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KEY POINTS

» |t is essential to understand thorough, efficient, and cost-effective assessment and diag-
nosis of low testosterone.

o Low testosterone can manifest based on comorbid conditions or contribute to other dis-
orders/conditions if not treated.

« There is a continuation of the inconsistency of standardization of guidelines around the
globe on best practices for low testosterone treatment.

e [0 achieve the best treatment outcomes, the provider must consider laboratory assays
and the presentation of signs and symptoms.

INTRODUCTION

Charles Edouard Brown-Séquard injected himself with a mixture containing liquid
extracted from the testicles of dogs or guinea pigs in 1889 (Video 1). The therapy
was injected 10 times over 3 weeks. Brown-Sequard observed physical changes:
an increase in his forearm flexor strength, a more forceful urinary stream, the ability
to defecate more efficiently, and a subjective improvement in his cognitive abilities.
The once-proclaimed “Elixir of Life,” testosterone (T), has many well-studied anabolic,
metabolic, and developmental properties that affect target organs in men and women.
The potential uses of this compound prompted several teams of biochemists to race
for isolation of the testicular hormone in the early twentieth century.' The surge of ath-
letes hoping to benefit from the anabolic effects of T began in the first half of the twen-
tieth century. It was not until researchers controlled for exercise routines and protein
intake that it was identified that testosterone leads to increases in strength, fat-free
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mass, and overall muscle mass in exercising men.” Testosterone replacement therapy
(TTh), as it has become known, has proved to be an effective treatment strategy for
improving the quality of life for hypogonadal men around the globe.

Low levels of circulating serum T characterize hypogonadism due to interference or
malfunction of the hypothalamic-pituitary-gonadal axis (HPGA). It is estimated to
affect 2 to 4 million men annually in North America alone. An estimated 1 in 10 men
older than 60 years has a testosterone deficiency (TD) and 1 in 3 has diabetes.” By
2025, an estimated 6.5 million American men will be affected.”

T is a pleiotropic hormone that plays an essential role in the human body. Through
its conversion to estrogen, T affects bone health and density. Male hypogonadism is
the clinical condition representing symptoms and gonadal dysfunction of Leydig cells,
resulting in decreased T, Sertoli cell/germ cells, and decreased sperm production.”
There has been a renewed interest recently in the systemic role of T in pain, well-
being, and cardiovascular function in both women and men.-

Therapeutic T levels are linked to improved sexual function, physical performance,
strength, lean body mass, and cognitive function and have some cardiovascular ben-
efits.”" Low T levels can lead to sarcopenia, increased adiposity, fatigue, lack of moti-
vation, cardiovascular diseases, cancer, and all-cause mortality.”® Androgen
deficiency signs and symptoms take time to manifest clinically in adolescents and
young men, given the numerous pathways within the HPGA and reduced efficiency
changes to hormonal levels.” Experts have debated using TTh in men who might
benefit from replacing declining hormone levels.” With the recent prolongation of life
expectancy, especially in men, the question concerning T replacement in older men
has become more important.”

Considerations of Testosterone

Testosterone production

Androgen synthesis in the gonads of men and women is regulated by the secretion of
gonadotropin-releasing hormone (GnRH) from the hypothalamus, releasing luteiniz-
ing hormone (LH) and follicle-stimulating hormone (FSH) from the pituitary gland.”
The HPGA plays a significant role in male hormonal balance maturation, develop-
ment, and sustainability. The pulsatile secretion of GnRH by the hypothalamus stim-
ulates LH and FSH production and secretion by the anterior pituitary gland. LH
stimulates T production from the interstitial Leydig cells of the testes. Male internal
and external reproductive organ development requires T production, resulting in
the differentiation of secondary human sexual characteristics. FSH, in turn, sustains
testicular function via Sertoli cells through spermatogenesis. ' Ninety-five percent of
the synthesis of serum T in men is produced by the Leydig cells of the testis under
the influence of LH secreted from the pituitary gland.” Evidence from genetic studies
of fetal testicular tissue has shown that adrenocorticotropic hormone can stimulate
fetal Leydig cells to produce steroids, reinforcing the link between adrenal and
testicular tissue.”

Dehydroepiandrosterone (DHEA) and DHEA-S are prohormone substrates for
forming potent androgens such as T and dihydrotestosterone (DHT) by peripheral
conversion. Free T and DHT then bind the intracellular androgen receptor, enabling
the complex to bind DNA regions and exert androgenic effects.” T can also be con-
verted to estrogen via aromatase, a cytochrome P450 enzyme family member, in
target areas, including neural tissue, adipose, liver, and bone. In men, estrogen
from this reaction is essential for the maturation of sperm and libido maintenance. '’
Albumin-bound T is also biologically active, given the low affinity of T for the
protein.”
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Measuring testosterone

The diagnosis of TD requires the presence of characteristic symptoms and signs in
combination with decreased serum concentration of T.'® Although sensitive,
screening questionnaires or structured interviews on male symptomatic TD have
low specificity.'” Morley and colleagues compared the most used questionnaires in
148 men using bioavailable testosterone to diagnose TD. They found the sensitivity
to be 97% for the ADAM (Androgen Deficiency in the Aging Male questionnaire),
83% for the AMS (Aging Male’s Symptoms scale), and 60% for the MMAS (Massachu-
setts Male Aging Study questionnaire). Specificity was 30% for the ADAM, 59% for the
MMAS, and 39% for the AMS."* Although other extensive face-to-face comparisons
are lacking, more recently, a large systematic review including 40 studies concluded
that a specific structured interview, ANDROTEST, for detecting hypogonadism-
related symptoms and signs, showed both the most favorable positive and negative
likelihood ratio for detecting low T.'~ A 12-item version of the interview (ANDROTEST)
had a sensitivity and specificity of 68% and 65% in detecting low total T (<10.4 nmol/L)
and 71% and 65% in the screening for low free T (<37 pmol/L)."” Given this specificity
compared with the ADAM questionnaire, the structured interview hypogonadism
screening questionnaires, including the ANDROTEST, may not be as economic and
efficient as the ADAM questionnaire as a first-line screening test for hypogonadism.'®
Fig. 1 is an example of the ADAM Questionnaire developed by Saint Louis University in
2000.

The expected morning T range for men is between 300 and 1000 ng/dL, and hypo-
gonadism is defined as a total T less than 300 ng/dL by the Endocrine Society clinical
practice guidelines.’ " Threshold, along with various others defining low total T set
from 250 to 300 ng/dL by other societies such as the American Urological Association,
have been established regardless of age following many large-scale population
studies.' T secretion follows a circadian rhythm in young and aging men, with the
highest levels generally occurring in the early morning; therefore, it is recommended
that blood samples for T should ideally be drawn in the morning to assess patients’

Questions Used as Part of the Saint Louis University ADAM
Questionnaire

1. Do you have a decrease in libido (sex drive)?
2. Do you have a lack of energy?

3. Do you have a decrease in strength and/or endurance?
4, Have you lost height?

5. Have you noticed a decreased “enjoyment of life"?
6. Are you sad and/or grumpy?
7. Are your erections less strong?

8. Have you noted a recent deterioration in your ability to play
sports?

9. Are you falling asleep after dinner?
10. Has there been a recent deterioration in your work parformance?

NOTE. A positive questionnaire resull is defined as a “yes™ answer to
questions 1 or 7 or any 3 other questions.

Fig. 1. Androgen Deficiency in Adult Males (A.D.A.M.) Questionnaire
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androgen status properly.© Free and albumin-bound T is a relatively accurate measure
of a patient’s clinical and hormonal composition, more so than total hormone levels.-
Following confirmation of low serum T levels and concomitant signs and symptoms of
hypogonadism, clinicians should use serum LH and FSH in conjunction with T to
differentiate between primary and secondary hypogonadism.” Measuring T levels is
challenging; it is essential to appreciate androgen production and regulation.”

T assays play a vital role in the workup and diagnosis of many endocrine disorders.
Assays in men are used to diagnose clinical hypogonadism in patients with prostate
cancer (PCa) treated with GnRH analogues and in children to monitor signs and symp-
toms of advanced and delayed puberty.” Sertoli cell assessment is needed to diag-
nose hypogonadism in prepubertal populations.” Clinicians should be cognizant that
varying measurements between laboratories may be consequences of the method
used rather than a reflection of actual changes in T levels. One proposed solution is
to measure free rather than serum T, which can be measured by equilibrium dialysis.
Free T passes through a membrane into a dialysate solution in this method, but
protein-bound testosterone does not.”

Age/environmental factors

A distinction should be made because hypogonadism has been defined more so
based on adults, children, and adolescents. If not occurring together in hypogonad-
ism as hypoandrogenism (Leydig cell dysfunction), other testicular cell populations,
germ cells, or Sertoli cells are considered for possible dysfunction.” Approximately
70% of children with hypogonadism are misdiagnosed based on serum gonado-
tropin measurement.'” Male adolescents may present with few typical signs of adult
hypogonadism, and biochemical androgen levels must be followed-up in the
younger cohorts of men so effective clinical research strategies can be recommen-
ded.” Diagnosing hypoandrogenism in healthy adolescents can be challenging, as
the symptoms correlating with a decreased T level are different than in the elderly
population. In a recent study, hypogonadal symptoms in men younger than 40 years
were associated with a total T level of less than 400 ng/dL. Of the hypogonadal
symptoms evaluated with the Aging Male (ADAM) questionnaire, “lack of energy”
seems to be the most acute symptom that predicts a total T level of less than
400 ng/dL in men younger than 40 as opposed to erectile dysfunction and decreased
libido, which were more frequent complaints in the elderly population.”” Symptoms
of fatigue and lack of energy may be more specific in the younger adult cohort than
sexual symptoms. There is increasing evidence that anti-Mullerian and inhibin B
levels can improve the sensitivity and result in earlier diagnosis, ultimately allowing
treatment to start at a younger age.”

Older men have been known to have had declines in serum T levels for some time.
However, researchers disputed whether this process naturally occurred or if it was
secondary to concurrent comorbidities and related factors.” The age-related decrease
in T reflects general age-related cellular degeneration, reduced number of functional
Leydig cells, and atherosclerosis of testicular arterioles.”’ Increasing age also brought
about gradual decreases in free and total T, with increases in gonadotropins, LH, and
FSH.” The difference between the decline of total T and free T during aging is an age-
related increase in the circulating concentration of sex hormone-binding globulin
(SHBG), reducing free T proportion.”*

In the developing world, several increasing conditions may be shifting the preva-
lence of hypogonadism to a younger age, including diabetes, obesity, and increasing
rates of opioid use.”® With the increasing epidemic of adolescent and young adult
obesity and type Il diabetes, it is plausible that these conditions, in isolation or
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tandem, may explain lower-than-average androgen levels in patients aged 20 to 40
years.” Opioid-induced androgen deficiency has increased dramatically in the last
10 to 15 years. Sexual dysfunction is reported in 85% of heroin addicts and 81%
on a stable methadone maintenance regimen, although this might be due to addi-
tional factors.”! Chronic opioid use disrupts the HPGA creating secondary hypogo-
nadism. Opioid receptors u (MOR), & (DOR), and k (KOR) are present in the
hypothalamus and the pituitary, with activation leading to a suppressed HPGA and
subsequent decrease in serum T within hours of opioid administration.”” Exposure
to several environmental toxins may also contribute to hypogonadism, notably Sertoli
and germ cell dysfunction. Tobacco smoke contains highly carcinogenic nitrosa-
mines, polycyclic aromatic hydrocarbons (benzopyrene), and volatile organic com-
pounds (benzene).” Increased seminal levels of reactive oxygen species from
smoking impair sperm function, and data show that nicotine and its metabolites
can cross the blood-testis barrier.="

Understanding Hypogonadism

TD occurring during adulthood (ie, late-onset hypogonadism [LOHY]) is a common
condition, representing the main endocrine concern in the aging men.”’ Signs and
symptoms of low androgen levels include reduced sexual desire and activity, erec-
tile dysfunction, decreased spontaneous erections, incomplete or delayed sexual
development, small testes, gynecomastia, loss of body hair/reduced shaving, sub-
fertility, and reduced bone mass. Less specific symptoms and signs are decreased
energy and motivation, reduced physical performance, depressed mood, poor con-
centration and memory, sleep disturbances, anemia, reduced muscle mass, and
increased body fat.” The benefits of T concerning mental health, mood, cognition,
bone density, and pain control should be considered.” Clinicians should consider
the overlap of TD and chronic conditions when performing the diagnostic workup
for hypogonadism.”’

Hypogonadism can result from multifactorial conditions, and finding an ideal ther-
apy cannot be a one-size-fits-all approach.” Chronic diseases could impair sexual
functioning but do not affect sexual motivation, as TD does. Chronic illnesses and
TD can be considered overlapping conditions, often sharing the same phenotype
and hormonal alterations.”” There are weak associations between signs and symp-
toms and serum T levels in aging men. The unimpressive positive likelihood ratios
may be because many symptoms and signs of low T are nonspecific—resulting
from other comorbid conditions commonly occurring in older men.”® The condition
of primary testicular dysfunction (lower total and free T and high gonadotropins) and
its related symptoms (higher ANDROTEST score) are often present in subjects with
chronic morbidities. Because hypogonadal symptoms, including the sexual ones
and penile blood flow, are known to be affected by T levels, the relative weight and
mutual effect of the Chronic Disease Score and total T on these associations were
evaluated.”’ Low T level has implications for metabolic health in both men and women
and can be a risk factor because it correlates with metabolic syndrome and all-cause
mortality.”® Men with TD not receiving TTh experience a significant increase in body
weight, waist size, and deterioration in glycemic control over time. Being overweight
or obese underscores the importance of also considering the risks of untreated
TD.”" Many causes of hypoandrogenism in adolescents may be transient, which will
resolve low androgen levels once the underlying condition is improved or resolved.
Fig. 2 lists the known disorders of congenital or acquired means of the testicular (pri-
mary hypogonadism) or HPGA (secondary hypogonadism) conditions leading to
androgen deficiency. '”
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Hypogonadism

s
2
Congenital Disorders Acquired Disorders Secondary
Elinefelter syndrome Infections (mumps) Idieopathec
f ! T
Mutation in LH receptor genes Idiopathic rauma

Ermvirommntal toginsg KaRiann Eynarermns
Putation in FSH receptor genes
Medications [alkylating agants, Hyperprolactinemis

keteconazole, glucocorticoids) Prader-Wili syndrome

Varicocele Tacticular Tarsion Cangenital adrenal hypaplasia
Cryptorchidism Chronic systemic illnesses (HIY, renal failure) Gonadotropin subunit mutation
Myotonic dystraphy Raciaticn Pituicyte differentiation gene mutation
pledications (steraids, opiales)
Diabetes Mellitus

androgen synthesis disorders

Benign tumors

Infiltrative diseases

Fig. 2. Causes of hypogonadism.

Presentation

Cardiovascular

The bidirectional role of T and cardiovascular risk is confounding. Some studies claim
that TTh increases cardiovascular (CV) risk. Conversely, some studies demonstrate
that low T is a CV risk marker, which improves with normalizing T levels after exoge-
nous T administration. This potential CV risk has resulted in the Food and Drug Admin-
istration (FDA) releasing a statement about the potential risk associated with TRT.”" In
a large retrospective study with extended follow-up of more than 83,000 male veter-
ans, normalizing T levels after TTh significantly reduced all-cause mortality, myocar-
dial infarction, and stroke.”” A meta-analysis of observational studies from 1988 to
2017, which consisted of 43,041 men with an average age of 63.5 years, demon-
strated that low T in aging men is a marker of CV risk.” The lack of adequately pow-
ered and long-term randomized control trials on the efficacy and safety of TTh has not
helped. However, in 2018 the Testosterone Replacement Therapy for Assessment of
Long-term Vascular Events and efficacy ResponSE in hypogonadal men (TRAVERSE)
trial became underway. The TRAVERSE study was a double-blind placebo, parallel-
group, noninferiority, multicentered controlled trial that randomized approximately
6000 men, ages 45 to 80 years, with baseline serum T less than 300 with hypogonadal
symptoms and preexisting CV disease or increased CV risk. The men were random-
izedtoa 1.62% T or placebo gel.” The trial was completed on Jan 7, 2023, with results
currently being compiled. The required reporting date is Jan 19, 2024.°"

Sexual function

Sexual symptoms are the most related explicitly to androgen deficiency.”” The loss of
sexual desire seems as the most genuine hallmark of TD. The presence of a specific
association between sexual symptoms and TD is not enough to establish the direction
of the relationship; in fact, TD may be responsible for causing the symptoms or the
other way around. Symptoms of LOH encompass various domains, including psycho-
logical, physical, and sexual disturbances.”’ Studies related to the sexual domain
(ie, reduced libido and reduced spontaneous or sexual-related erections) show a syn-
dromic association with TD. Therefore, they could represent a valuable correlate to
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define a symptomatic LOH.”" When TD is suspected in men with chronic illnesses,
hypoactive sexual desire could help outline an androgen deficiency-related clinical
phenotype. Hypoactive sexual desire is more severe in hypogonadal groups irrespec-
tive of health status, thus strengthening the concept that sexual desire depends on T
with limited influence of chronic conditions.”’

Musculoskeletal strength

Lower levels of androgens contributed to decreased lean muscle mass, strength, and
size.”" Sex hormones play a critical role in the maintenance and growth of bone in both
men and women. Androgen receptors manifest in chondrocytes in growth plates, os-
teoblasts, and osteocytes.” The most acute effects of testosterone on bone are its
aromatization to estradiol, which activates bone « and [ estrogen receptors,
decreasing bone resorption, and increasing bone mineral density.”” Bone mineral
density of the vertebral bone with idiopathic osteoporosis in men increases with
TTh. T has also been shown to have associations with vitamin D, which plays a vital
role in calcium homeostasis.”

The development and progression of chronic diseases are correlated with low T
levels and inflammatory biomarkers, but their mechanisms remain poorly under-
stood.”” A low T level is correlated with a high level of adipokines and inflammation,
and T therapy is necessary to restore the physiologic and hormonal levels.”” Androgen
therapy in older men with T deficiency improves physical efficiency and reduces the
risk of rehospitalization.®” Musculoskeletal benefits do not persist after cessation of
TTh. Lean body mass decreases within 6 months after discontinuing TTh, although
it remains higher than baseline. Strength training in older men with low to normal T
levels improved muscle function but not lean body mass. Combined with TTh, strength
training led to increased muscle function and mass. In this study, TTh alone did not
improve function or mass over the study period.”

Obesity/insulin efficiency

Obesity is a decisive risk factor for TD, which further increases fat accumulation, insu-
lin resistance, and deterioration of glycemic control, creating a vicious circle.*” The
obesity-related decline of T levels is multifactorial.”” These body composition changes
from T have metabolic effects.”’ It can be associated with decreased SHBG or an
increased conversion of T to estrogen by peripheral adipose tissue.”” T and estradiol
levels interact to increase muscle mass and decrease body fat.”" T benefits affect lean
muscle mass and body fat.” It is well documented that TTh consistently results in a
significant reduction in fat mass and an increase in lean mass.** This body composi-
tion changes from T have metabolic effects.”’ Men with low T are suspectable to
increased insulin resistance.”” Low T is associated with insulin resistance even in
young nonobese men.”” The underlying cause of hypogonadism in young obese
men is the possibility of a concurrent diagnosis of type 2 diabetes mellitus, which
has been increasing at a yearly rate of 4.8% compared with 1.8% for type 1.**
Seventy-three percent of men with reduced T were overweight or obese, and serum
T in men with a body mass index (BMI) greater than 30 kg/m? was 5 nmol/L lower
than those with average weight.””

Cognition/mood

Aging is associated with cognitive decline, including verbal and visual memory, exec-
utive function, and spatial ability.*® *® Aging in men is also associated with reduced
serum T, raising the possibility that reduced circulating T concentration may
contribute to age-related cognitive decline. Support for this hypothesis comes from
studies of clinical conditions that cause low T levels, epidemiological investigations,
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and small randomized trials showing improved memory with T supplementation.
Among psychological traits, depressive symptoms were the most specific to low T,
associated with it independently of comorbidities.”” A meta-analysis explicitly
focusing on the effects of TTh on mood found an improvement in T-treated men, which
was maintained independently of a chronic condition.”

Prostate cancer

In healthy men, the androgen T and its derivative DHT are essential for cell survival and
function of the prostate.”” Low serum T was associated with a higher risk of poorly
differentiated PCa, albeit BM| was not considered in the data analysis.”” PCa cells
exhibit excess activation of the androgen signaling pathway, resulting in the uncon-
trolled proliferation of tumor cells.”® Almost all PCa tumors will initially respond to
androgen deprivation therapy (ADT). However, with long-term T suppression, some
cell populations become refractory, and eliminating T production from the testes is
no longer sufficient to suppress tumor cell growth entirely.”' This growth is called
castration-resistant PCa, which an increasing prostate-specific antigen determines
in an environment where T levels are castrated. There is increasing evidence that defi-
cient nadir T levels, particularly during the first few months of ADT, and the absence of
micro-surges and escapes in T may be associated with improved clinical outcomes,
including survival.” This low T environment seems to promote the development of
a less differentiated, aggressive cancer phenotype.™

Treatment

There is much to consider by both the patient and the provider when initiating TTh.
Historically, TTh has been the most used option in treating primary and secondary
hypogonadism.®* However, for secondary hypogonadism, there are very effective
additional treatment options available that have been used off-label for some time.
As mentioned previously, secondary hypogonadism results in an interruption in T pro-
duction due to the HPGA. This interruption could include age-related hypogonadism,
obesity-related hypogonadism, opioid-induced hypogonadism, metabolic syndrome,
and type 2 diabetes mellitus.”

Various formulations of TTh exist, offering options with different pharmacologic pro-
files, delivery methods, and half-lives. T formulations with shorter half-lives are more
consistent with endogenous T production but often result in nonadherence due to
the multiple-day dosing.”™ Longer-acting formulations have proved much more
feasible for patients, with some preparations only requiring weekly and even monthly
administration. One delivery method is implanted under the skin once every 2 to
4 months. However, there are drawbacks to the more prolonged duration prepara-
tions. The longer the half-life, the higher the likelihood of adverse effects, for example,
impaired sperm parameters.”®

DELIVERY METHODS

As mentioned earlier, there are various routes of delivery and formulations available on
the market today. Each delivery route brings advantages and disadvantages. In short-
acting formulations, the advantage is convenience and painless application. Short-
acting delivery methods include intranasal sprays; transdermal applications such as
a gel, cream, or patch; and oral formulations in capsules and troches.

Natesto intranasal is a nasal spray used daily. Some of the adverse effects associ-
ated with its use include mucosal dryness, rhinorrhea, epistaxis, and even upper res-
piratory tract infections. Although, these adverse reactions occur in less than 9% of
those who use them.”" Fortesta Gel, AndroGel, and Testim Gel are topical compounds
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applied under the arm or behind the knee daily. The most common adverse reaction
reported was skin irritation.”® An important consideration with gels and creams is the
risk of transference if one should contact another person. Androderm patches are
transdermal patches applied to the skin daily. Gurayah and colleagues™ cite a study
demonstrating that up to 18.8% of patients who used Androderm patches experi-
enced administration site reactions, that is, pruritis and erythema. Jatenzo and Tlando
are daily oral capsules. With Jatenzo, elevated hematocrit was higher than all other for-
mulations and resulted in higher blood pressure in a few participants.”® Tlando
resulted in elevated levels of prolactin and weight gain.“®

Long-acting formulations also bring with them their advantages and disadvantages.
Longer-acting formulations require fewer administrations throughout the month.
These formulations come in the form of injectable T and subcutaneous pellets. Inject-
able T has been used since the late 1930s and has proved to maintain T levels.” The
first T injectable was called testosterone propionate. With a half-life of 1 to 2 days,
testosterone propionate was discontinued due to other formulations with longer
half-lives. Testosterone cypionate and enanthate are the gold standards for injectable
TTh. They both have similar half-lives of approximately 8 days. Risks of injectable T
include bleeding and discomfort. Testosterone undecanoate is administered every
10 to 12 weeks. Unlike testosterone cypionate and enanthate, testosterone undeca-
noate must be administered by a health care professional due to its ability to cause
microembolism and anaphylaxis.” Testosterone cypionate and enanthate can be
self-administered at home.

Subcutaneous T pellets are inserted under the skin into the soft tissue every 2 to
4 months. Some providers will insert pellets for up to 6 months. Each subcutaneous
pellet contains 75 mg of T. The number of pellets inserted depends on the BMI of
the patient. A person with a BMI greater than 25 can have up to 12 pellets inserted.
The risks associated with subcutaneous pellets include rejection, injection site infec-
tion, hemorrhage, fibrosis, or scarring with prolonged use of T pellets. In addition, if
one’s laboratory result values do not reflect optimal dosing after insertion, another
incision is required to insert additional pellets.

POTENTIAL ALTERNATIVE USES

Exogenous T has demonstrated many benefits regarding sexual health in men,
including enhanced libido and improved erection quality. However, exogenous T Is
known to interfere with the HPGA, resulting in decreased production of LH and
FSH. The following result is testicular atrophy and oligospermia. There is a contraindi-
cation for TTh in men who have inclinations of having children soon. However, there
are other options available for men in this demographic. Gonadotropins, aromatase
inhibitors, and selective estrogen receptor modulators (SERMS) effectively treat sec-
ondary hypogonadism while maintaining fertility.**

Exogenous gonadotropins, similar to human chorionic gonadotropin, stimulate the
Leydig cells to produce T because of their similarity to LH and have been effectively
used in men with oligospermia or azoospermia.” These medications are administered
intramuscularly or subcutaneously. Aromatase inhibitors, such as anastrazole, pre-
serve T levels by inhibiting the aromatization of T to estradiol. Aromatase inhibitors
can maintain therapeutic T levels without affecting sperm counts. However, over
time, these medications can cause deficient estrogen levels, resulting in decreased
bone density and increased risk of fractures.

SERMS show the most promise. In addition to maintaining fertility and increasing
baseline T levels, SERMs are not shown to cause supratherapeutic T levels.™
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Clomiphene citrate, also known as Clomid, was introduced in the 1960s for women
and is the most widely used SERM for treating hypogonadism in men wishing to
have children. lde and colleagues reviewed 5 randomized controlled trials on the
use of SERMs for hypogonadal men. In one study, out of 400 men treated with clomi-
phene citrate for 25.5 months, only 8% reported side effects. The most common side
effects were mood changes, blurred vision, breast tenderness, and weight gain. These
side effects were a result of elevated estradiol levels. Another study of 46 men treated
for more than 12 months reported no side effects. Despite not being FDA approved for
use in men or patients with hypogonadism, the extensively researched use of this “off-
label” indication proves to effectively treat men for this purpose.” However, despite its
known safety and efficacy, more research is needed.

Clomiphene citrate consists of 2 isomers, enclomiphene, the trans-isomer, and
zuclomiphene, the cis-isomer. Enclomiphene is an estrogen antagonist, whereas
zuclomiphene is an estrogen agonist. This distinction is why clomiphene citrate
has caused elevated estradiol levels in some.”” Enclomiphene is more potent than
clomiphene, causing more significant increases in serum T levels while, in some
studies, significantly raising sperm counts.”” Enclomiphene is well tolerated and
causes mild side effects in a low percentage of those studied. The most concerning
adverse effect of SERMSs is the increased risk of venous thromboembolism. Accord-
ing to Earl and Kim,”’ this incidence has been very low. Other side effects include
headache 3.3%, nausea 2.1%, diarrhea 1.9%, nasopharyngitis 1,7%, hot flashes
1.7%, arthralgia 1.2%, and dizziness 1%.°" Enclomiphene demonstrates significant
effectiveness in raising baseline T levels while preserving fertility and without raising
estrogen levels. However, the FDA did not approve the drug because the lack of data
indicates improvement in clinical symptoms; this is an area of research that should
be explored. Much more could be discussed here, but it is beyond the scope of this
article.

REPLACEMENT THERAPY VERSUS OPTIMIZATION

TThis a T treatment regimen that results in therapeutic serum T levels. T optimization
refers to optimizing T levels for maximum benefit and well-being without achieving
supratherapeutic levels well above the established reference ranges. The US serum
T reference ranges from 264 to 916 ng/dL for healthy, nonobese men. Many providers
will not initiate T treatment if the total serum T is less than 264, despite having symp-
toms consistent with hypogonadism.

The Endocrine Society’s stance on T optimization is that TTh, when initiated, should
raise serum total T only up to the mid-normal range, which is approximately 426 ng/
dL.”” They also recommend that it should only be initiated when multiple unequivocal
tests demonstrate low levels of serum total testosterone paired with signs and symp-
toms of TD. However, as recognized by the American Urological Association, there are
men with total T levels greater than 300 ng/dL who exhibit conclusive and significant
signs and symptoms of hypogonadism and have experienced symptomatic improve-
ment with TTh. Thus, TTh aimed at raising serum total T to optimized therapeutic levels
should be considered in those cases. The use of sound clinical judgment and discus-
sing risks versus benefits with the patient is strongly encouraged.

Many studies demonstrating little or no benefit when initiating TTh provide little in-
formation about the maximum serum T levels attained in the men tested. Are the sub-
ject's serum total T levels at the low standard or mid-standard value? More research
should be conducted on the impact of optimized serum T levels on symptomatic hypo-
gonadal men.
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DISCUSSION

T, once touted as “the Elixir of Life,” is a hormone found in both men and women. In
men, most T is produced by the Leydig cells in the testicles when stimulated by the
LH. T has been shown to improve bone health and density. Therapeutic levels of T
also increase sexual function and libido, physical performance, strength, lean
body mass, and cognitive function. However, supratherapeutic levels can cause
mood swings, increased sebum production resulting in acne, elevated estradiol
levels, erythrocytosis, increased incidence of male pattern baldness, and can
worsen sleep apnea.

Over the last 3 decades, there has been increased interest in TTh. This trend re-
sults from increasing obesity rates, an aging population, and endocrine disruptors
in our foods and environment. In addition, there has been a surge in Men’'s Health
clinics and online direct-to-consumer Web sites, making TTh much more readily
accessible. The potential risks associated with supratherapeutic levels of T have
created conflicting guidelines and treatment strategies for many organizations
across the globe for diagnosing and prescribing hypogonadism. The inconsistency
of standards has led to confusion and uncertainty among prescribers. Much of the
confusion lies wherein the total serum T is in the low normal range, but signs and
symptoms of hypogonadism still exist. T optimization should be considered within
this realm with close follow-up and reevaluation of signs and symptoms after initi-
ating TTh. Clinical judgment and provider-patient discussions about risk versus
benefit are necessary.

These days there are many T delivery methods to consider. Longer-acting T injec-
tions, including T cypionate and enanthate, provide more patient advantages due to
convenience and effectiveness. Other delivery forms include shorter-acting formula-
tions in the form of daily gels, creams, transdermal patches, and daily capsules. Lastly,
subcutaneously inserted T pellets last up to 4 to 6 months. In men considering having
children, the contraindication of T is due to its negative effect on spermatogenesis, in
these men. SERMs such as enclomiphene citrate provide normalization of T levels
while having positive effects on sperm counts. Although these medications have
proved effective and well tolerated, SERMs are not FDA approved for treating hypo-
gonadal men and have long been used off-label.

SUMMARY

As more men seek to increase their T levels, more long-term random control studies
are needed to gain better insight into T optimization to support the anecdotal obser-
vation commonly experienced in the practice setting. In addition, studies evaluating
the risks and benefits of effective off-label treatment options such as SERMs should
be considered. Lastly, an ever-growing number of women are turning to TTh. In this
population, there lies tremendous opportunity for research focused on T optimization
and those undergoing gender transitional care.
Video content accompanies this article at http://www.nursing.theclinics.com.

CLINICS CARE POINTS

e The use of screening tools, like the Androgen Deficiency Men (A.D.A.M Questionnaire), is
useful at the beginning of treatment and when reassessing effectiveness of treatment.

e LH and FSH are useful lab tests in determining whether someone has been primary or

secondary hypogonadism and should always be included initially.
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Despite a seemingly limitless number of delivery methods for Testosterone Therapy,
Injectable testosterone has remained as the most consistent and reliable.

Because of the negative effect of testosterone on spermatogenesis, it is strongly
recommended to verify full understanding by both the patient and the partner before
initiating therapy.
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