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Abstract

Introduction: Gender dysphoria is the discrepancy between biological sex

and gender identity. This can be debilitating for transgender populations,

including transgender men (TM), individuals who were assigned female at

birth but who identify as men, that can benefit from hormonal therapy with

testosterone products to address gender dysphoria.

Methods: We aim to summarize the efficacy, safety profile, and outcomes of

the different testosterone replacement treatment (TRT) in the TM population.

A search of the published literature regarding the various FDA‐approved TRT

was performed in PubMed, Web of Science and Cochrane Library from 2007

to date.

Results: We complied two groups of TRT based on route of administration

including the conventional testosterone therapies (intramuscular and sub-

cutaneous injectables, and transdermal gels) and newer testosterone therapies

(oral, buccal, and nasal gels). For the conventional testosterone therapies, we

identified nine studies discussed conventional TRT in TM population

including one randomized trial, four prospective studies, one retrospective

study and three reviews. For newer testosterone therapies, we identified three

studies discussed newer TRT in TM population including one prospective

study and two reviews. Articles were then compiled and analyzed. Albeit

majority of TRT data stemming from conventional TRT, there appear to be an

overwhelmingly safety and efficacy profile in TM population translated with

increased free testosterone levels comparable to male range, menses cessation,

anxiety/depression decline and improved quality of life.

Conclusion: Testosterone therapy can be impactful for TM population with

improved safety, efficiency, quality of life and function. With the rise of the

newer FDA‐approved TRT, randomized studies are warranted to determine its

safety and efficacity in this TM population.
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1 | INTRODUCTION

Approximately 0.5% of the world population experiences
gender dysphoria, a discrepancy between one's biological
sex and gender identity.1 For this group, gender
dysphoria can be debilitating, leading to increased risks
of affective, adjustment, and anxiety disorders.2,3 Tradi-
tionally, transgender patients utilize cross‐sex hormone
therapy to address the impact of gender dysphoria.4

These therapies have led to improved anxiety and
depression among transgender populations after hormo-
nal treatments.2,5,6 Among transgender men (TM),
individuals who were assigned female at birth but who
identify as men, testosterone is conventionally used
before definite gender‐affirming surgeries. Testosterone
suppresses female secondary sex characteristics and
induces masculinization.7 Features of the therapy
include deepening of the voice, increased body hair,
and the cessation of menses.2,8

The standard administration of testosterone for
TM is an intramuscular or subcutaneous testosterone,
short‐term release injection, commonly with testoster-
one cypionate or testosterone enanthate.9,10 These

injectable esters are administered 7–21 days in doses
of 100–250 mg and have shown great result in the
process of masculinization.11 Following these inject-
able esters is testosterone undecanoate, a long‐lasting
injectable therapy, which has also shown promise in
maintaining stable levels of testosterone, estradiol, and
dihydrotestosterone.12,13 Transdermal testosterone
gels, the second most conventional form of therapy,
have also been more widely used among the trans-
gender population.10 Although injectables and gels
currently dominate the testosterone market, newer
formulations and methods of administration have
emerged in recent years. Oral, buccal, and nasal
delivery systems have begun to be used for testosterone
therapies among TM, but there is paucity of data on
safety and efficacy of these innovative delivery mecha-
nisms. Figure 1 summarizes up‐to‐date FDA‐approved
testosterone therapies for adult‐onset hypogonadism.

In this review, we aim to provide up‐to‐date
information regarding the efficacy, safety, and outcomes
of conventional and newer testosterone treatments for
TM population. Although testosterone therapy has been
well documented, its use in transgender patients is

FIGURE 1 List of up‐to‐date FDA‐approved testosterone therapies for adult‐onset hypogonadism
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limited in the published literature. Furthermore, we hope
to provide evidence that can lead to more informed
decision‐making for health practitioners encountering
this at‐risk TM population.

2 | METHODS

In this study, we conducted a comprehensive literature
review of research articles from 2007 to 2022 via PubMed,
Web of Science and Cochrane Database of Systematic
Reviews. Search terms with MeSH tool were used for the
literature review: TM, injectable testosterone, testoster-
one gels, oral testosterone, buccal testosterone, nasal
testosterone, testosterone outcomes, testosterone effi-
cacy, and testosterone effects. Inclusion criteria for this
review were articles that discussed the use, effects, and
outcome of testosterone use among TM.

We particularly emphasized articles that reported on
the efficacy and outcomes of conventional and newer
testosterone therapies among TM in the past decade
(Tables 1–4). We complied two groups of TRT based on
route of administration including the conventional
testosterone therapies (intramuscular and subcutaneous
injectables, and transdermal gels) and newer testosterone
therapies (oral, buccal, and nasal gels). For the conven-
tional testosterone therapies, we identified nine studies
discussed conventional TRT in TM population including
one randomized trial, four prospective studies, one
retrospective study, and three reviews. For newer
testosterone therapies, we identified three studies dis-
cussed newer TRT in TM population including one
prospective study and two reviews. Articles were then
compiled and analyzed.

3 | RESULTS: EVIDENCE
SYNTHESIS FOR THIS REVIEW

3.1 | Conventional testosterone
therapies: Intramuscular, subcutaneous,
and gel testosterone

Short‐ and long‐term intramuscular injections and
topical gels are the most common form of testosterone
administration for transgender patients. Intramuscular
injections have included testosterone cypionate, tes-
tosterone enanthate, testosterone propionate, and
testosterone ester combination.14 Advantages of these
short‐acting injections include general affordability.14

Disadvantages of these injections include the fact that
they require multiple injections and often result in
fluctuating serum testosterone levels.14 For the newer,

long‐term intramuscular injection, testosterone unde-
canoate, results show more steady‐state serum levels
and advantages include less required injections per
year.14 Disadvantages of this injection include its high
cost and its invasiveness.14

Additionally, 1% testosterone gel is also used for
transgender patients. Advantages of the gel is that it
achieves serum testosterone concentrations within the
male reference range.15 Disadvantages of gel testosterone
include potential transference to another person as well
as skin irritation.16 Despite the advantages and dis-
advantages of intramuscular injections and topical
testosterone gels, they have been widely used in the
transgender population. As a result, there has been
extensive research conducted on the efficacy, safety, and
outcomes of these formulations.

3.2 | Efficacy of conventional
testosterone therapies

The most common intended effects of testosterone
therapy in transgender patients are to increase free
testosterone levels into the normal male range (roughly
450–550 ng/dl),16 amenorrhea, and deepening of the
voice. Other effects include increased facial hair, and
for some patients, clitoral enlargement. All of the studies
that were included in this review found intramuscular
testosterone injections to be effective in producing some
or all of these outcomes in the majority of patients. One
study of 45 TM patients compared short‐acting testoster-
one enanthate to the longer‐acting testosterone unde-
canoate formulation and a topical gel formulation.11 All
45 participants achieved amenorrhea and free testoster-
one levels within a normal male range by 30 weeks.11 In
another study of 85 participants who used intramuscular
testosterone enanthate, 87.1% achieved a deepened voice,
52.9% experienced increased facial hair, and 23.5%
experienced clitoral enlargement.17

Changes in body composition are another common
effect of conventional testosterone therapy. Compared to
cis‐gender women of the same age and race, TM who
used testosterone therapy saw an increase in lean muscle
mass and a decrease in fat mass at 1‐year follow‐up.18

Mueller et al.19 found that 12months of testosterone
undecanoate therapy produced a significant increase in
lean muscle mass without any significant change in BMI,
fat mass, or bone mineral density (BMD) in TM.

While intramuscular injection is the most common
route of administration for both long‐ and short‐acting
testosterone formulations, subcutaneous injections have
become increasingly common in recent years. Sub-
cutaneous injection has been found to raise free

MWAMBA ET AL. | 3
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testosterone levels to a normal range and induce
amenorrhea as effectively as intramuscular injection
and has the added advantages of reduced pain and
irritation at the injection site and lower risk of
infection.20

One percent topical testosterone gel was also found to
be as effective as both long‐ and short‐acting, intra-
muscular testosterone injections in raising free testoster-
one levels and inducing amenorrhea.11 Pelusi et al. found
that participants who used a topical gel testosterone
formulation gained similarly significant amounts of lean
muscle mass compared to intramuscular formulations.11

Gel testosterone formulations may also require a lower
starting dose for transgender patients than those typically
administered to hypogonadal cis‐gender men to produce
the same effects.15 Table 1 summarizes the efficacy of
conventional testosterone therapies in TM population.

3.3 | Safety of conventional testosterone
therapies

While conventional testosterone formulations have been
extensively studied and found to be safe for long term use in
TM, they are not without their various side effects. A
common side effect of intramuscular formulations is pain
and swelling at the injection site, hence the shift towards
subcutaneous injection which uses a shorter needle.16

Similarly, troublesome acne and weight gain are common
adverse, but nonlife threatening, effects of conventional
testosterone treatment.16,17 Unlike injectable testosterone
therapies, topical gel testosterone may cause skin irritation,
and increase risk of transference of testosterone to partners
or children via skin‐to‐skin contact.21

Hypertension is a frequently reported side‐effect of
conventional testosterone therapy. In one study of 35
transgender patients, two of them dropped out of the
study due to hypertension which was not present at
baseline.22 The hypertension resolved after dis-
continuation of testosterone treatment.22 Increased
hematocrit, hemoglobin, and LDL and decreased HDL
have also been observed. In one study of 53 TM, two
developed erythrocytosis, LDL increased by an average of
17.7 mg/dl (p= 0.006), and HDL decreased by an average
of 8.5 mg/dl (p< 0.001).23 There is also evidence to
suggest that intramuscular testosterone formulations
may increase hemoglobin levels more than gel formula-
tions.11 Studies about increased risk of cardiovascular
disease, stroke, or venous embolism due to testosterone
therapy have been inconclusive.16,21,24

Psychological side effects are an additional concern of
conventional testosterone therapies. The shorter acting
IM testosterone formulations have been found to causeT
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hormonal fluctuations immediately after an injection and
before the next which can lead to mood swings and
drastic changes in sexual desire.21 Emotional instability
was also seen in 9.4% of patients in one study of 85 TM.17

While symptoms of depression and anxiety typically
improve after, transgender patients begin hormone
therapy, high doses of testosterone could exacerbate
severe mental health issues that are not attributed to
gender dysphoria.24

Despite these potential adverse effects, testosterone
therapy has not been found to increase the risk of cancer
for TM. The rates of breast cancer are lower in TM than
in cis‐gender women, likely because so many trans men
opt for mastectomy as part of their transition.16,25

Cervical and vaginal cancers are also relatively rare in
TM and many choose to undergo hysterectomies,
oophorectomy, and/or sexual reassignment surgery as
part of their transition.16,25 Table 2 summarizes the safety
of conventional testosterone therapies in TM population.

3.4 | Outcomes of conventional
testosterone therapies

Testosterone therapy has been shown to reduce depres-
sion and anxiety associated with gender dysphoria, and
improve quality of life for TM.11,16 In one longitudinal
study of 118 transgender patients, the percentage of
patients with anxiety dropped from 50% to 17% after
1 year of testosterone treatment.26 For depression, the
percentage dropped from 42% to 23%. In a study
comparing short‐acting IM testosterone, long‐acting IM
testosterone, and testosterone gel, all participants across
all three groups reported increased satisfaction with life
scores after 54 weeks of treatment.11 Testosterone ther-
apy may also lead to increased sexual desire and sexual
activity.16,17 The psychological outcomes of conventional

testosterone therapy are not all positive, however.
Increased anger and aggression are notable side effects
for some patients.17,21,27 One study of 52 TM found a
significant increase in anger expression and control
scores after 7 months of treatment.27 Increased anger did
not appear to be linked to any increase in risk for self‐
harm, or psychiatric hospitalization. Short‐acting IM
testosterone formulations may be more likely to cause
increased aggression due to the fluctuations in hormone
levels between injections.21

As one of the main effects of testosterone therapy is
amenorrhea, fertility is significantly reduced, although
not eliminated, in TM.16,24 TM who have sex with cis‐
gender men are still able to get pregnant and should use
some form of progestin or nonhormonal contraception if
they are not trying to become pregnant.24 Testosterone
therapy significantly decreases circulating estrogen,
leutinizing hormone, follicule‐stimulating hormone,
and prolactin levels.19 Long term treatment can also
lead to endometrial atrophy and thinning of the vaginal
epithelium.16 For these reasons, trans men who do wish
to become pregnant and have not undergone a hysterec-
tomy or sexual reassignment surgery can increase their
fertility by discontinuing testosterone therapy to restore
their circulating hormones to a normal female range.16

Hormone therapy is often only one step on the
pathway to full medical transition for TM. Long term
testosterone therapy does alter breast tissue composition
by decreasing adipose and glandular tissue, but this
typically does not lead to a reduction in size, so many
trans men opt for mastectomy.16 Some patients may
undergo a hysterectomy if testosterone therapy is not
sufficient to reach amenorrhea, and vocal therapy may
also be desirable for patients who do not achieve
satisfactory pitch lowering through testosterone ther-
apy.16 One study of 85 trans men found that 48.2%
underwent mastectomy sometime after receiving IM

TABLE 4 Newer testosterone therapies, applications, advantages, and disadvantages

Application Site Formulation Advantages Disadvantages

Oral Testosterone undecanoate ▪ Self‐administered
▪ Convenient
▪ Modifiable dosage
▪ Quick reversal

▪ Multiple administrations
▪ Short half‐life
▪ Unpredictable absorption
▪ Fluctuating T serum levels
▪ Fatty foods

Buccal Testosterone ▪ Increased bioavailability
▪ Self‐administered
▪ Quick reversal

▪ Skin irritation
▪ Multiple administrations
▪ Altered taste
▪ Poor adhesion

Intranasal Testosterone ▪ Self‐administered
▪ Quick reversal

▪ Multiple administrations
▪ Nostril irritation
▪ Contraindications

MWAMBA ET AL. | 7
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testosterone therapy.17 44.7% of participants in that study
underwent gender‐affirming surgery, on average, 39.4
months after beginning testosterone therapy. Last,
conventional testosterone therapy has been associated
with a small increase in BMD.18,21 One study of 23 TM
found a slight but significant increase in volumetric BMD
at the distal radius and in BMD at the total hip when
compared to age matched, cis‐gender women.18 Table 3
summarizes the outcomes of conventional testosterone
therapies in TM population.

3.5 | Newer testosterone therapies: Oral,
buccal, and intranasal testosterone

In recent years, innovations have been made in
testosterone administration for transgender patients.
These masculinizing treatments have included buccal,
intranasal, and oral routes of administration (Figure 1).
Buccal administration of testosterone was first intro-
duced in 2003 and requires application of the tablets to
the gums of the mouth.14 Through buccal administration,
there is increased bioavailability due to the bypassing of
the liver.14 Advantages of buccal administration include
the facts that it is self‐administered, and it has a quick
reversal. Disadvantages of these tablets include possible
skin irritation and the need for multiple administrations
daily.14 Buccal testosterone has also been noted for
altered taste and poor adhesion to buccal mucosa,
making it a less recommended form of administration.21

Nasal testosterone was first approved by the FDA
in 2014. This is a noninvasive method of administra-
tion that has lower dose levels because of efficient
absorption.14,28 Advantages of nasal testosterone
also include the fact that it is self‐administered
and has quick reversal.14 Disadvantages of this
method include multiple administrations, nostril
irritation and contraindications for patients with
nasal diseases.14

Oral testosterone, the most innovative testosterone
administration to date, was approved by the FDA in
2020. Advantages of oral testosterone include conve-
nience, modifiable dosage, and quick reversal.14 Dis-
advantages include multiple administrations, short half‐
life, unpredictable absorption, fluctuating T serum levels,
and the fact that is taken with fatty food.14,21,29 Owing to
recent FDA‐approval for the use of these newer TRT
products, there has been little contemporary data
detailing their efficacy, safety, or outcomes in TM
population and underpinning the unmet need for
research studies on their use.16 Table 4 summarizes
newer testosterone therapies, applications, advantages,
and disadvantages.

4 | DISCUSSION

Across all studies, conventional testosterone treatment
has been found to be safe for long term use with minimal
risk for life‐threatening side effects.30,31 Comorbidities
can be monitored and managed through regular blood
pressure screenings, metabolic panels, and complete
blood count tests.9 The Endocrine Society Clinical
Practice Guideline for transgender patients recommends
that clinicians measure patient hormone levels at regular
intervals to ensure that their free testosterone levels
remain within a normal male physiological range and
that estradiol levels are being sufficiently suppressed.32

Moreover, those at‐risk TM patients that could be
worsened by the depletion of endogenous hormones or
influx of androgens should be addressed and managed
with the patient's general physician before beginning
testosterone treatment.32 Hematocrit and hemoglobin
levels should be measured every three months for the
first year, and then twice a year to monitor the risk of
polycythemia.33

Standard of care recommendations also include
mental health screenings as part of the routine follow‐
up for all transgender patients.9 Patients who do not elect
for mastectomy, hysterectomy/oophorectomy or sexual
reassignment surgery should continue with regular
mammograms, breast exams, and cervical cancer screen-
ings as recommended and work with their health care
provider to determine if and when the time is right for
surgical transition.16,32

This comprehensive review highlights that majority
of TRT data in TM population were stemming from
conventional TRT use and there appear to be an
overwhelmingly safety and efficacy profile in TM
population clinically proven and translated with
increased free testosterone levels comparable to male
range, menses cessation, anxiety/depression decline and
improved quality of life. Notwithstanding, testosterone
therapy can be impactful for TM population with
improved safety, efficiency, quality of life and function.
With the rise of the newer FDA‐approved TRT, random-
ized studies are warranted to determine its safety and
efficacity in this TM population.

5 | CONCLUSION

The use of testosterone to induce masculinization among
TM has shown great promise in recent years. More
conventional therapies, including intramuscular injec-
tions, subcutaneous injections, and transdermal gels,
have been extensively studied and show promising
efficacy and outcomes with limited safety concerns.
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The newer therapies, including oral, buccal, and nasal
testosterone formulations, have not yet been extensively
studied. As newcomers to the market, increased research
is needed to determine the efficacy, safety profile,
and outcomes of these formulations among the TM
population.
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