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Testosterone is a pleiotropic hormone that plays an important role in the human 
body. Classically, testosterone was thought to be predominantly involved in 
androgenesis and physiology in boys and men. Through its conversion to estrogen, 
testosterone affects bone health, including bone density. Recently, there has been 
a renewed interest in the systemic role of testosterone in pain, well-being, and 
cardiovascular function in women and men alike. In this review, we discuss the 
historic significance of testosterone, its traditionally known physiology, and its 
molecular and cellular effects. We also discuss evidence for testosterone’s lesser 
known effects, including its role in women’s health. We suggest a need to revisit 
the clinical role of testosterone given its potential for applications to treat mood, 
cognitive health, and other illnesses, and its anabolic role in bone and muscle; we 
also suggest consideration of the current debate on risks of its use.
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In a radical self-experiment, 
Charles Édouard Brown-Séquard 
injected himself with a mixture 

containing liquid extracted from 
the testicles of dogs or guinea pigs 
in 1889. The filtered liquid was 
injected 10 times over 3 weeks, dur-
ing which the 72-year-old neurolo-
gist noted marked physical changes: 
an increase in his forearm flexor 
strength, a more forceful urinary 
stream, the ability to defecate more 
easily, and a subjective improve-
ment in his cognitive abilities.1 At 
the time, Brown-Séquard’s claims 
seemed stunning and implausible, 
given the lack of a formal study, 
yet his findings are regarded to 
have spurned further interest into 
the chemical substances produced 
by the testes.2 Once an unknown 
component of the so-called “Elixir 
of Life,” testosterone has many well-
studied anabolic, metabolic, and 
developmental properties that affect 
target organs in men and women. 
The potential uses of this com-
pound prompted several teams of 
biochemists to race for isolation of 
the testicular hormone in the early 
20th century.3 With these advances 
came a surge of androgen research, 
along with some of the first papers 
describing what was then referred 
to as the “male climacteric” of 
symptoms, including sleeplessness, 
nervousness, depression, decreased 
libido, and impotence. Since then, 
a great deal of attention has been 
given to the physiologic effects 
of decreasing serum testosterone 
that occurs in aging men.4-6 More 
recently, experts have debated the 
use of testosterone therapy in men 
who might benefit from replace-
ment of declining hormone levels. 
The controversy surrounding this 
issue stems mostly from the dearth 
of long-term randomized studies 
that answer the question of whether 
or not testosterone therapy in nor-
mal, healthy, aging men is safe and 
improves quality of life. Several 

medical societies have provided 
their recommendations, but often 
with conflicting ideas with regard 
to replacement. With the recent 
prolongation of life expectancy, 
especially in men, the question con-
cerning testosterone replacement 
in older men has become more 
important.7-9

There are greater uncertainties 
regarding testosterone therapy in 
women. A clinical practice guide-
line published by the Endocrine 
Society in 2006 recommended 
against the generalized use of tes-
tosterone in women, due to the lack 
of clear indications of use and inad-
equate long-term safety data. It is 
more difficult to make broad rec-
ommendations regarding testos-
terone therapy in women because 
there is no well-defined clinical 
syndrome caused by androgen defi-
ciency.10 Also, many of the serum 
testosterone assays are not particu-
larly sensitive due to lower overall 
concentrations found in women.11

The effects of declining testos-
terone in the elderly have been an 
important scientific discussion 
since the discovery of the hormone. 
However, its role as a treatment 
in both men and women remains 
without a unified, recommended 
stance.12 This review discusses the 
role of testosterone in men and 
women, highlights the risks and 
benefits of using testosterone sup-
plements, notes the complexities 
of measuring testosterone levels, 
and draws attention to how these 
challenges may hinder clinicians’ 
ability to safely use testosterone 
supplementation to improve qual-
ity of life in many adults.

Testosterone Production 
in Men
To understand why measuring tes-
tosterone levels is challenging, it 
is essential to appreciate androgen 
production and regulation. Fetal 

Leydig cells within the develop-
ing testis cords secrete the andro-
gens necessary to develop the male 
reproductive tract. These special-
ized cells have origins in the meso-
nephros, and their precursor cells 
supply both the testes and the adre-
nal cortex during early embryo-
genesis.13 Evidence from genetic 
studies of fetal testicular tissue has 
shown that adrenocorticotropic 
hormone can stimulate fetal Leydig 
cells to produce steroids, reinforc-
ing the link between adrenal and 
testicular tissue.14 Androgens help 
preserve male reproductive organs 
through adulthood; prepubertal 
castration causes regression of the 
function of these tissues and affects 
the development of secondary sex-
ual characteristics.15 

Most testosterone, the major 
circulating male androgen, is pro-
duced in the testes from the sub-
strates cholesterol and acetate. 
The zona reticularis of the adre-
nal cortices contributes minimally 
to the testosterone precursor pool 
by secreting dehydroepiandros-
terone (DHEA) and DHEA-sulfate 
(DHEA-S), the androgenic steroids 
produced in greatest abundance in 
humans. DHEA and DHEA-S serve 
largely as prohormone substrates 
for the formation of more potent 
androgens such as testosterone 
and dihydrotestosterone (DHT) 
by peripheral conversion, although 
Brooks16 demonstrated that they 
directly affect transcriptional 
activity through binding androgen 
receptors. A portion of the total tes-
tosterone pool is converted intracel-
lularly via 5α-reductase into DHT, a 
more potent form of the hormone, 
within androgen-sensitive tissues 
such as the prostate, hair follicles, 
epididymis, and testes. Free tes-
tosterone and/or DHT then bind 
the intracellular androgen recep-
tor, enabling the complex to bind 
DNA regions and exert androgenic 
effects.17 Testosterone can also be 
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converted to estrogen via aroma-
tase, a member of the cytochrome 
P450 enzyme family, in target areas 
including neural tissue, adipose, 
liver, and bone. In men, estrogen 
from this reaction is important for 
maturation of sperm and libido 
maintenance.15,18 In women, tes-
tosterone and its precursor, andro-
stenedione, are synthesized within 
the zona fasciculata of the adre-
nal cortex and ovarian stromal 
and thecal cells; both organ sites 
account for 50% of total secretion. 
The remainder of testosterone pro-
duction occurs in peripheral tis-
sues such as bone, breast, muscle,  
and fat.19

Androgen synthesis in the 
gonads of men and women is regu-
lated by secretion of gonadotropin-
releasing hormone (GnRH) from 
the hypothalamus stimulating the 
release of luteinizing hormone (LH) 
and follicle-stimulating hormone 
(FSH) from the pituitary. LH stim-
ulates synthesis of testosterone in 
testicular and ovarian tissue. There 
is feedback inhibition of GnRH and 
LH release from the hypothala-
mus and pituitary, respectively, by 
testosterone.20

It had been known for some 
time that elderly men have declines 
in serum testosterone levels, but 
researchers disputed whether 
this process naturally occurred 
or if it was secondary to concur-
rent comorbidities and related 
factors.21 Large-scale prospective 
trials, such as the Massachusetts 
Male Aging Study,22 clearly dem-
onstrated declines in testosterone 
with increasing age. These findings 
were validated with several longi-
tudinal studies that showed rela-
tively constant declines in serum 
testosterone independent of com-
mon disease states and risk fac-
tors that could confound accurate 
levels in the blood.23 More specifi-
cally, increasing age was found to 
bring about gradual decreases in 

free and total testosterone, with 
increases in gonadotropins, LH, 
and FSH. Reductions in free testos-
terone levels were greater than total 

testosterone, thereby reducing the 
greatest biologically active pool.23

In the plasma of healthy men, 
the testosterone distribution pool 
is comprised of roughly 2%  free 
testosterone, 38% albumin-bound 
testosterone, and 60% sex hormone-
binding globulin (SHBG)-bound 
testosterone; the latter two are typi-
cally unable to enter the intracel-
lular environment and exert their 
biochemical effects.16 For many 
years, scientists found evidence 
that non–protein-bound steroid 
hormones such as cortisol were the 
only biologically active fraction 
in human plasma.24 This concept 
extended to testosterone as well. 
In women, high total testosterone 
states such as hyperthyroidism 
and pregnancy, associated with 
higher SHBG levels, did not cause 
changes in the metabolic clear-
ance rate or blood production rate 
of testosterone.25 More recent evi-
dence, however, demonstrated that 
albumin-bound testosterone is also 
biologically active given the low 
affinity of testosterone for the pro-
tein.26 Additionally, it was found 
that steroid-bound SHBG can gen-
erate secondary messengers within 
target cells by binding to high-
affinity membrane receptors. This 
interaction allowed particular ste-
roids to exert their effects without 
entering cells.27 Although the latter 
notion adds to our understanding 
of how hormones affect target cells 
at the molecular level, Vermeulen 
and colleagues28 maintain that free 
testosterone and albumin-bound 
testosterone continue to be a rela-
tively accurate measure of a patient’s 

clinical and hormonal composi-
tion, more so than total hormone 
levels. Another rationale for the 
use of total testosterone and free 

testosterone is that, with current 
laboratory methods, it is impossible 
to determine the amount of testos-
terone generated at the intracellular 
level via conversion of prohormones  
and it is impossible to know how 
steroid-bound SHBG affects tran-
scriptional activity.28

Numerous small, cross-sectional 
and longitudinal studies chroni-
cling the changes in androgen and 
SHBG levels throughout the pre-, 
peri-, and postmenopausal tran-
sitions show conflicting results.29 
A prospective longitudinal study 
of 172 Australian women during 
a 7-year follow-up period fails to 
demonstrate a significant decrease 
in total testosterone levels and 
DHEA-S after menopause, with a 
mean SHBG level decrease of 43%, 
only partially explained by lower 
estrogen concentrations. These 
decreased binding globulin levels 
correspond to an increase in free 
androgens.30 This evidence sug-
gests that there are other unknown 
factors at play with regard to sex-
ual functioning and symptoms 
after onset of menopause. An 
important question, therefore, 
arises. How do we accurately and 
reliably measure the quantities 
of free and nonspecifically bound 
fractions of testosterone? 

Measuring Testosterone 
in Humans
Measuring serum testosterone lev-
els has been an ongoing challenge 
for years. Testosterone assays play 
a vital role in workup and diagno-
sis of many endocrine disorders. 

… increasing age was found to bring about gradual decreases in 
free and total testosterone, with increases in gonadotropins, LH, 
and FSH.
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Assays in men are used to diagnose 
clinical hypogonadism in patients 
with prostate cancer treated with 
GnRH analogs,31 and in children 
to monitor signs and symptoms of 
advanced and delayed puberty.32 
Assays in women are used to help 
diagnose those with hyperandro-
genic states, including hirsutism 
and androgen-secreting ovarian 
and adrenal tumors, and in infant 
girls with congenital adrenal 
hyperplasia due to 21-hydroxylase 
deficiency.33

Testosterone secretion follows 
a circadian rhythm in young 
and aging men, with the highest 
levels generally occurring in the 
early morning hours34; therefore, 
blood samples for testosterone 
should ideally be drawn in the 
morning in order to properly 
assess patients’ androgen status.35 
Another critical point of concern 

is the considerable variability 
among laboratories regarding 
normal values for total and free 
testosterone in men. This poses 
a major obstacle for more con-
sistent diagnoses of androgen 
insufficiency in men and women. 
Given that women have far lower 
total and free serum testosterone 
levels compared with men, dif-
ficulties in the sensitivity and 
accuracy of laboratory assays 
remain problematic for reliably 
measuring hormone levels in 
women.36 

Physicians should also be cog-
nizant that varying measurements 
between laboratories may be con-
sequences of the method used, 
rather than a reflection of actual 
changes in testosterone levels.37 
Morales and colleagues38 discuss 

the alternatives to serum testos-
terone measurements and the 
necessary considerations when 
interpreting levels. One proposed 
solution is to measure free rather 
than serum testosterone, which 
can be measured by equilibrium 
dialysis. In this method, free tes-
tosterone passes through a mem-
brane into a dialysate solution but 
protein-bound testosterone does 
not. Free testosterone measure-
ments avoid the intraindividual 
variances in bioavailable testoster-
one and provide better evaluation 
of hypogonadism. Other studies of 

testosterone measurement advo-
cated that individual laboratories 
should have their own reference 
intervals. 

Effects on Musculoskeletal 
System
Sex hormones play a crucial role 
in the maintenance and growth 
of bone in both men and women. 
Androgen receptors are expressed 
in chondrocytes in growth plates, 
osteoblasts, and osteocytes.39 
Androgens can also cause osteo-
clastic apoptosis, ultimately 
decreasing bone resorption.40 The 
most important effects of testos-
terone on bone are through its 
aromatization to estradiol, which 
activates bone α and β estrogen 
receptors, decreasing bone resorp-
tion and increasing bone mineral 
density.41 Studies have shown that 
the bone mineral density of verte-
bral bone in men with idiopathic 
osteoporosis can be increased with 

testosterone replacement therapy 
(TRT).42 Testosterone has also been 
shown to have associations with 
vitamin D, which plays an impor-
tant role in calcium homeostasis. 
Nimptsch and associates43 found a 
statistically significant correlation 
between vitamin D and free testos-
terone levels after adjustment for 
potential confounders, including 
age and body mass index. Though 
causality could not be derived from 
the study, the initial data warrant 
further investigation of the rela-
tionship between these two bone 
density modulators. 

Testosterone also has beneficial 
effects on lean muscle mass and body 
fat. Finkelstein and associates44 ana-
lyzed two cohorts to see the effects of 
testosterone and estradiol on body 
composition. The first cohort was 
given goserelin acetate to suppress 
endogenous androgen production 
and randomly assigned to receive 
testosterone gel or placebo for  
16 weeks. The second cohort was 
given an aromatase inhibitor to pre-
vent conversion of testosterone to 
estradiol, in addition to goserelin ace-
tate and testosterone or placebo gel. 
The study found that lower levels of 
androgens contributed to decreases 
in lean muscle mass, strength, and 
size in the first group. Decreases in 
estrogen seen in the second cohort 
also caused increases in body fat. 
This study highlights that both tes-
tosterone and estradiol levels interact 
to increase muscle mass and decrease 
body fat. These data also suggest that 
aromatizable androgens may pro-
vide an advantage over nonaroma-
tizable forms in replacement therapy 
regimens. Although the study did 
have limitations in terms of patient 
profiles and duration, it did provide 
valuable information on the complex 
effects of testosterone.45 

Testosterone secretion follows a circadian rhythm in young and aging 
men, with the highest levels generally occurring in the early morn-
ing hours; therefore, blood samples for testosterone should ideally be 
drawn in the morning in order to properly assess patients’ androgen 
status.

Testosterone also has beneficial effects on lean muscle mass and 
body fat.
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significant improvements in the 
ability to stand, walk, and stair 
climb 3 days postoperatively.52 
It is important to note that these 
studies were completed with small 
sample sizes. Follow-up studies 
are necessary to adequately evalu-
ate TRT in these circumstances. 
Other applications of TRT may be 

in geriatric patients who require 
rehabilitation. In a study of 65- 
to 90-year-old men who were 
admitted to a rehabilitation unit 
at a Veterans Affairs hospital, 
functional improvements were 
seen in patients given 100 mg of 
weekly intramuscular testoster-
one compared with placebo.53 
These benefits did not extend to 
muscle strength during periods of 
prolonged bed rest. Although tes-
tosterone administration (200 mg  
weekly) has been shown to help 
maintain protein balance in 
men during 28-day bed rest, in 
the absence of daily ambulatory 
activity there were no positive 
effects on muscle strength when 
compared with placebo.54 From 
these studies, it appears that many 
of the advantages of testoster-
one administration are apparent 
only in conjunction with physical 
activity. This information may be 
used to guide rehabilitation efforts 
in patients in whom testosterone 
supplementation is considered.

Mental and Cognitive 
Health
Testosterone is also thought to play 
a role in modulation of both cog-
nitive abilities and mental health. 
Studies have provided conflicting 
results in terms of the cognitive 
benefits of testosterone supple-
mentation in older men. A study 

The benefits of increased tes-
tosterone levels have been cor-
roborated in other studies. A 
randomized, double-blind trial by 
Kvorning and coworkers46 assigned 
men aged 60 to 78 years to strength 
training, testosterone therapy, or 
placebo for 24 weeks. Testosterone 
therapy or placebo was added 
at 12 weeks in the strength-
training group. They found that 
strength training in older men 
with low-normal testosterone lev-
els improved muscle function but 
not lean body mass. Combined 
with TRT, strength training led 
to increased muscle function and 
mass. Testosterone therapy alone 
did not improve function or mass 
over the study period. This analy-
sis underlines that testosterone is 
not the sole determinant of muscle 
function and mass, but that it inter-
acts with factors such as strength 
training. 

It is also important to note that 
the musculoskeletal benefits do 
not persist after cessation of TRT. 
Forbes and coworkers47 dem-
onstrated that lean body mass 
decreases within 6 months after 
discontinuing TRT, although it 
remains above baseline.

Potential Alternative Uses
The surge of athletes hoping to 
benefit from the anabolic effects of 
testosterone began in the first half 
of the 20th century. It was not until 
researchers controlled for exercise 
routines and protein intake that 
testosterone was shown to acceler-
ate increases in strength, fat-free 
mass, and overall muscle mass in 
exercising men. Young, hypogo-
nadal men and healthy, older men 
showed modest benefit in fat-free 
mass and muscle strength. These 
studies also underscored the pos-
sibility of using testosterone in 
patients with chronic diseases such 
as human immunodeficiency virus 

and AIDS wasting syndrome, and 
cachexia from cancer.48

Several studies have explored 
the use of TRT in new applica-
tions. Testosterone supplementa-
tion in hormone-deficient men 
with benign prostatic hypertrophy 
has also been shown to modulate 
urinary tract symptoms. Ko and 

colleagues49 provided 246 subjects 
with intramuscular TRT for 1 year. 
These subjects were found to have 
unchanged prostate-specific anti-
gen levels after TRT completion, as 
well as improved storage and void-
ing symptoms. In addition, several 
case studies found that TRT is safe 
following radical prostatectomy 
for prostate cancer. The rationale 
for this finding is based on a pro-
posed saturation model, which sug-
gests that prostate cancer growth 
is highly sensitive to testosterone 
when serum levels are low. When 
levels are high in TRT, androgen 
receptor-binding sites are saturated 
and the potential growth of prostate 
cancer is no longer sensitive to tes-
tosterone levels. Recommendations 
also included waiting at least 
6  months after successful prostate 
cancer treatment to initiate TRT.50

Studies analyzing the ben-
eficial effects of supraphysi-
ologic testosterone levels have 
provided inconsistent results. In 
subjects undergoing open pros-
tatectomy, preoperative nandro-
lone administration produced a 
significant reduction in 24-hour 
postoperative symptoms but not 
at 48 hours.51 A pilot trial of 25 
men undergoing knee replace-
ment found that preoperative 
administration of testosterone 
provided no benefits in terms of 
hospital stay length. The treat-
ment group did show statistically 

Testosterone supplementation in hormone-deficient men with 
benign prostatic hypertrophy has also been shown to modulate 
urinary tract symptoms.
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of 237 older men with low-normal 
testosterone levels randomized to 
receive either twice daily capsu-
lar testosterone or placebo found 
that the men receiving treatment 
had increases in lean body mass, 
decreases in fat, and improved 
insulin sensitivity. These men did 
not show significant improve-
ments in cognitive abilities.55 In 
a randomized double-blind trial, 
healthy older men were given 
100  mg of weekly testosterone 
intramuscularly or placebo for  
6 weeks. The study found that the 
treatment group demonstrated sig-
nificant short-term improvements 
in spatial and verbal memory.56 
However, this study did not have 
long-term follow-up, nor did it 
analyze whether the effects were 
due to increased testosterone, 
increased estradiol, or both.

Testosterone has also been shown 
to play a role in mood and mental 
health. In a 2-month study of 51 
hypogonadal men, subjects were 
withdrawn from their previous TRT 
for at least 6 weeks before enroll-
ment and subsequently restarted 
after enrollment. Every 20 days, 
the subjects rated mood parameters 
using the Likert scale, including 
anger, irritability, nervousness, and 
energy. The study found that TRT 
improved positive mood parameters 
(energy, well-being) and decreased 
negative mood parameters (anger, 
irritability). The study also found 

that the largest increases in mood 
occurred when subjects were in 
the low-normal serum testosterone 
range.57

Risks and Side Effects
Epidemiologic data from the 
Framingham Heart Study 
showed that menopausal and 

postmenopausal women are at a 
greater risk of coronary heart dis-
ease (CHD) and mortality from 
CHD compared with premeno-
pausal women and men, thought 
to be largely due to differences in 
hormonal status. Decreasing lev-
els of estrogen in the postmeno-
pausal period and/or an overall 
greater serum concentration of tes-
tosterone led to more thrombotic 
events.58 Matsuda and associates59 
demonstrated that testosterone 
augments platelet responsiveness 
by increasing the density of recep-
tors for the platelet metabolite 
thromboxane A2. These factors 
were implicated in thrombotic 
coronary events. Moreover, there 
were many reported cases of myo-
cardial infarction and heart dis-
ease in men who supplemented 
with testosterone for hypogonad-
ism or abused high-dose anabolic 
steroids for personal gain.60 These 
experiences and knowledge of the 
pathophysiology of CHD should 
make clinicians wary of using 
TRT. Nevertheless, it is important 
to keep in mind that testosterone 
used at physiologically appropriate 
levels may not be as risky and may 
benefit patients with cardiovascu-
lar disease. 

Several studies challenged the 
preconceived notion that higher 
concentrations of testosterone may 
explain more deaths from heart 
disease in men versus women by 

showing that men with less tes-
tosterone were discovered to have 
more coronary artery and aortic 
disease.61 Remarkably, a random-
ized, double-blinded study from 
the United Kingdom found that 
low-dose transdermal testoster-
one significantly improved the 
electrocardiographic signs and 
pain perception in patients with 

chronic stable angina, particu-
larly in men with lower concentra-
tion of baseline testosterone. The 
authors noted that estrogen levels 
in the men treated in the study did 
not change, thereby disproving 
the notion that aromatization of 
testosterone to estrogen explained 
the phenomenon. In addition, 
when men with coronary disease 
were given diethylstilbestrol, they 
had increased cardiac mortality.62 
Further studies have validated 
findings regarding anginal pain 
and have shown that low testos-
terone levels are associated with 
increased incidence of metabolic 
syndrome, insulin resistance, 
peripheral artery disease, and 
cerebrovascular disease, even 
after controlling for other risk fac-
tors.63 One study using data from 
the Massachusetts Male Aging 
Study found that higher free tes-
tosterone levels were associated 
with ischemic heart disease mor-
tality, whereas total testosterone 
and SHBG levels were not associ-
ated with mortality.64 Although 
our understanding of the effects 
of testosterone on cardiovascular 
health continues to evolve, a meta-
analysis of studies that reviewed 
these types of effects cautions 
that large, randomized trials of 
men with and without existing 
cardiovascular disease treated 
with testosterone need to be per-
formed before clinicians can be 
more comfortable prescribing it.65 
A retrospective cohort study com-
pared the cardiovascular safety of 
various forms of TRT administra-
tion in men. The study found that 
injections were associated with 
an increased risk of cardiovascu-
lar events (myocardial infarctions 
or unstable angina) when com-
pared with gels. Injections were 
also associated with a higher rate 
of hospitalizations and death.66 
This study did not prove causal-
ity, and highlighted the need for 

… TRT improved positive mood parameters (energy, well-being) and 
decreased negative mood parameters (anger, irritability).
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proper dosing of TRT for adequate 
symptomatic relief while mitigat-
ing adverse event risks.67 A recent 
randomized controlled trial found 
that older men with low or low-
normal serum testosterone levels 
did not report increased quality 
of life when supplemented with 
testosterone gel for 3 years when 
compared with placebo. The same 
study also concluded that there 
was no difference in atheroscle-
rosis between the groups, but 
noted that no conclusions regard-
ing overall cardiovascular safety 
could be drawn.68

The literature on this topic has 
almost exclusively been focused on 
men; however, the need for trials  
in women who generally have  
naturally low levels of testoster-
one may provide greater insight 
into relationship between tes-
tosterone and cardiovascular 
health. Further, it may open the 
door for treatment of another 
patient population. Most recently, 
both the US Food and Drug 
Administration (FDA) and the 
European Medicines Agency 
advocated for restrictions on 
testosterone therapy usage. The 
FDA report states that the ben-
efits of testosterone therapy in 
older patients with idiopathic 
hypogonadism are equivocal and 
need further investigation. This 
recommendation was primarily 
based on two studies, the first of 
which was an observational study 
of older men in the US Veterans 
Affairs system with low serum tes-
tosterone levels. The study found 
a 30% increased risk of stroke, 
myocardial infarction, and death 
in the patients who received tes-
tosterone replacement.69 Another 
observational study of men tak-
ing testosterone therapy found 
that men both over and under 65 
with pre-existing cardiovascular 
disease had an increased risk of 
heart attack while on TRT. Men 

under 65 without history of car-
diovascular disease, however, did 
not have an increased risk of heart 
attacks on TRT.70 These results 
may parallel studies with estrogen 
replacement in women. According 
to the Women’s Health Initiative 
study,71 women starting estrogen 
replacement therapy in their early 
50s have a different predictive 
cardiac mortality rate than those 
starting supplements at age 63.  
The FDA plans to continue to 
evaluate the risk of stroke, heart 
attack, or death in these patients 
and encourages physicians to seri-
ously weigh the risks and ben-
efits of TRT prior to prescription. 
The Endocrine Society Clinical 
Guideline Practice recommends 
that men should be diagnosed 
with androgen deficiency if they 
present with consistent symptoms 

and low serum testosterone levels. 
Other recommendations included 
initiation of TRT for symptomatic 
relief, followed by close monitor-
ing with a standardized plan.72

It is important to note that TRT 
should be administered with cau-
tion due to potential side effects 
outside the cardiovascular sys-
tem. Studies have shown that 
oral forms of testosterone may be 
associated with hepatic tumors 
and hepatotoxicity.73 Other effects 
include gynecomastia, which is 
caused by conversion of testos-
terone to estradiol in adipose tis-
sue.74 Patients may experience 
infertility from the decreased 
production of gonadotropins 
secondary to increased testos-
terone levels, causing decreased 
spermatogenesis.75 Patients with 
azoospermia usually have a recov-
ery of sperm count and fertility 
within 18 months of TRT cessa-
tion.76 Another major concern of 

patients eligible for TRT is the 
potential aggression associated 
with testosterone administration, 
especially with spikes in testoster-
one from monthly intramuscular 
injections. Though TRT may help 
augment mood, as previously dis-
cussed, results about changes in 
anger are inconsistent. A double-
blind study of testosterone in 
eugonadal men found no changes 
in anger levels with testosterone 
when compared with placebo.77 
A placebo-controlled study look-
ing at the effects of intramuscular 
testosterone on aggression in both 
eugonadal and hypogonadal men 
found no increases in aggression 
in the eugonadal group. Increases 
in hostility and verbal aggression 
were statistically significant in 
the hypogonadal group.78 These 
potential adverse effects should 

be considered and disclosed to the 
patient prior to initiation of TRT, 
and knowledge of these complica-
tions can help physicians titrate 
doses accordingly.

Conclusions
Though testosterone has been tradi-
tionally thought to have effects pre-
dominantly in men, several studies 
have documented that its effects are 
varied and somewhat unpredict-
able. The benefits of testosterone 
with regard to mental health, mood, 
cognition, bone density, and pain 
control should not be overlooked. It 
is important to remain cognizant of 
the risks, primarily cardiovascular, 
associated with elevated testoster-
one levels. Based on the current 
review, we conclude that the clinical 
role of testosterone should be reas-
sessed, and that physicians should 
be aware of its potential but uncom-
mon uses. 

It is important to note that TRT should be administered with cau-
tion due to potential side effects outside the cardiovascular system.
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should not be overlooked; however, it is important to remain cognizant of the risks, primarily cardiovascular, 
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