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Abstract
Efforts to alleviate the psychological distress of gender dysphoria have included the use of exogenous estrogen (often 
with anti-androgens) to alter secondary sex characteristics of natal males. In response to the rapid increase in present-
ing cases among young people, extensive scrutiny has now been brought to bear on these medical interventions for 
minors, with ESCAP reporting “an urgent need for safeguarding clinical, scientific, and ethical standards.” However, due 
to the lack of systematic outcome data, the associated risk–benefit profile is unknown. Several recent systematic reviews 
have found the evidence of benefit to be of low or very low certainty, while some risks, such as infertility, have been long 
recognized. This paper compiles several emerging and accumulating safety signals in the medical literature. These range 
from increased rates of previously associated adverse outcomes with long-term estrogen use (e.g., acute cardiovascular 
events) to associations of estrogen use with newly identified adverse outcomes. Estrogen also induces changes in the 
brain, raising concerns for negative impacts on mood (e.g., depression) and cognition. These safety signals indicate 
the need for further investigation and a thorough systematic search for others, which may now be more evident due 
to the increased number of young people receiving these treatments. There is an urgent need for the evidence base to 
be improved with more studies, especially those with systematic long-term follow-up and those that can disentangle 
possible confounders, as well as systematic reviews to help interpret their reliability.

1 Introduction

The recent European Society for Child and Adolescent Psychiatry (ESCAP) policy statement regarding care for adolescents 
and children with gender dysphoria calls for “safeguarding clinical, scientific and ethical standards” [1]. In particular, they 
call for adherence to “the core professional and medico-ethical principles” (p. 2012) of non-maleficence, beneficence, 
autonomy, and justice. These principles incorporate ethical, informed consent and require reliable, up-to-date infor-
mation in support of informed comparisons of benefits and harms by the patient, the parents, and the physician. The 
focus of this paper is on harms associated with the use of exogenous estrogen (often with anti-androgens) [2, 3] to treat 
gender dysphoria or being transgender. It does not compare different treatments for gender dysphoria or the behavior 
of gender dysphoria over time.

For gender dysphoria, weighing treatment options in accordance with the four key medico-ethical principles is chal-
lenging. Although the etiology of gender dysphoria and its progression in the absence of medical intervention (includ-
ing its likelihood of resolution) is not well understood [1, 4, 5], gender medical interventions for minors were extended 
to general clinical settings after being introduced as part of “innovative research practices” [6]. Medical best practices 
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(currently evidence-based medicine) are now being brought to bear regarding these interventions. Reasons include the 
recent and not fully understood rapid rise in those presenting with gender dysphoria or trans-identification (primarily 
minors and young adults), the disagreement among professionals, and increasing reports of harm related to transition [4, 
7, 8]. Evidence-based medicine includes guidelines based on systematic reviews of the evidence [4, 9]. Recent systematic 
reviews have found low or very low certainty evidence for many outcomes of hormone use for minors [4, 10–13]; see 
also [14–16]; see also [17], which appeared as this paper was completing review.

For benefit from hormones across all ages, Baker et al. [18] found low-quality evidence regarding effects on depression, 
anxiety, and quality of life and insufficient evidence to draw any conclusion regarding the effect on death by suicide (pos-
sible evidence ratings were high, moderate, low, or insufficient). For estrogen specifically, a Cochrane review [19] found 
no qualifying completed studies. A recent (highly publicized) 4-center study of short-term outcomes of adolescents [20] 
found no psychosocial improvement among natal males (see [21–24] for further discussion). Among adults, Bränström 
and Pachankis [25] found no benefit to hormones (or, once corrected, surgeries [26]) for any of their outcome measures. 
Study limitations include a lack of randomized prospective trial design, small sample sizes, recruitment biases (see, e.g., 
D’Angelo et al. [27]), premature follow-up, high dropout rates, psychometrically inadequate measurement instruments, 
uncontrolled confounding, and/or the lack of appropriate controls.

Regarding risks, the Endocrine Society’s 2017 guidelines state there is a need for “rigorous evaluations of the effec-
tiveness and safety of endocrine and surgical protocols,” and that future “endocrine treatment protocols for GD/gender 
incongruence should include the careful assessment of: [...] the risks and benefits of gender-affirming hormone treatment 
in older transgender people” ([3], p. 3874). Risks for transgender adults are relevant for minors as well, as hormone use is 
expected to be lifelong for those who experience a long-term transgender identity. The most recent World Professional 
Association for Transgender Health (WPATH) recommendations [2] list several previously observed associated harms. 
WPATH commissioned systematic reviews of the evidence to study risks such as those to the cardiovascular system, 
reproductive tissue, the endocrine system, and fertility [28]. While these reviews have been completed, their findings 
have not been released. In addition, as the US FDA has not established that the benefits outweigh the risks, these drugs 
do not have FDA approval for treating gender dysphoria.

However, these previously associated risks associated with estrogen as a treatment for gender dysphoria do not seem 
widely known to clinicians treating this population or to the patients themselves, which undermines ethically neces-
sary informed consent [5]. In fact, leading gender-affirming experts have even asserted that gender-affirming hormone 
therapy (GAHT) “effects are primarily cosmetic” (Turban and Keuroghlian [29], p. 453) and that there are “no clinically 
significant adverse effects with gender-affirming sex hormones” (Rosenthal [30], p. 587). Beyond the previously identified 
harms associated with estrogen use by transgender women, many new safety signals are appearing; these are the focus 
here. They include exacerbation of some previously identified harms associated with long-term use.

Historically, far fewer people identified as transgender [31], and even smaller numbers sought medical intervention [1]. 
Due to the recent surge of patients—including and especially among minors [32, 33]—who identify as transgender and 
are subsequently medicalized, signals from associated adverse reactions have become more detectable. These emerg-
ing safety signals warrant a better understanding of their frequency, severity, and permanence, as well as searches for 
others. This paper aims to motivate such efforts in addition to informing clinicians and researchers of these particular 
associated adverse outcomes.

To identify risks of harm, the starting points used were “clinically significant” effects together with “likely increased risk” 
in WPATH recommendations (Coleman et al. [2], p. S254) (these overlap with the “serious health consequences” noted 
by ESCAP (Drobnič et al. [1], p. 2012]), estrogen risks for older women, and anecdotal reports of medical problems with 
the transgender community including personal interviews with three detransitioned transwomen. Medical risks have 
contributed to the decision to detransition for some [34].1 Below, we discuss studies and reviews regarding these safety 
signals, summarize several observed effects of and associations with estrogen on the male brain, and conclude with a 
discussion. We observe that patients in studies may be receiving anti-androgens simultaneously.

1 Uncontrolled studies are unfortunately common in this field, for example, the studies whose claimed benefits [35, 36] were used as justifi-
cation for medical intervention in the Endocrine Society guidelines [3] were also uncontrolled.
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2  Some previously identified adverse physiological effects associated with estrogen

Infertility and venous thromboembolism (VTE) are the two previously recognized risks described by Coleman et al. [2] 
as both clinically significant and with “likely increased risk” (p. S254). These risks are also highlighted by ESCAP [1]. Some 
risks, such as infertility, are not generally expected in the absence of treatment. There are also previously recognized 
estrogen risks (“box warning”) for older women, including stroke, deep vein thrombosis, and probable dementia [37].

2.1  Fertility risks

Several studies report that some fraction of patients have preserved spermatogenesis (e.g., 24% [38], see also [39, 40]), 
while others have “complete cessation of spermatogenesis with testicular atrophy, hyalinization, and fibrosis” [41], p. 211, 
see also [42]). A recent systematic review also reported atrophic testes having “smaller seminiferous tubules with heavy 
hyalinization and fibrosis… Oestrogen and anti-androgen treatment causes higher proportions of sperm abnormalities 
(i.e., low total sperm count, low sperm concentration, poor sperm motility) or azoospermia; however, some of these 
effects seem to be reversible upon cessation” [40], p. 184. Sperm motility reports were varied, with moderate to severe 
effects noted for at least some patients; one study found significant reductions for those currently taking hormones [41, 
43]. See also [44, 45].

An analysis of patients who had undergone gender-affirming orchiectomy identified atrophic changes, decreased 
spermatogenesis, reduced mean tubule diameter with basement membrane thickening, maturation arrest and asper-
matogenesis, with 65% showing germ cell nucleomegaly with cytological atypia mimicking germ cell neoplasia in situ 
[46] (see also [47, 48] and the studies on the risks of testicular cancer below).

2.2  Cardiovascular risks

Research consistently indicates that transgender women undergoing feminizing hormone therapy face increased cardio-
vascular risks compared to reference populations like non-TGNB men not using hormones [49–52]. The most frequently 
cited concerns are venous thromboembolism (VTE) and stroke.

Multiple studies and reviews have quantified the elevated risk of VTE, although the reported magnitude varies. For 
instance, a meta-analysis involving over 15,000 transgender women found their VTE incidence was 2.2 times higher 
than that of non-TGNB men [50]. One narrative review [51] concluded there was “strong evidence that estrogen therapy 
for trans women increases their risk for venous thromboembolism over fivefold” (p. 243). Extrapolating from studies of 
hormone therapy in postmenopausal women, the review concluded that transdermal estrogen possibly carries a lower 
risk for VTE than orally-administered estrogen. The increased risks of VTE could be a result of the procoagulant effects of 
feminizing GAHT, with transdermal estrogen exhibiting lower procoagulant effects [53]. Another review calculated an 
odds ratio of 2.23 (95% CI 1.93–2.57, p < 0.001) for thrombosis in transgender women compared to non-TGNB men [52]. 
Notably, a large cohort study following 2517 transgender women for an average of about 9 years reported a standard-
ized incidence ratio (SIR) for VTE of 4.55 compared to non-TGNB men [54].

Several studies have also documented an increased risk of stroke. The abovementioned meta-analysis by Van Zijverden 
et al. [50] also reported a 30% higher incidence of stroke among transgender women compared to non-TGNB men. The 
long-term cohort study by Nota et al. [54] found a stroke SIR of 1.80 (95% CI 1.23–2.56).

Emerging evidence suggests that cardiovascular risks escalate significantly with prolonged estrogen use. A large 
US cohort study tracked risks over time [55]. In the first 2 years, VTE incidence was 50% higher, and in the first 6 years, 
ischemic stroke incidence was 30% higher compared to non-TGNB men. However, the risk increased substantially after 
these initial periods: VTE incidence became 5.1 times higher after 2 years, and ischemic stroke incidence rose to nearly 
10 times higher after 6 years [55]. The authors conclude there is a “need for long-term vigilance in identifying vascular 
side effects of cross-sex estrogen” (p. 205); a similar discussion is echoed by [56] with a reference to [57] as well. While the 
Van Zijverden et al. [50] meta-analysis (supplemental material 3 in [50]) considered [54, 55] to be at risk of bias, including 
confounding bias, it nonetheless found the higher stroke and VTE incidences above. Comparisons within the already 
available data of [55] might be able to address some of its confounding concerns, as might other studies. There are also 
shorter term studies, comparisons with other treatment groups and comparisons of other outcomes including [58–60].

A transgender woman on transdermal estradiol gel hormone replacement therapy experienced a sudden loss of 
vision and metamorphopsia due to branch retinal vein occlusion (BRVO) [61]. The authors concluded that as “estrogen 
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increases cardiovascular risk when used in hormone replacement therapy, RVO is a complication that must be taken into 
account…especially in transgender women (male-to-female) who are more at risk.”

2.3  Cognitive impairment

A systematic review of cognitive impairment among young transgender adults [62] found no effect of hormones on a 
total of 162 trans women across 8 studies, with 10 to 31 people in each sample exposed to treatment (time on hormones 
unspecified). However, a study with a larger sample size (73) with long-term follow-up (average 25.8 years) found that 
transgender women (56–84 years) who had been on GAH had lower scores than both non-TGNB men and women 
(matched in education and age) in information-processing speed and episodic memory [63]. There is a known doubling 
of relative risk for probable dementia after an average follow-up of 4 years for older women, listed as a serious risk in 
the FDA insert for estrogen [64]; risks for younger women were not studied. A study that did not report hormone usage 
found that 14% of transgender and nearly 17% of non-binary adults over 45 in the 2016–2018 Behavioral Risk Factor 
Surveillance System (BRFSS) survey reported subjective cognitive decline (or SCD) as compared with 10% for those not 
of a gender minority [65].

3  Emerging safety signals: other associated adverse physiological effects

3.1  Overall health risks and early mortality

In a retrospective Dutch population cohort study of patients who visited the Amsterdam gender identity clinic (treat-
ing 90% of the Dutch transgender population) over five decades, the all-cause mortality risk of transgender women on 
hormones was much higher than the general population [66]. The overall survival odds of transgender women started to 
deviate from general population men or women within a few years of starting GAH therapy, and the difference increased 
monotonically over time. The overall mortality risk of transgender women, as measured via the standardized mortality 
ratio (SMR), was higher compared to men in the general population (SMR 1.8, 95% CI 1.6–2.0) and even higher compared 
to women. The major causes of death included cardiovascular disease (21%), cancer (32%), infection-related disease (5%), 
and suicide (7.5%). Note that a recent Finnish record study found that suicide rates of young people were correlated with 
psychiatric morbidity (as measured by specialist psychiatrist visits) rather than gender dysphoria diagnosis or associated 
medical interventions [67].

An earlier study of 966 transgender women (who appear to be a subset of the patients in [66]) found a mortality rate 
51% higher than in the general population [68]. Lung and hematological cancer mortality rates, but not total cancer 
mortality rates, were elevated. Current but not past estradiol use was associated with a threefold increased risk of death 
from cardiovascular events.

It is harder to interpret findings of studies that do not specify which transgender patients use hormones, such as the 
earlier mortality observed for transwomen in 2011–2019 American private insurance data (starting around age 30 [69]) 
and in a UK longitudinal study [70], and higher incidence of chronic conditions and higher observed rates of “potentially 
disabling mental health and neurological/chronic pain conditions, as well as obesity and other liver conditions (non-
hepatitis)” than non-TGNB US Medicare beneficiaries [71].

3.2  Autoimmune disease

Possible increased autoimmune disease risk for transwomen taking estrogen has been discussed [72]. Salgado et al. 
[73] reviewed several case studies of transwomen with immune-mediated rheumatic diseases: rheumatoid arthritis (1), 
ankylosing spondylitis (1), systemic lupus erythematosus (SLE, 4), skin lupus erythematosus (1), and systemic sclerosis 
(4). A transwoman with previously limited and contained skin-related systemic sclerosis (SSc) suddenly had her condi-
tion develop into scleroderma renal crisis, a life-threatening complication with the abrupt onset of severe hypertension 
accompanied by rapidly progressive renal failure, with the authors concluding “estrogen supplementation could play a 
pathogenic role in SSc and its diverse complications” (Arneson and Varga [74], p. S355).

A retrospective cohort study of (English) Hospital Episode Statistics from 1999 through 2012 matched to population 
controls found males with gender identity disorders (hormone usage unspecified) had an adjusted rate ratio of multiple 
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sclerosis (MS) of 6.63 (95% CI 1.81–17.01, p = 0.0002) and “a potential role for low testosterone and/or feminizing hor-
mones on MS risk” (Pakpoor et al. [75], p. 1759).

3.3  Diabetes

A systematic review [76] found that estradiol, with or without anti-androgen, decreases lean mass, increases fat mass, 
and may worsen insulin resistance. HOMA-IR values, a measure of insulin resistance that presages diabetes, increased 
by 72% in the first year of treatment and 9% more in the second year, relative to baseline, for 79 healthy (at baseline) 
subjects followed for 2 years [77]. A recent narrative review found that feminizing hormone therapy is associated with 
higher fat mass and insulin resistance [49]. A recent systematic review [78] of 11 studies, including [76], found increased 
insulin resistance in transgender women on GAH compared to controls. They also mention the possibility of increased 
risk over longer durations.

3.4  Pancreatitis

A case report [79] noted that estrogen therapy in transgender women could be an under-recognized cause of elevated 
triglyceride levels, possibly putting this group at a higher risk for severe pancreatitis. Another case study of gallstone 
pancreatitis concluded that estrogen therapy among transgender women is a “likely risk factor for the development of 
gallstone pancreatitis” (Freier et al. [80], p. 1674).

3.5  Thyroid cancer

Experimental studies indicate a possible role of estrogen in the pathogenesis of thyroid cancer (see, for example, Derwahl 
and Nicula [81]). Thyroid cancer prevalence in US military veteran transgender women records was 0.34% (34/9988 TW) 
compared to 0.19% of non-TGNB men and 0.64% of non-TGNB women [82]. 11 of the 34 patients had been taking estro-
gen for an average of 3.4 years before their diagnosis, with a higher incidence of Hürthle cell cancer (which has lower 
survival rates than papillary thyroid cancer) than in the general population.

3.6  Testicular cancer

Several studies have reported outcomes of histopathological analysis after orchiectomies of transgender women. One 
case series found 5 germ cell neoplasms in 4 patients, out of 458 procedures, over 5.5 years [83]. An earlier summary of 
cases found 6 cases of malignant lesions out of 2555 patients, over 5 years [84], and a third study found 1 case of testicular 
cancer out of 722 [85]. In [83], the authors used the 5.5 years during which the orchiectomies occurred to calculate an 
annual incidence 26.5 times higher than those estimated for the general population by the National Cancer Institute. 
They hypothesized that this large increase in incidence might result from “long-term pretreatment with hormones or 
blockers” (they do not provide the amount of time each patient was on hormones).

3.7  Breast cancer

A recent systematic review and meta-analysis of the incidence of breast cancer among transgender women calculated a 
standardized incidence ratio (SIR) of 22.5 (95% CI 5.54–91.8) in comparison to non-TGNB men [86]. Excluding one study 
contributing to significant heterogeneity, the SIR compared to non-TGNB men increased to 40.7 (95% CI 26.2–63.1). (The 
Male Breast Cancer Pooling Project found a significant association of circulating estradiol levels among men with the 
incidence of breast cancer, with men in the highest quartile having an odds ratio of 2.47 (95% CI 1.10–5.58) compared 
to those in the lowest quartile [87].)

3.8  Adverse drug reaction reports

Adverse drug reactions (ADRs) in the US FDA Adverse Event Reporting System (FAERS) database for transgender women 
included “neoplasms (benign, malignant, and unspecified, including cysts and polyps)” [88]. In the French pharmacovigi-
lance database, the principal adverse drug reaction for GAH therapy for transwomen was meningiomas, followed by 
cardiovascular events, with a median time to onset of 5.3 months [89].
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The above studies are summarized in Table 1.

4  Some physiological effects of estrogen on the male brain

Estrogen also affects the male brain. Several small studies (8–14 patients) found estrogen use for 4 to at least 6 months was 
associated with an increase in ventricular volume and a decrease in brain volume [90–92]; other changes are described in 
Table 3. Similarly, in an experiment in male rats [93], pharmacologic doses of estradiol with or without cyproterone acetate 
(an anti-androgen) significantly reduced brain cortical volumes (in both hemispheres), increased fractional anisotropy, 
and increased glutamate concentration in the hippocampus, compared to controls; other increases were seen for estradiol 
alone (see Table 3). In the presence of the exogenous estrogen, water content was depleted within the astrocytes and 
the oligodendrocytes. This was associated with loss of cortical volume, reduction in the expected age-related decline in 
fractional anisotropy by MRI scanning, and the observed increased concentration of (glutamine for estradiol alone and) 
glutamate in the brain. These researchers had earlier observed similar changes from testosterone given to female rats 
[94]. The preservation of fractional anisotropy in the brains of the male rats treated with estrogen and cyproterone was 
unexpected given the findings in female rats after androgen enhancement. The clinical implications of these findings 
in humans are uncertain, other than providing some mechanistic support for the changes observed by MRI in brain 
structure volumes in both male and female humans given cross-sex hormones.

An association of estrogen and antiandrogens (19 patients, for 12 months) with reduced serum BDNF (Brain-Derived 
Neurotrophic Factor), thought to be associated with psychosocial “stress,” was found [95]; this reduction would be 
reflected in lower levels of brain-tissue BDNF [96]. In [97], lower BDNF levels were found to be associated with an increased 
risk of developing major depressive disorder.

In addition, an association between major depression and reduced hippocampal (and frontal lobe and gray and white 
matter) volume has been seen in structural MRI scans of 34 inpatients with previous or current episodes of major depres-
sion relative to the same number of healthy controls. Smaller hippocampal white matter volumes were seen only among 
the patients, and lower hippocampal volumes were also correlated with poorer performance in cognition tests [98].

Increased symptoms of depression were associated with increased serum levels of estradiol for the 2244 men under—
but not the 1681 men over—the age of 60 in the LIFE Adult Study [99] and with elevated depression and anxiety scores 
in 260 boys aged 11–17 [100].

Based on the summarized studies, a potential causal mechanism linking estrogen administration to observed brain 
changes in males involves estrogen-induced alterations in brain water content, specifically a depletion within astrocytes 
and oligodendrocytes. This cellular dehydration is associated with a loss of cortical volume and increased glutamate 
concentration in the hippocampus. Furthermore, the findings suggest that estrogen, particularly when combined with 
antiandrogens, may reduce serum BDNF levels, a neurotrophic factor linked to neuroplasticity and mood regulation. 
Lower BDNF has been associated with an increased risk of major depressive disorder and reduced hippocampal volume, 
changes also observed in individuals with depression. These interconnected findings—estrogen’s impact on brain vol-
ume, neurotransmitter levels, and BDNF—offer a plausible biological pathway through which estrogen administration 
could contribute to structural brain changes and potentially influence the psychosocial outlook in males. Further studies 
to elucidate these mechanisms and their clinical implications are called for.

Gray matter damage is associated with memory loss, cognitive impairment, and motor movement issues [101], and 
an increase in ventricle size is associated with degenerative brain disease and gait [102], but causality is not understood.

Table 2 summarizes the above studies, while Table 3 summarizes the brain changes and the medical conditions associ-
ated with each particular brain change.

5  Discussion

This paper includes many reviews and observational studies of safety signals ranging from cohort control studies to case 
studies. Even though the latter are often criticized as weak evidence for treatment benefits, they are valuable for identi-
fying possible harms, especially rare or severe adverse effects that may not be detected or reported in limited-duration 
clinical trials. Important safety signals sometimes only become apparent through case series, individual case reports, or 
post-marketing surveillance, rather than randomized controlled trials that focus more on detection of benefits rather 
than (perhaps) somewhat rarer harms (which might only become apparent only over the longer term). Even if causality 
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cannot (perhaps yet) be firmly established, adverse effects must be reported to communicate potential risks to clinicians 
and patients, as part of a full account of patient experiences, and, as we elaborate below, to motivate future investigation. 
In addition, medical decision-making tends to prioritize avoiding harm over achieving benefit, particularly when harms 
are severe and benefits are modest. This risk aversion means that even weak evidence of harm, such as from case reports, 
is taken seriously in clinical practice. Cataloguing potential harms is thus a critical part of evaluating treatments, and as 
noted above, for gender-affirming hormone therapy for natal males these harms are occurring alongside an inability to 

Table 2  Brain studies

Authors Procedure

Pol et al. [90]
Case–control study

8 MTF + age-matched controls, MTF measured before hormones, after 4 months, and before 
surgery

Seiger et al. [91]
Prospective longitudinal observational study

14 MTF + controls:
MRI assessments before starting and after at least 4 months of estradiol and antiandrogens, 

two MRI assessments each for 14 female and 12 male untreated controls
Zubiaurre-Elorza et al. [92]
Prospective longitudinal observational study

14 MTF, no controls, before and after at least 6 months of estrogen and anti-androgens

Gómez et al. [93]
Experimental animal study

Thirty adult male rats, randomized to either 1. receive pharmacological doses of estradiol 
 (E2)

2. receive estradiol and cyproterone acetate  (E2 + CA, a common anti-androgen in feminiza-
tion therapy for transgender women)

3. be controls
Structural MRI and Diffusion Tensor Imaging on Days 1, 15, and 30

Fuss et al. [95]
Prospective longitudinal observational study

19 MTF, no controls, after 12 months

Table 3  Observed brain changes with exogenous estrogen plus anti-androgen, along with medical conditions that have been associated 
with each particular brain change

Effect Study/studies

Shrink different parts of the brain Rats: decreased brain cortical volumes, both hemispheres 
[93]

8 MTF + controls, hypothalamus decrease [90]
14 MTF + controls, statistically significant decrease in right 

hippocampal volume relative to controls, reflected in 
ventricular structure increase; changes of gray matter cor-
related with progesterone decrease [91]

14 MTF, no control, decrease in brain cortical thickness and 
subcortical volumetric measures [92]

Increase glutamate concentration in the hippocampus Rats,  E2 + CA group [93]
Also an increased concentration of glutamate and glutamine 

in the hippocampus, the hypothalamus, the parietal cortex, 
and the frontal lobe in the  E2 group [93]

Reduce water content in astrocytes and oligodendrocytes Rats [93]
Reduce gray matter 14 MTF + controls, correlated with progesterone decrease [91]
Increase in relative fractional anisotropy relative to controls Rats [93]
Increase ventricle volume 8 MTF + controls [90]

14 MTF + controls [91]
14 MTF, no controls [92]

Lowered BDNF 19 MTF, no controls [95]
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identify those likely to benefit from these interventions [20].2 This focus on harms should be seen as a necessary com-
ponent of patient safety and informed clinical decision-making.

In addition to alerting clinicians and patients to open questions and possible concerns, the aforementioned 
safety signals, many of which highlight life-altering and potentially life-threatening adverse outcomes, necessitate 
rigorous further investigation. For instance, current clinical understanding, reflected in guidelines such as those 
from WPATH [2], recognizes that long-term, supraphysiologic estrogen use in transgender women carries clinically 
significant risks. However, the precise nature, frequency, and contributing factors for these acknowledged harms are 
not yet well-defined. As discussed here, significant concern exists that such long-term, supraphysiologic exposure 
to estrogen may exacerbate previously identified associated harms, potentially increasing the severity or frequency 
of outcomes like acute cardiovascular events and cognitive decline. The lack of systematic, long-term data extends 
even to anticipated physiological changes; for instance, while lifelong sterility is generally expected after a few years, 
to our knowledge, comprehensive longitudinal outcomes have not been reported. Compounding the uncertainty 
surrounding the well-acknowledged risks, the emerging evidence reviewed in this paper points towards additional, 
less-understood and less-investigated potential risks. Consequently, both patients and healthcare providers are 
deprived of clinically crucial information necessary for effective risk assessment and management.

Given the wide range and severity of safety signals discussed here, valuable next steps could include a compre-
hensive systematic literature review of reported adverse outcomes for feminizing estrogen in males and prioritization 
of tracking and reporting of adverse outcomes in studies and systematic reviews. Systematic reviews often fail to 
explore harm [103–105] (and some findings regarding various harms [28] are currently unpublished). As mentioned 
above, there is also a dearth of studies that track patients over long periods to ascertain long-term risks, and most 
individual studies suffer from uncontrolled confounding, which makes it difficult to isolate the effects of hormone 
therapy [18]. The outcomes described here may aid in designing future study outcome and inclusion specifications, 
such as follow-up time, and/or use of other medications (e.g., anti-androgens), comorbidities, or other confounders. 
Further exploration of the data in hand may be valuable. For example, as with [55] above, the data sets of [66, 69] 
may also have finer-grained information, as well as countries with extensive centralized medical records, such as 
Sweden. There are also proposals for research to support better estimates of cardiovascular disease risk in the TGNB 
population [50]. Better-designed and more informative studies, supplemented by systematic reviews to assess their 
reliability, will lead to more accurate information about medical risks supporting ethical, informed consent and, more 
broadly, the clinical, scientific, and ethical standards outlined by ESCAP [1].

6  Directions for future work

The term GAHT encompasses medical interventions for both natal males and natal females. However, the physiologic 
and mental effects of and adverse reactions to these hormonal interventions can vary widely depending on sex, age, 
prior affirming medical interventions, recommended supraphysiologic dosing, duration of intervention, interactions 
with concurrent treatments, and potentially additional unknown criteria. As the discussion on the emerging safety 
signals for the treatment of natal males demonstrates, the range of signals alone is vast, potentially running against 
the length limitations of a single journal submission. The emerging safety signals for hormonal treatment of natal 
females for gender dysphoria deserve a separate discussion of their own in a future submission.

The poorly understood but significant rise in GD diagnoses among young people in recent decades necessitates 
prioritizing adequate long-term follow-up studies. For instance, England experienced a more than 50-fold increase 
in GD diagnoses among children and adolescents between 2011 and 2021 [33], yet there continues to be very little 
long-term follow-up data. At the same time, “[y]oung people’s sense of identity is not always fixed and may evolve 
over time” ([4], p. 21), and their perceptions of gender and gender dysphoria are also subject to change [106]. Not 
surprisingly, a subset of these patients discontinue treatment due to a multitude of reasons, and there has been 
a rise in the cessation of gender-affirming therapies among young individuals [4, 107, 108]. This significant rise in 

2 Notably, that same study recorded two suicides among participants receiving hormone therapy within the first 12 months, underscoring 
the gravity of potential adverse outcomes.
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medical transition and subsequent detransition (sometimes called “retransition”) also demands long-term follow-up 
studies [109]. There is a dearth of research addressing detransition, including but not limited to rates of detransition 
[110, 111] and medical and psychological short- and long-term sequelae of detransitioning for both sexes. Given 
the increasing reports of harm and regret, and the lack of research demonstrating the safety and efficacy of current 
treatment options for this vulnerable population, it is imperative that future research endeavors prioritize the iden-
tification of safe and effective interventions. Furthermore, it is essential to enhance our understanding of and ability 
to communicate potential risks, including life-altering and permanent adverse effects, to patients and families. This 
will enable informed decision-making and minimize harm.

Acknowledgements We would like to thank the peer reviewers, editor, and many practicing clinicians and researchers for their critiques and 
suggestions.

Author contributions M.L. contributed to the conception, design, acquisition, and initial manuscript draft. J.C. contributed to the design of 
the work. All authors (L.S., M.L., J.C., C.M., and L.M.) contributed equally to the analysis and interpretation of data and critically revised the 
manuscript for important intellectual content. All authors (L.S., M.L., J.C., C.M., and L.M.) read and approved the final manuscript.

Funding No funding.

Data availability No datasets were generated or analysed during the current study.

Declarations 

Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which 
permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You 
do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by- nc- nd/4. 0/.

References

 1. Drobnič Radobuljac M, Grošelj U, Kaltiala R, Drobnič Radobuljac M, Vermeiren R, the ESCAP Policy Division, et al. ESCAP statement 
on the care for children and adolescents with gender dysphoria: an urgent need for safeguarding clinical, scientific, and ethical 
standards. Eur Child Adolesc Psychiatry. 2024;33(6):2011–6.

 2. Coleman E, Radix AE, Bouman WP, Brown GR, de Vries ALC, Deutsch MB, et al. Standards of care for the health of transgender and 
gender diverse people, version 8. Int J Transgend Health. 2022;23(Suppl 1):S1-259.

 3. Hembree WC, Cohen-Kettenis PT, Gooren L, Hannema SE, Meyer WJ, Murad MH, et al. Endocrine treatment of gender-dysphoric/
gender-incongruent persons: an endocrine society clinical practice guideline. J Clin Endocrinol Metab. 2017;102(11):3869–903.

 4. Cass H. Independent review of gender identity services for children and young people; 2024. https:// webar chive. natio nalar chives. 
gov. uk/ ukgwa/ 20250 31014 3933/ https:// cass. indep endent- review. uk/ home/ publi catio ns/ final- report/.

 5. Levine SB, Abbruzzese E, Mason JW. Reconsidering informed consent for trans-identified children, adolescents, and young adults. 
J Sex Marital Ther. 2022;48(7):706–27.

 6. Abbruzzese E, Levine SB, Mason JW. The Myth of “Reliable Research” in pediatric gender medicine: a critical evaluation of the Dutch 
studies—and research that has followed. J Sex Marital Ther. 2023;49(6):673–99.

 7. Kozlowska K, Ambler GR, Dechêne S, Almaraz MCA, Eliacheff C, Entwistle K, et al. Evolving national guidelines for the treatment of 
children and adolescents with gender dysphoria: international perspectives. Human Syst. 2024;5:89–152.

 8. Socialstyrelsen. Care of children and adolescents with gender dysphoria: summary; 2022. https:// www. socia lstyr elsen. se/ globa lasse 
ts/ share point- dokum ent/ artik elkat alog/ kunsk apsst od/ 2023-1- 8330. pdf

 9. Block J. Gender dysphoria in young people is rising—and so is professional disagreement. BMJ. 2023;380: p382.
 10. Brignardello-Petersen R, Wiercioch W. Effects of gender affirming therapies in people with gender dysphoria: evaluation of the best 

available evidence. 2022. https:// ahca. myflo rida. com/ letki dsbek ids/ docs/ AHCA_ GAPMS_ June_ 2022_ Attac hment_C. pdf

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://webarchive.nationalarchives.gov.uk/ukgwa/20250310143933/https://cass.independent-review.uk/home/publications/final-report/
https://webarchive.nationalarchives.gov.uk/ukgwa/20250310143933/https://cass.independent-review.uk/home/publications/final-report/
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/kunskapsstod/2023-1-8330.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/kunskapsstod/2023-1-8330.pdf
https://ahca.myflorida.com/letkidsbekids/docs/AHCA_GAPMS_June_2022_Attachment_C.pdf


Vol:.(1234567890)

Review  
Discover Mental Health            (2025) 5:88  | https://doi.org/10.1007/s44192-025-00216-3

 11. Ludvigsson JF, Adolfsson J, Höistad M, Rydelius PA, Kriström B, Landén M. A systematic review of hormone treatment for children 
with gender dysphoria and recommendations for research. Acta Paediatr. 2023;112:2279–91.

 12. National Institute for Health and Care Excellence. Evidence review: gender-affirming hormones for children and adolescents with 
gender dysphoria. NICE; 2020. https:// webar chive. natio nalar chives. gov. uk/ ukgwa/ 20250 31014 4323m p_/ https:// cass. indep endent- 
review. uk/ wp- conte nt/ uploa ds/ 2022/ 09/ 20220 726_ Evide nce- review_ Gender- affir ming- hormo nes_ For- upload_ Final. pdf

 13. Zepf FD, König L, Kaiser A, Ligges C, Ligges M, Roessner V, et al. Beyond NICE: Aktualisierte systematische Übersicht zur Evidenzlage 
der Pubertätsblockade und Hormongabe bei Minderjährigen mit Geschlechtsdysphorie. Z Kinder Jugendpsychiatr Psychother. 
2024. https:// doi. org/ 10. 1024/ 1422- 4917/ a0009 72.

 14. McDeavitt K. Paediatric gender medicine: longitudinal studies have not consistently shown improvement in depression or suicidal-
ity. Acta Paediatr. 2024;113:1757–71.

 15. Taylor J, Mitchell A, Hall R, Langton T, Fraser L, Hewitt CE. Masculinising and feminising hormone interventions for adolescents 
experiencing gender dysphoria or incongruence: a systematic review. Arch Dis Childhood. 2024;109:s48–56.

 16. Miroshnychenko A, Ibrahim S, Roldan Y, Kulatunga-Moruzi C, Montante S, Couban R, et al. Gender affirming hormone therapy for 
individuals with gender dysphoria aged <26 years: a systematic review and meta-analysis. Arch Dis Child. 2025;110:437–45.

 17. Treatment for Pediatric Gender Dysphoria. US Department of Health and Human Services; 2025. Available from: https:// opa. hhs. 
gov/ sites/ defau lt/ files/ 2025- 05/ gender- dysph oria- report. pdf

 18. Baker KE, Wilson LM, Sharma R, Dukhanin V, McArthur K, Robinson KA. Hormone therapy, mental health, and quality of life among 
transgender people: a systematic review. J Endocr Soc. 2021;5(4):1–16.

 19. Haupt C, Henke M, Kutschmar A, Hauser B, Baldinger S, Saenz SR, et al. Antiandrogen or estradiol treatment or both during hormone 
therapy in transitioning transgender women. Cochrane Database Syst Rev. 2020. https:// doi. org/ 10. 1002/ 14651 858. CD013 138. pub2.

 20. Chen D, Berona J, Chan YM, Ehrensaft D, Garofalo R, Hidalgo MA, et al. Psychosocial functioning in transgender youth after 2 years 
of hormones. N Engl J Med. 2023;388(3):240–50.

 21. Biggs M. Psychosocial functioning in transgender youth after hormones [Letters to the editor]. N Engl J Med. 2023;389(16):1536–8.
 22. Hare DL. Psychosocial functioning in transgender youth after hormones [Letters to the editor]. N Engl J Med. 2023;389(16):1536–8.
 23. Jorgensen SCJ. Psychosocial functioning in transgender youth after hormones [Letters to the editor]. N Engl J Med. 

2023;389(16):1536–8.
 24. Thompson PA, Barker AR. Psychosocial functioning in transgender youth after hormones [Letters to the editor]. N Engl J Med. 

2023;389(16):1536–8.
 25. Bränström R, Pachankis JE. Reduction in mental health treatment utilization among transgender individuals after gender-affirming 

surgeries: a total population study. AJP. 2020;177(8):727–34.
 26. Bränström R, Pachankis JE. Correction to Bränström and Pachankis. AJP. 2020;177(8):734–734.
 27. D’Angelo R, Syrulnik E, Ayad S, Marchiano L, Kenny DT, Clarke P. One size does not fit all: In support of psychotherapy for gender dysphoria. 

Arch Sex Behav. 2021;50(1):7–16.
 28. Sharma R, Robinson K, Wilson LM, Baker KE. Effects of hormone therapy in transgender people (PROSPERO 2018); 2018. https:// www. 

crd. york. ac. uk/ PROSP ERO/ view/ CRD42 01811 5379
 29. Turban JL, Keuroghlian AS. Dynamic gender presentations: understanding transition and “De-Transition” among transgender youth. J 

Am Acad Child Adolesc Psychiatry. 2018;57(7):451–3.
 30. Rosenthal SM. Challenges in the care of transgender and gender-diverse youth: an endocrinologist’s view. Nat Rev Endocrinol. 

2021;17(10):581–91.
 31. Zucker KJ. Epidemiology of gender dysphoria and transgender identity. Sex Health. 2017;14(5):404–11.
 32. Respaut R, Terhune C. Putting numbers on the rise in children seeking gender care; 2022. https:// www. reute rs. com/ inves tigat es/ speci 

al- report/ usa- trans youth- data/
 33. Jarvis SW, Fraser LK, Langton T, Hewitt CE, Doran T. Epidemiology of gender dysphoria and gender incongruence in children and young 

people attending primary care practices in England: retrospective cohort study. Arch Dis Child. 2025. https:// doi. org/ 10. 1136/ archd ischi 
ld- 2024- 327992.

 34. Littman L. Individuals treated for gender dysphoria with medical and/or surgical transition who subsequently detransitioned: a survey 
of 100 detransitioners. Arch Sex Behav. 2021;50(8):3353–69.

 35. de Vries ALC, McGuire JK, Steensma TD, Wagenaar ECF, Doreleijers TAH, Cohen-Kettenis PT. Young adult psychological outcome after 
puberty suppression and gender reassignment. Pediatrics. 2014;134(4):696–704.

 36. de Vries ALC, Steensma TD, Doreleijers TAH, Cohen-Kettenis PT. Puberty suppression in adolescents with gender identity disorder: a 
prospective follow-up study. J Sex Med. 2011;8(8):2276–83.

 37. National Academies of Sciences E, Division H and M, Policy B on HS, Therapy C on the CU of TP with CBHR, Jackson LM, Parker RM, et al. 
Boxed warnings on U.S. Food and Drug Administration–approved estrogen and testosterone products. In: The clinical utility of com-
pounded bioidentical hormone therapy: a review of safety, effectiveness, and use. National Academies Press (US); 2020. https:// www. 
ncbi. nlm. nih. gov/ books/ NBK56 2883/. Accessed 25 Feb 2025.

 38. Schneider F, Neuhaus N, Wistuba J, Zitzmann M, Heß J, Mahler D, et al. Testicular functions and clinical characterization of patients with 
gender dysphoria (GD) undergoing sex reassignment surgery (SRS). J Sex Med. 2015;12(11):2190–200.

 39. Schneider F, Kliesch S, Schlatt S, Neuhaus N. Andrology of male-to-female transsexuals: influence of cross-sex hormone therapy on 
testicular function. Andrology. 2017;5(5):873–80.

 40. De Roo C, Schneider F, Stolk THR, Van Vugt WLJ, Stoop D, Van Mello NM. Fertility in transgender and gender diverse people: systematic 
review of the effects of gender-affirming hormones on reproductive organs and fertility. Human Reprod Update. 2025;31:183–217.

 41. Cheng PJ, Pastuszak AW, Myers JB, Goodwin IA, Hotaling JM. Fertility concerns of the transgender patient. Transl Androl Urol. 
2019;8(3):209–18.

 42. Vereecke G, Defreyne J, Van Saen D, Collet S, Van Dorpe J, T’Sjoen G, et al. Characterisation of testicular function and spermatogenesis 
in transgender women. Hum Reprod. 2021;36(1):5–15.

https://webarchive.nationalarchives.gov.uk/ukgwa/20250310144323mp_/https://cass.independent-review.uk/wp-content/uploads/2022/09/20220726_Evidence-review_Gender-affirming-hormones_For-upload_Final.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20250310144323mp_/https://cass.independent-review.uk/wp-content/uploads/2022/09/20220726_Evidence-review_Gender-affirming-hormones_For-upload_Final.pdf
https://doi.org/10.1024/1422-4917/a000972
https://opa.hhs.gov/sites/default/files/2025-05/gender-dysphoria-report.pdf
https://opa.hhs.gov/sites/default/files/2025-05/gender-dysphoria-report.pdf
https://doi.org/10.1002/14651858.CD013138.pub2
https://www.crd.york.ac.uk/PROSPERO/view/CRD42018115379
https://www.crd.york.ac.uk/PROSPERO/view/CRD42018115379
https://www.reuters.com/investigates/special-report/usa-transyouth-data/
https://www.reuters.com/investigates/special-report/usa-transyouth-data/
https://doi.org/10.1136/archdischild-2024-327992
https://doi.org/10.1136/archdischild-2024-327992
https://www.ncbi.nlm.nih.gov/books/NBK562883/
https://www.ncbi.nlm.nih.gov/books/NBK562883/


Vol.:(0123456789)

Discover Mental Health            (2025) 5:88  | https://doi.org/10.1007/s44192-025-00216-3 
 Review

 43. Adeleye AJ, Reid G, Kao CN, Mok-Lin E, Smith JF. Semen parameters among transgender women with a history of hormonal treatment. 
Urology. 2019;124:136–41.

 44. Ainsworth AJ, Allyse M, Khan Z. Fertility preservation for transgender individuals. Mayo Clin Proc. 2020;95(4):784–92.
 45. Stolk THR, Asseler JD, Huirne JAF, van den Boogaard E, van Mello NM. Desire for children and fertility preservation in transgender and 

gender-diverse people: a systematic review. Best Pract Res Clin Obstet Gynaecol. 2023;87: 102312.
 46. Riva-Morales IDL, Gama A, Zhou R, Choy B, Isaila B, Nezami BG, et al. Clinicopathologic analysis and digital pathology evaluation of 

orchiectomy specimens in gender-affirmation surgery. Pathol Res Pract. 2025;269: 155914.
 47. Matoso A, Khandakar B, Yuan S, Wu T, Wang LJ, Lombardo KA, et al. Spectrum of findings in orchiectomy specimens of persons undergo-

ing gender confirmation surgery. Hum Pathol. 2018;76:91–9.
 48. Marins LR, Rosito TE, Kliemann LM, Capp E, Corleta HVE. Gender affirming hormone therapy and transgender women fertility: histologic 

predictors of germ cell presence. Revista Brasileira de Ginecologia e Obstetrícia/RBGO Gynecology and Obstetrics. 2024. https:// doi. org/ 
10. 61622/ rbgo/ 2024r bgo33.

 49. Glintborg D, Christensen LL, Andersen MS. Transgender healthcare: metabolic outcomes and cardiovascular risk. Diabetologia. 
2024;67(11):2393–403.

 50. Van Zijverden LM, Wiepjes CM, Van Diemen JJK, Thijs A, Den Heijer M. Cardiovascular disease in transgender people: a systematic review 
and meta-analysis. Eur J Endocrinol. 2024;190(2):S13-24.

 51. Irwig MS. Cardiovascular health in transgender people. Rev Endocr Metab Disord. 2018;19(3):243–51.
 52. Franco-Moreno A, Ryan P, Muñoz-Rivas N, Valencia J, Torres-Macho J, Bacete-Cebrián S. Riesgo de tromboembolia venosa en población 

transgénero en terapia hormonal: una revisión sistemática y metaanálisis. Med Clin. 2025;164(12): 106921.
 53. Bøgehave M, Glintborg D, Christensen LL, T’Sjoen G, Vervalcke J, Wiepjes CM, et al. The thrombin generation potential increases after 

feminizing gender affirming hormone treatment and decreases after masculinizing gender affirming hormone treatment and is deter-
mined by hormone treatment regimen. J Thromb Haemost. 2025. https:// doi. org/ 10. 1016/j. jtha. 2025. 03. 006.

 54. Nota NM, Wiepjes CM, de Blok CJM, Gooren LJG, Kreukels BPC, den Heijer M. Occurrence of acute cardiovascular events in transgender 
individuals receiving hormone therapy. Circulation. 2019;139(11):1461–2.

 55. Getahun D, Nash R, Flanders WD, Baird TC, Becerra-Culqui TA, Cromwell L, et al. Cross-sex hormones and acute cardiovascular events in 
transgender persons. Ann Intern Med. 2018;169(4):205–13.

 56. Goodman M. Understanding cardiovascular disease among transgender people: the journey continues. Eur J Prev Cardiol. 
2022;29(15):2015–6.

 57. Karalexi MA, Frisell T, Cnattingius S, Holmberg D, Holmberg M, Kollia N, et al. Cardiovascular outcomes in transgender individuals in 
Sweden after initiation of gender-affirming hormone therapy. Eur J Prev Cardiol. 2022;29:2017–26.

 58. Van Kesteren PJM, Asscheman H, Megens JAJ, Gooren LJG. Mortality and morbidity in transsexual subjects treated with cross-sex hor-
mones. Clin Endocrinol. 1997;47(3):337–43.

 59. Kotamarti VS, Greige N, Heiman AJ, Patel A, Ricci JA. Risk for venous thromboembolism in transgender patients undergoing cross-sex 
hormone treatment: a systematic review. J Sex Med. 2021;18(7):1280–91.

 60. Glintborg D, Rubin KH, Petersen TG, Lidegaard Ø, T’Sjoen G, Hilden M, et al. Cardiovascular risk in Danish transgender persons: a matched 
historical cohort study. Eur J Endocrinol. 2022;187(3):463–77.

 61. Andzembe V, Miere A, Zambrowski O, Glacet-Bernard A, Souied EH. Branch retinal vein occlusion secondary to hormone replacement 
therapy in a transgender woman. Journal Français d’Ophtalmologie. 2023;46(2):148–51.

 62. Karalexi MA, Georgakis MK, Dimitriou NG, Vichos T, Katsimpris A, Petridou ETh, et al. Gender-affirming hormone treatment and cognitive 
function in transgender young adults: a systematic review and meta-analysis. Psychoneuroendocrinology. 2020;119: 104721.

 63. van Heesewijk J, Dreijerink K, Wiepjes C, Kok A, Geurtsen G, van Schoor N, et al. Cognitive functioning after long-term gender-affirming 
hormone therapy—a study in older transgender individuals. In: EPATH 2023 Conference. Killarney, Ireland; 2023. p. 233–4. https:// epath 
2023. exordo. com/ progr amme/ prese ntati on/ 98. Accessed 4 Jun 2023.

 64. Shumaker SA, Legault C, Rapp SR, Thal L, Wallace RB, Ockene JK, et al. Estrogen plus progestin and the incidence of dementia and mild 
cognitive impairment in postmenopausal women the women’s health initiative memory study: a randomized controlled trial. JAMA. 
2003;289(20):2651–62.

 65. Lambrou NH, Gleason CE, Cicero E, Flatt JD. Prevalence of subjective cognitive decline higher among transgender and gender nonbi-
nary adults in the U.S., 2016‐2018: Epidemiology / Prevalence, incidence, and outcomes of MCI and dementia. Alzheimer’s Dement. 
2020;16(S10):e044298.

 66. de Blok CJM, Wiepjes CM, van Velzen DM, Staphorsius AS, Nota NM, Gooren LJ, et al. Mortality trends over five decades in adult transgen-
der people receiving hormone treatment: a report from the Amsterdam cohort of gender dysphoria. Lancet Diabetes Endocrinol. 
2021;9(10):663–70.

 67. Ruuska SM, Tuisku K, Holttinen T, Kaltiala R. All-cause and suicide mortalities among adolescents and young adults who contacted 
specialised gender identity services in Finland in 1996–2019: a register study. BMJ Ment Health. 2024;27(1): e300940.

 68. Asscheman H, Giltay EJ, Megens JAJ, de Ronde W, van Trotsenburg MAA, Gooren LJG. A long-term follow-up study of mortality in trans-
sexuals receiving treatment with cross-sex hormones. Eur J Endocrinol. 2011;164(4):635–42.

 69. Hughes LD, King WM, Gamarel KE, Geronimus AT, Panagiotou OA, Hughto JMW. Differences in all-cause mortality among transgender 
and non-transgender people enrolled in private insurance. Demography. 2022;59(3):1023–43.

 70. Jackson SS, Brown J, Pfeiffer RM, Shrewsbury D, O’Callaghan S, Berner AM, et al. Analysis of mortality among transgender and gender 
diverse adults in England. JAMA Netw Open. 2023;6(1): e2253687.

 71. Dragon CN, Guerino P, Ewald E, Laffan AM. Transgender Medicare beneficiaries and chronic conditions: exploring fee-for-service claims 
data. LGBT Health. 2017;4:404–11.

 72. White AA, Lin A, Bickendorf X, Cavve BS, Moore JK, Siafarikas A, et al. Potential immunological effects of gender-affirming hormone 
therapy in transgender people – an unexplored area of research. Ther Adv Endocrinol. 2022;13:20420188221139612.

 73. Salgado E, Romera-Baurés M, Beltran-Catalan E, Naredo E, Carreira PE, Garcia-Vivar M, et al. Inmune-mediated inflammatory rheumatic 
diseases in transgender people: a scoping review. Semin Arthritis Rheum. 2022;52: 151920.

https://doi.org/10.61622/rbgo/2024rbgo33
https://doi.org/10.61622/rbgo/2024rbgo33
https://doi.org/10.1016/j.jtha.2025.03.006
https://epath2023.exordo.com/programme/presentation/98
https://epath2023.exordo.com/programme/presentation/98


Vol:.(1234567890)

Review  
Discover Mental Health            (2025) 5:88  | https://doi.org/10.1007/s44192-025-00216-3

 74. Arneson LC, Varga J. Scleroderma renal crisis complicating male-to-female transgender hormonal therapy in a patient with long-standing 
and stable limited cutaneous systemic sclerosis. JCR J Clin Rheumatol. 2021;27(8S):S355.

 75. Pakpoor J, Wotton CJ, Schmierer K, Giovannoni G, Goldacre MJ. Gender identity disorders and multiple sclerosis risk: a national record-
linkage study. Multiple Sclerosis J. 2016;22:1759–62.

 76. Spanos C, Bretherton I, Zajac JD, Cheung AS. Effects of gender-affirming hormone therapy on insulin resistance and body composition 
in transgender individuals: a systematic review. World J Diabetes. 2020;11(3):66–77.

 77. Colizzi M, Costa R, Scaramuzzi F, Palumbo C, Tyropani M, Pace V, et al. Concomitant psychiatric problems and hormonal treatment induced 
metabolic syndrome in gender dysphoria individuals: a 2year follow-up study. J Psychosom Res. 2015;78(4):399–406.

 78. Panday P, Ejaz S, Gurugubelli S, Prathi SK, Palou Martinez Y, Arrey Agbor DB, et al. Incidence of type 2 diabetes mellitus in transgender 
individuals undergoing gender affirming hormonal therapy: a systematic review. Cureus. 2024;16: e58137.

 79. Chaudhry A, Yelisetti R, Millet C, Biggiani C, Upadhyay S. Acute pancreatitis in the transgender population. Cureus. 2021;13(7):e16140.
 80. Freier E, Kassel L, Rand J, Chinnakotla B. Estrogen-induced gallstone pancreatitis in a transgender female. Am J Health Syst Pharm. 

2021;78(18):1674–80.
 81. Derwahl M, Nicula D. Estrogen and its role in thyroid cancer. Endocr Related Cancer. 2014;21(5):T273–83.
 82. Christensen JD, Basheer HT, Lado Abeal JJ. Thyroid cancer prevalence, risk exposure, and clinical features among transgender female 

veterans. J Endocr Soc. 2024;8(6):bvae060.
 83. Shanker EM, Ren Q, Zhao LC, Bluebond-Langner R, Deng FM. Exploring the incidence of testicular neoplasms in the transgender popu-

lation: a case series. Arch Pathol Lab Med. 2024. https:// doi. org/ 10. 5858/ arpa. 2024- 0218- OA/ 503894/ Explo ring- the- Incid ence- of- Testi 
cular- Neopl asms- in.

 84. Bonapace-Potvin M, Bijou-Coulon S, Medor MC, Brassard P, Bélanger M. Incidence of testicular cancer in transfeminine patients following 
vaginoplasty with orchidectomy. Plast Reconstr Surg Glob Open. 2022;10(4): e4051.

 85. De Nie I, Wiepjes CM, De Blok CJM, Van Moorselaar RJA, Pigot GLS, Van Der Sluis TM, et al. Incidence of testicular cancer in trans women 
using gender-affirming hormonal treatment: a nationwide cohort study. BJU Int. 2022;129(4):491–7.

 86. Corso G, Gandini S, D’Ecclesiis O, Mazza M, Magnoni F, Veronesi P, et al. Risk and incidence of breast cancer in transgender individuals: 
a systematic review and meta-analysis. Eur J Cancer Prev. 2023;32(3):207–14.

 87. Brinton LA, Key TJ, Kolonel LN, Michels KB, Sesso HD, Ursin G, et al. Prediagnostic sex steroid hormones in relation to male breast cancer 
risk. JCO. 2015;33(18):2041–50.

 88. Gomez-Lumbreras A, Villa-Zapata L. Exploring safety in gender-affirming hormonal treatments: an observational study on adverse drug 
events using the food and drug administration adverse event reporting system database. Ann Pharmacother. 2024;58:1089–98.

 89. Yelehe M, Klein M, El Aridi L, Maurier A, Gillet P, Feigerlova E. Adverse effects of gender-affirming hormonal therapy in transgender 
persons: assessing reports in the French pharmacovigilance database. Fundam Clin Pharma. 2022;36:1115–24.

 90. Hulshoff Pol HE, Cohen-Kettenis PT, Van Haren NEM, Peper JS, Brans RGH, Cahn W, Schnack HG, et al. Changing your sex changes your 
brain: influences of testosterone and estrogen on adult human brain structure. Eur J Endocrinol. 2006;155(Supplement_1):S107–14.

 91. Seiger R, Hahn A, Hummer A, Kranz GS, Ganger S, Woletz M, et al. Subcortical gray matter changes in transgender subjects after long-
term cross-sex hormone administration. Psychoneuroendocrinology. 2016;74:371–9.

 92. Zubiaurre-Elorza L, Junque C, Gómez-Gil E, Guillamon A. Effects of cross-sex hormone treatment on cortical thickness in transsexual 
individuals. J Sex Med. 2014;11(5):1248–61.

 93. Gómez Á, Cerdán S, Pérez-Laso C, Ortega E, Pásaro E, Fernández R, et al. Effects of adult male rat feminization treatments on brain mor-
phology and metabolomic profile. Horm Behav. 2020;125: 104839.

 94. Perez-Laso C, Cerdan S, Junque C, Gómez Á, Ortega E, Mora M, et al. Effects of adult female rat androgenization on brain morphology 
and metabolomic profile. Cereb Cortex. 2018;28(8):2846–53.

 95. Fuss J, Hellweg R, Van Caenegem E, Briken P, Stalla GK, T’Sjoen G, et al. Cross-sex hormone treatment in male-to-female transsexual 
persons reduces serum brain-derived neurotrophic factor (BDNF). Eur Neuropsychopharmacol. 2015;25(1):95–9.

 96. Klein AB, Williamson R, Santini MA, Clemmensen C, Ettrup A, Rios M, et al. Blood BDNF concentrations reflect brain-tissue BDNF levels 
across species. Int J Neuropsychopharmacol. 2011;14(3):347–53.

 97. Emon MDPZ, Das R, Nishuty NL, Shalahuddin Qusar MMA, Bhuiyan MA, Islam MDR. Reduced serum BDNF levels are associated with the 
increased risk for developing MDD: a case–control study with or without antidepressant therapy. BMC Res Notes. 2020;13(1):83.

 98. Frodl T, Schaub A, Banac S, Charypar M, Jäger M, Kümmler P, et al. Reduced hippocampal volume correlates with executive dysfunction-
ing in major depression. J Psychiatry Neurosci. 2006;31(5):316–25.

 99. Stanikova D, Luck T, Bae YJ, Thiery J, Ceglarek U, Engel C, et al. Increased estrogen level can be associated with depression in males. 
Psychoneuroendocrinology. 2018;87:196–203.

 100. Chronister BN, Gonzalez E, Lopez-Paredes D, Suarez-Torres J, Gahagan S, Martinez D, et al. Testosterone, estradiol, DHEA and cortisol in 
relation to anxiety and depression scores in adolescents. J Affect Disord. 2021;294:838–46.

 101. Grey Matter. Cleveland Clinic. https:// my. cleve landc linic. org/ health/ body/ 24831- grey- matter. Accessed 25 Feb 2025.
 102. Crook JE, Gunter JL, Ball CT, Jones DT, Graff-Radford J, Knopman DS, et al. Linear vs volume measures of ventricle size: relation to present 

and future gait and cognition. Neurology. 2020;94(5):e549–56.
 103. Howick J, Koletsi D, Ioannidis JPA, Madigan C, Pandis N, Loef M, et al. Most healthcare interventions tested in Cochrane Reviews are not 

effective according to high quality evidence: a systematic review and meta-analysis. J Clin Epidemiol. 2022;148:160–9.
 104. Peryer G, Golder S, Junqueira D, Vohra S, Loke Y. Chapter 19: Adverse effects [last updated October 2019]. In: Higgins JPT, Thomas J, 

Chandler J, Cumpston M, Li T, Page MJ, et al., editors. Cochrane Handbook for Systematic Reviews of Interventions version 65. Cochrane; 
2024. http:// www. train ing. cochr ane. org/ handb ook

 105. Qureshi R, Mayo-Wilson E, Li T. Harms in systematic reviews paper 1: an introduction to research on harms. J Clin Epidemiol. 
2022;143:186–96.

 106. Kuo JH, Albaladejo Carrera R, Cendra Mulyani L, Strong C, Lin YC, Hsieh YP, et al. Exploring the interaction effects of gender contentedness 
and pubertal timing on adolescent longitudinal psychological and behavioral health outcomes. Front Psychiatry. 2021;12: 660746.

https://doi.org/10.5858/arpa.2024-0218-OA/503894/Exploring-the-Incidence-of-Testicular-Neoplasms-in
https://doi.org/10.5858/arpa.2024-0218-OA/503894/Exploring-the-Incidence-of-Testicular-Neoplasms-in
https://my.clevelandclinic.org/health/body/24831-grey-matter
http://www.training.cochrane.org/handbook


Vol.:(0123456789)

Discover Mental Health            (2025) 5:88  | https://doi.org/10.1007/s44192-025-00216-3 
 Review

 107. Ghorayshi A. A Trans Researcher’s Pursuit of Better Data on Detransition. The New York Times. 2024; https:// www. nytim es. com/ 2024/ 
10/ 26/ health/ kinnon- macki nnon- detra nsiti on- resea rch. html. Accessed 26 Feb 2025.

 108. MacKinnon KR, Jeyabalan T, Strang JF, Delgado-Ron JA, Lam JSH, Gould WA, et al. Discontinuation of gender-affirming medical treat-
ments: prevalence and associated features in a nonprobabilistic sample of transgender and gender-diverse adolescents and young 
adults in Canada and the United States. J Adolesc Health. 2024;75(4):569–77.

 109. MacKinnon KR, Expósito-Campos P, Gould WA. Detransition needs further understanding, not controversy. BMJ. 2023;381: e073584.
 110. Cohn J. The detransition rate is unknown. Arch Sex Behav. 2023;52(5):1937–52.
 111. Feigerlova E. Prevalence of detransition in persons seeking gender-affirming hormonal treatments: a systematic review. J Sex Med. 

2025;22(2):356–68.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://www.nytimes.com/2024/10/26/health/kinnon-mackinnon-detransition-research.html
https://www.nytimes.com/2024/10/26/health/kinnon-mackinnon-detransition-research.html

	Emerging and accumulating safety signals for the use of estrogen among transgender women
	Abstract
	1 Introduction
	2 Some previously identified adverse physiological effects associated with estrogen
	2.1 Fertility risks
	2.2 Cardiovascular risks
	2.3 Cognitive impairment

	3 Emerging safety signals: other associated adverse physiological effects
	3.1 Overall health risks and early mortality
	3.2 Autoimmune disease
	3.3 Diabetes
	3.4 Pancreatitis
	3.5 Thyroid cancer
	3.6 Testicular cancer
	3.7 Breast cancer
	3.8 Adverse drug reaction reports

	4 Some physiological effects of estrogen on the male brain
	5 Discussion
	6 Directions for future work
	Acknowledgements 
	References


