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Gender-Affirming Endocrine Care and Health Outcomes in  
Transgender and Gender Diverse Individuals

Introduction
Testosterone therapy is a necessary component of 
management for some transgender (trans) indi-
viduals (including those with a binary and/or non-
binary gender identity) to permit development of 
physical characteristics to align with their gender 

identity. Testosterone therapy is associated with 
reductions in gender dysphoria and improvement 
in mental health.1–3 Standard doses of parenteral 
or transdermal testosterone used to treat hypogo-
nadal cisgender men are recommended in con-
sensus guidelines for the care of trans adults.4,5

Testosterone concentrations and 
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individuals
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Abstract
Background: Masculinising hormone therapy with testosterone is used to align an individual’s 
physical characteristics with their gender identity. Standard testosterone doses and 
formulations recommended for hypogonadal cisgender men are typically administered, 
although there are currently limited data evaluating the use of 1% testosterone gel in gender-
affirming hormone therapy regimens.
Objectives: The objective of the study was to assess the prescription patterns and serum total 
testosterone concentrations achieved with 1% testosterone gel in trans and gender diverse 
individuals.
Materials and Methods: A retrospective cross-sectional analysis was undertaken of trans 
individuals at a primary and secondary care clinic in Melbourne, Australia. Sixty-seven 
individuals treated with 1% testosterone gel were included. Primary outcomes were 
testosterone dose and serum total testosterone concentration achieved.
Results: Median age was 25 (22–30) years and median duration of testosterone therapy was 
12 (7–40) months. Thirty-five (52%) individuals had a nonbinary gender identity. Initial median 
testosterone dose was 25 mg (12.5–31.3) daily. Fifty-two (78%) individuals commenced doses 
<50 mg daily, the recommended starting dose for hypogonadal cisgender men. Median total 
testosterone concentration achieved was 11.9 nmol/l (7.3–18.6). Polycythaemia (haematocrit 
>0.5) was documented in eight of 138 (6%) laboratory results in six individuals.
Discussion and Conclusions: One percent testosterone gel achieves serum total testosterone 
concentrations in the cisgender male reference range. A high proportion of individuals 
had a nonbinary gender identity and most individuals commenced a lower dose than that 
typically administered to hypogonadal cisgender men, potentially related to slow or ‘partial’ 
masculinisation goals.

Keywords:  gender identity, nonbinary, testosterone, transdermal, transgender

Received: 28 September 2021; revised manuscript accepted: 7 February 2022.

Correspondence to: 
Ada S. Cheung 
Department of Medicine, 
Austin Health, The 
University of Melbourne, 
145 Studley Road, 
Heidelberg, VIC 3084, 
Australia.

Department of 
Endocrinology, Austin 
Health, Heidelberg, VIC, 
Australia 
adac@unimelb.edu.au

Brendan J. Nolan 
Department of 
Endocrinology, Austin 
Health, Heidelberg, VIC, 
Australia

Department of Medicine, 
Austin Health, The 
University of Melbourne, 
Heidelberg, VIC, Australia

Equinox Gender Diverse 
Clinic, Thorne Harbour 
Health, Abbotsford, VIC, 
Australia

Sav Zwickl
Alex F. Q. Wong 
Department of Medicine, 
Austin Health, The 
University of Melbourne, 
Heidelberg, VIC, Australia

Peter Locke
Satu Simpson
Ling Li  
Equinox Gender Diverse 
Clinic, Thorne Harbour 
Health, Abbotsford, VIC, 
Australia

Jeffrey D. Zajac 
Department of 
Endocrinology, Austin 
Health, Heidelberg, VIC, 
Australia

Department of Medicine, 
Austin Health, The 
University of Melbourne, 
Heidelberg, VIC, Australia

1083512 TA
E0010.1177/20420188221083512Therapeutic Advances in Endocrinology and 
Metabolism X(X)BJ Nolan, S Zwickl
research-article20222022

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:adac@unimelb.edu.au


Therapeutic Advances in Endocrinology and Metabolism 13

2	 journals.sagepub.com/home/tae

One percent testosterone gel is a transdermal for-
mulation recommended in the position statement 
on the hormonal management of adult trans and 
gender diverse individuals.6 In Australia, 1% tes-
tosterone gel is available in a metered-dose pump 
in which each pump actuation delivers 12.5 mg 
testosterone, or as individual sachets each contain-
ing 50 mg testosterone. The recommended start-
ing dose in hypogonadal cisgender men is 50 mg 
once daily.7 There are, however, currently limited 
published data evaluating the use of 1% testoster-
one gel in trans and gender diverse individuals.

As such, in this retrospective audit of adult trans 
and gender diverse individuals prescribed 1% tes-
tosterone gel, we aimed to evaluate the serum 
testosterone concentrations achieved, the testos
terone dose prescribed, the prescription patterns 
of 1% testosterone gel by gender identity and the 
prevalence of polycythaemia.

Materials and methods
A retrospective audit of electronic medical records 
was performed of consultations for trans and 
gender diverse individuals at a primary care clinic 
and an endocrine clinic in Melbourne, Victoria, 
Australia. Data were collected from new consulta-
tions between 22 February 2016 and 12 September 
2021. The study was approved by the Austin 
Health Human Research Ethics Committee 
(Audit/21/Austin/69) and Thorne Harbour Health 
(THH/CREP 19/015) that waived the need for 
informed consent.

This retrospective cross-sectional analysis 
included trans and gender diverse individuals 
treated with 1% testosterone gel (Testogel; Besins 
Healthcare, Sydney, Australia) who had at least 
one serum total testosterone concentration avail-
able while on testosterone therapy. If an individual 
changed testosterone formulation, their 1% tes-
tosterone gel dose and serum total testosterone 
concentration were included in this analysis if 
there was clear documentation of the timing of 
previous formulation and there was an adequate 
time between cessation of the previous regimen 
and subsequent laboratory results on 1% testos-
terone gel. Individuals were excluded if laboratory 
results were not available in our clinic databases.

The primary outcomes of interest were serum 
total testosterone concentration and 1% testos-
terone gel dose. The initial 1% testosterone gel 

dose was stratified into groups of <50 mg or ⩾50 
mg, the recommended starting dose for hypogo-
nadal cisgender men. We also analysed the pre-
scription patterns by gender identity and 
prevalence of polycythaemia. Polycythaemia was 
defined as haematocrit >0.5, as described in the 
Endocrine Society clinical practice guidelines of 
gender-dysphoric/gender-incongruent persons.4

Gender identity was obtained from intake forms 
and medical records. Classification of binary and/
or nonbinary gender identity was as previously 
described.8 In short, binary gender identity was 
defined as identification as exclusively male 
(including trans male, trans man and transgender 
male) and nonbinary gender identity encom-
passed all other identities (including nonbinary, 
transmasculine, genderqueer and agender). If an 
individual reported more than one gender iden-
tity, of which one was categorised as nonbinary, 
they were categorised as having a nonbinary gen-
der identity for the purpose of data analysis.

As data were obtained retrospectively, total tes-
tosterone concentrations were measured using 
immunoassays available as standard care in 
Australia. All laboratories were accredited by 
National Association of Testing Authorities 
(NATA, the national accreditation body for 
Australia). Serum total testosterone concentra-
tions are typically measured at baseline, every 3 
months during the first year of testosterone treat-
ment, and then every 6–12 months once stable.6

Statistical analyses were performed using STATA 
version 17.0 software.9 Data were not normally 
distributed so median [interquartile range (IQR)] 
is reported. Differences in age, duration of follow-
up, testosterone dose and serum testosterone 
concentration stratified by gender identity were 
compared using the Mann–Whitney U test. For 
individuals with more than one serum total tes-
tosterone concentration available, the data were 
averaged. A p value of <0.05 was considered sta-
tistically significant.

Results
Data were collected from 89 individuals prescribed 
1% testosterone gel, of whom 67 had documenta-
tion of serum total testosterone concentration and 
testosterone dose (Figure 1). Fifteen individuals 
did not have follow-up laboratory studies available 
in our database, six individuals had recently 
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commenced testosterone therapy and did not 
have follow-up laboratory results and one indi-
vidual changed to intramuscular testosterone 
undecanoate prior to follow-up laboratory results 
were undertaken.

The median age was 25 (22–30) years and median 
duration of testosterone therapy was 12 (7–40) 
months. Baseline serum total testosterone con-
centration prior to commencement of testoster-
one therapy was 1.1 nmol/l (0.9–1.5). Thirty-five 
(52%) individuals had a nonbinary gender iden-
tity (Table 1). Individuals with a nonbinary gen-
der identity were older than those with a binary 
gender identity at baseline consultation [28 years 
(23–40) versus 22 years (21–29), p = 0.02], but 
median duration of testosterone therapy was 

similar between groups [13 months (7–26) versus 
12 months (7–50), p = 0.45].

Initial median 1% testosterone gel dose was 25 
mg (12.5–31.3) daily. Fifty-two (78%) individu-
als commenced doses <50 mg daily. Individuals 
with a nonbinary gender identity had a lower ini-
tial dose compared to individuals with a binary 
gender identity (12.5 versus 25 mg, p = 0.001).

From 67 individuals, 152 individual serum total 
testosterone concentration results were available 
following initiation of testosterone therapy. 
Median serum total testosterone concentration 
was 11.9 nmol/l (7.3–18.6) (Figure 2). There was 
no between-group difference in serum total testos-
terone concentration for individuals with a 

Figure 1.  Cohort selection strategy.
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nonbinary or binary gender identity across the 
follow-up period [10.9 nmol/l (6.9–18.6) versus 
12.6 nmol/l (8.6–19.0), p = 0.71]. Of individuals 
prescribed ⩾50 mg testosterone, the median 
serum total testosterone concentration was 15.8 
nmol/l (12.6–20.4) from 47 individual laboratory 
results. Serum testosterone concentrations for 
each 1% testosterone gel dose are shown in Table 
2. In all, 60 (39%) were in range 10–30 nmol/l, 
with 78 (51%) < 10 nmol/l and 14 (9%) > 30 
nmol/l.

Of 138 full blood examination results, polycythae-
mia (haematocrit > 0.5) was documented in eight 
(6%), with three ⩾0.52 (2%). The maximum 
haematocrit was 0.54. Three of these readings were 
in two individuals whose therapy was changed 
from intramuscular testosterone undecanoate 
and had improved following the previous results. 
In all, three total testosterone concentrations were 
in range 10–30 nmol/l, with three < 10 nmol/l and 
two > 30 nmol/l. Six individuals had haematocrit 
>0.5. No individual had haemoglobin >180 g/l.

Discussion
In this retrospective analysis of trans and gender 
diverse individuals, 1% testosterone gel achieved 
serum testosterone concentrations within the 
male reference range, though was frequently initi-
ated at a lower dose than that recommended for 

cisgender hypogonadal men. A nonbinary gender 
identity was reported in 52% of individuals in this 
analysis and was associated with a lower 1% tes-
tosterone gel dose at initiation. Polycythaemia 
was recorded in 6% of laboratory results.

Transdermal testosterone gel and serum 
testosterone concentrations in trans individuals
Testosterone is commonly administered via the 
intramuscular or transdermal route. Although 
intramuscular formulations are most prescribed,10 
a proportion of trans individuals are treated with 
transdermal formulations. From previous phar-
macokinetic data in cisgender hypogonadal men, 
1% testosterone gel leads to rise in testosterone 
concentrations within 30 min of application and 
remains within the normal range for 24 h post-
dose with steady state being achieved within 48–
72 h.11 Data have not been studied in trans men, 
and while we did not study pharmacokinetics, 
this study provides an approximation of the steady 
state levels achieved with real-life clinical use of 
1% testosterone gel in trans individuals.

Thirteen percent of our cohort were treated with 
1% testosterone gel, with a further 13% treated 
with 5% testosterone cream, and the remaining 
74% treated with intramuscular testosterone. 
Transdermal testosterone gel was prescribed in 
22% of individuals in an early report from the 
European Network for the Investigation of 
Gender Incongruence (ENIGI).12 Similarly, 24% 
of trans individuals were treated with transdermal 
testosterone gel in a cohort from Germany, with a 
median testosterone dose 50 mg (25–75) daily.13

Consensus guidelines recommend targeting serum 
testosterone concentrations in the cisgender male 
reference range for trans individuals desiring full 
masculinisation [typically 320–1000 ng/dl (11.1–
34.7 nmol/l)].4 It should be noted that there are 
limited supportive data in the trans population 
and suggested sex steroid concentration targets 
are based on expert opinion. In a previous cross-
sectional analysis of our databases, median serum 
total testosterone concentration measured 5.6 
nmol/l (1.1–17.1) with transdermal testosterone, 
compared to 11.5 nmol/l (1.5–21.1) with intra-
muscular testosterone undecanoate and 12.1 
nmol/l (1.35–20.45) with intramuscular testoster-
one enanthate.14 It should be noted that a small 
proportion of individuals (n = 24) were treated 

Table 1.  Gender identity (N = 64).a

Gender identity nb %

Genderqueer   2 3.1

Male 27 42.2

Nonbinary 29 45.3

Trans   1 1.6

Trans male/trans man   4 6.3

Transmasculine 12 18.8

aGender identity was not available for three individuals.
bIndividuals could indicate more than one gender identity, 
so total number exceeds number of individuals included 
in this analysis. Gender identities for those indicating 
more than one gender identity: transmasculine/nonbinary 
(n = 5), trans man/transmasculine (n = 1), nonbinary/
genderqueer (n = 1), genderqueer/transmasculine 
(n = 1), trans/nonbinary (n = 1), nonbinary/Mx (n = 1), 
trans/transmasculine/nonbinary (n = 1).
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with transdermal testosterone in the previous 
analysis. In a randomised, open-label study 
enrolling 45 trans men, mean serum total testos-
terone concentration at week 54 in 15 individuals 
treated with transdermal testosterone measured 
5.89 ng/ml (18.7 nmol/l), with no between-group 
difference compared with intramuscular formu-
lations.15 In a prospective observational study 
from ENIGI evaluating vaginal bleeding and 
spotting following commencement of testoster-
one therapy, median serum total testosterone 
concentration with transdermal testosterone 
measured 21 nmol/l (13–33.5) and 20 nmol/l 
(11–37) at 3 and 12 months following com-
mencement, respectively.16 In another retrospec-
tive analysis involving 62 trans men in the United 
States, individuals treated with transdermal tes-
tosterone achieved a median serum testosterone 
concentration of 326 ng/dl (11.3 nmol/l) from 20 
individual laboratory results.17

Transdermal testosterone in individuals with a 
nonbinary gender identity
Fifty-two percent of individuals in our analysis 
reported a nonbinary gender identity, compared 
with a 14% prevalence in a previous retrospective 
evaluation of our cohort.8 There are currently lim-
ited data reporting testosterone doses or formula-
tions in individuals with a nonbinary gender 
identity. A recent analysis noted a higher propor-
tion of ‘partial’ hormone treatment among all indi-
viduals with a nonbinary compared with binary 
gender identity (11% versus 4.7%, p = 0.02).18

Clinical implications
One percent testosterone gel achieved serum tes-
tosterone concentrations in the cisgender male 
reference range and represents an alternative  
testosterone formulation for trans and gender 
diverse individuals seeking masculinisation. Most 
individuals commenced low-dose testosterone 
therapy in our analysis and this could be a consid-
eration for individuals seeking slow or ‘partial’ 
masculinisation.

Intramuscular testosterone undecanoate is the pre-
ferred first-line treatment option for masculinising 

Table 2.  Serum total testosterone concentration by 
1% testosterone gel dose.

1% testosterone 
gel dose

No. of 
individuals

Serum total 
testosterone 
concentration 
(nmol/l)

12.5 mg 16 8.9 (4.1–14.8)

25 mg 34 9.4 (6.1–17.4)

37.5 mg 12 11.6 (7.5–18.7)

50 mg 23 17.1 (12–24.1)

>50 mg   6 14.2 (12.7–16.3)

IQR, interquartile range.
Median (IQR) is presented. If an individual had more than 
one serum total testosterone concentration available on a 
particular dose, the average of these readings was taken.

Figure 2.  Serum total testosterone concentration (nmol/l).
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hormone therapy among trans people19 and prac-
titioners experienced in trans and gender diverse 
health in Australia.20 Intramuscular testosterone 
formulations, however, have been associated with 
a higher prevalence of polycythaemia.14 One  
percent testosterone gel therefore represents an 
alternate formulation for individuals with a con-
traindication to intramuscular testosterone, or in 
those who develop polycythaemia on intramuscu-
lar testosterone.

Several studies have evaluated clinical outcomes 
with different testosterone formulations. A ran-
domised trial comparing transdermal testoster-
one, intramuscular testosterone undecanoate, 
and testosterone propionate/testosterone enan-
thate found no between-group difference in body 
composition or time to amenorrhoea.15 A longitu-
dinal analysis from ENIGI, however, reported 
more masculine body composition changes over  
1 year with testosterone esters compared with 
transdermal testosterone or testosterone unde-
canoate.21 In another prospective evaluation, 
transdermal testosterone gel was associated with 
higher rates of persistent vaginal bleeding and 
spotting compared with intramuscular testoster-
one formulations.16 This is in contrast to a large 
retrospective cohort, in which there was no differ-
ence in time to amenorrhoea (3 months) with 
transdermal testosterone gel or intramuscular tes-
tosterone undecanoate.13

Potential risks of testosterone must also be  
considered, in context of the lack of evidence 
regarding optimal serum total testosterone con-
centrations in trans individuals. Exogenous tes-
tosterone administration in older cisgender men 
has been associated with a greater increase in 
coronary artery noncalcified plaque volume22 but 
this is not consistent among all studies.23 This is 
an important consideration given higher rates of 
myocardial infarction in observational studies of 
trans individuals treated with testosterone com-
pared with the general female population,24 
although the influence of serum testosterone con-
centration has not been evaluated.

Limitations
Limitations to this analysis are related to its retro-
spective design, including missing data as these 
were not collected in a standardised manner. 
Serum total testosterone concentration results 
were collected via different immunoassays 

available for routine clinical care and not collected 
in a standardised time in relation to the timing of 
the last administered dose. Liquid chromatogra-
phy-mass spectrometry (LC-MS) is considered 
the reference standard for sex steroid measure-
ment but is not available in routine clinical care in 
Australia.25 Prescriber preference and the ration-
ale for 1% testosterone gel dose or prescription 
were not consistently documented. We also did 
not have data on patient satisfaction, masculinis-
ing clinical effects, dysphoria or quality of life.

Conclusions
One percent testosterone gel achieves serum total 
testosterone concentrations within the male refer-
ence range in trans and gender diverse individuals 
seeking varying degrees of masculinisation. Over 
50% of individuals had a nonbinary gender iden-
tity and over 75% commenced a lower dose than 
that administered to hypogonadal cisgender men, 
potentially related to slow or ‘partial’ masculini-
sation goals.
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