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SUMMARY

Male hypogonadism—the deficiency of testosterone in the body—is a condition that has sparked increased inter-
est in the discussion surrounding men’s health. Many studies have previously explored the use of testosterone
replacement therapy to improve the quality of life for patients with this condition. However, further research is
required to weigh the long-term benefits and drawbacks of this therapy to determine its safety and efficacy for
future patients. This review will highlight the advantages and disadvantages of testosterone replacement therapy
in men suffering from hypogonadism. Improvements highlighted in this study include increased libido, muscle
mass, and self-esteem. These improvements weigh against potential side effects such as organ cancers and sys-
temic tissue damage. This review will also explore which patients are most suitable for the treatment and how the
research surrounding this topic can be improved moving forward. By analyzing a range of short- and long-term
studies with empirical data, observational and surveyable evidence, this review will provide insight into the ba-
sics of testosterone replacement therapy, the potential benefits and risks associated with its use.

ABSTRACT

Over the last few decades, the discussion surrounding men’s health issues has sparked an increased interest in
the treatment of male hypogonadism—the deficiency of testosterone in the body—through testosterone replace-
ment therapy to improve patients’ quality of life. A worthwhile consideration for further research a is to explore
the long-term benefits and drawbacks that may testosterone replacement therapy prescription to patients mov-
ing forward. It is worth weighing treatment effects, as well as examining which patients are most suitable for the
therapy and why, from a health cost-benefit analysis. Many of the benefits that this review will be related to the
symptoms of hypogonadism—most notably decreased libido, muscle mass, and emotional well-being. This review
will also consider the potential side effects of treatment through short- and long-term studies which include ob-
servational, surveyable, and empirical data. Some drawbacks include increased risk of various organ cancers and
systemic tissue damage. Holistically, this review will provide insight on the basics of testosterone replacement
therapy, who benefits from it the most, who is at risk, and how its understanding can be improved moving for-
ward.
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INTRODUCTION

The perception of testosterone replacement therapy
(TRT) for aging men is particularly controversial. TRT
is a legalized treatment option that alleviates testos-
terone deficiency symptoms, such as decreased libido,
erectile dysfunction, depressed mood, anemia, and
loss of muscle and bone mass, by increasing serum
testosterone levels to healthy physiological ranges.!
Late-onset hypogonadism (LOH) has increased nearly
7% in men within the last 40 years according to a ret-

rospective cohort study conducted in China.2 Most
doctors recommend that the first line of treatment
should remove the root cause of LOH, such as treating
obesity, type 2 diabetes (T2DM) or any metabolic syn-
drome (MetS).2 However, many patients simply re-
quire the assistance of exogenous testosterone supple-
mentation to reach recommended hormone levels. As
TRT prescription rates increase, the treatment option’s
efficacy and safety are paramount. This systematic re-
view's objective is to analyze the intended benefits as
well as adverse effects of TRT for males with subnor-
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mal free testosterone levels. This review will evaluate
the current literature around TRT to determine its rel-
evance and reliability.

1. METHODS OF TESTOSTERONE

ADMINISTRATION

Testosterone can be administered in a multitude of
ways into the body to increase serum testosterone lev-
els. Oral testosterone supplements are sold in most
recreational health outlets. However, they are consid-
ered to be ineffective due to a combination of poor in-
testinal absorption capacity and rapid hepatic metabo-
lism, rendering them useless biochemicals once in the
bloodstream.3 Buccal testosterone is an uncommon
way to improve serum concentrations, involving mu-
coadhesive tablets applied to the gums of the mouth to
provide continuous release directly into the systemic
circulation, bypassing the liver and yielding relatively
high bioavailability.4 Nasal testosterone is another un-
common form of deliverance, consisting of a thixo-
tropic gel applied to the nasal cavity, continuously de-
livering testosterone directly into the circulatory ves-
sels.5 Next, the subdermal method employs testos-
terone pellets of a crystalline preparation which are
designed and implanted for consistent and prolonged-
release.® Lastly, intramuscular testosterone injections
are commonly used to treat hypogonadal males and
female-to-male transgender patients.”

2. TYPES OF TESTOSTERONES

Testosterone propionate, cypionate, and enanthate are
different forms of testosterone. These forms differ in
their esterification, which affects their pharmacokinet-
ics. Essentially, the different compounds will vary in
absorption, distribution, metabolism, and excretion by
the body. Regarding esterification, propionate has the
shortest ester chain, compared to cypionate’s long
chain and enanthate’s even longer chain.3 The shorter
chain allows the compound to enter the bloodstream
quicker. The time of action is also a significant factor
to consider. Propionate has a shorter half-life than the
others. Therefore, propionate is rapidly absorbed and
eliminated from the body, which requires the user to
take more frequent injections to maintain adequate
serum concentrations.4 The esterification and time of
action also factor into the distribution of the com-
pounds in the body. Propionate is rapidly distributed
throughout the bloodstream due to its comparative
size and pharmacokinetics and is excreted through
metabolism at a faster pace as well.5

3. BENEFITS OF TRT

Restoring testosterone levels to the normal range us-
ing TRT can improve many facets of life for individuals
suffering from hypogonadism. Notable and document-
ed benefits of TRT include improved mood, energy,
well-being, cognition, sexual function, muscle mass,
strength, erythropoiesis, bone mineral density, and
cardiovascular health.

3.1 Sexual Desire, Function, and
Performance

Frequent erectile dysfunction is a common occurrence
for men beyond their pubescent years.” This is likely
due to the correlation that exists between free testos-
terone and erectile and orgasmic function.8 As free tes-
tosterone decreases beyond puberty, we can expect
sexual activity, functionality, and performance to de-
crease accordingly because of increasing dysfunction
of androgen receptors.9° Long-term follow-up of TRT
in hypogonadal males and controls indicated, through
self-assessment of the sexual characteristics, signifi-
cant improvements in the testosterone-treated group
only.” Indeed, Hajjar et al. (1997) showcased that TRT
enhanced libido and frequency of sexual acts and sleep
-related erections.!

Unfortunately, for some men, TRT alone is not enough
to improve sexual performance, leading to a reassess-
ment of the causes of erectile dysfunction. There is evi-
dence by Shabsigh et al. (2004) that taking phos-
phodiesterase type-5 inhibitors—i.e., sildenafil or Vi-
agra—could have a synergistic effect with TRT for men
suffering from this condition.2 These inhibitors work
in the penis and lungs by blocking the breakdown of
cyclic guanosine monophosphate (¢cGMP) which re-
sults in prolongation of the mediators of vasodilation,
most notably including nitric oxide (NO).13 Karazindi-
yanoglu and Cayan (2008) also suggests TRT can im-
prove lower urinary tract symptomatology (LUTS) and
overall bladder functionality by increasing capacity.4
Mitigating these symptoms has shown to improve cas-
es of erectile dysfunction in patients.'s

3.2 Bone Mineral Density

Osteopenia, osteoporosis, and fracture prevalence
rates are significantly greater in hypogonadal men,
regardless of age, as suggested by Meier et al. (2008).16
Testosterone supplementation has been shown to im-
prove bone mass by increasing osteoblastic activity,
and through aromatization to oestrogen, reducing os-
teoclastic activity.”7 Osteoblasts are responsible for
new bone formation, while osteoclasts are responsible
for aged bone resorption.’819 Morley et al. (1993)
found that osteocalcin levels, indicative of osteoblast
activity, were elevated, whereas hydroxyproline excre-
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tion, indicative of bone resorption, were decreased.2°
At normal physiological conditions, formation and re-
sorption rates are stable. However, when the balance
is disturbed, as in the case of hypogonadism, bone ar-
chitecture and function will be abnormal. TRT can aid
in the return normal homeostatic conditions.

3.3 Muscle Mass and Strength, and Fat
Mass

Unfortunately, for ageing men, body composition has
shown to change in negative ways. Indeed, muscle tis-
sue tends to decrease, and redistributed fat mass in-
creases.2! Decreases in overall muscle mass and
strength can limit functionality and increase injury
risk, and deter overall quality of life, especially for
those who lead active lifestyles, habitually or profes-
sionally. Differently, increased fat mass can lead to
morbidity through increased cardiovascular and im-
mune system stress. However, the declining testos-
terone levels are a contributing factor to these negative
changes, but not entirely culpable. Furthermore,
Mauras et al. (1998) suggested that human growth
hormone (HGH) decreases with age because of so-
matopause.22 HGH binds to hepatic receptors and
stimulates the expression and release of IGF-1.23 IGF-1
then stimulates testosterone production by testicular
interstitial cells to enhance steroidogenesis.24 This re-
sults in increased muscle protein synthesis and
growth.

Given this information about the testosterone produc-
tion cascade, one would reasonably consider supple-
menting growth hormone to treat the testosterone de-
ficiency directly, however, this is inadvisable. HGH is
not an effective treatment for low testosterone. While
it impacts overall body composition, the safety and
validity of this treatment option is not sufficiently
grounded. As suggested by Birzniece et al. (2011),
HGH vs TRT had no statistically significant difference
in serum free testosterone concentration.2s However,
growth hormone is a more broadly utilized drug com-
pared to testosterone, which can lead to many unin-
tended physiological effects if the goal is simply to
treat hypogonadic symptoms. Hence, supplementing
with TRT is the safest and most efficient means to im-
prove muscle mass and strength.

Testosterone can also decrease fat mass by inhibiting
the expression of lipogenic genes in fat cells resulting
in global lipid oxidation.2627 While the underlying
mechanisms aren’t entirely understood, some re-
searchers suggest that certain genes within the fat cells
are inhibited by testosterone and reactivated through
its aromatization into oestrogen.28 Miller et al. (2016)
supported this hypothesis, suggesting that oestrogen
levels can modulate hepatic lipogenesis.29 This is a
common issue in men who take anabolic steroids,
most famously represented through gynecomastia—fat
accumulation in breast tissue from increased testos-

terone aromatization into oestrogen.3° Hence, aroma-
tase inhibitors are recommended to be taken in con-
junction with TRT to mitigate this unnecessary fat ac-
cumulation, while still reaping the benefits outlined
thus far.s

3.4 Mood, Energy, and Quality of Life

Several studies have correlated low serum testosterone
levels with lower quality of life.32 The attributes meas-
ured included low libido, dysphoria, fatigue, and irrita-
bility—all of which correspond to major depressive
disorders.33 Schmidt et al. (2004) found that the de-
pressive symptoms of hypogonadal patients were sig-
nificantly reduced, if not entirely reversed, by TRT.34
However, it is important to be critical of this evidence
as contrary results have also been published. Specifi-
cally, a study by Tricker et al. (1996) found that TRT
administration had no significant effect on depressed
hypogonadal men, relative to their nondepressed test
subjects.35 This begs the question of whether TRT
should be prescribed to men who suffer from depres-
sive symptoms, which are likely the result of serum
testosterone deficiencies.

For this, we will have to compare the effects of depres-
sion treatment and TRT. Ehrenreich et al. (1999) sug-
gested that testosterone may serve as an effective anti-
depressant, given that their study explored a large
sample of men with depressive symptoms and found
that testosterone gel significantly improved depressive
symptoms in groups that did not receive placebos nor
selective serotonin reuptake inhibitors (SSRIs). It is
important to note that a possible limitation of this data
is that there was no follow-up study several weeks be-
yond the trial treatment period, limiting its long-term
applicability. Indeed, further trials should be conduct-
ed to thoroughly explore this topic as the evidence pro-
posed thus far has been conflicting to say the least.
Nonetheless, if mental health is an issue for someone
suffering from hypogonadism, TRT is worth consider-
ing because as the benefits previously outlined, it
clearly suggests that it can improve physical health
and has limited negative side effects on mental health.

3.5 Cognition

Gillett et al. (2003) have demonstrated through clini-
cal research that androgen deficiency may enhance the
expression of peptides involved in Alzheimer’s disease,
including beta-amyloid.3¢:37 Indeed, decreases in se-
rum testosterone may be responsible for visual and
verbal memory declines as men with equivalent ratios
of sex-hormone binding globulin with serum testos-
terone have higher incidences of dementias.38

Spatial abilities and mathematical reasoning are com-
ponents of verbal and visual memory that may be im-
pacted. Gouchie and Kimura (1991) found that a
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strong relationship exists between men’s testosterone
levels and their memory and cognitive capacity, even
after it was adjusted for age and education as con-
founding variables.39 Lu et al. (2006) found patients
suffering from Alzheimer's disease experienced signifi-
cant improvements in cognition and mood following
TRT.4° However, there is some contradictory evidence
in this discussion as Maki et al. (2007) found that TRT
accelerated working memory declination and brain
impedance.4! Finally, Tan and Culberson (2003) found
that there was no significant difference in cognitive
capacity and function following TRT in androgen-
deficient men, suggesting that this area is prudent for
further investigation before one considers TRT if they
are at risk for dementia-related diseases.42

With TRT being a relatively novel therapy, only be-
coming popularised in the early 1990s and 2000s, the
rise in concern over potential adverse effects is signifi-
cant. Due to the lack of factual data surrounding the
relationship between TRT and adverse health effects,
this review will delve deep into the literature to find
any causational or correlational evidence of the treat-
ment’s medical safety.

4. DRAWBACKS OF TRT

4.1 Liver Dysfunction

The causal relationship between TRT and hyperandro-
genism with liver function is certainly understudied.
Numerous concerns associated with TRT has found in
the liver including hepatic tumours, cholestasis, hepa-
totoxicity, peliosis, hepatitis, hepatocellular adenoma,
and total failure. These deleterious effects do not seem
to be associated with transdermal or intramuscular
injection; therefore, it is recommended that oral forms
of TRT are not administered.43

However, a general lack of testosterone or LOH has
been known to predict even worse outcomes, such as
Hepatitis B and total liver failure.44 Moreover,
Westaby et al. (1977) found that a low testosterone se-
rum (<142.39 ng/dL) is independently associated with
severe outcomes of HBV-related acute-onset liver fail-
ure.

4.2 Prostate Dysfunction and Cancer

With the use of TRT becoming more common, the cor-
relation between its use and incidents of prostate dys-
function and cancer is becoming more prominent.
Fowler and Whitemore (1982) reported that exoge-
nous testosterone given to metastasized prostate can-
cer patients resulted in increased advancement of ma-
lignant cells.45 One longitudinal study found a signifi-
cation between the relationship between men diag-
nosed with prostate cancer and endogenous testos-
terone supplementation.4¢ However, a 3-year meta-
analysis composed of 18 prospective studies with

3,500 men investigated the correlation between pros-
tate cancer and TRT and found no association between
serum androgen levels and the risk of prostate can-
cer.47

Concerning premalignancy and prostatic intraepitheli-
al neoplasia (PIN) are risk factors for developing pros-
tate cancer.4” However, there is a lack of long-term da-
ta on the use of TRT in men with PIN.

Nevertheless, there have been reports of metastatic
prostate cancer in older men on testosterone therapy.
Due to this potential, risk practitioners and doctors are
reluctant to administer testosterone to those who may
be at risk of PIN.47 Therefore, men being administered
with TRT should have frequent monitoring within the
first 3-6 months.

4.3 Elevated Red Blood Cell Count

Strong evidence suggests that increased testosterone
levels, regardless of way-of-entry, stimulates erythro-
poiesis: production of red blood cells.48 This can pro-
gress to polycythaemia: abnormal levels of red blood
cells in the blood. While polycythaemia doesn’t have a
statistically significant correlation with TRT, it is an
accepted side effect of. Considering this information,
TRT is often a suggested remedy for men who suffer
from anemia—low red blood cell count—due to its
erythropoietic properties.

Increasing haematocrit—red blood cell count—past the
regular male concentration of 4.0-5.9 x 10*12/L can
have adverse side effects, ranging from increased
blood pressure from thickening of blood to blurry vi-
sion and headaches. Polycythaemia may have an in-
creased incidence of vascular events, including but
limited to, stroke, myocardial infarction, or deep vein
thrombosis. Therefore, it is highly suggested that while
on TRT, individuals should not only monitor their
complete blood count (CBC) but have their baseline
CBC measured prior to the start of their treatment
plan.

4.4 Compromised Immune System

For unknown reasons, men have always been more
susceptible to bacterial, fungal, and parasitic infec-
tions than women.49 In a retrospective explorative
analysis conducted by Lanser et al. (2021), testos-
terone levels measured through PCR confirmed SARS-
CoV-2 infection.5° Interestingly, they recorded that
lower testosterone levels were linked with a more ad-
vanced immune activation. This was further supported
by the aforementioned comment on women’s better
immune systems, while they possess lower levels of
testosterone than men.5°

A Stanford lead study looked to prove a relationship
between higher levels of serum testosterone with a
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lowered immune response. They were unable to find
any indication that testosterone actively suppresses
the immune system in any direct way. However, the
researchers noticed a peculiar interaction where tes-
tosterone was able to dampen the immune response,
but additional research was suggested before drawing
any conclusions between TRT and a reduced immune
response.49

The sperm production hypothesis offered an alterna-
tive hypothesis that the immunosuppressive effect of
testosterone protects haploid spermatozoa. Hillgarth
et al (1997) suggested testosterone suppresses anti-
body protection within the blood-testis barrier.5*t How-
ever, this theory fails to explain the change in the
numbers of circulating leukocytes associated with ele-
vated testosterone.

However, the question remains about why testos-
terone, a hormone designed to increase libido, bone
density, and lean muscle mass, dampens the immunity
of the organism. These are questions to consider with
one’s clinician if they are considering TRT, especially
individuals who suffer from autoimmune or chronic
illnesses. Nevertheless, the inherent properties of TRT
to objectively increase serum testosterone raises con-
cern for those considering administering it.

4.5 Damaged Cardiovascular System

The relationship between TRT and cardiovascular out-
comes is conflictive to say the least. Hypogonadism is
an increasingly diagnosed disorder in age, overlapping
with increasing risk of cardiovascular events.52 Pa-
tients with established cardiovascular disorders con-
sidering TRT should heavily weigh the benefits, draw-
backs, and possible side effects, as TRT can have varia-
ble responses on different individuals. TRT has been
depicted as having cardio-protective, vasodilatory, and
anti-inflammatory properties, but in some instances, it
can be vasoconstrictive, pro-atherosclerotic.52

To shed some light on this conundrum, Michos et al.
(2022) completed a meta-analysis on 35 placebo-
controlled trials of TRT that included 5,601 men with
low baseline testosterone concentrations.53 During the
short follow-up, there was no increase in cardiovascu-
lar events between the TRT group and the placebo
group (odds ratio 1.07). The authors did witness an
increase in cholesterol, but this change was statistical-
ly insignificant.

Relating to red blood cell count, those who undergo
any form of testosterone therapy will undergo stimula-
tion of erythropoietin. This will evidently increase red
blood cell count, which in some circumstances can
have a sharply increased risk of high blood pressure
(hypertension).54 According to Dalmasso et al. (2017),
men who used synthetic derivatives of testosterone

have a higher risk of ventricular remodelling and sud-
den cardiac death, but there was no direct correlation
to TRT.54 Hence, further investigation is required to
elucidate the relationship between TRT and cardiovas-
cular outcomes.

5. WEIGHING THE BENEFITS AND

DRAWBACKS OF TRT

To adequately weigh the benefits and drawbacks of
TRT, future patients are recommended to explore con-
traindications with their healthcare provider to ensure
that the treatment is a safe and viable option. This will
include looking at all the possible risks associated with
TRT and properly evaluate if the safety risk is mini-
mized during the treatment period. This will vary sig-
nificantly between individuals as some men need a few
weeks to ‘jumpstart’ their endogenous production
through TRT, while others become entirely dependent
on exogenous dosages to sustain their serum testos-
terone levels for life.

Infections at the site of intramuscular injection are not
uncommon for patients undergoing TRT as properly
cleaning the site can be challenging. This is because
the patients are likely not given sufficient training and
literature on how to minimize infection risk, during
injection, by their physician. Additionally, most injec-
tion sites are at the glutes, which are hard to reach and
see for most individuals. These instances of infections
are easily treated with antibiotics, and a proper con-
sultation with an attending physician can improve the
future treatment, but the risk should be noted regard-
less.55

Prostatic carcinoma is a strong opponent for anyone
considering TRT. This applies to any males who are
genetically at risk for or have previously been diag-
nosed with prostate cancer. It has been suggested by
Huggins and Hodges (1941) that prostate cancer is an-
drogen-dependent, so taking exogenous testosterone
to raise serum concentrations may put oneself at risk
for the disease.5¢ There is no clear evidence of a causa-
tional relationship. A collaborative analysis by Rod-
dam et al. (2008) demonstrated that the men with the
highest risk of prostate cancer had the lowest serum
testosterone levels.5? Conversely, Mohr et al. (2001)
found no correlation between the two variables.58 Re-
gardless, it is likely not wise to administer TRT as it
may exacerbate the likelihood to acquire prostate can-
cer, especially if there is concern from family history
or previous cancer incidents.

Erythrocytosis is another consideration for physicians
and patients deliberating TRT. As previously men-
tioned, TRT can significantly elevate hematocrit.59
Consulting a physician on one’s hematocrit before dis-
cussing TRT options is crucial because a higher red
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blood cell count than a normal can be extremely prob-
lematic throughout and after treatment. Erythrocyto-
sis can cause symptoms of hyperviscosity, such as
headaches, fatigue, blurred vision, and paresthesias.59
Additionally, elevated erythrocytosis can lead to sec-
ondary effects. For instance, congenitally, the body
will have a high oxygen affinity Hb and altered intra-
cellular oxygen sensing, coupled with EPO receptor
upregulation.t© This will lead to hypoxic states. Sys-
temically, lung disease, shunt, and hypoventilation are
expected; locally, renal artery stenosis and ESRD are
exected.60

Congestive heart failure (CHF) is a growing health
problem around the world, especially among aging
men. Despite modern medicine, advancement con-
cerning the detection, diagnosis, and treatment of
CHF is bleak. However, TRT has been discussed sig-
nificantly in the scientific literature as being a viable
supplement to regular practice in correctly treating
and managing CHF. While the physiopathological
mechanism and effectiveness of TRT concerning the
cardiovascular system is unclear, some evidence has
emerged that TRT could improve muscle strength, ex-
ercise tolerance, functional pulmonary capacity, insu-
lin sensitivity, and adjust the neuroendocrine factors
in patients with CHF.6t A collection of studies revealed
that TRT could significantly improve the exercise ca-
pacity of patients, measuring factors such as 6MWD (6
-min walk distance) and SWD (shuttle walk distance),
as suggested by Malkin et al. (2006).62 Mirdamadi et
al. (2014) replicated this same study and found similar
results.63 A similar study conducted by Caminit et al.
(2009) found that TRT groups improved their exercise
capacity, but the study explored more details beyond
just that.64 They found that there was a tendency to-
ward blood pressure decrease, possibly suggesting that
this treatment option be considered more favourably
for patients with CHF. In CHF, most patients suffer a
gradual decline in muscle mass, strength, and endur-
ance, which is reflected in the maladaptive imbalance
and relative deficiency of anabolic hormones, mainly
testosterone. A testosterone deficit leads to the meta-
bolic shift favouring catabolism, a major underlying
mechanism for tissue wasting seen in CHF. Whether
that testosterone deficiency is a precursor to the devel-
opment of CHF, a consequence of the condition, or a
combination of both is unclear at this time.6* However,
testosterone supplementation in patients with CHF is
associated with an improvement in exercise capacity
and muscle strength which will be beneficial in im-
proving quality of life, clinical events, and safety.

CONCLUSION

As men age into their 30s, 40s, and 50s, peak testos-
terone steadily declines, with the most rapid decline
occurring around the mid-50s.! However, the ad-
vancements of TRT have provided a remedy to this

issue for middle-aged men. TRT is proven effective in
reducing the effects of testosterone deficiency dis-
cussed above.3 While research outlining the benefits of
TRT are plentiful, those highlighting its connection to
various pathologies and morbidities are certainly lack-
ing.

Certain pathologies relating to the immune system and
cardiovascular systems have some underlying con-
cerns, but not enough definitive data is available to
make any clear-cut recommendations. However, the
underlying concern should be sufficient in encourag-
ing caution and extreme monitoring when administer-
ing TRT.

Male hypogonadism and its treatment are a rapidly
evolving area. The benefits and risks of testosterone
therapy must be discussed with the patient. An assess-
ment of risk factors previously outlined in this litera-
ture review should be explored thoroughly before de-
ciding if TRT is a viable option for the patient. There
are benefits to TRT, such as improvements in muscle
mass and strength, fat mass, sexual function, and gen-
eral well-being. However, it is illogical to ignore the
plethora of negative impacts that can arise in certain
individuals if they were to engage with exogenous tes-
tosterone supplementation. Patients and physicians
should be cognizant of their knowledge gaps as well;
the academic literature surrounding many of the risk
factors is unexplored or in their novel stages of discov-
ery. Studies conducted to date have been too small to
address long-term potential adverse effects and there
are risks in extrapolating benefits from epidemiologi-
cal studies. Larger clinical trials coupled with meta-
analyses of the extensive short-term data and limited
long-term data will benefit many physicians and pa-
tients in exploring the long-term benefits and risks of
TRT. Patients will have to carefully weigh their options
with their medical advisor, so they are tending to their
underlying conditions safely and effectively. If treat-
ment is considered, there should be constant monitor-
ing of symptoms and signs of improvement. If not ob-
served, then treatment should be discontinued, and
the patient will be investigated for other possible diag-
noses.

ACKNOWLEDGEMENTS

First and foremost, we sincerely thank the Department
of Health Sciences and the Department of Integrated
Sciences for providing us with all the resources neces-
sary to conduct this academic literature review. With-
out their knowledge, expertise, and scientific literature
on biochemistry and physiology, we would not have
been able to complete our project. Finally, how could
we forget our parents; without them, we could not



https://www.zotero.org/google-docs/?WnbUuq
https://www.zotero.org/google-docs/?2blHrQ
https://www.zotero.org/google-docs/?hPyu3g
https://www.zotero.org/google-docs/?GulfHk
https://www.zotero.org/google-docs/?9ZQg4J
https://www.zotero.org/google-docs/?8gucWr
https://www.zotero.org/google-docs/?zjpojZ
https://www.zotero.org/google-docs/?72eyC5
https://www.zotero.org/google-docs/?72eyC5

Sciential | April 2023

have made it this far in our academic careers. Howev-
er, no financial aid was provided in the production of
this review by any parties. The authors report no con-
flicts of interest

REFERENCES

(1) Barbonetti A, D’Andrea S, Francavilla S. Testosterone replacement therapy.
Andrology. 2020;8(6):1551-66.

(2) Ho CH, Fan CK, Yu HJ, Wu CC, Chen KC, Liu SP, et al. Testosterone suppresses
uropathogenic Escherichia coli invasion and colonization within prostate cells
and inhibits inflammatory responses through JAK/STAT-1 signaling pathway.
PLoS ONE. 2017 Jun 30;12(6):0180244.

(3) Nieschlag E, Behre HM, Nieschlag S. Testosterone: Action, Deficiency, Substitu-
tion. Cambridge University Press; 2012. 583 p.

(4) Morales A, Bebb RA, Manjoo P, Assimakopoulos P, Axler J, Collier C, et al.
Diagnosis and management of testosterone deficiency syndrome in men: clini-
cal practice guideline. CMAJ Can Med Assoc J J Assoc Medicale Can. 2015 Dec
8;187(18):1369—77.

(5) Shoskes JJ, Wilson MK, Spinner ML. Pharmacology of testosterone replace-
ment therapy preparations. Transl Androl Urol. 2016 Dec;5(6):834—43.

(6) Snyder PJ, Lawrence DA. Treatment of male hypogonadism with testosterone
enanthate. J Clin Endocrinol Metab. 1980 Dec;51(6):1335—9.

(7) Lyngdorf P, Hemmingsen L. Epidemiology of erectile dysfunction and its risk
factors: a practice-based study in Denmark. Int J Impot Res. 2004 Apr;16
(2):105—11.

(8) 1Selvin E, Burnett AL, Platz EA. Prevalence and risk factors for erectile dysfunc-
tion in the US. Am J Med. 2007 Feb;120(2):151-7.

(9) Lucas-Herald AK, Touyz RM. Androgens and Androgen Receptors as Determi-
nants of Vascular Sex Differences Across the Lifespan. Can J Cardiol. 2022 Dec
1;38(12):1854—64.

(10) Swerdloff RS, Wang C. Androgen deficiency and aging in men. West J Med.
1993 Nov;159(5):579—85.

(11) Hajjar RR, Kaiser FE, Morley JE. Outcomes of long-term testosterone replace-
ment in older hypogonadal males: a retrospective analysis. J Clin Endocrinol
Metab. 1997 Nov;82(11):3793—6.

(12) Shabsigh R, Kaufman JM, Steidle C, Padma-Nathan H. Randomized study of
testosterone gel as adjunctive therapy to sildenafil in hypogonadal men with
erectile dysfunction who do not respond to sildenafil alone. J Urol. 2004
Aug;172(2):658—-63.

(13) Huang SA, Lie JD. Phosphodiesterase-5 (PDE5) Inhibitors In the Management
of Erectile Dysfunction. Pharm Ther. 2013 Jul;38(7):407-19.

(14) Karazindiyanoglu S, Cayan S. The effect of testosterone therapy on lower uri-
nary tract symptoms/bladder and sexual functions in men with symptomatic
late-onset hypogonadism. Aging Male Off J Int Soc Study Aging Male. 2008
Sep;11(3):146—9.

(15) Fragala E, Russo GI, Di Rosa A, Giardina R, Privitera S, Favilla V, et al. Rela-
tionship between urodynamic findings and sexual function in multiple sclerosis
patients with lower urinary tract dysfunction. Eur J Neurol. 2015 Mar;22
(3):485-92.

(16) Meier C, Nguyen TV, Handelsman DJ, Schindler C, Kushnir MM, Rockwood
AL, et al. Endogenous sex hormones and incident fracture risk in older men: the
Dubbo Osteoporosis Epidemiology Study. Arch Intern Med. 2008 Jan 14;168
(1):47-54.

(17) Saggese G, Bertelloni S, Baroncelli GI. Sex steroids and the acquisition of bone
mass. Horm Res. 1997;48 Suppl 5:65-71.

(18) Chen X, Wang Z, Duan N, Zhu G, Schwarz EM, Xie C. Osteoblast-Osteoclast
Interactions. Connect Tissue Res. 2018 Mar;59(2):99-107.

(19) Matsuoka K, Park KA, Ito M, Ikeda K, Takeshita S. Osteoclast-derived comple-
ment component 3a stimulates osteoblast differentiation. J Bone Miner Res Off
J Am Soc Bone Miner Res. 2014 Jul;29(7):1522-30.

(20)Morley JE, Perry HM, Kaiser FE, Kraenzle D, Jensen J, Houston K, et al. Effects
of testosterone replacement therapy in old hypogonadal males: a preliminary
study. J Am Geriatr Soc. 1993 Feb;41(2):149—52.

(21) Bassil N, Alkaade S, Morley JE. The benefits and risks of testosterone replace-
ment therapy: a review. Ther Clin Risk Manag. 2009;5:427—48.

(22) Mauras N, Hayes V, Welch S, Rini A, Helgeson K, Dokler M, et al. Testosterone
deficiency in young men: marked alterations in whole body protein kinetics,

strength, and adiposity. J Clin Endocrinol Metab. 1998 Jun;83(6):1886—92.

(23) Delafontaine P, Song YH, Li Y. Expression, Regulation, and Function of IGF-1,
IGF-1R, and IGF-1 Binding Proteins in Blood Vessels. Arterioscler Thromb Vasc
Biol. 2004 Mar;24(3):435—44-

(24) Yoshizawa A, Clemmons DR. Testosterone and Insulin-like Growth Factor
(IGF) I Interact in Controlling IGF-Binding Protein Production in Androgen-
Responsive Foreskin Fibroblasts1. J Clin Endocrinol Metab. 2000 Apr 1;85
(4):1627-33.

(25) Birzniece V, Meinhardt UJ, Umpleby MA, Handelsman DJ, Ho KKY. Interac-
tion between Testosterone and Growth Hormone on Whole-Body Protein Anab-
olism Occurs in the Liver. J Clin Endocrinol Metab. 2011 Apr 1;96(4):1060—7.

(26) Host C, Gormsen LC, Christensen B, Jessen N, Hougaard DM, Christiansen JS,
et al. Independent Effects of Testosterone on Lipid Oxidation and VLDL-TG
Production. Diabetes. 2013 May;62(5):1409—16.

(27) Frederiksen L, Hgjlund K, Hougaard DM, Brixen K, Andersen M. Testosterone
therapy increased muscle mass and lipid oxidation in aging men. Age. 2012
Feb;34(1):145-56.

(28) Holland AM, Roberts MD, Mumford PW, Mobley CB, Kephart WC, Conover
CF, et al. Testosterone inhibits expression of lipogenic genes in visceral fat by an
estrogen-dependent mechanism. J Appl Physiol. 2016 Sep 1;121(3):792—-805.

(29) Miller CN, Della-Fera MA, Baile CA. The Mediation of Hepatic Lipogenesis
Through Estrogens. Postdoc J J Postdr Res Postdr Aff. 2013 May;1(5):27-38.

(30) de Luis DA, Aller R, Cuéllar LA, Terroba C, Romero E. [Anabolic steroids and
gynecomastia. Review of the literature]. An Med Interna Madr Spain 1984.
2001 Sep;18(9):489—91.

(31) de Ronde W, de Jong FH. Aromatase inhibitors in men: effects and therapeutic
options. Reprod Biol Endocrinol RBE. 2011 Jun 21;9:93.

(32) Wang C, Swerdloff RS, Iranmanesh A, Dobs A, Snyder PJ, Cunningham G, et
al. Transdermal testosterone gel improves sexual function, mood, muscle
strength, and body composition parameters in hypogonadal men. J Clin Endo-
crinol Metab. 2000 Aug;85(8):2839—53.

(33) Khera M. Patients with testosterone deficit syndrome and depression. Arch Esp
Urol. 2013 Sep;66(7):729-36.

(34) Schmidt PJ, Berlin KL, Danaceau MA, Neeren A, Haq NA, Roca CA, et al. The
effects of pharmacologically induced hypogonadism on mood in healthy men.
Arch Gen Psychiatry. 2004 Oct;61(10):997-1004.

(35) Tricker R, Casaburi R, Storer TW, Clevenger B, Berman N, Shirazi A, et al. The
effects of supraphysiological doses of testosterone on angry behavior in healthy
eugonadal men--a clinical research center study. J Clin Endocrinol Metab. 1996
Oct;81(10):3754—8.

(36) Gillett MJ, Martins RN, Clarnette RM, Chubb S a. P, Bruce DG, Yeap BB. Rela-
tionship between testosterone, sex hormone binding globulin and plasma amy-
loid beta peptide 40 in older men with subjective memory loss or dementia. J
Alzheimers Dis JAD. 2003 Aug;5(4):267—9.

(37) Murphy MP, LeVine H. Alzheimer’s Disease and the f-Amyloid Peptide. J
Alzheimers Dis JAD. 2010 Jan;19(1):311.

(38) Marriott RJ, Murray K, Flicker L, Hankey GJ, Matsumoto AM, Dwivedi G, et al.
Lower serum testosterone concentrations are associated with a higher incidence
of dementia in men: The UK Biobank prospective cohort study. Alzheimers
Dement. 2022;18(10):1907—18.

(39) Gouchie C, Kimura D. The relationship between testosterone levels and cogni-
tive ability patterns. Psychoneuroendocrinology. 1991;16(4):323—34-

(40) Lu PH, Masterman DA, Mulnard R, Cotman C, Miller B, Yaffe K, et al. Effects
of testosterone on cognition and mood in male patients with mild Alzheimer
disease and healthy elderly men. Arch Neurol. 2006 Feb;63(2):177-85.

(41) Maki PM, Ernst M, London ED, Mordecai KL, Perschler P, Durso SC, et al.
Intramuscular testosterone treatment in elderly men: evidence of memory
decline and altered brain function. J Clin Endocrinol Metab. 2007 Nov;92
(11):4107-14.

(42) Tan RS, Culberson JW. An integrative review on current evidence of testos-
terone replacement therapy for the andropause. Maturitas. 2003 May 30;45
(1):15—27.

(43) Westaby D, Ogle SJ, Paradinas FJ, Randell JB, Murray-Lyon IM. Liver damage
from long-term methyltestosterone. Lancet Lond Engl. 1977 Aug 6;2(8032):262
-3.

(44) Huang Y, Yan D, Zhang H, Lou B, Yan R, Yao Y, et al. Lower testosterone levels
predict increasing severity and worse outcomes of hepatitis B virus-related
acute-on-chronic liver failure in males. BMC Gastroenterol. 2021 Dec 6;21
(1):457.

(45) Dubin JM, Fantus RJ, Halpern JA. Testosterone replacement therapy in the era
of telemedicine. Int J Impot Res. 2022 Nov;34(7):663-8.

(46) Goodale T, Sadhu A, Petak S, Robbins R. Testosterone and the Heart. Method-
ist DeBakey Cardiovasc J. 2017;13(2):68-72.




Sciential | April 2023

(47) Osterberg EC, Bernie AM, Ramasamy R. Risks of testosterone replacement
therapy in men. Indian J Urol IJU J Urol Soc India. 2014;30(1):2—7.

(48) Bachman E, Travison TG, Basaria S, Davda MN, Guo W, Li M, et al. Testos-
terone Induces Erythrocytosis via Increased Erythropoietin and Suppressed
Hepcidin: Evidence for a New Erythropoietin/Hemoglobin Set Point. J Geron-
tol A Biol Sci Med Sci. 2014 Jun;69(6):725-35.

(49) Goldman B. In men, high testosterone can mean weakened immune response,
study finds [Internet]. Stanford Medicine: News Center. 2013 [cited
2023Jan31]. Available from: https://med.stanford.edu/news/all-
news/2013/12/in-men-high-testosterone-can-mean-weakened-immune-
response-study-finds.html

(50) Lanser L, Burkert FR, Thommes L, Egger A, Hoermann G, Kaser S, et al. Tes-
tosterone Deficiency Is a Risk Factor for Severe COVID-19. Front Endocrinol
[Internet]. 2021 [cited 2023 Jan 19];12. Available from: https://
www.frontiersin.org/articles/10.3389/fendo.2021.694083

(51) Braude S, Tang-Martinez Z, Taylor GT. Stress, testosterone, and the immuno-
redistribution hypothesis. Behav Ecol. 1999 May 1;10(3):345—50.

(52) Ahmed T, Alattar M, Pantalone K, Haque R. Is Testosterone Replacement Safe
in Men with Cardiovascular Disease? Cureus. 12(3):€7324.

(53) Michos ED, Budoff MJ. Testosterone: therapeutic or toxic for the cardiovascu-
lar health of men? Lancet Healthy Longev. 2022 Jun 1;3(6):e368—9.

(54) Dalmasso C, Patil CN, Yanes Cardozo LL, Romero DG, Maranon RO. Cardio-
vascular and Metabolic Consequences of Testosterone Supplements in Young
and Old Male Spontaneously Hypertensive Rats: Implications for Testosterone
Supplements in Men. J Am Heart Assoc. 6(10):€007074.

(55) Thom C, Ottenhoff J, Thom M, Kongkatong M. Point-of-Care Ultrasound Iden-
tifies Pyomyositis Secondary to Intramuscular Testosterone Injection: Report of
Two Cases. J Emerg Med. 2022 Mar;62(3):e51—6.

(56) Huggins C, Hodges CV. Studies on prostatic cancer: I. The effect of castration,
of estrogen and of androgen injection on serum phosphatases in metastatic
carcinoma of the prostate. 1941. J Urol. 2002 Jul;168(1):9—12.

(57) Endogenous Hormones and Prostate Cancer Collaborative Group, Roddam
AW, Allen NE, Appleby P, Key TJ. Endogenous sex hormones and prostate
cancer: a collaborative analysis of 18 prospective studies. J Natl Cancer Inst.
2008 Feb 6;100(3):170—83.

(58) Mohr BA, Feldman HA, Kalish LA, Longcope C, McKinlay JB. Are serum hor-
mones associated with the risk of prostate cancer? Prospective results from the
Massachusetts Male Aging Study. Urology. 2001 May;57(5):930-5.

(59) Cervi A, Balitsky AK. Testosterone use causing erythrocytosis. CMAJ Can Med
Assoc J. 2017 Oct 16;189(41):E1286-8.

(60) Keohane C, McMullin MF, Harrison C. The diagnosis and management of
erythrocytosis. BMJ. 2013 Nov 18;347:{6667.

(61) Wang W, Jiang T, Li C, Chen J, Cao K, Qi LW, et al. Will testosterone replace-
ment therapy become a new treatment of chronic heart failure? A review based
on 8 clinical trials. J Thorac Dis. 2016 May;8(5):E269—77.

(62) Malkin CJ, Pugh PJ, West JN, van Beek EJR, Jones TH, Channer KS. Testos-
terone therapy in men with moderate severity heart failure: a double-blind
randomized placebo controlled trial. Eur Heart J. 2006 Jan;27(1):57—64.

(63) Mirdamadi A, Garakyaraghi M, Pourmoghaddas A, Bahmani A, Mahmoudi H,
Gharipour M. Beneficial effects of testosterone therapy on functional capacity,
cardiovascular parameters, and quality of life in patients with congestive heart
failure. BioMed Res Int. 2014;2014:392432.

(64) Caminiti G, Volterrani M, Iellamo F, Marazzi G, Massaro R, Miceli M, et al.
Effect of long-acting testosterone treatment on functional exercise capacity,
skeletal muscle performance, insulin resistance, and baroreflex sensitivity in
elderly patients with chronic heart failure a double-blind, placebo-controlled,
randomized study. J Am Coll Cardiol. 2009 Sep 1;54(10):919—27.

AARTICLE INFORMATION

Senior Editor
Zani Zartashah

Reviewers and Section Editors
Tresha Sivanesanathan, Michelle Li

Formatting and Illustrations
Zak de Guzman




