [216–218].

The treating physician should have sufficient know-
ledge and adequate understanding of the pharmaco-
kinetics as well as of the advantages and drawbacks
of each TTh preparation.

There is some evidence that selective estrogen
receptor modulators (SERMs) such as clomiphene cit-
rate and tamoxifen citrate can be used in TD treat-
ment in men. The main action of SERMs is the
inhibition of the negative feedback of estrogen at the
hypothalamus and pituitary level, which results in the
release of LH and FSH, which in turn increases testos-
terone biosynthesis and “stimulates” spermatogenesis
in responsive gonads. [219]

Aromatase Inhibitors (AI) such as anastrazol and
letrozole lower estrogen levels by blocking the aroma-
tase enzyme, which converts testosterone to estradiol.
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However, the available data on the use of SERMS
and AI for the treatment of TD are limited and of poor
quality. Estrogens are vitally important players in
many physiologic functions in men including bone
metabolism, cardiovascular health, spermatogenesis,
cognition and sexual function [220,221]. In addition,
the use of these preparations for TD is off-lable.
Hence, we recommended against the use of these
drugs in men with TD.

Some authors recommend that TTh be discontin-
ued if hematocrit is >54%, which may be reasonable
while baseline hematocrit level >50% is a relative
contraindication for starting testosterone therapy.
However, these recommendations are based on
assumptions – the clinical significance of a hematocrit
>54% is unknown. The meta-analysis by Fernandez-
Balsells [208] showed that, despite a higher incidence
of elevated hematocrit, no clinical adverse effects
were reported. Results of earlier studies (MEDLINE
database search from 1966 to 2004) showed that, des-
pite TTh-treated men being nearly four times as likely
to have hematocrit >50% compared with placebo-
treated men (OR ¼ 3.69, 95% CI, 1.82–7.51), the fre-
quency of cardiovascular events, sleep apnea or death
was not significantly different between the two
groups. Hematocrit elevations were reported in 43.8%
of patients administered intramuscular T enanthate
injections and in 15.4% of patients administered trans-
dermal T treatment [222]. The lack of increase in car-
diovascular events with elevated hematocrit may be
due to the fact that T acts as a vasodilator and has
anti-atherosclerotic effects [223]. In addition, testoster-
one is able to decrease plasma concentrations of pro-
coagulatory substances such as fibrinogen and PAI-1
as well as Factor XII [224] Isolated hematocrit eleva-
tions can be the result of insufficient fluid intake on a
hot day. Only repeated measures of hematocrit >54%
should be followed by concomitant administration of
aspirin, bleeding, therapeutic phlebotomy and/or dis-
continuation of TTh until hematocrit declines below
54%. After normalization of hematocrit levels, TTh can
be continued with a reduced dosage.

Periodic hematological assessment is, however, indi-
cated, i.e. before TTh, then 3–4 months and 12
months in the first year of treatment, and annually
thereafter. Although it is not yet clear what upper
limit of hematocrit level is clinically desirable, dose
adjustments may be necessary to keep hematocrit
below 52–54%.

It is recommended to clinically apply the various
time-dependent effects of TTh. Each target symptom

or tissue has a specific timeframe of expected
response to normalization of TT level (Figure 3).

Inadequate data are available to determine the
optimal target serum T level for men with TD. For the
present time, the treatment goal with TTh is to main-
tain serum T levels in the normal range. Sustained
supra-physiological serum T levels should be avoided.
No evidence exists for or against the need to maintain
the physiological circadian rhythm of serum T levels.

Men with significant erythrocytosis (hematocrit
>52%), severe untreated obstructive sleep apnoe or
untreated severe congestive heart failure should not
be started on treatment with TTh without prior reso-
lution of the co-morbid condition.
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