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Abstract

IMPORTANCE Testosterone treatment is a necessary component of care for some transgender and

gender-diverse individuals. Observational studies have reported associations between

commencement of gender-affirming hormone therapy and improvements in gender dysphoria and

depression, but there is a lack of data from randomized clinical trials.

OBJECTIVE To assess the effect of testosterone therapy compared with no treatment on gender

dysphoria, depression, and suicidality in transgender and gender-diverse adults seeking

masculinization.

DESIGN, SETTING, AND PARTICIPANTS A 3-month open-label randomized clinical trial was

conducted at endocrinology outpatient clinics and primary care clinics specializing in transgender

and gender-diverse health in Melbourne, Australia, fromNovember 1, 2021, to July 22, 2022.

Participants included transgender and gender-diverse adults aged 18 to 70 years seeking initiation of

testosterone therapy.

INTERVENTIONS Immediate initiation of testosterone commencement (intervention group) or no

treatment (standard care waiting list of 3 months before commencement). This design ensured no

individuals would be waiting longer than the time to standard care.

MAINOUTCOMES ANDMEASURES The primary outcomewas gender dysphoria, as measured by

the Gender Preoccupation and Stability Questionnaire. Secondary outcomes included the Patient

Health Questionnaire-9 (PHQ-9) to assess depression and the Suicidal Ideation Attributes Scale

(SIDAS) to assess suicidality. Questionnaires were undertaken at 0 and 3months. The evaluable

cohort was analyzed.

RESULTS Sixty-four transgender and gender-diverse adults (median [IQR] age, 22.5 [20-27] years)

were randomized. Compared with standard care, the intervention group had a decrease in gender

dysphoria (mean difference, −7.2 points; 95% CI, −8.3 to −6.1 points; P < .001), a clinically significant

decrease in depression (ie, change in score of 5 points on PHQ-9;mean difference, −5.6 points; 95%

CI, −6.8 to −4.4 points; P < .001), and a significant decrease in suicidality (mean difference in SIDAS

score, −6.5 points; 95%CI, −8.2 to −4.8 points; P < .001). Resolution of suicidality assessed by PHQ-9

item9 occurred in 11 individuals (52%)with immediate testosterone commencement comparedwith

1 (5%) receiving standard care (P = .002). Seven individuals reported injection site pain/discomfort

and 1 individual reported a transient headache 24 hours following intramuscular administration of

testosterone undecanoate. No individual developed polycythemia.

(continued)
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Abstract (continued)

CONCLUSIONS ANDRELEVANCE In this open-label randomized clinical trial of testosterone

therapy in transgender and gender-diverse adults, immediate testosterone compared with no

treatment significantly reduced gender dysphoria, depression, and suicidality in transgender and

gender-diverse individuals desiring testosterone therapy.
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Introduction

Transgender and gender-diverse individuals (including those with a binary and/or nonbinary gender

identity) are a highly marginalized group. Some transgender and gender-diverse individuals

experience psychological distress due to the incongruence between their gender identity and sex

presumed at birth, known as gender dysphoria. There are also disproportionate rates of mental

health comorbidities among transgender and gender-diverse individuals compared with the general

population.1 Seventy-three percent of transgender and gender-diverse individuals reported a history

of depression and 67% reported a history of anxiety in a recent online survey from Australia.2 In

addition, 43% of individuals in this analysis reported a previous suicide attempt and similar statistics

are seen worldwide.3-5

Some transgender and gender-diverse individuals seek commencement of gender-affirming

hormone therapy (GAHT) to permit development of physical characteristics to align with their

gender identity. For individuals desiring masculinization, standard doses of parenteral or transdermal

testosterone used to treat hypogonadal cisgender men are recommended in consensus

guidelines.6-8

Commencement of GAHT has been associated with reduced gender dysphoria and depression

in cross-sectional and uncontrolled prospective studies.9 However, data are currently limited,

particularly examining the influence of GAHT on suicidality. Due to ethical issues associated with

withholding commencement of testosterone therapy in transgender individuals, to our knowledge,

no randomized clinical trial has been performed.

There has been a substantial increase in the number of transgender and gender-diverse

individuals seeking GAHT10,11; however, many report that accessing the pathway to GAHT is too

difficult.2 Such barriers to accessing health care have been associated with suicide attempts in the

transgender and gender-diverse population.12 It is therefore imperative to evaluate the effect of

earlier access to GAHT on gender dysphoria andmental health outcomes in this at-risk population.

We undertook a 3-month open-label randomized clinical trial to assess the effect of

testosterone therapy vs no treatment on gender dysphoria, depression, and suicidality in

transgender and gender-diverse individuals seeking initiation of testosterone therapy. We

hypothesized that there would be a reduction in gender dysphoria, depression, and suicidality in

transgender and gender-diverse people treated with testosterone therapy compared with

transgender and gender-diverse people not receiving testosterone therapy.

Methods

StudyDesign

We conducted a 3-month open-label randomized clinical trial in transgender and gender-diverse

individuals seeking initiation of testosterone therapy. Following clinical assessment and

establishment of the person’s capacity to initiate testosterone administration using the informed

consent model of care,13 individuals were randomized to immediate testosterone commencement
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(intervention group) within 1 week of the first study visit or no treatment (commencement of

testosterone following a standard care waiting list of 3 months). This design ensured no individuals

would be waiting longer than standard care. Participants did not have formal mental health

assessment if deemed suitable to commence treatment using the informed consent model of care.

Participants provided written informed consent. Participants completed questionnaires evaluating

gender dysphoria, depression, and suicidality at baseline and 3 months. The trial was approved by

the Human Research Ethics Committee at Austin Health and lesbian, gay, bisexual, transgender,

intersex community organization Thorne Harbour Health Community Research Endorsement Panel.

The trial was registered with the Australian New Zealand Clinical Trials Registry. We followed the

Consolidated Standards of Reporting Trials (CONSORT) reporting guideline. The CONSORT flow

diagram is shown in the Figure. The protocol can be found in Supplement 1.

Participants and Setting

Participants were transgender and gender-diverse individuals aged 18 to 70 years seeking initiation

of testosterone therapy with no previous testosterone treatment. Individuals were recruited from

endocrinology outpatient clinics and primary care clinics specializing in transgender and gender-

diverse health in Melbourne, Australia, fromNovember 1, 2021, to July 22, 2022. Individuals were

excluded if they had a contraindication to receipt of testosterone, including androgen-dependent

carcinoma, known cancer, hypersensitivity to the active substance or to any of the excipients,

polycythemia (defined as hematocrit >50% [to convert to proportion of 1.0, multiply by 0.01]6) at

baseline, known liver tumor, uncontrolled hypertension (blood pressure >160/90 mmHg despite

antihypertensive medication), uncontrolled untreated sleep apnea, severe disturbance in kidney

function (estimated glomerular filtration rate <30mL/min), recent (<6months) cardiac event or

major cardiac insufficiency (New York Heart Association performance status >2), and coagulation

disorders; previous testosterone treatment; substantial mental health conditions compromising the

ability to provide informed consent (individuals with a history of schizophrenia or posttraumatic

stress disorder are more likely to be referred for formal mental health assessment13); or use of

medications for antiplatelet or anticoagulant therapy. Participants were assessed before enrolling in

the study based on Version 2.0 of the Protocols for the Initiation of Hormone Therapy for Trans and

Gender-Diverse Patients endorsed by the Australian Professional Association for Trans Health.14

Intervention

Testosterone therapy consisted of administration of intramuscular testosterone undecanoate, 1000

mg, at weeks 0 and 6, or transdermal testosterone, 1% (12.5 mg/actuation), gel 4 pump actuations

Figure. Study Participants

88 Assessed for eligibility

24 Excluded

14 Did not meet inclusion criteria

10 Declined to participate

64 Randomized

32 Randomized to immediate testosterone

32 Received allocated intervention

1 Delayed testosterone commencement to
complete social transition

31 Analyzed

1 Protocol violation (commencement of antidepressant
and progestin for menstrual cessation)

31 Analyzed

32 Randomized to standard care testosterone

31 Received allocated intervention
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daily. Participants were able to choose between these formulations as per standard care.8 There was

no dose titration during the study.

Outcomes

Our primary outcomewas gender dysphoria as measured by the Gender Preoccupation and Stability

Questionnaire (GPSQ).15 The GPSQ has been validated in Australia for use as a tool to measure

gender dysphoria in transgender and gender-diverse individuals15 and is able to evaluate the

effectiveness of gender-affirming interventions in binary and nonbinary transgender and gender-

diverse individuals. The instrument includes 14 multiple-choice questions designed to measure the

extent of an individual’s preoccupation with gender and the stability of their own gender identity

over the past 2weeks.15 Each question has 5 possible answers, corresponding to a score of 1 to 5, with

higher scores indicating higher levels of gender dysphoria. Total scoreswere calculated by taking the

summation of all values. Total scores greater than or equal to 28 are considered highly suggestive of

clinical gender dysphoria, and a change in score of 11 points or more indicates a change in the degree

of gender dysphoria.15

Depression wasmeasured using Patient Health Questionnaire-9 (PHQ-9).16 The questionnaire

includes 9 multiple-choice questions assessing the frequency of the actual 9 criteria upon which the

diagnosis of Diagnostic and Statistical Manual of Mental Disorders,4th ed, depressive disorders was

based over the previous 2 weeks. Each question has 4 possible answers, corresponding to a score of

0 to 3, with higher scores indicating higher depression severity. Total scores were calculated by

taking the summation of all values. A score of 0 to 4 indicates minimal depression; 5 to 9, mild

depression; 10 to 14, moderate depression; 15 to 19, moderate to severe depression; and 20 to 27,

severe depression. A change in PHQ-9 score of 5 points is considered clinically significant.17

Suicidality was measured using the Suicidal Ideation Attributes Scale (SIDAS).18 This

questionnaire was initially validated in a cohort of Australian adults. The SIDAS is a 5-item scale

assessing the frequency, controllability, closeness to attempt, distress, and interference with daily

activities on 0- to 10-point scales over the past month. Total scores were calculated by taking the

summation of all values. A score of 0 indicates no suicidal ideation, scores of 1 to 20 indicate low

ideation, and scores greater than or equal to 21 indicate high risk of suicide behavior.18

Serum total testosterone concentration was determined using an immunoassay (Beckman

Coulter Unicel DXI 800 analyzer, with coefficient of variation 5.5% at total testosterone

concentrations of 645.5 ng/dL and 11.4% at 89.3 ng/dL [to convert to nanomoles per liter, multiply

by 0.0347]; interassay coefficient of variation 7.8%; Beckman Coulter Inc).

Sample Size

Power calculation was based on the primary end point of gender dysphoria, using change in GPSQ

score over 3 months following commencement of testosterone therapy, from preliminary data from

our prospective controlled study.19 The sample size required with a level of significance of .05 and

power of 0.9 when the mean (SD) GPSQ score decreased from 41 (7) to 35 (7) after 3 months of

testosterone, and assumption that the GPSQwould not change in individuals allocated to standard

care, was 29 per group. Our recruitment target was 37 participants per group to allow for 20%

attrition.

Randomization

Individuals were randomized with equal probability to the 2 arms using permuted blocks with a block

size of 4 stratified by themedian age for individuals newly commencing testosterone in our clinic

(26; IQR, 22-31 years). Permuted block randomization was generated using Stata, version 17.0

software (StataCorp LLC).
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Statistical Analysis

Descriptive statistics at baseline are presented as mean (SD) or median (IQR) as appropriate for

continuous variables and frequency (percentage) for categorical variables. Analysis of covariancewas

used to estimate themean difference and corresponding 95% CI between the intervention group

and the standard care group, adjusted for the correspondingmeasure at baseline.20Data were

checked to ensure there was no violation of the assumptions of linearity and homogeneity of the

regression slopes. Plots of the residuals were checked for violations of normality. The proportion of

participants with clinically significant changes in GPSQ and PHQ-9 scores were compared using χ2

tests. A 2-tailed significance level of P < .05 was used. Statistical analyses were performed using

Stata, version 17.0 software.

Results

Sixty-four transgender and gender-diverse individuals (median [IQR] age, 22.5 [20-27] years) were

enrolled. Eighty-eight individuals were invited to participate; 12 individuals were excluded due to

current or previous testosterone treatment, 2 were excluded due to age younger than 18 years, and

10 declined to participate (Figure). One individual in the intervention group was excluded after

delaying testosterone commencement, and an individual in the standard care group was excluded

due to commencement of an antidepressant and progestin therapy for menstrual suppression.

Recruitment was stopped after the sample size calculation of 29 completers per group was reached.

Baseline clinical characteristics are reported in Table 1, and baseline GPSQ, PHQ-9, and SIDAS scores

are reported in Table 2.

Testosterone formulations were intramuscular testosterone undecanoate (n = 19) and

transdermal testosterone, 1%, gel (n = 12) in the intervention group and intramuscular testosterone

undecanoate (n = 18) and transdermal testosterone, 1%, gel (n = 13) in the standard care group.

Baseline mean (SD) serum total testosterone concentration was 37.5 (20.2) ng/dL in the intervention

group and 25.9 (14.4) ng/dL in the standard care group, and 391.9 (239.2) ng/dL at month 3 in the

intervention group.

Table 1. Baseline Characteristics

Characteristic

No. (%)

Intervention (n = 31) Standard care (n = 31)

Age, median (IQR), y 23 (20-28) 22 (20-27)

Gender identity

Binary 17 (55) 15 (48)

Nonbinary 14 (45) 16 (52)

Comorbidities

Depression 23 (74) 18 (58)

Anxiety 20 (65) 20 (65)

ASD 8 (26) 4 (13)

ADHD 8 (26) 6 (19)

Residence

Metropolitan 23 (74) 25 (81)

Rural/remote 8 (26) 6 (19)

Employment status

Employed/student 23 (74) 26 (84)

Unemployed 8 (26) 5 (16)

Total testosterone, mean (SD), ng/dL 37.5 (20.2) 25.9 (14.4)

Abbreviations: ADHD, attention deficit/hyperactivity

disorder; ASD, autism spectrum disorder.

SI conversion: To convert testosterone to nanomoles

per liter, multiply by 0.0347.
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Gender Dysphoria

Themean (SD) GPSQ score of the cohort at baseline was 45.1 (6.4), with all individuals reporting

clinically significant levels of gender dysphoria (GPSQ score >28). Compared with controls, in

individuals receiving testosterone, there was a significant reduction in GPSQ score over 3 months’

follow-up (mean difference, −7.2 points; 95% CI, −8.3 to −6.1 points; P < .001) (Table 2). A clinically

significant improvement greater than or equal to 11 points in the GPSQ score was reported in 12

individuals (39%) treated with testosterone and in no individuals continuing standard care

(P < .001).

Depression

The overall baseline PHQ-9 score was 0 to 4 in 3 individuals (5%), 5 to 9 in 9 individuals (15%), 10 to

14 in 15 individuals (24%), 15 to 19 in 21 individuals (34%), and 20 to 27 in 14 individuals (23%).

Compared with the control participants, in individuals receiving testosterone, there was a significant

decrease in PHQ-9 scores over 3 months’ follow-up (mean difference, −5.6 points; 95% CI, −6.8 to

−4.4 points; P < .001) (Table 2). A clinically significant improvement greater than or equal to 5 points

in the PHQ-9 score was reported in 19 individuals (61%) treatedwith testosterone and 4 individuals

(13%) continuing standard care (P < .001).

Suicidality

The overall baseline SIDAS score was 0 in 12 individuals (19%), 1 to 20 in 41 individuals (66%), and 21

to 50 in 9 individuals (15%). Compared with the control participants, in individuals receiving

testosterone, there was a significant reduction in the SIDAS score over 3 months’ follow-up (mean

difference, −6.5 points; 95% CI, −8.2 to −4.8 points; P < .001) (Table 2).

In individuals with suicidality at baseline as assessed by PHQ-9 item 9 (“Over the last 2 weeks,

how often have you been bothered by thoughts that you would be better off dead, or thoughts of

hurting yourself in some way?”), resolution occurred in 11 individuals (52%) with immediate

testosterone commencement compared with 1 individual (5%) in standard care (P = .002).

Adverse Events

Seven individuals reported injection site pain/discomfort and 1 individual reported a transient

headache 24 hours following intramuscular administration of testosterone undecanoate. No

individual developed polycythemia.

Discussion

In this 3-month open-label randomized clinical trial of transgender and gender-diverse individuals

seeking initiation of testosterone, we found a significant reduction in gender dysphoria, depression,

and suicidality following testosterone commencement compared with no treatment.

Table 2. Change FromBaseline toMonth 3 in Individuals Receiving Immediate Commencement Testosterone

ComparedWith Those Receiving Standard Care

Parameter

Mean (SD)

Mean difference (95% CI)aIntervention (n = 31) Standard care (n = 31)

0 mo 46.2 (6.0) 44.0 (6.8)

3 mo 38.0 (6.2) 43.4 (7.9) −7.2 (−8.3 to −6.1)

0 mo 15.2 (4.7) 14.1 (6.0)

3 mo 8.6 (5.2) 13.4 (6.3) −5.6 (−6.8 to −4.4)

0 mo 12.0 (8.5) 11.6 (10.0)

3 mo 5.6 (7.3) 11.8 (11.9) −6.5 (−8.2 to −4.8)

a Themean difference and 95% CI refer to the

between-group difference over 3 months adjusted

for the corresponding measure at baseline. All

differences were significant at P < .001.

JAMANetworkOpen | Diabetes and Endocrinology Early Access to Testosterone Therapy in Transgender and Gender-Diverse Adults

JAMA Network Open. 2023;6(9):e2331919. doi:10.1001/jamanetworkopen.2023.31919 (Reprinted) September 7, 2023 6/11

Downloaded From: https://jamanetwork.com/ on 10/18/2023



Gender Dysphoria

Changes in gender dysphoria following commencement of GAHT have been quantified in a small

number of studies.19,21,22 To date, 1 prospective controlled trial evaluated changes in gender

dysphoria and quality of life following commencement of testosterone therapy, compared with a

control group of cisgender women.19 Consistent with the current analysis, this study reported a

decrease in gender dysphoria as measured by GPSQ score over 6months. Similarly, 2 uncontrolled

observational studies reported improvements in gender dysphoria following commencement of

GAHT as assessed by the Gender Identity/Gender Dysphoria questionnaire21 and the Utrecht Gender

Dysphoria Scale.22

In the current analysis, themean GPSQ score decreased −7.2 points (95% CI, −8.3 to −6.1 points;

P < .001). This is consistent with a previous prospective controlled trial19 but less than the clinically

significant change of −11 points. This is likely related to the short-term follow-up, which is insufficient

for the development of masculinizing physical characteristics and associated reductions in gender

dysphoria. Despite this, 12 individuals (39%) in the intervention group had a clinically significant

decrease greater than or equal to 11 points in the GPSQ following initiation of testosterone therapy.

Depression

Transgender and gender-diverse individuals have disproportionately higher rates of depression

compared with the general population,10with the highest rates of depression reported in

transgender people desiring commencement of hormone therapy but unable to use or access

them.23Most cross-sectional21,24 and longitudinal25-28 studies of 6 to 18months of testosterone

therapy have reported lower depression scores in transgender and gender-diverse adults after

initiation of testosterone therapy. Notably, these longitudinal studies were uncontrolled25,26,28 or

compared with a cisgender female control group.27 Several questionnaires have been used to screen

for depression in these analyses, including the Zung Self-Rating Depression Score,25Hospital Anxiety

and Depression Scale,26,28 and Beck Depression Inventory.27

The PHQ-9 has been used to assess depression in several analyses. Consistent with our findings,

a recent 12-month prospective observational study using the PHQ-9 in transgender and gender-

diverse youth reported 60% lower odds of depression and 73% lower odds of suicidality in

transgender and gender-diverse youth treated with puberty blockers or GAHT, compared with those

who had not yet initiated treatment.29 An uncontrolled longitudinal study in transgender and

gender-diverse youth also reported a decrease in the PHQ-9 score following commencement of

GAHT.30 To our knowledge, the current analysis is the first randomized clinical trial to include a

transgender and gender-diverse control group randomized to no treatment.

Suicidality

The transgender and gender-diverse community has higher rates of suicide attempts and suicide

compared with the general population.31 Large observational studies from the Netherlands reported

suicide rates higher than the expected Dutch population average.32,33 In Australia, 43% of

respondents reported a previous suicide attempt in an online survey enrolling transgender and

gender-diverse participants.2 Similar findings have been shown globally.3,4Note that being

transgender or gender-diverse is not a mental illness and transgender and gender-diverse people are

not inherently prone to suicide risk because of their gender identity but rather at higher risk because

of widespread discrimination, abuse, andmarginalization in society.34,35

Cross-sectional analyses have evaluated the association of GAHTwith suicide with discrepant

results. One study of 380 transgender and gender-diverse individuals from Canada reported that

individuals undergoing GAHTwere about half as likely to have considered suicide over the past year,

compared with those who desire GAHT.36However, these findings were not replicated in a recent

analysis from Australia,35 potentially due to other confounding factors that influencemental health.

The SIDAS has previously been used to assess suicidality in one online survey enrolling 382

transgender and gender-diverse individuals from Australia and New Zealand.37 In this study, 40% of

JAMANetworkOpen | Diabetes and Endocrinology Early Access to Testosterone Therapy in Transgender and Gender-Diverse Adults

JAMA Network Open. 2023;6(9):e2331919. doi:10.1001/jamanetworkopen.2023.31919 (Reprinted) September 7, 2023 7/11

Downloaded From: https://jamanetwork.com/ on 10/18/2023



the participants scored greater than or equal to 21, indicating a high risk of suicidal behavior. SIDAS

scores greater than or equal to 21 were associated with higher distress and lower social support, but

the authors did not report access to GAHT.

We also report a significant reduction in suicidality between the intervention and standard care

groups as assessed by item9 of the PHQ-9. The response to PHQ-9 item9 has been found to predict

subsequent suicide attempt and suicide death in the general population.38

Limitations

There are several limitations to this analysis. First, this study had a short follow-up period of 3

months, so we were unable to establish the long-term impact of testosterone on gender dysphoria,

depression, or suicidality. This short period was designed for participant acceptability and feasibility

so that transgender and gender-diverse participants would not be disadvantaged by waiting longer

than standard care waiting times of 3 months for an initial consultation. Second, participants were

not blinded to their intervention group. Therefore, it is possible that the effect of testosterone or

patient knowledge of treatment has been evaluated. However, randomization of participants to no

treatment or placebo over longer follow-up is unethical, particularly given preexisting barriers to

accessing GAHT.2

Total testosterone levels were measured by immunoassay rather than by liquid

chromatography/tandemmass spectrometry. However, testosterone concentrations weremeasured

to confirm the increase of testosterone concentrations in the intervention group and a large

magnitude of change was expected. The quality-controlled immunoassay routinely used in our

hospital for clinical decision-making was thought to be appropriate for this purpose.

Although we used the locally developed GPSQ for our primary outcome of gender dysphoria,

this tool has not been validated to measure longitudinal changes in gender dysphoria. Similarly, the

SIDAS has not been validated in transgender and gender-diverse cohorts. We did not quantify other

factors known to influencemental health, including social support or discrimination. Participants

were given the option of 2 testosterone formulations as per standard care in Australia. However,

these formulations may not be bioequivalent. Finally, the trial participants were predominantly of

White race and based in metropolitan areas in Australia, so findings might not be generalizable to

other cohorts.

Despite these limitations, to our knowledge, this is the first randomized clinical trial of

transgender and gender-diverse adults desiring commencement of testosterone therapy comparing

individuals initiating testosteronewith a control group of transgender and gender-diverse individuals

randomized to no treatment.

Conclusions

This open-label randomized clinical trial supports the use of testosterone therapy to significantly

reduce gender dysphoria, depression, and suicidality in transgender and gender-diverse adults

desiring commencement of testosterone therapy. These findings have critical implications for service

access and delivery to ensure timely access to gender-affirming hormone therapy.
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