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Abstract

The substantial increase in life expectancy of men has focused growing at-
tention on quality-of-life issues associated with reproductive aging. Serum
total and free testosterone levels in men, after reaching a peak in the second
and third decade of life, decline gradually with advancing age. The trajectory
of age-related decline is affected by comorbid conditions, adiposity, medi-
cations, and genetic factors. Testosterone treatment of older men with low
testosterone levels improves overall sexual activity, sexual desire, and erectile
function; improves areal and volumetric bone density, as well as estimated
bone strength in the spine and the hip; corrects unexplained anemia of aging;
increases skeletal muscle mass, strength and power, self-reported mobility,
and some measures of physical function; and modestly improves depressive
symptoms. The long-term effects of testosterone on major cardiovascular
events and prostate cancer risk remain unclear. The Endocrine Society rec-
ommends against testosterone therapy of all older men with low testosterone
levels but suggests consideration of treatment on an individualized basis in
men who have consistently low testosterone levels and symptoms or condi-
tions suggestive of testosterone deficiency.
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INTRODUCTION

Hypogonadism is a syndrome that results from reduced production of testosterone (androgen defi-
ciency) and spermatozoa by the testes due to disruption of one or more levels of the hypothalamic-
pituitary-gonadal (HPG) axis (1). Testosterone is approved by the US Food and Drug Adminis-
tration (FDA) for the treatment of classical hypogonadism due to known diseases of the testis,
pituitary, and hypothalamus (2). Prior to the advent of radio-immunoassays for the measurement
of circulating testosterone levels, the diagnosis of hypogonadism was usually established on the
basis of clinical findings, such as delayed or absent pubertal development, absence of secondary
sex characteristics, gynecomastia, and small testes. In men with severe hypogonadism, testosterone
treatment was associated with clinically apparent benefits, including a marked improvement in sex-
ual function, development or restoration of secondary sex characteristics, and clinically apparent
changes in body habitus, with a low frequency of adverse events. Thus, the benefit-to-risk ratio in
these patients with severe testosterone deficiency was favorable.

During the past 20 years, testosterone prescription sales in the United States and in many other
countries have grown substantially. Today, most testosterone prescriptions in the United States are
written for middle-aged and older men, most of whom have low normal or mildly low testosterone
levels (2). Neither the clinical benefits nor the long-term safety of testosterone treatment has been
fully established in middle-aged and older men with age-related decline in testosterone levels, and
testosterone treatment is not currently approved by the FDA for this indication.

EPIDEMIOLOGY OF AGE-RELATED DECLINE
IN TESTOSTERONE LEVELS

A number of cross-sectional as well as longitudinal studies are in agreement that after reaching a
peak in the second and third decade of life, serum testosterone concentrations decline gradually
throughout life at a rate of approximately 1% each year (3, 4). Total as well as free testosterone
concentrations are lower in older men than in young men even after accounting for adiposity,
time of sampling, comorbid conditions, medications, and lifestyle factors (2-4). In more recent
epidemiologic studies that have used accurate liquid chromatography tandem mass spectrometry
assays for the measurement of testosterone levels, 10-15% of community-dwelling middle-aged
and older men have testosterone levels below the lower limit of the normal range for healthy
young men (3). Because sex hormone binding globulin (SHBG) levels increase with advancing
age, the age-related decline in free testosterone levels is greater than that in total testosterone
levels. The prevalence of total testosterone level <230 ng/dl (8 nmol/L) plus sexual symptoms
in the European Male Aging Study was 3.2% for men aged 60-69 years and 5.1% for men aged
70-79 years (4). The term late-onset hypogonadism reflects the view that in some older men,
the age-related decline in testosterone concentration is associated with a syndromic clustering of
symptoms and signs similar to that observed in men with classical hypogonadism (4).

The trajectory of age-related decline in testosterone levels is affected by adiposity, weight gain,
medications, comorbid conditions, and genetic factors (5-7). The rate of age-related decline in
testosterone levels is greater in men with chronic illness and adiposity than in healthy nonobese
men (5, 7). Comorbidity and adiposity are the major contributors to testosterone deficiency in
older men.

PATHOPHYSIOLOGY OF AGE-RELATED DECLINE
IN TESTOSTERONE LEVELS

The age-related decline in testosterone levels results from decreased testosterone production by
the testes due to abnormalities at all levels of the hypothalamic-pituitary-testicular axis (6). The
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plasma clearance of testosterone is lower in older men than in young men (8). Several mech-
anisms contribute to the age-related decline in testosterone levels; with aging, the secretion of
gonadotropin-releasing hormone is attenuated; pituitary luteinizing hormone (LH) secretion be-
comes more disorderly and asynchronous; and the Leydig cell’s response to LH stimulation is
diminished (9-13). Aging is associated with a dampening of the diurnal rhythm of testosterone
secretion observed more clearly in healthy young men (14).

A vast majority of older men with low testosterone levels have secondary hypogonadism (i.e.,
they have low or inappropriately normal LH levels in association with low testosterone levels);
only a small fraction of these men have primary testicular failure (elevated LH in association
with low testosterone) (15). Primary testicular dysfunction in older men is typically accompanied
by poor health with multiple comorbidities. Secondary hypogonadism in older men is usually
associated with obesity and chronic clinically significant conditions (15).

PHYSIOLOGIC AND CLINICAL SIGNIFICANCE OF AGE-RELATED
DECLINE IN TESTOSTERONE LEVELS

Among the various age-related symptoms that middle-aged and older men report, sexual symp-
toms (decreased sexual desire, poor erections, and diminished early-morning erections) are the
most consistently associated with low testosterone levels (16, 17). Low testosterone levels are as-
sociated with the age-related loss of skeletal muscle mass, muscle strength, and muscle power;
impaired physical performance; frailty; and mobility limitation (18-21). Low total and bioavail-
able testosterone levels have been associated with low bone mineral density, bone geometry, and
bone quality (22, 23), and with an increased risk of osteoporosis and fractures in older men (24,
25). Testosterone exerts direct effects on the bone through the androgen receptor; additionally,
testosterone is converted to estradiol by the aromatase enzyme, which exerts its effects on the bone
through the estrogen receptor alpha. Estradiol levels are more strongly associated with bone min-
eral density and fracture risk than are total testosterone levels (22, 24-26).

Testosterone levels are negatively associated with whole-body and abdominal adiposity. Low
testosterone levels have been associated with increased risk of diabetes and metabolic syndrome;
however, this association is stronger with total testosterone than with free testosterone levels and
is attenuated after adjustment for SHBG levels (27-29). Low SHBG levels are independently
prospectively associated with increased risk of diabetes (29).

In observational studies, low testosterone levels have been associated with higher all-cause
mortality and cardiovascular mortality (30). Although low testosterone levels are associated with
greater common carotid artery intima media thickness (31), testosterone levels have not been
consistently associated with cardiovascular events.

The aging process is associated with cognitive decline and increased risk of Alzheimer’s dis-
ease (AD). Testosterone acts as a negative regulator of endogenous Af amyloid accumulation in
the brain through multiple mechanisms (5-8, 11, 12). Testosterone promotes the conversion of
amyloid precursor protein (APP) to soluble APP-o rather than AB amyloid. Androgens induce
the expression of neprilysin in neuronal cells and thereby decrease Ap amyloid accumulation (13).
Testosterone attenuates AD-like tau pathology by its direct effects on tau phosphorylation as well
as indirectly after its aromatization to estradiol (32-34). Androgens promote neuronal viability
during neural development and in adult brain following mechanical injury and disease-related
toxicity (11). Androgens increase neurite arborization and synapse formation, facilitating inter-
cellular communication. Some (35-39) but not all studies have found an association between low
circulating testosterone levels and AD; the relation appears to be stronger with free testosterone
levels than with total testosterone (35-37, 40). In the Baltimore Longitudinal Study on Aging (38),
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the age-related decline in circulating free testosterone preceded the clinical diagnosis of AD by
up to nearly 10 years. The strength of the association between testosterone and AD is affected by
apolipoprotein £4 genotype, a genetic risk factor for AD (36). Low brain levels of testosterone but
not estradiol 17 (E;) were associated with increased risk of AD (39).

Androgens’ effects on cognitive function are domain specific. Generally, men with low testos-
terone levels perform less well than those with normal testosterone levels on tests of verbal fluency,
visuospatial abilities (41), verbal memory (37, 42), and executive function (43). Some studies have
suggested a curvilinear relation between testosterone levels and cognitive function; both low and
high testosterone levels are associated with worse function, suggesting that there may be an inter-
mediate level at which cognitive performance is optimized (43-45).

Neither testosterone nor dihydrotestosterone levels have been associated consistently with an
increased risk of prostate cancer (46). Lower urinary tract symptoms are not associated with testos-
terone levels (47).

Although hypogonadal men often report low mood, testosterone levels have not been con-
sistently associated with major depressive disorder (MDD) (33). Instead, low testosterone levels
are more robustly associated with late-onset, low-grade persistent depressive disorder previously
referred to as dysthymia (33).

Epidemiologic studies can only suggest an association; the association of low testosterone lev-
els with increased risk of diabetes and all-cause and cardiovascular mortality does not establish a
causal role of testosterone in the pathophysiology of these conditions. It is possible that testos-
terone levels may be a marker of health, and low testosterone levels may be the result of comorbid
conditions that are associated with increased risk of death.

MENDELIAN RANDOMIZATION STUDIES

A mendelian randomization study that used data from the United Kingdom Biobank Study found
that the effects of genetically determined testosterone levels differ between men and women (48).
Higher genetically determined testosterone levels are associated with increased risk of type 2 di-
abetes and polycystic ovary syndrome in women, but with reduced risk of type 2 diabetes in men.
Higher genetically determined testosterone levels were associated with increased risk of prostate
cancer in men in this study (48). In another study, higher genetically determined estradiol levels
were associated with higher bone mineral density in the spine and the hip (49).

POTENTIAL BENEFITS OF TESTOSTERONE TREATMENT IN OLDER
MEN: FINDINGS OF RANDOMIZED TRIALS

Although many open-label trials of testosterone replacement in hypogonadal men have been con-
ducted, only a small number of placebo-controlled randomized trials have evaluated the efficacy of
testosterone treatment in older men who had unequivocally low testosterone levels and symptoms
of testosterone deficiency (50, 51). No trials have been large enough or long enough to determine
the long-term benefits of testosterone treatment in older men on clinically important outcomes
such as disability, fractures, progression from prediabetes to diabetes, dysthymia, and progression
to AD in men at risk of AD.

The Testosterone Trials (T'Trials) comprised seven coordinated placebo-controlled trials of
testosterone replacement conducted in 788 community-dwelling older men, 65 years or older,
who had an average of two morning fasting total testosterone levels below 275 ng/dl, measured
using liquid chromatography tandem mass spectrometry (52—54). Eligible men were required to
have one or more sexual or physical symptoms, or fatigue, and were allocated using minimization
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to receive either placebo gel or testosterone gel for one year. The dose of testosterone gel was ad-
justed to achieve and maintain serum testosterone levels in the mid-range for healthy young men.
"Testosterone treatment was associated with greater improvement in overall sexual activity, sexual
desire, erectile function, and satisfaction with sexual experience than placebo (55). A meta-analysis
of placebo-controlled trials found that testosterone treatment of hypogonadal men significantly
increases sexual desire, erectile function, and sexual satisfaction (56). However, the improvements
in erectile function associated with testosterone treatment of older hypogonadal men are substan-
tially smaller than those reported with phosphodiesterase 5 inhibitors, such as sildenafil citrate.

"Testosterone deficiency is associated with a decreased frequency of sexual thoughts and lower
overall sexual activity (57). However, young hypogonadal men can achieve erections in response
to visual erotic stimuli. Testosterone replacement therapy of young testosterone-deficient men
improves sexual daydreams, sexual thoughts, spontaneous erections, and attentiveness to erotic
stimuli (57). Testosterone treatment also increases the frequency and duration of sleep-entrained
penile erections (58). Although hypogonadal men can achieve orgasm and ejaculation, they have
decreased ejaculate volume. In healthy young testosterone-deficient men, sexual function is re-
stored by testosterone levels that are at or near the lower limit of the normal male range (59).
The effects of testosterone on sexual desire require its aromatization to estradiol (60). In contrast,
testosterone treatment does not improve sexual desire or erectile function in middle-aged and
older men who have normal testosterone levels and no sexual symptoms (61). Testosterone treat-
ment has not been shown to improve ejaculatory function in hypogonadal men with ejaculatory
dysfunction. In men with erectile dysfunction and low testosterone levels, in whom the dose of
sildenafil citrate was optimized (62), testosterone treatment did not result in greater improvement
in erectile function than placebo.

Testosterone treatment increases skeletal muscle mass, maximal voluntary strength in the large
muscle groups of the upper and lower extremities, and leg power in young as well as older men
(63, 64). Testosterone increases muscle mass by inducing the hypertrophy of both type 1 and 2
skeletal muscle fibers; it does not increase either the absolute or the relative proportion of type 1
or type 2 muscle fibers (65). Testosterone-induced increase in skeletal muscle mass and maximal
voluntary strength are related to the administered dose and the on-treatment testosterone levels.
The effects of testosterone treatment on skeletal muscle mass and muscle strength are augmented
by resistance exercise training and recombinant growth hormone, but not by increased protein
intake (66, 67). Testosterone treatment improves some measures of physical performance, such as
stair climbing speed and power in mobility-limited older men with low or low normal testosterone
levels (64); the improvements in gait speed have been modest and inconsistent across randomized
trials (68). Testosterone treatment of community-dwelling older men with low or low normal
testosterone levels is associated with small improvements in aerobic capacity and attenuation of
the age-related decline in measures of aerobic capacity (Figure 1) (69).

A meta-analysis of randomized trials that included studies in young as well as older hypogo-
nadal men found a greater improvement in vertebral bone mineral density in men randomized
to testosterone arms than in those randomized to the placebo arms (70). In the Bone Trial of
the T'Trials (71), testosterone treatment of older hypogonadal men for 1 year was associated with
greater improvements in volumetric bone density and estimated bone strength than placebo; the
improvements were greater in the spine than in the hip and greater in the trabecular than the pe-
ripheral bone (Figure 2). Previous testosterone trials have not been large enough or long enough
to determine the effects of testosterone treatment on fracture risk in older hypogonadal men.

Neuroendocrine studies have not found consistently lower testosterone levels in men with
MDD compared to healthy controls (72, 73). Randomized controlled trials of testosterone in pa-
tients with MDD have failed to demonstrate consistent benefit of testosterone over placebo (74).
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Figure 1

The effects of testosterone treatment for 3 years on lean body mass (#), peak leg power (b), loaded stair climbing power (a measure of
physical function) (¢), and VO2 peak (maximal oxygen uptake at peak exercise intensity, a measure of aerobic capacity) (d) in older men
with low or low normal testosterone levels in the Testosterone Effects on Atherosclerosis Progression in Aging Men (TEAAM) Trial.

Testosterone treatment wa

s associated with significantly greater improvements in each of these measures, although the effects tended to

wane over time. Panels #— adapted with permission from Reference 64; panel 4 adapted with permission from Reference 69.

16.6

Similarly, placebo-controlled trials of testosterone replacement in men with refractory MDD have
not consistently shown superiority of testosterone treatment relative to placebo (75). Two small
randomized trials of testosterone replacement in men with late-onset, low-grade persistent de-
pressive disorder (dysthymia) have reported improvements in depressive symptoms in dysthymic
men with low testosterone levels (76, 77). Meta-analyses of randomized testosterone trials in hy-
pogonadal men without a depressive disorder have found significantly greater, though small, im-
provements in depressive symptoms in testosterone-treated men than in placebo-treated men (78).

"Testosterone administration reduces whole-body adipose tissue mass (79); the loss of fat mass
during testosterone administration is distributed evenly between the subcutaneous and the vis-
ceral adipose tissue compartments (80). The withdrawal of testosterone replacement therapy in
hypogonadal men is associated with the development of insulin resistance (81). Although some
trials in men with type 2 diabetes or metabolic syndrome have reported greater improvement in
measures of insulin resistance with testosterone treatment than with placebo treatment (82), the
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Figure 2

The effects of testosterone treatment relative to placebo on volumetric bone mineral density in older
hypogonadal men. The data are derived from the Bone Trial of the Testosterone Trials, a set of placebo-
controlled trials in older men with unequivocally low testosterone levels and sexual or physical symptoms or
low vitality. Testosterone treatment was associated with greater improvements in vertebral as well as hip
bone mineral density compared to placebo. The improvements in volumetric bone density were greater in
the spine than in the hip and greater in the trabecular than in the peripheral bone. Figure adapted with
permission from Reference 71.

randomized trials of testosterone treatment in older men with type 2 diabetes and low testosterone
levels have not found consistent improvement in glycemic control across trials.

Testosterone treatment induces several adaptations that would be expected to improve net
oxygen delivery to the tissues, improve aerobic performance, and reduce fatigability. These include
an increase in hemoglobin and stimulation of 2, 3-bisphosphoglycerate concentrations, thereby
shifting the oxygen—hemoglobin dissociation curve to enhance tissue oxygen delivery, increase
muscle capillarity, and improve blood flow to the tissues (including the heart), as well as stimulate
mitochondrial biogenesis and mitochondrial quality. However, in the Vitality Trial of the T Trials,
testosterone treatment for 1 year did not improve vitality in older men with low vitality measured
using the Functional Assessment of Chronic Illness Therapy (FACIT) scale (53). In another large
randomized testosterone trial in hypogonadal men, testosterone treatment was associated with
greater improvements in energy compared to placebo (50).

No adequately powered randomized placebo-controlled trials of testosterone replacement have
been conducted in men wih AD (83). The clinical trials data on the effects of testosterone on cog-
nition are limited and have provided conflicting results. Some studies have reported improvements
in verbal memory and visuospatial skill while others found no effect. However, none of the tri-
als has been conducted in men at risk for AD with progression of AD as the primary outcome.
The trials have not included any measures of AD pathology, including AB amyloid, tau protein,
or blood or cerebrospinal fluid markers of AD. A few small testosterone supplementation studies
(sample size varying from 11 to 47) of 6 weeks to 6 months duration in men with cognitive im-
pairment associated with AD have reported modest improvements in verbal and spatial memory,
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but the interpretability of these data is limited by the small sample sizes, short intervention du-
rations, and variable eligibility criteria (inclusion of men without confirmed AD and inclusion of
men with normal testosterone levels) (84, 85). Long-term, adequately powered trials are needed
to determine whether testosterone treatment can retard the progression of AD neuropathology
in older men at increased risk for AD.

POTENTIAL ADVERSE EFFECTS OF TESTOSTERONE TREATMENT
IN OLDER MEN

Testosterone treatment of healthy, young, androgen-deficient men with classical hypogonadism
is associated with a low frequency of mild adverse effects such as erythrocytosis, acne, oiliness
of skin, and breast tenderness (1). However, the long-term risks of testosterone supplementation
in older men are not known. Furthermore, older men with chronic conditions have usually been
excluded from randomized testosterone trials.

Older men may be at increased risk of the adverse effects of testosterone treatment for several
reasons. The plasma clearance rates of testosterone are lower in older men; consequently, serum
testosterone levels are higher in testosterone-treated older hypogonadal men than in young men,
after adjusting for age (8). Older men also exhibit greater increments in hemoglobin and hema-
tocrit in response to testosterone administration than young men (43). Older men have higher
baseline prevalence of multiple comorbid conditions, such as prostate cancer, benign prostatic hy-
pertrophy, and cardiovascular disease that might be exacerbated by testosterone administration.

In older men, testosterone promotes the growth of metastatic prostate cancer, reduces sperm
production leading to infertility, and increases the risk of detection of subclinical prostate can-
cer (1). Testosterone treatment can cause transient breast tenderness within the first few weeks
of starting testosterone treatment. However, the development of gynecomastia is uncommon in
randomized testosterone trials. In randomized trials, the incidence of the development or worsen-
ing of obstructive sleep apnea has been very low. Liver enzyme elevations, reported with the use
of oral, 17-a-alkylated androgens such as methyltestosterone, have not been observed with trans-
dermal testosterone gels or patches, nor with the injectable testosterone esters. There may also
be formulation-specific adverse effects. Intramuscular injections of testosterone may be associated
with fluctuations in serum testosterone levels during the dosing interval and associated variations
in mood and sex drive, as well as pain at the injection site. Intramuscular injection of long-acting
testosterone undecanoate has been associated with pulmonary oil microembolism, which mani-
fests as an episode of coughing, difficulty breathing, and chest pain typically within a few minutes
after the injection. Infrequently, coughing episodes have also been reported with other injectable
esters. Transdermal patches are associated with high rates of skin irritation. Transdermal gels are
well tolerated and associated with low frequency of skin irritation. However, transdermal gels are
associated with higher variability in on-treatment testosterone levels than injectable esters and
with the potential risk of transfer of testosterone to a sexual partner or a child who may come in
close contact with the patient.

TESTOSTERONE TREATMENT AND THE RISK OF PROSTATE
CANCER AND LOWER URINARY TRACT SYMPTOMS

Several meta-analyses of randomized trials are in agreement that testosterone treatment does not
worsen lower urinary tract symptoms in hypogonadal men who do not have severe lower uri-
nary tract symptoms at baseline (86, 87). There is no clear evidence for the association between
prostate cancer risk and circulating levels of testosterone, dihydrotestosterone, or estradiol, nor the
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polymorphisms in genes that encode proteins involved in steroid hormone action or metabolism
(6, 88). A meta-analysis of prospective epidemiologic studies found no significant association be-
tween testosterone levels and the risk of prostate cancer (46). Testosterone does not cause prostate
cancer (1); however, signaling through the androgen receptor plays an important role in its biology.
Testosterone administration promotes the growth of metastatic prostate cancer. The Endocrine
Society recommends against testosterone supplementation in men with prostate cancer and ad-
vocates individualized consideration of prostate cancer risk prior to treatment initiation.

Testosterone treatment in older men increases the likelihood of prostate biopsy and the detec-
tion of subclinical prostate cancers (1). Many middle-aged and older adults harbor small subclinical
cancers in the prostate; there is concern that testosterone replacement therapy might cause these
foci to grow. Testosterone therapy increases the likelihood of detection of low-grade prostate can-
cers because of increased surveillance and because of testosterone-induced increase in prostate-
specific antigen (PSA) levels, which may prompt a prostate biopsy in some men (30). In a meta-
analysis of randomized studies, a greater proportion of men randomized to testosterone treatment
were referred for prostate biopsies, had intervention-phase PSA levels exceeding 4 ng/ml, or had
prostate cancer diagnoses than those assigned to placebo treatment (89).

TESTOSTERONE TREATMENT AND THE RISK
OF CARDIOVASCULAR EVENTS

There is no clear evidence that testosterone treatment increases the risk of major adverse cardio-
vascular events. No randomized trial to date has been long enough or large enough to determine
whether testosterone increases the risk of such events.

Some physiologic effects of testosterone administration could theoretically contribute to in-
creased cardiovascular risk, such as a small increase in low-density-lipoprotein cholesterol a small
reduction in high-density-lipoprotein cholesterol, an increase in hematocrit, transient salt and wa-
ter retention, and induction of vascular cell adhesion molecule expression in the media of blood
vessels. Testosterone also exerts other physiologic effects that could reduce cardiovascular risk,
such as a reduction of whole-body and abdominal adipose tissue mass, coronary vasodilation and
increased coronary blood flow, and a reduction of QTt interval. In two placebo-controlled trials,
the rates of atherosclerosis progression did not differ significantly between the testosterone and
placebo groups (61, 90) (Figure 3a4,b). In the Cardiovascular Trial of the T'Trials, compared to
placebo, testosterone treatment was associated with a greater increase in the volume of the non-
calcified plaque, measured using computerized tomography angiography (90) (Figure 3c¢). The
meta-analyses of randomized trials have been inconclusive and limited by the relatively small sam-
ple size; short intervention durations; heterogeneity of study populations, doses, and on-treatment
testosterone levels; and lack of prospective standardized ascertainment and adjudication of cardio-
vascular events (91).

Retrospective observational and pharmacovigilance studies also have reported conflicting data
on the possible association between testosterone treatment and adverse cardiovascular outcomes
in patients treated with testosterone versus matched control groups (92-95); these studies were
similarly limited by the heterogeneity of study populations, doses, and on-treatment testosterone
levels; confounding by indication; and the lack of prospective standardized ascertainment and ad-
judication of major cardiovascular events. The FDA conducted an extensive review and concluded
that “the studies. . .have significant limitations that weaken their evidentiary value for confirm-
ing a causal relationship between testosterone and adverse cardiovascular outcomes” (96). Nev-
ertheless, the FDA directed the pharmaceutical companies to add to the drug label information
about a possible increased risk of cardiovascular events with testosterone use. An independent
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The effect of testosterone treatment on atherosclerosis progression, assessed using common carotid artery intima-media thickness
(CCA-IMT) by ultrasound (#) and by coronary calcium scores using multidetector computerized tomography (CT) (4), and on
coronary plaque volume measured using CT angiography (). The rate of atherosclerosis progression, assessed using the CCA-IMT or
the coronary calcium score, did not differ between the testosterone and placebo-treated men in the Testosterone Effects on
Atherosclerosis Progression in Aging Men (TEAAM) Trial. The change in total plaque volume as well as noncalcified plaque volume
was greater in the testosterone-treated men than in the placebo-treated men in the Cardiovascular Trial of the Testosterone Trials
(T'Trials). Panels # and b adapted with permission from Reference 61; panel ¢ adapted with permission from Reference 90.

review conducted by the European Medicines Agency also found no consistent evidence of an
increased risk of coronary heart disease associated with testosterone treatment of hypogonadal

men.

There is no evidence of a statistically significant association between testosterone treatment
and increased risk of venous thromboembolic events (1, 97). Testosterone increases the levels of
both procoagulant and anticoagulant proteins. The number of ascertained venous thromboem-
bolic events in randomized testosterone trials has been too small to enable meaningful inferences.
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The risk for venous thromboembolic events may be increased in patients with hypercoagulable
states (thrombophilia) (98), especially within the first few months after starting testosterone
treatment. The FDA has required manufacturers of testosterone products to include a warning
about the risk of venous thromboembolism in the drug labels.

CONTRAINDICATIONS FOR TESTOSTERONE TREATMENT

Metastatic prostate cancer and breast cancer are contraindications for testosterone treatment. Be-
nign prostatic hypertrophy is not a contraindication unless it is associated with severe symptoms,
as indicated by an International Prostate Symptom Score higher than 21. Testosterone should not
be given to men who have baseline hematocrit greater than 50%; severe untreated sleep apnea;
congestive heart failure with Class III or IV symptoms; or myocardial infarction, stroke, or coro-
nary revascularization surgery within the past 4 months. Testosterone should not be prescribed to
men who are considering having a child in the near future.

A history of prostate cancer has historically been viewed as a contraindication for testosterone
treatment. However, many men with organ-confined, low-grade prostate cancer who have unde-
tectable PSA for at least 2 years after radical prostatectomy have very low 5- and 10-year prostate
cancer recurrence rates; some clinicians have suggested considering such patients for testosterone
replacement on an individualized basis (99). However, the lack of data from randomized trials
precludes a general recommendation.

MONITORING TESTOSTERONE REPLACEMENT THERAPY
IN OLDER MEN

Testosterone treatment of older men with testosterone deficiency should be accompanied by a
standardized monitoring plan, such as that recommended by an expert panel of the Endocrine
Society. The Endocrine Society recommends follow-up at 3 to 6 months and then annually there-
after for assessment of treatment efficacy, on-treatment testosterone levels, detection of any ad-
verse effects, and measurement of hematocrit and PSA levels (1).

Management of PSA Elevations

After initiation of testosterone replacement therapy, PSA levels should be tested at 3 months and
annually thereafter. Hypogonadal men have lower PSA levels than eugonadal men, and PSA levels
rise after initiation of testosterone replacement therapy. An important question that arises com-
monly in clinical practice is what level of PSA elevation should prompt a urological referral for
consideration of prostate biopsy. The average PSA increase after institution of testosterone re-
placement therapy is 0.3 ng/ml in young hypogonadal men and 0.44 ng/ml in older men (89).
Increases in serum PSA levels of greater than 1.4 ng/ml after starting testosterone treatment are
unusual in older men without prostate cancer. PSA levels above 4 ng/ml at any time are associated
with increased risk of prostate cancer and should be evaluated. Based on these considerations, the
Endocrine Society guideline suggests urological consultation in men receiving testosterone re-
placement if () PSA increases more than 1.4 ng/ml in the first 12 months of treatment, (b)) a PSA
above 4 ng/ml is confirmed, or (¢) a prostatic abnormality is detected on digital rectal examina-
tion (1). After 12 months of treatment, prostate monitoring should follow standard guidelines for
prostate cancer screening, taking into account the age and race of the patient.
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Because of the high test-retest variability in PSA levels, PSA elevations should be confirmed
by repeating the test after 4 to 6 weeks. In the T Trials, half of the PSA elevations resolved spon-
taneously when the test was repeated (100).

Management of Hematocrit Elevations

Hematocrit levels should be measured at baseline and 3 months after institution of testosterone
replacement, or after increase in dosage, and every 12 months thereafter. Hematocrit levels above
54% may be associated with increased risk of stroke and neuro-occlusive events (1); men who de-
velop erythrocytosis during testosterone treatment should be evaluated for other causes of poly-
cythemia. The testosterone dose should be reduced if hematocrit rises above 52% and withheld
if hematocrit levels rise above 54%. Once hematocrit falls to a safe level, testosterone therapy
may be reinitiated at a reduced dose or with a different formulation (1). In some men, therapeutic
phlebotomy at regular intervals can be useful in maintaining hematocrit levels in a safe range.

A PATIENT-CENTERED APPROACH TO TREATMENT DECISION
IN OLDER MEN WITH TESTOSTERONE DEFICIENCY

Because of the lack of evidence of the long-term safety and limited evidence of long-term efficacy
of testosterone therapy in older men with symptomatic androgen deficiency, there still remains
some controversy about the indications for treatment in these patients. The expert panel of the
Endocrine Society recommended against testosterone therapy of all men 65 years or older with
low testosterone levels (1). Instead, the Endocrine Society’s guideline suggests that testosterone
therapy should be offered on an individualized basis after explicit discussion of the potential risks
and benefits “...in men >65 years who have symptoms or conditions suggestive of testosterone
deficiency (such as low libido or unexplained anemia) and consistently and unequivocally low
morning testosterone” (1, p. 1716).

The decision whether to offer testosterone treatment to older men with low testosterone levels
should be guided by several considerations. First, evaluate whether the patient has clear evidence
of testosterone deficiency. The diagnosis of testosterone deficiency should be made on the basis
of two or more early-morning, fasting testosterone levels below the lower limit of normal for
healthy young men, plus the presence of symptoms. Consider the imprecision and inaccuracies of
the diagnostic assays for total and free testosterone levels, especially in men whose testosterone
levels are close to the lower limit of the normal range. Use ancillary data such as testicular volume,
secondary sex characteristics, and LH and follicle-stimulating hormone levels, which can reduce
the risk of misclassification.

Second, weigh the burden of symptoms/conditions against the known benefits and the uncer-
tainty of long-term harm, recognizing that sexual symptoms are the most robustly associated with
testosterone deficiency and are the most consistently improved by testosterone treatment.

Third, ascertain whether the patient has any conditions, such as prostate cancer, severe lower
urinary tract symptoms, erythrocytosis, or deep venous thrombosis, that might increase the risk of
harm. Older men considering testosterone supplementation should undergo baseline evaluation
of risk factors for prostate cancer. Prostate cancer screening has some risks; therefore, initiation
of prostate screening and monitoring should be a shared decision. Men with history of prostate
cancer should not be given androgen supplementation, and those with palpable abnormalities of
the prostate or PSA levels greater than 3 ng/ml should undergo urological evaluation (1).

Fourth, share the burden of decision making with the patient. Physicians should recognize
that there is considerable disagreement among experts on this issue due to incomplete evidence.
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Nonspecific age-related symptoms and low testosterone concentrations often coexist in older men
without a clear causal link. The patient’s burden of symptoms, preferences, and risk tolerance
should be weighed against the uncertainty of benefits and risks, the burden and risks of monitoring,
and the cost. Finally, a shared decision to initiate testosterone treatment should be accompanied
by a standardized monitoring plan.
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