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Introduction 
Transgender people face barriers in care that stem from gaps 
in medical research, provider comfort, and health care cover-
age. Adopting language specific to transgender health care that 
includes definitions with consensus is essential for engaging in 
meaningful dialogue with patients and communicating within 
the medical community (refs. 1, 2; and Table 1). Importantly, 
“gender identity” is the term used to reference a person’s inter-
nal sense of their own sex, that is, of being male, female, neither, 
or some combination. Transgender persons are broadly defined 
as having gender identity that is not aligned with sex recorded 
at birth, the latter typically reflecting visible external genitalia at 
the time (1, 2). Adjectives used to label the incongruence between 
gender identity and sex recorded at birth include “transgender,” 
“trans,” “transsexual,” “gender nonbinary,” “gender incongru-
ent,” and “genderqueer.” The adjective used to label individuals 
who are not transgender is “cisgender.” “Gender expression” ref-
erences how a person signals gender identity both internally and 
to others, while “gender dysphoria” is the mental health diagno-
sis that describes the discomfort felt by some gender-incongru-
ent individuals. Although dysphoria is a mental health diagnosis, 
it is the only diagnosis in the current International Classifica-
tion of Diseases (ICD) for transgender people. Even though the 
need for medical treatment for transgender individuals does not 
depend on the individual suffering from dysphoria, many payors 
require the label for reimbursement of transgender medical and 
surgical interventions (3).

Since the number of transgender and gender-nonbinary indi-
viduals becoming visible is increasing, there is a pressing need 
for clinicians to conduct rigorous research and provide evidence- 
informed care. The most recent broad national survey in the United 
States estimated that 0.6% of US adults, or 1.4 million people, were 
transgender in 2016 (4). In addition, from 0.6% to 2.7% of children 
report gender incongruence (5), although not all such children seek 
medical intervention as they age (6). Most other population-based 
surveys fail to accurately measure gender identity and may under-
estimate the number of transgender people. Similarly, researchers 
often include transgender populations in larger studies that focus 
generally on lesbian, gay, bisexual, and transgender (LGBT) health, 
a practice that may misguide interpretation and may misguide 
and bias interpretation of health problems (7). In fact, research on 
transgender health has focused often on HIV/AIDS, neglecting 
other priorities in transgender medicine. This Review focuses on 
the gaps in gender-affirming medical research and care, emphasiz-
ing the principles and potential risks of hormone therapy.

Health care disparities and negative health 
outcomes
The most rigorous studies of transgender people have focused on 
general disparities in health access and outcomes among trans-
gender people independent of treatment considerations (8). For 
example, cross-sectional studies report disproportionate barri-
ers to health care services including frank medical mistreatment 
(9–12). Such barriers to access likely play a substantial role in the 
health outcome disparities among transgender people, which 
include increased rates of some cancers, increased substance 
abuse, greater numbers of people reporting mental health condi-
tions, increased infections, and higher rates of chronic diseases 
(refs. 10, 11, 13–21; and Figure 1).

With the growing number of transgender and gender-nonbinary individuals who are becoming visible, it is clear that there is 
a need to develop a rigorous evidence base to inform care practice. Transgender health research is often limited to HIV/AIDS 
or mental health research and is typically subsumed in larger studies with general LGBTQ focus. Although the number of 
knowledgeable health care providers remains modest, the model for the medical approach to transgender health is shifting 
owing to growing social awareness and an appreciation of a biological component. Gender-affirming medicine facilitates 
aligning the body of the transgender person with the gender identity; typical treatment regimens include hormone therapy 
and/or surgical interventions. While broadly safe, hormone treatments require some monitoring for safety. Exogenous 
estrogens are associated with a dose-dependent increase in venous thromboembolic risk, and androgens stimulate 
erythropoiesis. The degree to which progressing gender-affirming hormone treatment changes cancer risk, cardiac heart 
disease risk, and/or bone health remains unknown. Guidelines referencing the potential exacerbation of cancer, heart disease, 
or other disease risk often rely on physiology models, because conclusive clinical data do not exist. Dedicated research 
infrastructure and funding are needed to address the knowledge gap in the field.
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with delivering gender-affirming care to transgender people (37). 
Indeed, physicians attribute their discomfort when treating trans-
gender patients to insufficient training (38–40). Additional benefit 
has been reported when training includes data on gender identity 
biology and data on gender-affirming treatment strategy (37).

Some of the neglect in conventional medical education may 
relate to the failure to recognize the substantial organic component 
underlying gender identity. The biological basis for gender identity 
has become more apparent in the recent past (41), shifting perspec-
tives away from a malleable gender identity model (42). Notably, 
data suggest a durable, biological underpinning to gender identity 
that is present at birth for cisgender people, transgender people, 
and nonbinary people (41, 43). For example, for intersex/differenc-
es of sex development (DSD) persons, attempts to manipulate gen-
der identity by external means have failed as a strategy (44, 45). In 
addition, identical twins have greater concordance with regard to 
transgender identity than do fraternal twins (46). Further, there are 
data connecting gender identity to brain anatomy (47).

The only mechanistic data on the biology underlying gen-
der identity come from observational studies relating to in utero 
androgen exposure. Increased rates of male gender identity are 
noted among people with female chromosomes (XX) with congen-
ital adrenal hyperplasia who were exposed to excess androgen in 
utero (48). Those with complete androgen insensitivity syndrome, 
by contrast, have female gender identity among other traits asso-
ciated with the lack of androgen action in their bodies (49).

Gender-affirming treatment approaches for 
transgender people
Understanding of gender-affirming treatment approaches can 
guide studies of best practices in the care of transgender people. 
In addition, gender-affirming treatment interventions can serve 
as an opportunity to learn about hormone mechanisms in general 
human biology.

Hormone treatment for transfeminine individuals
Many transgender women seek hormone treatment to better 
align their bodies with their gender identities (1, 2). The current 
approach relies on reference ranges for testosterone levels as 
the main treatment target to decrease testosterone levels from 
the male range (300–1000 ng/dL) to the female range (<50 ng/
dL), although such levels are not always achieved (50, 51). While 
orchiectomy is the most effective means to decrease testosterone 
levels, many transgender women opt only for medical treatment, 

Work from the Veterans Health Administration has identified 
health disparities among transgender veterans (16, 22–25). A ret-
rospective study involving 5117 veterans found that the top two 
causes of mortality among the general US population, cardiovas-
cular disease and cancer, were not increased among transgender 
people (16). However, it was noted that mortality among transgen-
der people related to suicide was increased relative to the general 
population (16, 25). The data were not stratified according to gen-
der-affirming hormone treatment or surgery.

As one may predict in the setting of decreased access to care, 
mental health morbidity is greater among transgender people rel-
ative to cisgender people. Several studies show increased rates of 
suicide, suicide attempts, depression, and anxiety among trans-
gender individuals (22, 24, 26, 27). In the European Network for 
the Investigation of Gender Incongruence (ENIGI) study, trans-
gender people had a 30% rate of suicide ideation or attempt (28). 
Gender-affirming care, including hormone therapy, appears to 
have beneficial psychosocial effects, at least in part (29–31).

Although health disparities research may be more robust than 
some other research areas for transgender people, there are still 
enormous gaps. Despite an abundant literature (32), there are 
major voids in understanding the degree to which stigma and 
minority stress influence the reported disparities and even health 
outcomes independent of disparities. Further, existing literature 
fails to adequately consider ethnicity, affluence, and other demo-
graphics (8). Such failures may mask areas of even greater mor-
bidity than is recognized on the basis of results from the existing 
heterogeneous cohorts.

Gender identity biology training reduces barriers 
to care
To date, most data regarding gender identity are limited to cross- 
sectional analyses of convenience samples with occasional passive 
evaluation of data collected for clinical purposes. Still, the approach 
to both the study of gender identity and the development of best 
practices has shifted substantially over the past two decades (1, 2).

Transgender people historically report that the largest bar-
rier to care is a lack of knowledgeable providers (8) resulting in 
an inability to access appropriate and culturally sensitive care. 
Data suggest that a deficit in formal instruction regarding trans-
gender care in establishment medical education, beyond cultur-
al sensitivity (33–37), results in a lack of providers. While efforts 
to increase cultural sensitivity training among medical providers 
are useful, they have failed to close the gap in provider comfort 

Table 1. Terms and definitions

Cisgender, non-transgender. Adjectives for people whose gender identity is aligned with sex recorded at birth
Gender-affirming or gender-confirming hormone treatment and surgery. Medical/surgical interventions performed to align appearance with gender identity
Gender dysphoria. Mental health term for the discomfort felt by some transgender people due to the lack of alignment between gender identity and sex recorded at birth
Gender expression. How a person communicates gender identity internally and to others
Gender identity. An individual’s internal sense of one’s own sex
Sex/gender. Umbrella terms for biological characteristics and stereotypical behaviors considered male, female, both, or neither
Sexual orientation. The pattern of romantic or sexual attraction to other people (independent of gender identity)
Transgender, transsexual, trans, gender nonbinary, gender incongruent, genderqueer. Adjectives for people whose gender identity is not aligned with sex recorded at birth
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concern among those prescribing gender-affirming hormones is 
to avoid risk to bone health that is associated with hypogonadism.

Risks associated with gender-affirming medical 
interventions

Transfeminine regimens and thromboembolism
Reports suggest that transgender women undergoing hormone 
therapy have an increased risk of venous thromboembolism (VTE) 
(refs. 57–61; and Figure 1). Indeed, VTE is highlighted at the top 
of the list of concerns referenced by the Endocrine Society trans-
gender care guideline (62). It remains unestablished whether and 
to what degree such risks might relate to hormone dose, route of 
administration, duration of hormone therapy, or some other risk 
factor unique to transgender individuals.

The VTE risk was noted historically in studies that used the 
more thrombogenic estrogen ethinyl estradiol (63, 64). By con-
trast, conjugated equine estrogens and 17β-estradiol appear much 
safer (65), and there are indications that 17β-estradiol is the safer 
of the two (66). Subsequent studies less consistently demonstrat-
ed VTE risk when the estrogen of choice was 17β-estradiol (21, 67). 
Further limiting data interpretation, hypercoagulable risk factors 
accompanied many of the VTE cases (58).

More recent large cross-sectional analyses continue to reveal 
increased VTE risk, with some contribution from duration of therapy, 
although the impact of estrogen type and other aspects of transgen-
der health care (including neglect of care) remains unaddressed (57).

In a large meta-analysis of cisgender women, increased throm-
bogenicity associated with increased estrogen doses and with the 
addition of progestins to estrogen regimens across numerous 
estrogen products used (68). Studies also report a substantially 
lower risk of VTE in transgender women with the use of trans-
dermal estradiol (61, 65, 69), although there are no head-to-head 
studies. Transgender women taking oral conjugated estrogens dis-
played elevated proinflammatory cytokine levels (IL-1, IL-6, IL-8, 
and TNF-α) along with increased white blood cell count (58, 70). 
Transdermal estrogens have not been reported to increase proin-
flammatory cytokines and procoagulant factors in either cisgen-
der women or transgender women. However, studies comparing 
transdermal estrogen delivery with oral estrogen delivery to date 

especially initially. Transgender women with intact testes may 
require higher estrogen doses to suppress testosterone into the 
female range (50); the typical formulations are oral, transdermal, 
and parenteral estradiol. Oral conjugated estrogens are some-
times used, and oral ethinyl estradiol is avoided.

Supraphysiological doses of estrogens suppress andro-
gen production (via central feedback) but may associate with 
increased risk of thrombosis. Thus, typical regimens may also 
include other testosterone-lowering agents so that lower dos-
es of estrogens can be administered. The three most common 
adjunctive androgen-lowering/-inhibiting agents are spirono-
lactone, which blocks androgen action at its receptor and may 
decrease testosterone levels (1, 2, 52, 53); cyproterone acetate, 
a progestin popular in Europe; and gonadotropin-releasing hor-
mone (GnRH) agonist therapy. Estrogen and adjunct antiandro-
gen therapies are started together.

Progestins like medroxyprogesterone acetate and micronized 
progesterone can suppress gonadotropins and, therefore, suppress 
testosterone secretion via central feedback. Progestins are not 
recommended by the Endocrine Society because medroxyproges-
terone associates with both cardiovascular and breast cancer risk 
in older postmenopausal women when used in combination with 
conjugated estrogens (54, 55). Finasteride inhibits conversion of 
testosterone to the more potent dihydrotestosterone, which tar-
gets some tissues, including prostate and scalp. Finasteride is a 
treatment option for individuals with higher testosterone levels 
who are experiencing male pattern hair loss.

Hormone treatment for transmasculine individuals
For transgender men, testosterone can be administered in a dose 
appropriate to achieve hormone levels in the normal physiological 
range for men (300–1000 ng/dL). The most widely used testos-
terone formulations include testosterone esters, testosterone gels, 
and testosterone patches. Injectable testosterone esters may be 
administered subcutaneously rather than intramuscularly (56). 
Other formulations include a long-acting testosterone (testoster-
one undecanoate) and a buccal testosterone patch.

Note that maximum dosing is unnecessary for transmasculine 
and transfeminine individuals interested in modified regimens, for 
reasons that include nonbinary gender identity. The chief clinical 

Figure 1. Potential research priorities in transgender health care to 
address with a dedicated research infrastructure and funding. Although 
there is a modest literature, gaps remain in determining the degree of 
morbidity and mortality associated with the limited access to health care 
suffered by transgender people, along with minority stress exacerbated 
by an unwelcoming health care environment. Areas of increased risk of 
harm include mental health morbidity, cardiac disease, infectious disease, 
and chronic disease in general. Gaps in research regarding provision of 
gender-affirming care are even greater than gaps in defining the harms 
from lack of care. While gender-affirming medical care, including hormone 
treatment, may associate with decreased mental health morbidity, the 
degree and direction of impact of hormone treatment on numerous other 
physiological and health processes remain to be studied robustly. Areas 
to study include cardiovascular disease risk, cancer risk, bone health, and 
athleticism. To address the gaps in research and evidence-based care, 
dedicated research infrastructure and funding are needed.
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A prospective study of transgender men and women treated 
with hormone therapy showed an increase in metabolic syndrome 
above that predicted for the general population; however, the risks 
related to some other morbidities were not addressed (77). For 
example, the highest risk observed was among the patients with 
coexisting psychiatric morbidity.

Hypertension. Whether sex steroid therapy like the gen-
der-affirming hormone regimens for transgender people results 
in increased hypertension is not known. A 2012 European study 
reported increased rates of hypertension among hormone-treated 
transgender people after 10 years (60). Like the diabetes mellitus 
studies that noted similar risk for people with opposite hormone 
regimens, increased hypertension rates could simply reflect sec-
ular change over time. Indeed, other groups have been unable to 
demonstrate significant blood pressure changes with hormone 
therapy among transgender people (74, 78, 79).

Lipids. Studies of lipids in transgender people consistent-
ly show that estrogen-treated transgender women have higher 
HDL-cholesterol levels and testosterone-treated transgender men 
have lower HDL-cholesterol levels (60, 74, 78–83). Such changes 
occurred within months. It is unclear whether testosterone thera-
py demonstrably increases LDL-cholesterol. Although some stud-
ies report increases in triglyceride levels in both transgender men 
and transgender women, the change is inconsistent (73, 74, 76) 
and, when present, has been criticized as reflecting secular trends.

Hormone treatment and cancer
For both transgender men and transgender women, the overall 
incidence of malignancy has not been found to differ relative to 
cisgender controls (72).

Breast cancer. Transgender women have lower rates of breast 
cancer than cisgender women (84, 85), although studies have 
been small. A Dutch study indicated that the breast cancer rate of 
transgender women was 25% that of cisgender women (84). How-
ever, the study lacked sufficient power to be conclusive, because 
the finding was based on 18 breast cancer diagnoses among 2260 
transgender women. Similarly, a study of transgender US veterans 
reported a low rate of breast cancer but also lacked sufficient pow-
er to be conclusive, with only three cases of breast cancer among 
transgender women and seven cases among transgender men 
among a total of 5135 persons (24).

There are several proposed explanations for the relatively low 
breast cancer risk observed to date in transgender women. First, 
low reported cancer rates may be due both to underreporting 
among people with poor access to care and to failure to correctly 
classify transgender people in registries (86). Second, transgender 
women may have shorter lifetime exposure to estrogen if hormone 
treatment is initiated later in life (87). Finally, other elements may 
provide protection. For example, typical transfeminine hormone 
regimens do not contain progesterone, while among cisgender 
women, exogenous estrogen/progesterone combination regimens 
associate with increased breast cancer incidence relative to regi-
mens containing estrogen alone (88).

Preliminary attempts to investigate the relative aggressive-
ness of breast cancer among transgender women include a study 
of ten breast cancers in transgender women in which the median 
age of diagnosis was 48 years. The majority of tumors were estro-

have failed to consider serum estradiol levels or doses of estro-
gens used as potential contributing risk factors for VTE. Further, 
patient demographics and comorbidities may also alter VTE risk 
profile. Many of the studies analyzed report coexisting conditions 
that increase study participants’ risk for VTE, including smoking, 
HIV disease, malignancy, high cholesterol, clotting disorder, and 
hypertension. Thus, whether the benefit ascribed to transdermal 
estrogen preparations relates to decreased dose delivered, the 
avoidance of first-pass proinflammatory cytokine metabolism in 
the liver, or some other mechanism, is unknown.

Transmasculine regimens and erythropoiesis
Although exogenous testosterone treatment stimulates erythropoi-
esis, no increase in rates of thrombogenicity has been reported in 
cross-sectional studies of transgender men (57, 60, 71–73). There 
are moderate-quality data suggesting a rise in hematocrit associ-
ated with testosterone treatment in transgender persons. Howev-
er, data are insufficient to associate testosterone therapy in trans-
gender persons with polycythemia per se. When polycythemia is 
observed, health care providers must seek additional causes. Data 
are also insufficient to stratify the rise in hematocrit by route of tes-
tosterone administration or by testosterone formulation.

Hormone treatment and cardiovascular disease risk
The mechanisms of cardiovascular disease risk among transgen-
der people are likely complex. Hormone therapy might increase 
risk or protect individuals depending on the circumstance (74). 
Further, historical studies vary in regard to the controls used to 
assess risk, including both cisgender men and cisgender women 
(57). In addition, risk might reasonably relate both to current sex 
steroid use and to historical sex steroid levels.

Historical studies with cardiovascular endpoints observed 
increased rates among transgender women relative to cisgender 
women (72, 74). Unfortunately, there was no ability to control for 
important factors like greater tobacco use among transgender wom-
en relative to cisgender people. Further, such studies did not observe 
an actual increase in anticipated risk for a given individual beginning 
hormone therapy. When cisgender men were used as controls, the 
risk for transgender women was comparable or improved (72).

Remarkably, transgender men did not exhibit any difference 
in the rate of stroke, transient ischemic attack, or myocardial 
infarction compared with cisgender men used as reference con-
trols in these studies.

Diabetes mellitus. Conditions like diabetes mellitus might 
serve as flags for increased incidence of morbidity that worsens 
cardiac risk. There are no broad population data on the prevalence 
or incidence of diabetes among transgender people overall rela-
tive to cisgender people.

With hormone therapy, transgender women show increased 
insulin resistance, possible increased fasting glucose, and 
increased subcutaneous fat (75, 76). Transgender men are report-
ed to have increased insulin resistance, possible decreased fast-
ing glucose, and increased fat (75, 76). The fact that data suggest 
increased insulin resistance over time in both transgender men 
and transgender women (despite opposite treatment regimens) 
leaves open the possibility that the reports describe a secular trend 
with aging rather than a hormone-dependent change.
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(102). While there is underlying logic based on understanding of 
physiology, no causality has been demonstrated.

Hormone treatment and osteoporosis
Two main observations have been made regarding bone density 
in transgender individuals. The first observation is that transfemi-
nine individuals might have lower bone density than their cisgen-
der peers prior to any medical intervention. Proposed explana-
tions to investigate include reduced rates of physical activity prior 
to treatment and increased rates of vitamin D deficiency (103). 
The second observation is that hormone-treated transgender peo-
ple have higher bone density relative to cisgender people. Among 
transgender men, uninterrupted testosterone therapy may main-
tain or increase bone density (104), while prospective studies in 
transgender men with oophorectomy suggest that bone mineral 
density may decrease if testosterone use is interrupted or the dose 
is inadequate. Studies on feminizing hormone therapy are mixed 
because of heterogeneity in methodology, with cisgender men 
rather than cisgender women sometimes being used as a refer-
ence group. Despite the previously noted studies that used bone 
density as an endpoint, no long-term studies have examined spe-
cific hormone regimen or fracture risk (60).

Hormone treatment and athletic performance
A nascent area of research relates to the impact of androgens on 
athletic performance and the implications of such impact on trans-
gender athletes. Although most transgender people may not be 
elite athletes, further understanding of physiology changes with 
sex hormones may be of broader use.

Based on research comparing cisgender men with cisgender 
women (105), there is evidence that testosterone level markedly 
drives many differences in athletic performance between elite 
male athletes and elite female athletes (105).

Although transgender women are not the only female athletes 
with XY chromosomes and they are not the only female athletes with 
potentially higher levels of testosterone than what is typically con-
sidered the female range (105), more public participation of trans-
gender women in sports has resulted in interest in the subtleties of 
androgen impact on aspects of athletic performance (106). Despite 
a virtual absence of data, the androgen impact tends to be divided 
into two categories. The first is the impact of existing total testoster-
one levels on specific athletic skills (107). The second is the impact 
of puberty on athletic skills, specifically the puberty changes, such 
as bone mass, that persist despite later hormone manipulation (108).

Current regulations of the international track and field over-
sight organization World Athletics (formerly called the Interna-
tional Association of Athletics Federations) include a rule that 
women must have serum testosterone levels below 5 nmol/L 
to participate in the women’s category in some elite events. The 
concept is derived from data showing improved performance in 
some events among women with higher testosterone levels (107). 
Although not binding on athletic federations, the International 
Olympic Committee (IOC) has published guidance with simi-
lar logic except that the IOC uses a total testosterone level of 10  
nmol/L (equivalent to 288 ng/dL) as a potential cut point.

The only specific data to date regarding comparative athlet-
ic performance of transgender women are from a study of eight 

gen receptor negative, and the background lobular development 
in noncancerous tissue was similar to that observed in adolescent 
girls (89). There has also been one reported case of ductal carcino-
ma in situ (89).

For transgender men, a question is whether androgen expo-
sure is of consequence to breast tissue, with worry expressed that 
higher levels of androgens might increase breast cancer risk (90). 
Alternatively, some suggest that testosterone exposure may have 
antiproliferative and apoptotic effects (91), with in vitro studies 
demonstrating that some androgens (testosterone and dihydrotes-
tosterone) can inhibit the growth of cancer cells (91). In addition, a 
single study that examined the histology of mammary tissue from 
transgender men who had taken testosterone before mastectomy 
showed a reduction in glandular tissue and an increase in fibrous 
connective tissue (55, 85).

Prostate cancer. Decreased androgen in transgender women 
might decrease the risk of prostate cancer. However, no rigorous 
data are available. There have been multiple case reports of pros-
tate cancer among transgender women (92, 93). A 2014 Dutch 
retrospective chart review of 2306 orchiectomized transgender 
women reported an overall incidence of prostate cancer of 0.04% 
versus 8%–25% for cisgender men depending on the population 
studied. Conclusions from the data are limited owing both to lim-
ited screening and to the young average age (29 years) among sub-
jects at the start of hormone therapy (94).

Other reproductive organ cancers. Although transgender men 
have presented with ovarian, uterine, and cervical cancers (95), 
there is no current evidence to suggest that the rates of these con-
ditions among transgender men are higher than the background 
rate in cisgender women (16, 72).

Confounding analysis, most transgender men in the Europe-
an studies have undergone hysterectomy within 5 years of start-
ing hormone therapy, limiting prolonged testosterone exposure to 
nonreproductive tissue.

Hormone treatment and other conditions
The literature contains case reports of conditions that are observed 
in people undergoing feminizing hormone therapy even when 
there is not much underlying expectation of a causal relationship. 
Reports include transgender individuals with meningiomas (96, 
97), prolactinomas (98), and other pituitary tumors.

While the human pituitary cells (lactotrophs) are estrogen sen-
sitive, there are no studies associating prolactin rise with treatment 
with estrogen alone in transgender people (51). There are modest 
data supporting an association between development of hyper-
prolactinemia and combination estrogen and cyproterone acetate 
treatment (99). However, prolactin levels return toward baseline 
when cyproterone acetate is discontinued, suggesting that the 
progestin is the operative stimulus for the prolactin rather than 
the estrogen (99). Notably, when estrogen is combined with either 
spironolactone or a GnRH agonist, prolactin levels are maintained 
(100, 101). Although the collected data are quite heterogeneous, 
no studies to date demonstrate prolactinoma development even 
when estrogens are combined with cyproterone acetate.

There are also reports of the occurrence of autoimmune 
conditions with a female predominance in transgender women 
receiving estrogen therapy, such as systemic lupus erythematosus 

https://www.jci.org
https://doi.org/10.1172/JCI142029


The Journal of Clinical Investigation   R E V I E W

6 J Clin Invest. 2021;131(4):e142029  https://doi.org/10.1172/JCI142029

long-distance runners who began gender-affirming interventions 
as adults (109). The investigation reported that, after medical 
treatment, the transgender women’s race placement in the wom-
en’s category was the same as their race placement had been in the 
men’s category prior to treatment.

The degree to which typical male puberty serves as an advan-
tage or a disadvantage for transgender women later in life with 
regard to specific athletic skills remains uninvestigated (108). For 
example, transgender women who go through typically male puber-
ty may have larger bones than cisgender women. Absence of typical 
male levels of testosterone and muscle mass to propel increased 
bone mass could diminish athletic capacity. Further, in sports in 
which athletes are segregated by weight classes, the fact that a trans-
gender woman may have increased bone mass may pose an athletic 
disadvantage due to a lower muscle/bone ratio in comparison with 
women in the same weight class who have smaller bones.

Interest within the athletic community regarding the partici-
pation of transgender men in sports has been limited. Further, the 
impact of androgens on athletic skills of people who have under-
gone typically female puberty before androgen treatment remains 
unstudied. As well, there are no studies on transgender individu-
als who began treatment at puberty to determine whether there 
are components of athletic performance that are independent of 
hormone levels.

Gaps in patient-centered and comparative efficacy studies
There are virtually no data regarding patient-derived study priori-
ties (110, 111). There are small-scale studies on the topic of gender- 
affirming hormone outcomes, including a series that examined 
the degree of breast development and time to cessation of men-
ses. Studies on satisfaction regarding surgery outcome are limit-
ed to series with ill-matched controls or, in some cases, controls 
adopted from historical publications (112–114). There are also 

small-scale studies that evaluate people who have had both hor-
mone treatment and surgical treatment but that fail to investigate 
the individual treatment entities in isolation.

Conclusion
Despite the need to inform care for transgender and gender-non-
binary patients and the potential opportunity for data applicable to 
all people, rigorous medical intervention outcomes studies among 
transgender people remain rare. Cross-sectional studies are com-
promised by heterogeneity in access to care among regions of 
the world. Where data do exist, study subjects are usually young, 
the studies themselves are not well controlled, and demographic 
stratification is lacking. Larger European studies are confounded 
by the fact that the research participants have had mastectomy, 
gonadectomy, and/or genital surgeries. By contrast, surgery is far 
rarer in the United States. In addition, the demographics of US, 
European, and other populations differ substantially.

Although the gaps in transgender medical research are large, 
the body of literature is increasing. Observations include increased 
morbidity and mortality in transgender individuals not receiving 
optimal care, along with modest increases in thromboembolic risk 
associated with feminizing hormone therapy.

Challenges to transgender medical research include an insuf-
ficient patient base at any given center, which hampers the statis-
tical rigor for studying heterogeneous populations. A dedicated 
infrastructure and funding are needed to advance transgender 
health research (Figure 1).
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