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Literature review

Pubmed search 
• transgender OR "gender dysphor*" OR "gender incongru*" OR 

"gender diverse"
AND
• androgen OR estrogen OR testosterone OR estradiol OR 

hormon* OR "GnRH analog*" OR "puberty suppres*"
• Published between 1st May 2023 and 1st July 2025

1140 results (14 RCT, 292 reviews)



Topics

• Efficacy of hormone treatment
• GAHT and the immune system
• GAHT and the heart
• GAHT and the kidney
• Longer term outcomes of GnRHa/GAHT in adolescents

• GAHT continuation
• GnRHa & GAHT and bone
• GnRHa & GAHT and sexual function



Efficacy of hormone treatment
Randomised trials



• Open label

Nolan et al. JAMA Netw Open 2023;
6(9):e2331919



GPSQ

PHQ-9

SIDAS

Conclusion:
Testosterone therapy significantly decreases gender dysphoria, depression, and
suicidality in transgender and gender-diverse individuals desiring testosterone therapy.

Nolan et al. JAMA Netw Open 2023; 6(9):e2331919



• 58 transgender males randomised
• 29 T enanthate 100 mg/2 wk for 3 mo, then 250 mg/3 wk
• 29 T undecanoate 1000 mg at 0-6-12 wk, then every 12 wk
• Three dropped out of each arm (discontinued T or lost to follow-up)

• At 1 year no differences in clinical or biochemical outcomes

Conclusion: both options 
effective and safe

Sinju et al. Clin Endocrinol 2025; 103(1):89-96



Conclusion:
No difference in breast development.
Shared decision making, considering side effects.

Angus et al. J Clin Endocrinol Metab 2025;110(6):e1874-84. 



GAHT and the immune system



Study population:
• 23 adult transgender individuals starting nebido (750-1000 mg/12 weeks).
• Normal sex hormone concentrations.
• No autoimmune diseases, immunodeficiencies or signs of continuing 

infection/inflammation.

• Blood samples at 0 – 3 – 12 months of treatment.
• Immune cell phenotypes and functional immune cell responses in vitro a.o.

Lakshmikanth et al. Nature 2024; 633(8028):155-164
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Conclusion:
Testosterone induces changes in the immune system 
which may have health implications.

Changes in line with sex-divergent responses in public datasets
Lakshmikanth et al. Nature 2024; 633(8028):155-164
McCarthy. Nature. 2024;633(8028):38-40



Henze et al. JCI Insight. 2025;10(8):e184544

Glintborg et al. Eur J Endocrinol 2025;192(4):408-417



Peckham et al. J Exp Med;2025;222(4):e20241253



GAHT and the heart



Grouthier et al. JAMA Netw Open. 2025;8(7):e2524124



Conclusion:
GAHT induces changes in QTc corresponding to the known QTc sexual dimorphism in adults.

Grouthier et al. JAMA Netw Open. 2025;8(7):e2524124



Angus et al. JAMA Netw Open. 2024;7(3):e243994. 



GAHT and the kidney



• Prospective observational cohort study
• 23 transgender women and 21 transgender men aged 17-40 yr
• Assessed before and 3 months after initiating GAHT
• Measured GFR determined using plasma iohexol clearance
• Effective renal plasma flow (ERPF) determined using plasma PAH 

clearance

Van Eeghen et al. J Clin Invest. 2025;135(9):e190850



Van Eeghen et al. J Clin Invest. 2025;135(9):e190850



Van Eeghen et al. J Clin Invest. 2025;135(9):e190850



Van Eeghen et al. J Clin Invest. 2025;135(9):e190850



Conclusion:
Estradiol shows protective effects on glomerular and 
tubular function, while testosterone predominantly exerts 
opposing effects. Van Eeghen et al. J Clin Invest. 2025;135(9):e190850



Longer term outcomes of 
GnRHa/GAHT in adolescents



GAHT discontinuation
1st Author Country n Age at 

start GAHT
Follow-up 
duration

Discontin. Restarted Reident. 
sex RAB

Boskey USA 1050 16.8 ± 1.9 Min. 6 mo 57 (6%) 20 (2%) 5 (0.5%) 

Gupta USA 264 adults
121 <18 yr

32
15

Med 32 mo 
(IQR 15-73) 

5 (1.9%) 
4 (3.3%)

2 (0.8%) 1 (0.4%)
1 (0.8%)

Kaltiala Finland 1359 25.6 ± 9.3 Med 44.5 
mo

107 (7.9%)

Cavve Australia 132 1 (0.8%) 1 (0.8%)

Nyquist Norway 469 adults
314 <18 yr

18.1 ± 2.2 18 (2.3%) 11 (1.4%)

Olson USA 182 13.25 ± 
0.97

Mean 3.40 
y ±1.96

3 or 4 
(1.6-2.2%)

Conclusion:
Several studies show that 0.8-7.9% of adolescents/young adults 
discontinue GAHT, some of whom reidentify with sex registered at birth

Boskey et al. J 
Adolesc Health. 
2025;76:584-91
Gupta et al. J Clin 
Endocrinol Metab.
2023;108:e1236-44
Kaltiala et al. BMC 
Psychiatry 2024; 
24:566
Cavve et al. JAMA 
Pediatr 2024;178:446-
53
Nyquist et al. Acta 
Paediatr 2025; 
114:1006-14
Olson et al. JAMA 
Pediatr 2024; 
178:1354-61 



c

• Prospective study
• 25 transgender women and 50 transgender men 

• puberty suppression before age 18 years 
• at least 9 years of GAHT

• Median age 28.2 years
• Bone mineral density assessed using DXA scan
• Prior scans 

• At start GnRHa – median age 14.5 / 14.9 
• At start GAHT -  median age 16.0 / 16.1 
• Around age 22 y

van der Loos et al. JAMA Pediatr 2023;177(12):1332-1341
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25 TF
GAHT for 11.6 y 
(IQR 10.1-14.7)

50 TM
GAHT for 11.9 y 
(IQR 10.2-13.8)

Conclusion:
BMD z-scores decline during GnRHa treatment with 
complete catch-up at the hip and femoral neck but not the 
lumbar spine  in transgender women and at all sites in 
transgender men.

van der Loos et al. JAMA Pediatr 2023;177(12):1332-1341



• Retrospective cohort study
• 37 Transfeminine individuals who received PS, GAHT and genital 

surgery
• 16 PS from Tanner stage G2/G3
• 21 PS from Tanner stage G4/G5

• 21-item questionnaire adapted from a large Dutch sexual health 
study among youth in the general population, asking about sexual 
and romantic relationship experiences at different time points 
across GAMT.

van der Meulen et al. J Sex Med 2025;22(1):196-204



van der Meulen et al. J Sex Med 2025;22(1):196-204



van der Meulen et al. J Sex Med 2025;22(1):196-204



van der Meulen et al. J Sex Med 2025;22(1):196-204



Conclusion:
Post-vaginoplasty most transgender women after early or late suppression of puberty have the ability to 
experience sexual desire and arousal, and to achieve orgasms. Outcomes are comparable to previous findings 
after treatment started in adulthood.

van der Meulen et al. J Sex Med 2025;22(1):196-204



Conclusions

• Increasing evidence on the efficacy of GAHT and of specific
regimens.

• GAHT induce changes in many organs.
• Research on longer-term outcomes of treatment in adolescence

suggests
• Delayed development with GnRHa
• Catch-up after GAHT
• Great majority continues to use GAHT

• New questions raised!



Thank you
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