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Abstract

Transgender medicine is a growing clinical field. Hormone therapy (testosterone or estrogen 

treatment) is part of the standard of gender affirming medical care, yet clinical pharmacological 

knowledge in transgender medicine is lacking. Herein, we summarize available clinical and 

pharmacologic data for hormone therapy among transgender and gender diverse people.
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1 Introduction

Transgender and gender diverse (TGD) people comprise an increasingly visible population 

globally. Clinicians may prescribe hormone therapy across the lifespan to support a person’s 

gender expression goals (Coleman et al., 2022), yet TGD people have been underrepresented 

in most pharmacologic research (Cirrincione et al., 2023). Clinical pharmacological 

knowledge in transgender medicine is limited.

Sexually dimorphic characteristics may influence the safety and efficacy of certain 

medications, as described in detail elsewhere in this textbook. Sex steroids affect expression 

and activity of certain drug metabolizing enzymes and drug transport proteins based on in 
vitro and animal model data (Le et al., 2022). It is largely unknown the extent to which 

sex-specific predictors of drug safety and effectiveness can be generalized to TGD adults 

undergoing hormone therapy. Herein, we provide an overview of emerging considerations 

for clinical pharmacology in transgender medicine.
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1.1 Terminology

Sex: a culturally defined social construct assigned at birth based on appearance of external 

genitalia. Commonly referred to as biological factors related to male, female, or intersex 

characteristics including hormonal expression and genitalia. This assignment carries a set 

of assumptions regarding the underlying internal genital anatomy and the hormone-tissue 

interactions that will occur with development and aging. This term is descriptive and not 

prescriptive.

Gender identity: a social construct related to sex assignment that describes behavioral, 

psychological, and social traits present in a given culture. Gender identity is an individual’s 

personal understanding of their place in that social construct. Gender expression is the 

outward manifestation of the intersection of gender identity and environment via behavior 

and dress. Gender, gender identity, and gender expression are linked but may not be 

congruent.

Sexual orientation: emotional, romantic, and/or sexual attraction to another individual 

or individuals of a certain gender or sex. This includes lack of emotional, romantic, and/or 

sexual attraction as well. Sexual orientation and gender identity are non-interchangeable 

terms and are independent of each other.

Gender-affirming medical care: medications, surgery, or other medical interventions 

that a person may or may not choose to meet their gender expression goals.

Transgender: A culturally defined social construct describing people whose gender 

identities differ from the cultural expectation of their sex assigned at birth. Common 

examples include transgender men or transmasculine individuals, transgender women or 

transfeminine individuals, and nonbinary people. May or may not be used by an individual 

to describe themselves.

Cisgender people: people whose gender aligns with the cultural expectation of their sex 

assigned at birth; not transgender.

Transgender men/transmasculine person: people identifying as men or along the 

masculine spectrum and assigned female at birth.

Transgender women/transfeminine person: people identifying as women or along 

the feminine spectrum and assigned male at birth.

Nonbinary people: people with a gender identity outside of the cultural binary of “man” 

or “woman.” Some labels people may use to describe themselves: nonbinary, genderfluid, 

genderqueer, agender, pangender, bigender, gender nonconforming.

Intersex people: people born with reproductive or sexual anatomy that does not align 

with binary definitions of female or male due to any of a variety of variations in sex 

characteristics (VSC). May or may not be used by a given individual to describe themselves.
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1.2 US Demographics

Investigators have estimated at least 25 million people globally are TGD (Winter et al., 

2016). Based on US Centers for Disease Control and Prevention (CDC) Behavioral Risk 

Factor Surveillance System (BRFSS) data from 2017 to 2020, 1.6 million US people 

ages ≥13 years were TGD, 38.5% of whom were transgender women and 35.9% were 

transgender men (Herman et al., 2022). The remaining respondents (25.6%) were nonbinary 

(referred to as “gender nonconforming” on BRFSS questionnaires) (Cicero et al., 2020). 

Respondents identified as straight, lesbian, gay, bisexual or pansexual (Meyer et al., 2017). 

TGD people living in the US are racially and ethnically diverse. TGD adults identified as 

Asian (5.8%), American Indian or Alaska Native (1.1%), Black (13%), Native Hawaiian, 

Pacific Islander, biracial, multiracial, or another race or ethnicity (3.8%), and White (54.7%) 

(Herman et al., 2022). Twenty-one percent of TGD adults identified as Hispanic or Latinx 

(where “Latinx” was used as a nonbinary form of Latino or Latina) (Herman et al., 2022). 

Experts anticipate the number of US TGD older adults will increase over the next few 

decades (Fredriksen-Goldsen, 2016). Between 2017 and 2020, 0.3% of US adults ≥65 years 

of age were TGD (Herman et al., 2022).

1.3 Health disparities and co-occurring medical conditions

1.3.1 Barriers to healthcare access—TGD people face social and structural stigma, 

discrimination, and barriers to healthcare access (Scheim et al., 2022; James et al., 2016). 

In a 2015 nonprobability survey of approximately 28,000 US transgender adults, nearly 

one-quarter of respondents avoided seeking necessary medical care within the year prior to 

completing the questionnaire, largely because of fear of being disrespected or mistreated 

(James et al., 2016). Among those who reported receiving medical care, many respondents 

experienced verbal harassment from healthcare providers, encountered clinical providers 

who refused to offer gender-affirming medical treatment, or needed to teach clinical 

providers about transgender people to receive appropriate medical care (James et al., 2016).

Anti-transgender stigma and discrimination are associated with poor health outcomes for 

TGD people (Coleman et al., 2022). Among >400 TGD adult respondents in a statewide 

US survey, investigators observed that delaying healthcare due to fear of discrimination was 

predictive of lower self-reported general health relative to respondents who did not delay 

seeking healthcare (β=−0.26, P<0.05) (Seelman et al., 2017). In a US probability survey of 

271 TGD adults and 1162 cisgender adults, TGD respondents had significantly higher age-

adjusted odds of reporting poor to fair general health (adjusted odds ratio: 2.50, P<0.001), 

reporting days per month of poor physical health (adjusted odds ratio: 3.87, P<0.001), 

and reporting days per month of poor mental health relative to cisgender respondents 

(adjusted odds ratio: 7.09, P<0.001) (Feldman et al., 2021). Finally, in a separate cohort 

of approximately 2500 US lesbian, gay, bisexual, and transgender adults ≥50 years of age, 

transgender people had significantly lower odds of utilizing preventive health screenings 

relative to cisgender adults, including mammogram, Papanicolaou (Pap) smear, osteoporosis 

test, and prostate-specific antigen tests (Hoy-Ellis et al., 2022). These factors contribute to 

highly individualized medical experiences for all TGD people.
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1.3.2 Chronic disease burden—Knowledge about the chronic disease burden among 

TGD people is limited (Rich et al., 2020). Transgender women have at least 49 times 

higher odds of HIV globally compared with the general population (aged 15-49 years) 

(Baral et al., 2013). Transgender men have 6.8 times higher odds of HIV relative to the 

general population (Stutterheim et al., 2021). HIV prevalence among nonbinary people is 

currently unknown. Several observational studies have characterized cardiovascular disease 

risk and metabolic disorders among TGD people undergoing hormone therapy (Rich et al., 

2020; Defreyne et al., 2019). One retrospective cohort study in a large US-based healthcare 

system observed two times higher venous thromboembolism incidence among transgender 

women than cisgender men or cisgender women (Getahun et al., 2018). Limited clinical data 

suggest type 2 diabetes incidence may be higher among transgender women than cisgender 

women (hazard ratio: 1.4, 95% confidence interval: 1.1-1.8), although an association with 

estrogen treatment appears unlikely (Islam et al., 2021). Testosterone treatment is associated 

with decreased high-density lipoprotein concentrations, but researchers observed mixed 

effects of testosterone on low-density lipoprotein and triglyceride concentrations for TGD 

people (Coleman et al., 2022). Hormone therapy is associated with increased quality of 

life for TGD people (Baker et al., 2021), and it is a key part of the standard of gender-

affirming medical care. Thus, experts typically recommend a harm-reduction approach when 

prescribing hormone therapy in the context of modifiable and non-modifiable cardiovascular 

risk factors (Deutsch, 2016; Ramsay and Safer, 2022).

Investigators have documented several sex-related and gender-related differences in chronic 

disease risk and outcomes in the general adult population, ranging from autoimmune 

disorders and infectious diseases (Klein and Flanagan, 2016), cardiovascular disease 

(Colafella and Denton, 2018), diabetes (Tramunt et al., 2020), to some neurodegenerative 

disorders (Ferretti et al., 2018; Gillies et al., 2014). Complex interactions between sex-

specific genetic and hormonal factors, gender-specific behaviors, and environmental factors 

contribute to these differences (F. Mauvais-Jarvis et al., 2020; Khramtsova et al., 2019). 

Further research is needed to understand how these factors may influence the health and 

well-being of TGD people.

1.3.3 Considerations across the lifespan—TGD older adults are an increasingly 

visible population with unmet gaps in medical care. Although social support and having 

feelings of belonging within the lesbian, gay, bisexual and transgender community were 

positively associated with perceived physical health among transgender older adults, social 

support and belonging were lower for TGD older adults than cisgender counterparts 

(Fredriksen-Goldsen et al., 2014). Several observational studies have suggested TGD older 

adults may have a higher prevalence of cognitive impairment than the general older 

adult population (Cheung et al., 2023). For example, in a cross-sectional survey of TGD 

adults ≥50 years of age, respondents who experienced discrimination in medical settings 

because of their gender identity had significantly higher odds of subjective cognitive 

decline compared with TGD older adults who did not (odds ratio: 7.49, 95% confidence 

interval: 1.71 to 32.79, P=.008) (Lambrou et al., 2022). In an analysis of Medicare fee-for-

service data from 2009-2017, the predicted probability of dementia was higher for TGD 

older adult beneficiaries than cisgender older adult beneficiaries after adjusting for age, 
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race and ethnicity, census region, and the number of months of enrollment (transgender 

women vs. cisgender women: 21.3% vs. 13.6%, respectively, P<0.0001; transgender men 

vs. cisgender men: 20.2% vs. 12.3%, respectively, P<.0001) (Hughto et al., 2023). Multiple 

chronic conditions often translate into increased prescription medication use, polypharmacy, 

and potential drug-drug interactions among older adults (Cerreta et al., 2023). Studies 

characterizing the scope of these medication-related issues for TGD older adults are lacking 

(Gamble et al., 2020). Research addressing this topic is needed.

TGD older adults have diverse gender-affirming medical care experiences across the life 

course. For example, TGD older adults may start hormone therapy later in life, including 

50 years or older (see section 2.2 Overview of hormone therapy) (Gooren and T’Sjoen, 

2018; Cheung et al., 2023). Among >200 TGD people who presented for gender-affirming 

surgery at a large US-based academic medical center, patients ≥40 years of age self-reported 

longer timeframes before starting hormone therapy and other types of gender-affirming care 

over their lifetime than patients <40 years of age (average timeframes: 37 years vs. 16 

years, respectively, P<.001) (Zaliznyak et al., 2021). Because TGD people may continue 

hormone therapy long-term (Cheung et al., 2023), increased knowledge on managing 

hormone therapy for TGD older adults is needed (Gooren and T’Sjoen, 2018). Effects of 

physiologic changes among cisgender older adults on drug safety, including changes in body 

composition, kidney or liver, are well characterized (Cerreta et al., 2023), but pharmacologic 

considerations for transgender older adults are an unmet knowledge gap.

2 Pharmacologic considerations for TGD adults undergoing hormone 

therapy

Scientists have characterized differences in medication safety and effectiveness for cisgender 

women and cisgender men (Cirrincione and Huang, 2021), but implications for TGD 

people undergoing hormone therapy are unknown. The remainder of this chapter focuses 

on hormone therapy for TGD adults. Specifically, we focus on the role of hormone therapy 

in gender-affirming medical care, its physiologic and pharmacologic effects, and its potential 

contribution to interindividual variability in pharmacokinetic processes for TGD people.

2.1 TGD-inclusive pharmacologic research

TGD people face certain barriers related to clinical research participation. These barriers 

may include concerns about privacy and exploitive or opportunistic research (Asquith et al., 

2021) and mistrust of medical and research communities (Owen-Smith et al., 2016). TGD 

and cisgender scientists in HIV research have made progress in engaging TGD communities 

in Phase 3 clinical trials (Cirrincione et al., 2023) and conducting drug-hormone interaction 

studies for HIV pharmacologic prevention interventions (Yager and Anderson, 2020). As 

transgender medicine grows in scope, investigators should prioritize including TGD people 

in pharmacologic studies in phase 1, 2, and 3 clinical trials across all therapeutic areas 

(Yager and Anderson, 2020). The effects of hormone therapy on drug metabolism and 

drug transport of other medications among TGD people are unknown. Clinical mechanistic 

studies in vivo are required to establish the pharmacologic effects of hormone therapy on 

major drug-handling pathways among TGD people.
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2.2 Overview of hormone therapy

The World Professional Association for Transgender Health (WPATH) issued standards of 

care for the health of TGD people over the past 40 years and published Standards of Care 

version 8 in 2022 (Coleman et al., 2022). WPATH recommended hormone therapy as part of 

the standard of medical care for TGD people (Hembree et al., 2017; Coleman et al., 2022). 

WPATH also endorsed the Endocrine Society professional guidelines, which provided 

specific clinical guidance for hormone therapy management (including administration routes 

and dosing) and clinical laboratory monitoring for TGD people taking hormone therapy 

(Hembree et al., 2017). Broadly, hormone therapy includes either testosterone or estrogen 

treatment and aligns a person’s secondary sex characteristics with their gender identity 

(Coleman et al., 2022). Clinicians individualize hormone regimen dosing, agents, and 

administration routes based on a person’s gender expression goals and the safety profiles 

for specific agents (Table 1) (Hembree et al., 2017).

Clinical laboratory values change markedly during hormone therapy (Hembree et al., 2017). 

For TGD adults undergoing 12 months of testosterone treatment, investigators have observed 

15- to 20-fold increased average serum testosterone concentrations (total and free) and 40% 

decreased serum estradiol concentrations (Cirrincione and Huang, 2021). For TGD adults 

undergoing estrogen treatment, investigators have observed up to 9-fold increased average 

serum estradiol concentrations and 93-98% decreased testosterone concentrations (total and 

free) (Cirrincione and Huang, 2021).

Changes in sex steroid concentrations have direct effects on interpreting other clinical 

laboratory values. For example, in a longitudinal electronic health record study of 

hematological changes among nearly 1000 transgender adults, investigators observed 

markedly increased hemoglobin and hematocrit values for patients undergoing testosterone 

treatment and markedly decreased values among patients undergoing estrogen treatment 

(Antun et al., 2020). Based on these findings, investigators proposed using hematologic 

reference intervals aligned with an individual’s gender identity for TGD people undergoing 

hormone therapy (Antun et al., 2020). These findings highlight the effect of sex steroids 

on clinical laboratory values, specifically those with sex-specific reference ranges for the 

general adult population.

2.3 Drug absorption

No clinical studies have examined gastric transit times or changes in drug absorption 

for TGD people undergoing hormone therapy. As discussed in other chapters, gastric 

processes differ between cisgender women and cisgender men (Vinarov et al., 2021). 

Examples include slower gastric emptying time and lower gastric acid secretion among 

cisgender women (Vinarov et al., 2021). Evidence for sex-related differences in nonoral drug 

disposition is limited, but data suggest cisgender women may have slower intramuscular 

absorption of certain medications than cisgender men (Franck Mauvais-Jarvis et al., 2021). 

Clinical and animal model data suggest estrogens and progestogens, but not androgens, 

contribute to slow gastric emptying times (Jiang et al., 2019). Investigators have yet to 

characterize the effects of hormone therapy on oral or nonoral drug absorption for TGD 

people (Yager and Anderson, 2020).
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2.4 Drug distribution

Hormone therapy causes marked body composition changes within the first year of therapy. 

A meta-analysis of 10 prospective European cohorts (approximately 500 transgender adults 

total with baseline average body mass indices between 20 kg/m2 and 25 kg/m2) reported 

increased total body weight within the first 12 months of either testosterone or estrogen 

treatment relative to baseline (up to +1.8 kg compared with measured body weight before 

hormone therapy) (Klaver et al., 2017). For transgender adults undergoing testosterone 

treatment (average age 30 years), total body fat decreased significantly from baseline (−2.6 

kg, 95% confidence interval: −3.9 to −1.4; P <.0001), whereas lean body weight increased 

significantly from baseline (+3.9 kg, 95% confidence interval: 3.2 to 4.5; P <.00001). 

Conversely, transgender adults undergoing estrogen treatment (average age 33 years) had 

significantly increased total body fat from baseline (+3.0 kg, 95% confidence interval: 

2.0 to 3.9; P <.00001), and significantly decreased lean body weight from baseline (−2.4 

kg, 95% confidence interval: −2.8 to −2.1; P <.00001) (Klaver et al., 2017). Increased 

total body fat may increase the volume of distribution for certain fat-soluble medications 

(e.g., neuromuscular blocking agents vecuronium and rocuronium and the benzodiazepine 

diazepam) (Soldin and Mattison, 2009).

Limited clinical data for TGD people observed unchanged serum albumin and 

corticosteroid-binding globulin concentrations during hormone therapy (Cirrincione and 

Huang, 2021). Sex hormone binding globulin concentrations increased modestly for TGD 

adults undergoing estrogen treatment (1.3-fold) and decreased markedly for TGD adults 

undergoing testosterone treatment (51-54%) (Cirrincione and Huang, 2021). These findings 

have implications for pharmacokinetic modeling (Cirrincione and Huang, 2021).

2.5 Drug metabolism

No clinical studies have investigated the effects of hormone therapy on the apparent 

activities of major drug-metabolizing enzymes among TGD adults. Several drug-

metabolizing enzymes in the cytochrome P450 (CYP) enzyme superfamily exhibit 

differences in apparent activities between cisgender women and cisgender men (Vo and 

Paine, 2022). A comprehensive review of sex-related differences in CYP activity and 

expression is covered elsewhere in this textbook. As one example among phase I drug 

metabolizing enzymes, investigators observed higher (~35%) apparent CYP3A activity for 

cisgender women than cisgender men (Cirrincione and Huang, 2021). Supraphysiologic 

estradiol concentrations increased CYP3A4 protein levels in human hepatocytes in vitro 
(Le et al., 2022). Apparent CYP1A2 activity is lower among cisgender women than 

cisgender men (Cirrincione and Huang, 2021). Clinical and in vitro data suggested estrogen 

has an inhibitory effect on CYP1A2 activity (Le et al., 2022). The clinical relevance of 

these findings for TGD people undergoing estrogen treatment remains to be determined. 

Sex-related differences for other major CYPs (CYP2B6, 2C9, 2C19, 2D6, 2E1) are mixed 

(Franck Mauvais-Jarvis et al., 2021). Several phase II conjugation enzymes have sex-related 

differences in expression and activity, including uridine diphosphate-glucuronosyltransferase 

(UGT) 2B17 and 2B15, glutathione S-transferase A1/A2, and sulfotransferase (SULT) 

1A1 and 1E1 (Franck Mauvais-Jarvis et al., 2021). Clinical implications for TGD people, 

particularly those undergoing testosterone treatment, remain to be determined.
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2.6 Drug elimination

The effects of hormone therapy on kidney function is an ongoing area of investigation for 

TGD people (Krupka et al., 2022). Based on findings from clinical pharmacokinetic studies, 

plasma concentrations of tenofovir (as tenofovir disoproxil fumarate) and emtricitabine, two 

anti-HIV agents that are predominantly renally eliminated as unchanged drugs, are 12-27% 

lower among transgender women undergoing estrogen treatment relative to cisgender men 

and transgender women not yet taking estrogen treatment (Yager and Anderson, 2020). In a 

separate analysis, Investigators observed that estimated creatinine clearance was 60% higher 

among transgender women than cisgender men (P=0.04), and estimated creatinine clearance 

influenced tenofovir and emtricitabine clearance based on population pharmacokinetic 

modeling (Tanaudommongkon et al., 2022).

In a meta-analysis of nine clinical cohorts of TGD adults taking hormone therapy, adults 

undergoing testosterone treatment had markedly increased serum creatinine concentrations 

after 12 months of treatment (+0.15 mg/dL, 95% confidence interval: 0.00 to 0.29), 

whereas adults undergoing estrogen treatment had no significant change in serum creatinine 

concentrations (−0.05 mg/dL, 95% confidence interval: −0.16 to +0.05) (Krupka et 

al., 2022). Blood urea nitrogen concentrations did not change markedly during either 

testosterone or estrogen treatment. Researchers have yet to characterize potential changes 

in other kidney function biomarkers before and during hormone therapy (e.g., cystatin C, 

albuminuria, proteinuria) (Krupka et al., 2022).

In one small longitudinal clinical cohort study, investigators observed an 18% apparent 

decrease in estimated glomerular filtration rate among transgender adults after 12 months of 

testosterone treatment (using creatinine-based estimating equations with a female modifier 

for both pre-testosterone and post-testosterone estimates) (Fadich et al., 2021). Median 

serum creatinine increased by 0.12 mg/dL from baseline to follow-up (P=.0006). However, 

investigators did not assess changes in lean muscle mass, which may have contributed 

to increased serum creatinine concentrations (see Section 2.3 Drug distribution). Because 

creatinine-based kidney function estimating equations require the use of stable serum 

creatinine concentrations and a binary sex modifier (male or female) (Fadich et al., 2021), 

prospective, longitudinal studies using a gold-standard indicator of glomerular filtration 

(e.g., iohexol) are needed to characterize potential changes in kidney function and to address 

altered drug elimination among TGD people undergoing hormone therapy.

2.7 Drug transport

No studies have examined the clinical effects of hormone therapy on drug transporter 

activities for TGD adults. Sex-related effects on drug transport protein expression are mixed 

(Vo and Paine, 2022). For example, investigators observed 3-fold higher hepatic expression 

of P-glycoprotein, an adenosine triphosphate (ATP)-binding cassette efflux transporter, 

among cisgender men versus cisgender women but no difference in intestinal P-glycoprotein 

expression (Vo and Paine, 2022). Investigators observed no sex-related differences in the 

expression of hepatic breast cancer resistance protein (BCRP), an efflux transporter, or 

organic anion transporting polypeptides (OATP) 1B1, 1B3, 2B1, uptake transporters (Vo and 

Paine, 2022). Animal model data suggest testosterone treatment activated protein expression 

Coig et al. Page 8

Handb Exp Pharmacol. Author manuscript; available in PMC 2024 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of kidney organic anion transporter 1 and organic cation transporter 2 (Le et al., 2022). The 

clinical effects of hormone therapy on drug transport proteins for TGD people remain to be 

determined.

3 Limitations of sex/gender as binary variable in biomedical and 

pharmacologic research

All sex-related and gender-related pharmacological knowledge relies on a binary male-

female framework (Bhargava et al., 2021; Franck Mauvais-Jarvis et al., 2021). However, 

experts recognize the binary male-female framework fails to capture the spectrum of sex 

and its associated physiological and behavioral phenotypes, with unclear implications for 

growing fields, including nanomedicine (Sharifi et al., 2021). As one example, variations in 

sex characteristics (also described as “intersex”) include several biologic underpinnings such 

as genetic and hormonal factors (Conway, 2022). Additionally, investigators have noted gaps 

in how sex-related differences are studied and reported in the literature (Garcia-Sifuentes 

and Maney, 2021). Appropriately designed studies are needed in pharmacologic research to 

identify and characterize sex-specific outcomes.

4 Conclusions and Clinical Implications

TGD people may undergo testosterone or estrogen treatment as part of their medical 

care. Hormone therapy is part of the standard of gender-affirming medical care. Yet, the 

effects of hormone therapy on the safety and effectiveness of other prescribed medications 

among TGD people have not been established (Cirrincione and Huang, 2021). Although 

experimental and animal model data suggest potential hormone-mediated changes in major 

drug handling proteins may exist for TGD adults undergoing hormone therapy, empirical 

clinical data for drug-hormone interactions are lacking due to TGD people facing significant 

barriers and stigma accessing healthcare and participating in clinical research.
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ATP adenosine triphosphate

CYP Cytochrome P450 enzymes

BCRP Breast cancer resistance protein

OATP Organic anion transporting polypeptides

References

Antun A, Zhang Q, Bhasin S, Bradlyn A, Flanders WD, Getahun D, et al. (2020). Longitudinal 
changes in hematologic parameters among transgender people receiving hormone therapy. Journal 
of the Endocrine Society, 4(11), bvaa119. [PubMed: 33834151] 

Asquith A, Sava L, Harris AB, Radix AE, Pardee DJ, & Reisner SL (2021). Patient-centered practices 
for engaging transgender and gender diverse patients in clinical research studies. BMC Medical 
Research Methodology, 21(1), 202. doi:10.1186/s12874-021-01328-4. [PubMed: 34598674] 

Baker KE, Wilson LM, Sharma R, Dukhanin V, McArthur K, & Robinson KA (2021). Hormone 
therapy, mental health, and quality of life among transgender people: a systematic review. Journal of 
the Endocrine Society, 5(4), bvab011. [PubMed: 33644622] 

Baral SD, Poteat T, Stromdahl S, Wirtz AL, Guadamuz TE, & Beyrer C (2013). Worldwide burden 
of HIV in transgender women: a systematic review and meta-analysis. Lancet Infect Dis, 13(3), 
214–22. doi:10.1016/s1473-3099(12)70315-8. [PubMed: 23260128] 

Bhargava A, Arnold AP, Bangasser DA, Denton KM, Gupta A, Hilliard Krause LM, et al. (2021). 
Considering Sex as a Biological Variable in Basic and Clinical Studies: An Endocrine Society 
Scientific Statement. Endocrine Reviews. doi:10.1210/endrev/bnaa034.

Cerreta F, Vučić K, & Laslop A (2023). Assessing Medicines for Use in the Geriatric Population 
(10.1002/cpt.2793). Clinical Pharmacology & Therapeutics, 113(3), 536–540. doi:10.1002/
cpt.2793. [PubMed: 36354419] 

Cheung AS, Nolan BJ, & Zwickl S (2023). Transgender health and the impact of aging and 
menopause. Climacteric, 1–7. doi:10.1080/13697137.2023.2176217.

Cicero EC, Reisner SL, Merwin EI, Humphreys JC, & Silva SG (2020). The health status of 
transgender and gender nonbinary adults in the United States. PLoS One, 15(2), e0228765. 
doi:10.1371/journal.pone.0228765. [PubMed: 32084144] 

Cirrincione LR, Grieve VLB, Holloway J, & Marzinke MA (2023). Inclusion of Transgender and 
Gender Diverse People in Phase III Trials: Examples from HIV Pharmacologic Prevention Studies. 
Clin Pharmacol Ther, 113(3), 557–564. doi:10.1002/cpt.2801. [PubMed: 36416569] 

Cirrincione LR, & Huang KJ (2021). Sex and Gender Differences in Clinical Pharmacology: 
Implications for Transgender Medicine. Clin Pharmacol Ther, 110(4), 897–908. doi:10.1002/
cpt.2234. [PubMed: 33763856] 

Colafella KMM, & Denton KM (2018). Sex-specific differences in hypertension and associated 
cardiovascular disease. Nat Rev Nephrol, 14(3), 185–201. doi:10.1038/nrneph.2017.189. 
[PubMed: 29380817] 

Coleman E, Radix A, Bouman W, Brown G, Vries A, Deutsch M, et al. (2022). Standards of Care 
for the Health of Transgender and Gender Diverse People, Version 8. International Journal of 
Transgender Health, 23, S1–S259. doi:10.1080/26895269.2022.2100644. [PubMed: 36238954] 

Conway GS (2022). Differences in Sex Development (DSD) and related conditions: mechanisms, 
prevalences and changing practice. International Journal of Impotence Research. doi:10.1038/
s41443-022-00606-z.

Defreyne J, Van de Bruaene LDL, Rietzschel E, Van Schuylenbergh J, & T’Sjoen GGR (2019). Effects 
of Gender-Affirming Hormones on Lipid, Metabolic, and Cardiac Surrogate Blood Markers in 
Transgender Persons. Clin Chem, 65(1), 119–134. doi:10.1373/clinchem.2018.288241. [PubMed: 
30602477] 

Deutsch MB (2016). Guidelines for the primary and gender-affirming care of transgender and gender 
nonbinary people. University of California, San Francisco.

Coig et al. Page 10

Handb Exp Pharmacol. Author manuscript; available in PMC 2024 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fadich SK, Kalayjian A, Greene DN, & Cirrincione LR (2021). A Retrospective Analysis of 
Creatinine-Based Kidney Function With and Without Sex Assigned at Birth Among Transgender 
Adults. Annals of Pharmacotherapy, 56(7), 791–799. doi:10.1177/10600280211050120. [PubMed: 
34668423] 

Feldman JL, Luhur WE, Herman JL, Poteat T, & Meyer IH (2021). Health and health care access in 
the US transgender population health (TransPop) survey. Andrology, 9(6), 1707–1718. [PubMed: 
34080788] 

Ferretti MT, Iulita MF, Cavedo E, Chiesa PA, Schumacher Dimech A, Santuccione Chadha A, et al. 
(2018). Sex differences in Alzheimer disease - the gateway to precision medicine. Nat Rev Neurol, 
14(8), 457–469. doi:10.1038/s41582-018-0032-9. [PubMed: 29985474] 

Fredriksen-Goldsen KI (2016). The future of LGBT+ aging: a blueprint for action in services, policies, 
and research. Generations, 40(2), 6–15. [PubMed: 28366980] 

Fredriksen-Goldsen KI, Cook-Daniels L, Kim H-J, Erosheva EA, Emlet CA, Hoy-Ellis CP, et al. 
(2014). Physical and mental health of transgender older adults: An at-risk and underserved 
population. The Gerontologist, 54(3), 488–500. [PubMed: 23535500] 

Gamble RM, Taylor SS, Huggins AD, & Ehrenfeld JM (2020). Trans-specific Geriatric Health 
Assessment (TGHA): An inclusive clinical guideline for the geriatric transgender patient in 
a primary care setting. Maturitas, 132, 70–75. doi:10.1016/j.maturitas.2019.12.005. [PubMed: 
31883667] 

Garcia-Sifuentes Y, & Maney DL (2021). Reporting and misreporting of sex differences in the 
biological sciences. Elife, 10. doi:10.7554/eLife.70817.

Getahun D, Nash R, Flanders WD, Baird TC, Becerra-Culqui TA, Cromwell L, et al. (2018). Cross-sex 
hormones and acute cardiovascular events in transgender persons: a cohort study. Annals of 
internal medicine, 169(4), 205–213. [PubMed: 29987313] 

Gillies GE, Pienaar IS, Vohra S, & Qamhawi Z (2014). Sex differences in Parkinson’s disease. Front 
Neuroendocrinol, 35(3), 370–84. doi:10.1016/j.yfrne.2014.02.002. [PubMed: 24607323] 

Gooren LJ, & T’Sjoen G (2018). Endocrine treatment of aging transgender people. Rev Endocr Metab 
Disord, 19(3), 253–262. doi:10.1007/s11154-018-9449-0. [PubMed: 29922963] 

Hembree WC, Cohen-Kettenis PT, Gooren L, Hannema SE, Meyer WJ, Murad MH, et al. 
(2017). Endocrine Treatment of Gender-Dysphoric/Gender-Incongruent Persons: An Endocrine 
Society Clinical Practice Guideline. J Clin Endocrinol Metab, 102(11), 3869–3903. doi:10.1210/
jc.2017-01658. [PubMed: 28945902] 

Herman JL, Flores AR, & O’Neill KK (2022). How many adults and youth identify as transgender 
in the United States? https://williamsinstitute.law.ucla.edu/wp-content/uploads/Trans-Pop-Update-
Jun-2022.pdf. Accessed 1 Sept. 2022.

Hoy-Ellis CP, Fredriksen-Goldsen KI, & Kim H-J (2022). Utilization of Recommended 
Preventive Health Screenings Between Transgender and Cisgender Older Adults in Sexual 
and Gender Minority Communities. Journal of Aging and Health, 34(6–8), 844–857. 
doi:10.1177/08982643211068557. [PubMed: 35112914] 

Hughto JM, Varma H, Babbs G, Yee K, Alpert A, Hughes L, et al. (2023). Disparities in health 
condition diagnoses among aging transgender and cisgender medicare beneficiaries, 2008-2017. 
Frontiers in Endocrinology, 14.

Islam N, Nash R, Zhang Q, Panagiotakopoulos L, Daley T, Bhasin S, et al. (2021). Is There a Link 
Between Hormone Use and Diabetes Incidence in Transgender People? Data From the STRONG 
Cohort. The Journal of Clinical Endocrinology & Metabolism, 107(4), e1549–e1557. doi:10.1210/
clinem/dgab832.

James S, Herman J, Rankin S, Keisling M, Mottet L, & Anafi M. a. (2016). The report of the 2015 US 
transgender survey.

Jiang Y, Greenwood-Van Meerveld B, Johnson AC, & Travagli RA (2019). Role of estrogen and stress 
on the brain-gut axis. American Journal of Physiology-Gastrointestinal and Liver Physiology, 
317(2), G203–G209. doi:10.1152/ajpgi.00144.2019. [PubMed: 31241977] 

Khramtsova EA, Davis LK, & Stranger BE (2019). The role of sex in the genomics of human complex 
traits. Nat Rev Genet, 20(3), 173–190. doi:10.1038/s41576-018-0083-1. [PubMed: 30581192] 

Coig et al. Page 11

Handb Exp Pharmacol. Author manuscript; available in PMC 2024 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://williamsinstitute.law.ucla.edu/wp-content/uploads/Trans-Pop-Update-Jun-2022.pdf
https://williamsinstitute.law.ucla.edu/wp-content/uploads/Trans-Pop-Update-Jun-2022.pdf


Klaver M, Dekker M, de Mutsert R, Twisk JWR, & den Heijer M (2017). Cross-sex hormone therapy 
in transgender persons affects total body weight, body fat and lean body mass: a meta-analysis. 
Andrologia, 49(5). doi:10.1111/and.12660.

Klein SL, & Flanagan KL (2016). Sex differences in immune responses. Nat Rev Immunol, 16(10), 
626–38. doi:10.1038/nri.2016.90. [PubMed: 27546235] 

Krupka E, Curtis S, Ferguson T, Whitlock R, Askin N, Millar AC, et al. (2022). The effect of 
gender-affirming hormone therapy on measures of kidney function: A systematic review and meta-
analysis. Clinical Journal of the American Society of Nephrology, 17(9), 1305–1315. [PubMed: 
35973728] 

Lambrou NH, Gleason CE, Obedin-Maliver J, Lunn MR, Flentje A, Lubensky ME, et al. (2022). 
Subjective Cognitive Decline Associated with Discrimination in Medical Settings among 
Transgender and Nonbinary Older Adults. Int J Environ Res Public Health, 19(15). doi:10.3390/
ijerph19159168.

Le A, Huang KJ, & Cirrincione LR (2022). Regulation of drug-metabolizing enzymes by sex-related 
hormones: clinical implications for transgender medicine. Trends in Pharmacological Sciences, 
43(7), 582–592. doi:10.1016/j.tips.2022.03.006. [PubMed: 35487786] 

Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo DL, et al. (2020). 
Sex and gender: modifiers of health, disease, and medicine. Lancet, 396(10250), 565–582. 
doi:10.1016/s0140-6736(20)31561-0. [PubMed: 32828189] 

Mauvais-Jarvis F, Berthold HK, Campesi I, Carrero J-J, Dhakal S, Franconi F, et al. (2021). Sex- 
and Gender-Based Pharmacological Response to Drugs. Pharmacological Reviews, 73(2), 730. 
doi:10.1124/pharmrev.120.000206. [PubMed: 33653873] 

Meyer IH, Brown TNT, Herman JL, Reisner SL, & Bockting WO (2017). Demographic Characteristics 
and Health Status of Transgender Adults in Select US Regions: Behavioral Risk Factor 
Surveillance System, 2014. American journal of public health, 107(4), 582–589. doi:10.2105/
AJPH.2016.303648. [PubMed: 28207334] 

Owen-Smith AA, Woodyatt C, Sineath RC, Hunkeler EM, Barnwell T, Graham A, et al. (2016). 
Perceptions of Barriers to and Facilitators of Participation in Health Research Among Transgender 
People. Transgend Health, 1(1), 187–196. doi:10.1089/trgh.2016.0023. [PubMed: 28861532] 

Ramsay A, & Safer JD (2022). Update in Adult Transgender Medicine. Annual Review of Medicine. 
doi:10.1146/annurev-med-020222-121106.

Rich AJ, Scheim AI, Koehoorn M, & Poteat T (2020). Non-HIV chronic disease burden among 
transgender populations globally: A systematic review and narrative synthesis. Preventive 
Medicine Reports, 20, 101259. doi:10.1016/j.pmedr.2020.101259. [PubMed: 33335828] 

Scheim AI, Baker KE, Restar AJ, & Sell RL (2022). Health and Health Care Among Transgender 
Adults in the United States. Annual Review of Public Health, 43, 503–523.

Seelman KL, Colón-Diaz MJP, LeCroix RH, Xavier-Brier M, & Kattari L (2017). Transgender 
Noninclusive Healthcare and Delaying Care Because of Fear: Connections to General Health 
and Mental Health Among Transgender Adults. Transgender Health, 2(1), 17–28. doi:10.1089/
trgh.2016.0024. [PubMed: 28861545] 

Sharifi S, Caracciolo G, Pozzi D, Digiacomo L, Swann J, Daldrup-Link HE, et al. (2021). The role 
of sex as a biological variable in the efficacy and toxicity of therapeutic nanomedicine. Advanced 
Drug Delivery Reviews, 174, 337–347. doi:10.1016/j.addr.2021.04.028. [PubMed: 33957181] 

Soldin OP, & Mattison DR (2009). Sex Differences in Pharmacokinetics and Pharmacodynamics. 
Clinical Pharmacokinetics, 48(3), 143–157. doi:10.2165/00003088-200948030-00001. [PubMed: 
19385708] 

Stutterheim SE, van Dijk M, Wang H, & Jonas KJ (2021). The worldwide burden of HIV in 
transgender individuals: An updated systematic review and meta-analysis. PLOS ONE, 16(12), 
e0260063. doi:10.1371/journal.pone.0260063. [PubMed: 34851961] 

Tanaudommongkon A, Chaturvedula A, Hendrix CW, Fuchs EJ, Shieh E, Bakshi RP, et al. 
(2022). Population pharmacokinetics of tenofovir, emtricitabine and intracellular metabolites in 
transgender women (10.1111/bcp.15310). British Journal of Clinical Pharmacology, 88(8), 3674–
3682. doi:10.1111/bcp.15310. [PubMed: 35285974] 

Coig et al. Page 12

Handb Exp Pharmacol. Author manuscript; available in PMC 2024 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Tramunt B, Smati S, Grandgeorge N, Lenfant F, Arnal JF, Montagner A, et al. (2020). Sex differences 
in metabolic regulation and diabetes susceptibility. Diabetologia, 63(3), 453–461. doi:10.1007/
s00125-019-05040-3. [PubMed: 31754750] 

Vinarov Z, Abdallah M, Agundez JAG, Allegaert K, Basit AW, Braeckmans M, et al. (2021). Impact of 
gastrointestinal tract variability on oral drug absorption and pharmacokinetics: An UNGAP review. 
European Journal of Pharmaceutical Sciences, 162, 105812. doi:10.1016/j.ejps.2021.105812. 
[PubMed: 33753215] 

Vo KD, & Paine MF (2022). Sex-specific pharmacological differences. Atkinson’s Principles of 
Clinical Pharmacology (pp. 405–424). Elsevier.

Winter S, Diamond M, Green J, Karasic D, Reed T, Whittle S, et al. (2016). Transgender people: 
health at the margins of society. The Lancet, 388(10042), 390–400.

Yager JL, & Anderson PL (2020). Pharmacology and drug interactions with HIV PrEP in transgender 
persons receiving gender affirming hormone therapy. Expert Opinion on Drug Metabolism & 
Toxicology, 16(6), 463–474. doi:10.1080/17425255.2020.1752662.

Zaliznyak M, Yuan N, Bresee C, Freedman A, & Garcia MM (2021). How Early in Life do 
Transgender Adults Begin to Experience Gender Dysphoria? Why This Matters for Patients, 
Providers, and for Our Healthcare System. Sexual Medicine, 9(6), 100448–100448. doi:10.1016/
j.esxm.2021.100448. [PubMed: 34731778] 

Coig et al. Page 13

Handb Exp Pharmacol. Author manuscript; available in PMC 2024 June 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Take Home Messages

• TGD people are a diverse and increasingly visible population, and 

transgender medicine is a growing clinical field.

• Clinical pharmacological data from the general adult population suggest 

medication safety and efficacy may differ between cisgender women and 

cisgender men. Yet, the implications for TGD adults, and the role of sex 

steroids in these findings, are unknown.

• TGD populations are underrepresented in clinical research, and 

pharmacologic knowledge for TGD people undergoing hormone therapy is 

lacking.

• Increased pharmacological studies specific to TGD populations or enriched 

for TGD priority populations are warranted.
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Table 1.

Typical agents recommended for TGD adults undergoing hormone therapy

Regimen Typical Medication Classes Prescribed Agents

Testosterone treatment

 • Androgenic agent  • Testosterone (gel, compounded cream, or injection)

Estrogen treatment a

 • Estrogenic agent
• Antiandrogenic agent

 • 17β-estradiol (tablet, patch, or injection)

• Cyproterone acetate b, spironolactone, or gonadotropin agonist (e.g., leuprolide 
acetate)

Table modified from Hembree et al., 2017 & Coleman et al., 2022. This table provides an overview of hormone therapies that may be 
recommended for TGD people. It not a comprehensive list of all agents that might be prescribed in clinical practice.

a
Clinical providers may add-on oral progestogens (e.g., micronized progesterone) or 5α-reductase inhibitors (e.g., finasteride) to support a person’s 

gender expression goals.

b
Not approved in the United States.
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