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Abstract

The pursuit of longevity, which during the Renaissance era was limited to longing for miraculous ways of rejuvenation, such
as bathing in the fountain of youth, took a scientific turn in 1889 with the publication of Brown-Sequard’s self-experiments
with an extract of animal testes, which apparently improved his vitality, physical strength and cognition. This extract, mar-
keted then as the "Elixir of Life", was sold for decades throughout Europe and North America. However, recent replication
of Brown-Sequard’s experiments demonstrated that such an extract only contains homeopathic concentrations of testosterone
that are insufficient to exert any biological effect. Thus, the birth of Andrology began with a placebo effect. Over the past
few decades, the quest for compounds that might lead to rejuvenation has regained traction, with testosterone being at the
forefront. Though clinical practice guidelines advocate testosterone therapy in men with organic hypogonadism—the only
indication approved by the Food and Drug Administration—testosterone continues to be marketed as a wonder drug with
rejuvenating effects on sexual function, vitality, and a host of other unproven benefits. Additionally, the epidemic of obesity
and diabetes, conditions associated with low testosterone, has further brought testosterone into the limelight. Although
the number of testosterone prescriptions written have increased several-fold in the past two decades, carefully conducted
randomized trials suggest modest benefits of testosterone therapy. At the same time, safety concerns, particularly in older
men, remain valid.
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1 Introduction

Throughout history, humanity has searched for ways of
rejuvenation and to extend healthy lifespan. While in the
1500 s, imagery of magical places, such as the Fountain
of Youth (Fig. 1), kept the dreams of achieving eternal
youth alive, the late 1800s saw the dawn of scientific
quest for antiaging products, especially after the widely
publicized report of Brown-Sequard’s experiments [1]. In
his report published in the Lancet in 1889, the 72-year-old
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physician-scientist described the effects of subcutaneous
self-administration over two weeks of an aqueous extract
derived from the testicles of dogs and guinea pigs. He
reported significant improvements in his strength,
endurance, and cognition. The presumed benefits of
Brown-Séquard’s "Elixir of Life" were widely adver-
tised throughout Europe and North America, where this
magic potion was commercially sold for decades (Fig. 2).
Brown-Séquard’s experiments even provided an impetus
for “organotherapy”; a ‘science’ of therapy with extracts
derived from various animal organs, which were used to
treat several diseases and to counter the effects of aging
[2]. Though the ‘science of organotherapy’ led to success-
ful treatment of hypothyroidism (with thyroid extracts),
diabetes (with pancreatic extracts) and dwarfism (with
pituitary extracts), this was not the case with sex steroids.
Indeed, recent replication of Brown-Séquard’s published
methods demonstrated that his ‘elixir’ likely contained
112 ng/mL (388 nmol/L) of unesterified testosterone,
which is equivalent to administration of 186 ng/day [3].
This is in stark contrast to testicular secretion of ~6 mg/
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Fig. 1 Reproduction of “The
Fountain of Youth” (Lucas
Cranach, the Elder, 1546)

day of testosterone by healthy adult men [4]. Indeed, the
Endocrine Society’s clinical practice guidelines on male
hypogonadism recommend treatment with 5-10 mg of
testosterone daily [5]. In addition to the homeopathic
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Fig.2 A Portrait of Brown-Séquard, c.1880. B A magazine adver-
tisement publicizing extracts of animal organs, including Brown-
Sequard’s testicular extract, known as “Brown-Séquard’s Elixir” or
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concentrations of testosterone in Brown Sequard’s magic
potion, the half-life of unesterified testosterone is only
limited to~30 min [6]. Thus, the birth of Andrology
started with a placebo effect.
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“Elixir of Life”. Reproduced with permission from Rengachary et al.
[7]. C A satirical cartoon of Brown-Séquard’s “Elixir or Life”, pub-
lished in 1896 in the weekly magazine “Judge"
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2 Anabolic androgenic steroids: use, misuse
and abuse

As this paper focuses on medicalization of testosterone,
we will first highlight various terms that have been associ-
ated with the use of testosterone (and other androgens) to
provide some context on how commercialization of tes-
tosterone has impacted its use in various segments of the
population.

Use The use of Anabolic Androgenic Steroids (AAS)
implies taking prescription androgens (mainly testoster-
one) for medical conditions. An example is the treatment of
hypogonadal men with organic disease of the hypothalamus,
the pituitary or the testes. Testosterone therapy, at physi-
ologic dose, is indicated to induce or maintain secondary
sexual characteristics. This is the only indication currently
approved by the Food and Drug Administration (FDA).
Additionally, clinical practice guidelines on male hypog-
onadism also advocate use of testosterone therapy in men
with organic (classic) androgen deficiency.

Misuse The misuse constitutes systematic prescribing of
AAS for unproven medical indications in men who do not
have organic androgen deficiency. This includes prescrib-
ing androgens to primarily treat obesity, diabetes, impaired
cognition, male infertility or to reverse aging.

Abuse The abuse of AAS constitutes their use for non-
medical purposes. In this context, androgens are often used
in supraphysiologic doses to either achieve performance
enhancement (competitive sports) or image enhancement.
For these purposes, AAS are usually procured illicitly from
compounding pharmacies, fitness centers or even veterinary
clinics.

3 Promotion of ‘ideal male body’image
by the media

Although more than a century has passed since the birth of
organotherapy, the quest for rejuvenation not only persists,
but has gained momentum in recent years. Indeed, mod-
ern society places a high value in youthful appearance,
with social media constantly promoting an idealized body
image of a youthful and muscular man. Since the 1980s,
mass media has emphasized on muscularity as an essential
element of the ideal male body. Hollywood characters like
“Rambo” and “Conan the Barbarian”, starring actors who
were professional bodybuilders, started a trend of shirt-
less heroes with increasingly muscular physiques. This
trend has since become the standard, as evident in most

Hollywood action movies. Even more concerning is the
fact that this ‘standard’ has now permeated to the ‘aver-
age Joe’, including teenagers and pre-teen boys. Indeed,
even the action toy figures have become progressively
more muscular through the years. For example, when G.I.
Joe was first introduced in 1964, it had dimensions pro-
portional to that of an average-built man. By 1998, the
“G.1. Joe Extreme” had proportions that would parallel a
bodybuilder (Fig. 3) [8, 9]. This degree of muscular hyper-
trophy is generally not achievable merely with resistance
training unless supplemented by anabolic agents. Thus,
the youth who see these images are drawn towards phar-
maceutical agents to achieve the goal of this ideal phy-
sique. Not surprisingly, AAS abuse (not necessarily for
performance-enhancement, but for image-enhancement)
has become a major public health concern [10]. In the
United States, questionnaire-based studies have estimated
a lifetime prevalence of AAS abuse of up to 15% [11], with
98% of these abusers being men [12]. The lifetime preva-
lence of AAS use is even higher among gay and bisexual
men (21%), as well as among ethnic minorities (25%) [13].
It is estimated that 3—4 million men between age 13 and
50 years in the United States have used AAS [10], and tes-
tosterone remains the most abused anabolic agent [14—-16].
In summary, the role of mass media in promoting this male
body image is not inconsequential when it comes to medi-
calization of testosterone therapy.

4 Influence of advertising on testosterone
prescriptions

Although testosterone has been abused since the 1950s by
both elite and amateur athletes for its ergogenic effects, the
past two decades have seen an exponential growth in its use
as a medicine. In the United States, testosterone prescrip-
tions increased up to threefold between 2001 to 2011 [17,
18], while globally, testosterone sales increased by 12-fold,
increasing testosterone market from $150 million to $1.8
billion (Fig. 4) [19]. This increase was largely driven by
intense media campaigns. From 2010 t02013, advertise-
ments of topical testosterone products accounted for 13% of
all ads on prime time television news broadcasts on major
networks in the United States [20]. Quarterly spending on
physicians and consumer-targeted marketing increased from
$5 million in 2009 to $65 million in 2013, with substantial
resources directed towards direct-to-consumer advertising
(DTCA) [21].This strategy proved to be quite effective; a
study evaluating claims database for exposure to DTCA
from the largest market areas in the United States estimated
that each additional exposure to a testosterone promoting
television advertisement resulted in 14 new orders for testos-
terone test and 5 new testosterone prescriptions per million
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Fig.3 Evolution of action toy figures. The original GI Joe Land
Adventurer from 1964 (top left panel, black arrow) and G.I. Joe
Extreme, 1998 (bottom left panel, white arrow). The top right panel

men exposed [22]. Interestingly, 2 of these 5 new prescrip-
tions were written without even testing for low testosterone.
This is a classic vicious cycle of DTCA: patients respond to
DTCA and in turn, physicians respond to patients' requests
for prescriptions.

Although the United States and New Zealand are the only
industrialized countries in which DTCA of prescription drugs
is legal, in other parts of the world, manufacturers are allowed
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Fig.4 Testosterone use in various countries between 2000 to 2011.
Reproduced with permission from Handelsman [19]
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shows the evolution of physique of action toys Luke Skywalker and
Hans Solo from 1978 and 1998. The bottom right panel shows other
action toys. Adapted with permission from Pope et al. [9]

to run disease-awareness campaigns without mentioning
brand name [23]. This regulatory loophole is quite advanta-
geous for the manufacturers as while educating the public
on symptoms of low testosterone, the generic name of the
product is mentioned in a subtle way in such advertisements.

5 Age-related low testosterone: is it a big
public health problem?

Despite the marked increase in the number of testosterone
prescriptions written, the syndromic prevalence of age-
related low testosterone is miniscule. Two decades ago, data
from the Baltimore Longitudinal Study on Aging showed
that the numerical prevalence of low testosterone [defined
as total testosterone < 325 ng/dL (11.3 nmol/L) or free tes-
tosterone index < 2.5™ percentile] was as high as 68% in
men in their 70 s and an astronomical 91% in men 80 years
and older. However, this report did not assess presence of
specific signs and symptoms of androgen deficiency [24].
A decade later, data from the European Male Aging Study
(EMAS), in which the investigators carefully assessed candi-
date symptoms that are associated with androgen deficiency,
found that the syndromic prevalence of hypogonadism in
men aged 40-79 years was only 2.1% [25] (Fig. 5A).
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A Syndromic Prevalence of Age-Related
Low Testosterone in the EMAS Study
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Fig.5 A Schematic representation of the prevalence of syndromic
androgen deficiency in men participating in the EMAS. Among 2966
men evaluated, only 63 (2.1%) had low testosterone concentration
along with specific symptoms of androgen deficiency. Data from Wu
et al. [25]. EMAS, European Male Aging Study. B Schematic rep-

resentation of the yield of men with syndromic androgen deficiency
during the screening process in the Ttrials. Among 51,085 men who
underwent telephone-screening, only 931 men had specific symptoms
and low testosterone concentrations (790 randomized; not depicted in
image). Data from Cauley et al. [26]. TTrials, Testosterone Trials
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Further evidence regarding the low syndromic prevalence
of age-related low testosterone comes from the screening
data of the Testosterone Trials (TTrials), a coordinated set
of trials that assessed the efficacy of one year of testoster-
one therapy in men 65 years or older with age-related low
testosterone and symptoms of androgen deficiency [27]. Eli-
gibility criteria included an average of two total testosterone
concentrations < 275 ng/dL and decreased vitality, sexual
dysfunction or physical dysfunction [26]. Recruitment in
the TTrials was challenging, of the 51,085 men who were
screened only 931 men (1.8%) met eligibility criteria for
randomization [26] (Fig. 5B). These statistics indicate that
only a slim minority of older men meet subjective, objec-
tive and biochemical criteria of androgen deficiency. Despite
careful selection of men who were thought to benefit the
most from testosterone therapy, only modest improvements
in sexual function and mood were noted in the testosterone
group, while no improvements were seen in the vitality and
physical function in men who reported fatigue and mobility
limitation at the time of enrollment. Despite modest efficacy
of testosterone in aging men and the fact that guidelines
recommend treatment of men with organic hypogonadism, a
large fraction of men are still prescribed testosterone for age
and obesity-related low testosterone. In fact, a substantial
number of men who were started on testosterone therapy
have baseline serum testosterone concentrations within the
normal range, and astonishingly, testosterone levels are not
even checked in many men before a testosterone prescrip-
tion was written [28]. The medicalization of testosterone has
permeated in the scientific community to such an extent that
biochemical diagnosis is not even made in many men who
present with symptoms suggestive of androgen deficiency.

6 Large market, modest benefits

As mentioned above, the benefits of testosterone therapy
in the TTrials were modest. Testosterone therapy improved
overall sexual activity, libido and erectile function [27]. The
increase in total testosterone concentrations were associ-
ated with improvements in sexual activity [29]. However,
improvements in erectile function were modest and of lower
magnitude compared to that seen with phosphodiesterase-5
inhibitors [30, 31]. Testosterone treatment also improved
mood and depressive symptoms [27]. Though bone density
also improved in men participating in the Bone Trial of the
TTrials who were randomized to testosterone [32], the mag-
nitude of increase was lower than seen with most other FDA-
approved bone-specific agents [33]. Furthermore, the clini-
cal benefit of this increase in bone density remains unclear
as anti-fracture efficacy of testosterone therapy is unknown,
while FDA-approved bone-specific agents (bisphospho-
nates, denosumab, Romosozumab, etc.) have demonstrated
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anti-fracture efficacy. For this reason, Endocrine Society
guidelines for male osteoporosis suggest that men who are
at high risk for fracture should be treated with an agent with
proven anti-fracture efficacy, even if testosterone is pre-
scribed for symptoms of androgen deficiency [34]. Simi-
larly, though testosterone treatment was associated with an
increase in hemoglobin levels in anemic men participating
in the Anemia Trial of the Ttrials [35, 36], testosterone ther-
apy is not considered a first-line treatment for unexplained
anemia nor it can be recommended as such until long-term
safety of testosterone is established [36].

Previous mechanistic studies had shown that testosterone
improves motivation and energy [37]. Indeed, in the EMAS,
men with low testosterone were more likely to report fatigue
[25]. Similarly, men undergoing androgen deprivation
therapy (ADT) for prostate cancer experience more fatigue
compared with men who only undergo prostatectomy [38].
Based on these data, it was simply assumed by lay public
and in some quarters of the scientific community, that tes-
tosterone therapy improves vitality. However, in the Vitality
Trial of the TTrials, testosterone treatment was not superior
to placebo in improving fatigue as assessed by FACIT-F
questionnaire [27]. While it is conceivable that the currently
available instruments may not be capturing the effects of
testosterone treatment on fatigue, the current evidence does
not support prescribing testosterone to improve energy levels
in men with age-related low testosterone.

Similar to fatigue, it has been assumed for quite some
time that testosterone therapy improves physical function.
Though testosterone replacement consistently improves
muscle mass and muscle strength, its efficacy in improving
physical function remains inconsistent [39—41]. In the
Physical Function Trial of the TTrials, men randomized to
testosterone did not demonstrate an increase in the distance
walked during the 6-min walk test (even though these men
were carefully selected and met both subjective and objec-
tive criteria of mobility limitation) [27]. Thus, the current
evidence does not support testosterone therapy to improve
physical function in older men with mobility limitations.

7 New trends and the risk of testosterone
misuse

Current estimates suggest that ~40% of the adult popula-
tion in the United States is obese [42, 43]. Considering
that obesity is associated with low serum concentrations
of sex hormone-binding globulin (SHBG) [44], the princi-
ple binding protein of sex steroids [45], a large number of
men are being diagnosed with low testosterone levels that
are obesity-related. This is a problem of clinical chemistry
and does not necessarily imply an androgen deficient state
given that free testosterone levels are generally normal in
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these men. Symptoms of fatigue in these men might be
indicative of underlying, undiagnosed obstructive sleep
pnea. Though in men who have severe obesity free tes-
tosterone levels do decline, this is still a "functional”
state and not organic androgen deficiency as weight
loss results in restoration of endogenous serum testosterone
concentrations [46, 47]. Thus, unless clinicians recognize
the impact of obesity of testosterone concentrations, many
men might be considered candidates for testosterone ther-
apy; the desire to achieve ideal male body could create
a “perfect storm” of over prescription of testosterone in
obese men. Indeed, analyses of testosterone prescribing
patterns in the Veterans Affairs (VA) system revealed that
obesity was one of the stronger predictors for receiving a
testosterone prescription [48]. Yet, current evidence from
randomized trials in obese men show modest, and transient,
benefits of testosterone therapy on weight loss and meta-
bolic health [49-51].

Similar to obesity, diabetes is a highly prevalent condi-
tion and is associated with low testosterone levels [52, 53].
Previous studies of testosterone therapy in men with diabetes
had not shown a significant treatment benefit on metabolic
parameters. However, a recent large, randomized trial sug-
gested an improvement in metabolic outcomes and a reduced
risk of developing diabetes after 2 years of treatment with
testosterone compared to placebo, when combined with
lifestyle intervention [54]. Though these data are encourag-
ing, physical activity, metformin and GLP-1 agonists might
be preferrable in such patients, specially considering their
cardiovascular benefit. In sum, there remains a concern that
these new data may lead to an increase in testosterone pre-
scription in men with prediabetes.
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Fig.6 A Cardiovascular events in the testosterone in older men with
mobility limitation trial. The Kaplan—-Meier plot shows divergence of
the curves weeks after randomization. Adapted from Gagliano-Juca

8 Safety concerns

While the benefits of testosterone therapy in select men
with age-related, low testosterone levels remain modest
at best, the safety of testosterone therapy continues to stir
debate, particularly regarding the potential risk of cardio-
vascular and prostate disease [55-58]. Some observational
studies have suggested increased cardiovascular risk,
including myocardial infarction, stroke and venous throm-
boembolism [59-61], while limited data from randomized
trials have shown increased cardiovascular events in older
men randomized to testosterone [39] (Fig. 6A). In 2013,
in response to a petition by a citizen's interest group and
due to conflicting results from various studies, the FDA
conducted an extensive review of the literature and issued
updated testosterone labeling that included warning of a
possible increased risk of stroke and myocardial infarc-
tion, and of limitation of use in men with “age-related
hypogonadism” [62]. Cardiovascular safety of testoster-
one therapy garnered more attention with the publication
of the Cardiovascular Trial of the TTrials that showed a
greater increase in the volume of noncalcified plaque in
men treated with testosterone compared with men who
received placebo [63] (Fig. 6B).

Contrary to the studies discussed above, other obser-
vational studies do not report an association between
testosterone therapy and cardiovascular risk [65-67]. In
fact, some studies have even suggested a reduced cardio-
vascular risk with testosterone treatment [68—70]. The
reason behind these conflicting data is likely the fact that
no published randomized trial was adequately powered to
assess cardiovascular events. In addition to the advisory
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and Basaria [64]. B Change in the volume of various components
of the coronary artery atherosclerotic plaques in the Cardiovascular
Trial of the Ttrials. Adapted from Gagliano-Juca and Basaria [64]
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and updated testosterone labeling, the FDA also issued a
guidance “... requiring manufacturers of approved tes-
tosterone products to conduct a well-designed clinical
trial to more clearly address the question of whether an
increased risk of heart attack or stroke exists among users
of these products”. The Testosterone Replacement therapy
for Assessment of long-term Vascular Events and efficacy
ResponSE in hypogonadal men (TRAVERSE) study was
designed in response to this FDA guidance to determine
the effects of testosterone treatment on the incidence of
major adverse CV events (MACE) in middle-aged and
older men with hypogonadism with or at high risk for CV
disease. The TRAVERSE trial is currently ongoing [71],
and will randomize ~ 6,000 men aged 45-80 years with
serum total testosterone level <300 ng/dL (10.4 nmol/L)
and at high risk of cardiovascular disease (primary pre-
vention) or with known history of cardiovascular disease
(secondary prevention), to receive testosterone gel or pla-
cebo gel for 5 years. The trial will also evaluate the impact
of testosterone treatment on the incidence of high-grade
prostate cancer [71]. Until the results of the TRAVERSE
trial become available, risks of cardiovascular and prostate
disease remain unclear, and require an open discussion
with patients before testosterone therapy is started.

9 Conclusion

In a society that is constantly in quest for the fountain of
youth, testosterone has found its spot on the center stage.
In addition to the increase in longevity (and resulting inter-
est in age-related low testosterone), which has substantially
increased the market for testosterone products, the preva-
lence of obesity and diabetes has also increased to epidemic
proportions. This, together with promotion of hypermuscu-
lar male body image, has created a perfect storm that has
escalated both misuse and abuse of testosterone. In older
men, benefits of testosterone therapy are modest while
safety issues remain unresolved. Though there will always
be room for more rigorously conducted studies to assess
benefits and risks of testosterone therapy, there is a greater
need to educate the general public regarding the benefits and
potential harm of testosterone treatment, and to highlight
the fact that testosterone is a medicine that is indicated in
men with organic androgen deficiency, and that it is NOT
an Elixir of Life.
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