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Abstract

Testosterone gender affirming hormone therapy (T-GAHT) is frequently used by transgender

and gender-diverse individuals assigned female at birth to establish masculinizing characteristics.
Although many seek parenthood, particularly as a gestational parent or through surrogate, the
current standard guidance of fertility counseling for individuals on testosterone (T) lacks clarity.
At this time, individuals are typically recommended to undergo fertility preservation or stop
treatment, associating T-therapy with a loss of fertility; however, there is an absence of consistent
information regarding the true fertility potential for transgender and gender-diverse adults and
adolescents. This review evaluates recent studies that utilize animal models of T-GAHT to relate to
findings from clinical studies, with a more specific focus on fertility. Relevant literature based on
murine models in post- and pre-pubertal populations has suggested reversibility of the impacts of
T-GAHT, alone or following gonadotropin-releasing hormone agonist (GnRHa), on reproduction.
These studies reported changes in clitoral area and ovarian morphology including corpora lutea,
follicle counts and ovarian weights from T-treated mice. Future studies should aim to determine
the impact of the duration of T-treatment and cessation on fertility outcomes, as well as establish
animal models that are clinically representative of these outcomes with respect to gender diverse
populations.
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In Brief:

Animal studies are needed to inform clinical guidance on the effects of testosterone gender-
affirming hormone therapy (T-GAHT) on fertility. This review summarizes current animal models
of T-GAHT and identifies gaps in knowledge for future study.
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Introduction

In the United States, more than 1.6 million adults and adolescents identify as transgender,
with the majority of transgender adults expressing desire for parenthood (Herman et al.,
2022; Morong et al., 2022; Stolk et al., 2023). Many transgender and gender diverse

(TGD) individuals seek gender affirming hormone therapy (GAHT) to induce secondary
sex characteristics that align with their gender identity. Testosterone (T)-containing gender
affirming hormone therapy (T-GAHT) is often prescribed to TGD individuals who were
assigned female at birth to induce male-associated sex characteristics, such as deeper voice,
bodily and facial hair growth, and desired muscle and body fat redistribution. Goals of
therapy differ between individuals, but the clinical goal is often serum T levels comparable
to that of eugonadal cisgender men (Hembree et al., 2017). For peripubertal TGD
adolescents, gonadotropin-releasing hormone agonist (GnRHa) can be used to reversibly
suppress further progression of puberty prior to GAHT initiation (de Vries et al., 2014; Stolk
et al., 2023), thereby preventing the development of characteristics inconsistent with their
gender identity.

GAHT is integral to the physical and mental health of many TGD individuals and should not
be considered “elective” treatment (Coleman et al., 2022). Despite the clinical prevalence
of GAHT use, there is a significant gap in scientific understanding of the impacts of

this treatment, especially with regards to fertility. To address these potential impacts,
medical professionals heavily encourage that TGD individuals seek fertility preservation
options before starting GAHT or recommend a period of T-cessation prior to becoming a
gestational parent, with an assumption of ameliorating teratogenic outcomes in offspring
associated with prolonged T-treatment (Coleman et al., 2022). While most transgender
adults express desires of parenthood, a recent survey reported that over half of these
individuals do not want to pause GAHT or seek fertility preservation prior to transitioning
(Alpern et al., 2022). Fertility preservation can be a burdensome experience, due to the
cost, invasiveness, and uncertain fertility potential associated with cryopreserving oocytes.
Additionally, patients may not be certain of their desire to have biological children prior

to starting T-GAHT, raising a need to improve fertility options for patients already on T
therapy (Alpern et al., 2022). Most importantly, however, the assumption of fertility loss is
not appropriately supported by a sufficient amount of research specific to the reproductive
health of the transgender community. Due to the lack of conclusive data on the reproductive
effects of T-GAHT for transgender fertility counseling, there is an immense need for more
research in this field of medicine.
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Findings from animal studies have supported the need to improve clinical guidance about
the impact of androgens on reproductive potential and re-assess the assumption of fertility
loss associated with T-GAHT. Previous rodent studies have reported several changes

to reproductive physiology following prolonged T-treatment, such as polycystic ovarian
morphology, cortical stiffness, and stromal luteinization (Dela Cruz, Kinnear, et al., 2023;
Kinnear et al., 2019, 2023). However, while these changes to reproductive physiology on
T-GAHT are consistently observed in animal research, there is evidence to suggest that the
changes do not impact fertilization rates or embryo implantation and quality (Bartels et al.,
2021). Thus, there is an abundant need to standardize how trans-men are counseled with
regards to fertility and to support this standardization with research relevant to transgender
health. In this review, we discuss the various animal studies that have been used to address
the reproductive outcomes of T-GAHT, as well as suggestions for future investigation.

Current Clinical Data on Effects of T-Treatment on Fertility in Trans-Men

Even though current clinical guidance associates T therapy with potential teratogenicity,
recent studies suggest that even after T therapy, patients experience successful oocyte
retrieval using assisted reproductive technology (ART) following a period of T cessation
(Amir et al., 2020a; Barrero & Mockus, 2023). Some studies even report similar rates of
oocyte maturity and quality from patients who have experienced T therapy compared to
patients who have not (Israeli et al., 2022). While a majority of these case studies implement
a period of cessation prior to oocyte retrieval, typically long enough for menstrual cycles to
resume, other studies have reported retrieval of mature oocytes without menses resumption
or T-cessation (Cho et al., 2020; Gale et al., 2021; Greenwald et al., 2022). Some of

these studies report successful pregnancies involving the use of cryopreserved oocytes from
transgender men in the uterus of their cisgender partners (Broughton & Omurtag, 2017;
Moravek et al., 2023; Yaish et al., 2021). Two of these case studies did not involve a
cessation of T therapy prior to oocyte retrieval, suggesting that pausing T-therapy may

not be necessary for trans-men who want to use their oocytes for surrogate pregnancies
(Moravek et al., 2023). Finally, several studies report live births in T-treated gestational
parents using their own cryopreserved oocytes regardless of active T-treatment prior to
oocyte retrieval (Adeleye et al., 2019; Leung et al., 2019; Moustakli & Tsonis, 2023).
Spontaneous pregnancies without IVF have also been reported, both after a period of
discontinued T-therapy and during active T-therapy (Yaish et al., 2021; Yoshida et al., 2022).
These findings call into question the current fertility guidance that fertility preservation is
necessary prior to T-therapy.

In addition to these important fertility data, reports on the effects of T-treatment on the
reproductive organs of adults have been inconsistent. For example, amenorrhea is common
in trans-men following T-therapy, which traditionally has been suggestive of inactive
endometrial cyclicity. While an initial study reported a lack of endometrial proliferation
associated with amenorrhea in T-treated patients (Perrone et al., 2009), studies conducted
afterwards have found proliferative endometrium in trans-men during T-therapy (Grimstad
et al., 2019; Loverro et al., 2016). A more recent study even observed signs of ovulation in
33% of amenorrheic participants on T, concluding that anovulation does not always occur
in T-treated people who experience amenorrhea (Asseler et al., 2024). These conflicting
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results necessitate the need to investigate cycling in trans-men after T exposure, regardless
of amenorrhea. In addition to cycling, studies focusing on follicle distribution have reported
normal follicle counts in ovaries collected from individuals on T-therapy (De Roo et al.,
2017; Van den Broecke et al., 2001). Other studies have documented that M1l oocytes
collected from trans-men after T therapy exhibit normal spindle morphology (De Roo et
al., 2017; Lierman et al., 2017). However, a more recent study reported abnormal spindle
morphology following T-treatment in transgender men, which was improved following
spindle transfer (Christodoulaki et al., 2023). Such conflicting findings demonstrate the
need for controlled studies to better inform clinical guidance given to trans-men concerning
fertility.

It is also imperative to properly research the effects of T-GAHT on fertility in transgender
and gender-nonconforming adolescents. Similar to clinical guidelines for adults, fertility
preservation is heavily encouraged for adolescents who are interested in puberty suppression
prior to T-GAHT. Studies have reported that transgender adolescents show successful
ovarian stimulation response, oocyte retrieval, and maturity rates of both experimental
groups, regardless of prior T exposure (Amir et al., 2020b; Chen et al., 2018; Insogna

et al., 2020), suggesting that fertility preservation is a viable option for transgender
adolescents who may desire biological children after medically transitioning. However,
despite the demonstrated success of oocyte cryopreservation in adolescent transgender men,
the number of these patients who pursue fertility preservation is reportedly low (Nahata
etal., 2017). Since pausing GAHT prior to oocyte retrieval can be a traumatic experience
for transgender individuals, future research should focus on methods of minimizing the
resurfacing of undesired secondary sex characteristics in transgender adolescents during the
oocyte cryopreservation process. One study reported success using letrozole to ensure low
levels of estradiol during oocyte retrieval in a transgender male who briefly paused GnRHa
treatment for purposes of fertility preservation (Martin et al., 2021). This study resulted

in successful oocyte retrieval and minimal breast development and menstruation, which
presents the opportunity to address the fertility desires of transgender adolescent males
while ensuring a gender affirming experience. Further research in this field will increase the
knowledge available to support both the fertility needs and gender affirmation of transgender
individuals, decreasing the barriers to accessing reproductive healthcare for transgender
adults and adolescents (Nadgauda & Butts, 2024).

Although relatively few studies have investigated the impact of T-GAHT on fertility, many
studies have studied the reproductive effects of exogenous androgen administration in

the context of polycystic ovarian syndrome (PCOS). PCOS is a heterogenous condition
characterized by anovulation, excess androgen signaling, and decreased fertility (Dumesic
et al., 2007). Common PCOS symptoms, such as reduced or irregular menstruation, multi-
follicular ovarian morphology, cortex hyperplasia, increased cortical stiffness, and corpus
luteum insufficiency, are often exhibited by transgender patients after androgen exposure
(De Roo et al., 2019; Grynberg et al., 2010; Ikeda et al., 2013; Khalifa et al., 2019; Sheehan,
2004). However, several physiological characteristics associated with T-GAHT differ from
the physiology of patients with PCOS. For example, studies have reported that patients on
T-GAHT experience inconsistent presence of PCOS-like ovaries even with T levels as high
as those of cisgender men, whereas PCOS patients often develop this ovarian morphology
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despite more variable T levels (Caanen et al., 2017; Grimstad et al., 2020; Ikeda et al., 2013;
Sheehan, 2004). Similarly, vaginal ultrasounds of trans-men on T-therapy did not reveal any
ovarian abnormalities associated with PCOS (Mueller et al., 2008). These studies suggest
that not all trans-men on T-GAHT exhibit PCOS-like ovarian morphology; therefore, clinical
PCOS data cannot replace research that focuses specifically on T-GAHT. Furthermore, the
cortical and follicle distribution of T-treated patients have been shown to be similar to
cisgender women (Borrés et al., 2021), indicating that these physical differences, while
resembling PCOS, may not have the same detrimental impact on fertility.

Overall, the current clinical literature is insufficient to support an assumption of fertility loss
following T-GAHT. The few clinical studies that exist report contradicting findings and lack
consistency and replication in examined outcomes. This suggests an urgent need for further
research to address the gaps in our clinical understanding of the field. As an alternative to
human subjects, animal studies have served as an avenue to address a few of these gaps and
present promising results for a better standard of fertility guidance for transgender patients.

Animal Models to Investigate the Effect of Androgens

Animal Models Assessing Reproductive Outcomes of Hyperandrogenism

Animal models, especially rodents, are desirable for examining reproductive effects of
GAHT. Animal models are necessary because while large, controlled studies involving
GAHT treatment cannot be performed ethically in humans, the similarities of their
reproductive system to humans and their short reproductive cycle make rodents an ideal
model (Kinnear et al., 2019). Such models of GAHT have only been developed recently,
however, and prior to these studies scientists have had to rely on research that has some
biological similarities to T-GAHT treatment to inform clinical practice and the development
of more relevant treatment plans. Animal models of PCOS, for example, have used animals
with elevated levels of T to simulate the hyperandrogenism characteristic of human PCOS
patients and have evaluated potential impacts of this condition on fertility (Sun et al., 2019).

Although clinical PCOS data, as stated previously, cannot be directly applied to patients on
T-GAHT, the findings of PCOS animal studies have been used to provide some direction

to T-GAHT-focused research (Padmanabhan & Veiga-Lopez, 2013; Stener-Victorin, 2022).
These studies assessed several aspects of fertility, such as T-exposure of the gestational
parent as a potential developmental cause of PCOS in offspring or of decreased reproductive
capacity in offspring (Abbott et al., 2005). Most studies with methods relevant to current
animal models of T-GAHT use an established hormone delivery mechanism, such as
subcutaneous injection or implant, to deliver dihydrotestosterone (DHT) or T-enanthate.
One study used ovariectomized female mice treated with 10 mm subcutaneous silastic
implants of DHT as a model of hyperandrogenism (Esparza et al., 2020), a method also
used in mouse models of T-GAHT (Hashim et al., 2022). Increasing the androgen levels

of these mice to the equivalence of control male mice resulted in sustained inhibition of

the hypothalamic-pituitary-gonadal (HPG) axis, evidenced by suppression of luteinizing
hormone (LH) secretion and androgen receptor (AR)-expressing neurons. DHT-treated mice
also displayed lower corpora lutea counts and an increase in compromised large antral
follicles, leading to decreased fertility potential as a result of androgen treatment (Esparza

Reproduction. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chan-Sui et al.

Page 6

et al., 2020). Considering the HPG axis is vital to reproductive system regulation, studies
using similar T delivery approaches can be of relevance to studying the effects of T-GAHT
on reproductive function.

While these PCOS models present opportunities for potential inferences concerning T-
GAMHT, they are not sufficient to inform T-GAHT clinical practices. Many of these studies
do not standardize variables that are physiologically relevant to humans who are on GAHT
for purposes of transitioning, such as estrous cyclicity, blood serum levels of hormones,
T-dosage, and time of exposure to T. Also, since PCOS is understood to be correlated with
hyperandrogenism caused by dysfunction of AR signaling, PCOS murine models often use
non-aromatizable DHT to control for changes in regulation of androgen production as a
direct response of AR signaling alone (Aflatounian et al., 2020; Coyle et al., 2022; Esparza
et al., 2020; Sun et al., 2019). However, DHT is not approved for use in GAHT; therefore,
studies using aromatizable T are needed in order to more accurately replicate T-GAHT
clinically (Moravek, 2019). More research, using animal models specifically designed to
replicate T-GAHT, is needed to precisely determine the effects of T-therapy on reproductive
outcomes and provide clinicians with evidence-supported guidelines for TGD patients.

Murine Models of Post-Pubertal Transmasculine Gender-Affirming Hormone

Therapy

In recent years, investigators have developed rodent models specifically designed to study
reproductive impacts of T-GAHT (Table 1). The first such model was introduced by
Kinnear et al. (2019) and modeled T-GAHT with twice weekly, subcutaneous injections
of T-enanthate for 6 weeks. T-enanthate is a T-variant commonly used for subcutaneous
T-GAHT in humans, making this study more translatable to transgender health than previous
PCOS models. The T-treated mice displayed many traits commonly observed in human
T-GAHT patients, including lack of cycling (evidenced by persistent diestrus and lack

of corpora lutea) and increased clitoral size. Importantly, however, these T-induced traits
did not impact follicle distribution, suggesting fertility may be preserved after T therapy
(Kinnear et al., 2019). Since that initial study, investigators have developed other methods
of delivering T therapy in mouse models including subcutaneously implanted T enanthate
pellets (Kinnear et al., 2021) or silastic tubing filled with T-enanthate (Schwartz et al.,
2023). These models were compared and validated in a comparative study (Hashim et

al., 2022) and are summarized in Table 1. All models produced similar T-associated
reproductive outcomes including the absence of corpora lutea, increased clitoral area, and
persistent diestrus for the duration of treatment, but also showed no effect on follicle
distribution. These models have now made it possible to assess health effects specific to
T-GAHT in controlled research investigations.

More recent studies have modified the original experimental design to model the current
clinical guidance that trans-men stop T-GAHT for at least one month or cycle prior to
getting pregnant (Amir et al., 2020b). For this model, investigators assessed the fertility of
animals immediately after 6 weeks of T treatment and after a washout period sufficient to
return terminal T levels in serum to control female levels (Figure 1). T washout allowed
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the mice to recover estrous cyclicity, although these mice also developed ovarian stromal
aberrations that were not observed in mice that were treated with T without a washout
(Bartels et al., 2021; Kinnear et al., 2021, 2023). These aberrations were reflected as clusters
of large round cells post-T-GAHT, of similar nature to those seen in aging ovaries (Briley

et al., 2016). This demonstrated that impacts of active T-treatment on cycling are not
permanent, but that either T treatment itself or recovery of cyclicity after treatment may be
partially detrimental to ovarian health.

Using these models, researchers have begun to investigate important reproductive outcomes
during and following T-GAHT. Initial studies showed that mice actively undergoing
T-treatment still responded to gonadotrophin stimulation by producing and ovulating
meiotically competent and fertilizable eggs similar to controls, regardless of a T-cessation
period (Bartels et al., 2021). However, a later study showed that these encouraging results
may depend on T-treatment length. Female mice treated with long-term T (12 weeks)
displayed adverse IVF outcomes and depressed anti-Mullerian hormone (AMH) levels even
after T washout (Schwartz et al., 2023). The inability of the AMH concentrations to return to
baseline levels following a washout reflected potential irreversible damage to oocyte quality
for the long-term treatment groups. Additional studies focusing on reproductive impacts
following long-term T-GAHT are needed to clarify the extent to which this treatment may
impact reproductive potential and the molecular mechanisms involved.

Altogether, these studies show that animal models of T-GAHT can provide valuable
information regarding the effects of T-GAHT on fertility. Initial data shows encouraging
signs that fertility may be preserved during and after T-GAHT, suggesting that the

current recommendations for stopping T-GAHT prior to having biological children may

be unnecessary. Considering stopping T-GAHT can be mentally and physically traumatizing
for transgender individuals, challenging the current fertility guidelines may positively impact
the transgender community (Coleman et al., 2022). However, significant additional research,
particularly with longer T treatment duration, is still needed to provide clinicians with

sound, evidence-based recommendations for transmasculine individuals seeking biological
parenthood.

Murine Models of Pre-Pubertal Transmasculine Gender-Affirming Hormone

Therapy

While adult animal models address the impacts of T on fertility, there is a major gap

in understanding the effects of pre-pubertal GhnRHa prior to post-pubertal T-GAHT on
reproductive capacity. GnRHa therapy is vital for transgender and gender non-conforming
adolescents to prevent physical manifestations of endogenous puberty before they are able
to begin GAHT. Human clinical data (Coleman et al., 2022; de Vries et al., 2014; Insogna
et al., 2020) and studies in rats (Guarraci et al., 2022, 2023) suggest that GnRHa treatment
suppresses onset of puberty but does not result in any long-term effects on fertility if
treatment is ceased. However, relatively few preclinical studies have examined GnRHa
therapy followed by T-GAHT in adulthood. The first adolescent mouse model assessing the
reproductive effects of pre-pubertal GnRHa treatment prior to T-GAHT was developed by
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Dela Cruz et al. (2023). Based on the initial T-GAHT mouse model established by Kinnear
et al. (2019), this model was altered to mimic a transmasculine regimen in peripubertal
transmasculine youth by subcutaneously implanting GnRHa depots into pre-pubertal female
mice prior to T-GAHT (Dela Cruz et al., 2023a). This method of blocking endogenous
puberty was effective for up to 21 days after implantation. Implanting adolescent mice with
GnRHa capsules for 21 days followed by weekly injections of T-enanthate or subcutaneous
T implants (GnRHa-T) was sufficient to suppress HPG axis function as these mice remained
in diestrus for the duration of the experiment. By comparison, GnRHa-only controls
resumed cycling 21 days post implantation of GnRHa, and T-only controls cycled prior to T
injections but then stayed in persistent diestrus thereafter. These findings are consistent with
clinical evidence that GnRHa is reversible in humans, as well as findings in previous studies
focusing on the acyclicity of actively T-treated adult mice (Bartels et al., 2021; Kinnear et
al., 2019; Schwartz et al., 2023).

Overall, studies employing this adolescent transmasculine model suggest that reproductive
effects of GnRHa-T treatment are similar to T-GAHT alone. Both GnRHa-T and T-only
controls showed lower ovarian weight, lower uterine weight, and corpora lutea absence
compared to GnRHa-only and sham controls, and that these effects were not entirely
rescued by T washout (Dela Cruz et al., 2023a; Dela Cruz et al., 2023b). Other studies
report smaller ovarian weights following GnRHa treatment alone (Anacker et al., 2021;
Godiwala et al., 2023); however, smaller ovaries are not currently understood to impact
fertility. This is further supported by the fact that variables associated with fertility such

as oocyte yield, fertilization rate, maturity rate, and number of developed embryos, were
similarly compromised in T-only and GnRHa-T treatment groups without T-cessation.
However, these outcomes were rescued in both groups following T washout (Dela Cruz

et al., 2023b). Importantly, despite the smaller oocyte yield, oocytes from both GnRHa-T
and T-only mice were still able to mature and undergo /n vitro fertilization and blastulation
similarly to controls and the meiotic spindle morphology of oocytes from these mice were
unaffected following /n vivo maturation (Figure 2, Bartels et al., 2021; Dela Cruz et al.,
2023b; Godiwala et al., 2023). Further, eggs from GnRHa-T and T-treated mice were
fertilizable and produced litters of fertile pups (Godiwala et al., 2023). Despite consistent
ovarian morphological differences following puberty suppression and T-treatment, these
findings suggest that fertility may not be irreversibly compromised by GAHT. More in-depth
research is needed to form further conclusions on the necessity of fertility preservation prior
to T-GAHT or T-cessation prior to ovarian stimulation or oocyte retrieval.

Models Of T-GAHT for Other Health Outcomes

Reproductive impacts are not the only poorly understood outcomes of T-GAHT in
transgender patients. Recent studies have also begun to investigate a wide variety of

other health outcomes that may be experienced by individuals on T-GAHT. These studies
(summarized in Table 2) show that T-GAHT may be associated with a number of adverse
health outcomes such as increased risk of cardiovascular disease (Goetz et al., 2019; Santos
et al., 2022), overstimulated adaptive immune response (Santos et al., 2022), decreased
trabecular bone density (Goetz et al., 2017), impaired wound healing (Reiche et al., 2022),
decreased brain cortical volume (Perez-Laso et al., 2018), and impaired insulin response
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(Kothmann et al., 2021). However, not all studies report consistent results. For example,
Dubois et al. (2023) report increased bone density in a mouse model simulating T-GAHT in
adolescents, contrary to an earlier study (Goetz et al., 2017). It is likely that the differences
in outcomes result from the differing methods used to model T-GAHT, which vary widely
between studies (Table 2). As transgender individuals also utilize a diversity of treatment
paradigms, more research is needed to clarify whether different treatment options may result
in differing health outcomes. Some studies have already begun to investigate methods to
improve T delivery and limit undesirable side-effects, optimizing dosages and developing
long-term delivery methods (Mahabir & Newell-Fugate, 2024; Tassinari & Maranghi, 2021).
Interestingly, some of the undesirable outcomes associated with T-therapy were rescued

by adding a low dose of estrogen during T treatment (Goetz et al., 2017; Reiche et al.,
2022). This suggests that adding a low dose of estrogen to gender affirming treatments

for trans-men could prevent unwanted health complications while still fulfilling their

desires of medically transitioning. Although these findings present interesting and exciting
possibilities, many of these studies are the only such studies in their field and require much
additional investigation to come to an informed conclusion, let alone translation to clinical
practice. Altogether, these studies highlight just how limited our current understanding of
the clinical outcomes of GAHT is and emphasize the urgent need for further research to
responsibly inform transgender patients and health care providers.

Future Research Implications

To date, studies of the impacts of T-GAHT on fertility have strong implications for
challenging the current standards for fertility counseling in trans-men. However, these
studies identify several gaps in scientific literature that can be addressed by further
investigation. Future studies should continue assessing the reproductive outcomes associated
with various durations of T-treatment (Hashim et al., 2022; Kinnear et al., 2019). Published
mouse studies generally focus on 6-week or 12-week treatment, but this is not fully
indicative of the wide range of T-GAHT treatment durations that each individual may

have experienced prior to desiring biological children. Additionally, research should further
address the impacts of varying periods of treatment cessation on the reversibility of T-
induced fertility outcomes (Kinnear et al., 2019; Schwartz et al., 2023). This will assess
whether or not the reproductive outcomes associated with T-GAHT are significant enough
for clinicians to continue recommending a period of T-cessation prior to becoming pregnant.
So far, the only observed detrimental effects of T-treatment that were not reversed by a
period of cessation have been decreased ovarian weight and stromal changes (Borras et al.,
2021; Dela Cruz et al., 2023a; Kinnear et al., 2021; Schwartz et al., 2023). However, even
with lower ovarian weight, the maturation and fertilization rates of oocytes from T-treated
mice were not compromised (Dela Cruz et al., 2023b; Godiwala et al., 2023), suggesting
that prior T-treatment may not be detrimental to fertility. If future data suggests an impact of
lower ovarian weight on fertility, further research with varying washout durations following
T-GAHT would be needed to confirm that these changes are irreversible. So far, only

two studies using animal models have addressed the effects of GnRHa and T-GAHT on
oocyte quality, aneuploidy rates, pregnancy outcomes, and live birth rates (Dela Cruz et al.,
2023b; Schwartz et al., 2023). Future research on IVF outcomes after puberty suppression
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and T-GAHT can provide more information on the functional impacts of T induced

fertility outcomes (Kinnear & Moravek, 2023). Additionally, future studies should focus

on health and reproductive outcomes of pups generated from T-treated dams, either from
IVF or natural breeding after T cessation. As animal models of PCOS show detrimental
reproductive effects in female offspring (Abbott et al., 2005; Padmanabhan & \Veiga-Lopez,
2013), it is important to discover whether T-GAHT may have similar multi-generational
effects.

Implications for future studies can also be used to address outcomes beyond fertility in
trans-men, as presented in Table 1. This research could be improved by transitioning from
using C57BL/6N mice to outbred strains of mice, such as CD-1 (Hashim et al., 2022).
Outbred strains would increase the clinical relevance of data collected from these studies,
since these populations are more genetically diverse and therefore more representative of
human genetic diversity. In addition to addressing gaps in existing mouse models, employing
different animal models in future studies can also provide a broader understanding of

how puberty suppression and T-GAHT may impact fertility and other health outcomes for
trans-men. One option would be to use transgenic mouse models that replicate androgen-
induced health outcomes. For example, Doxycycline (Dox) treated 17a-hydroxylase/17,20-
desmolase (TC17) mice were genetically modified by Secchi et al. (2021) to assess
PCOS-like outcomes, which may be an avenue to explore with respect to T-GAHT.
Additionally, non-murine models such as rats, monkeys, and sheep have all have been used
for PCOS studies (Padmanabhan & Veiga-Lopez, 2013; Stener-Victorin, 2022) and can be
used to address T-GAHT, as previously discussed. As T-GAHT research develops further,
standardizing aspects of these paradigms across various species, such as T dose, treatment
duration, and delivery mechanism, should also be prioritized in future studies in order to
enhance clinical relevance of these animal models.

In summary, recent animal models have provided data to better inform current clinical
guidance on fertility outcomes with respect to T-GAHT for transgender adults and
adolescents. These studies have used various T-treatment methods and durations with

and without periods of cessation, and consistently observed changes in reproductive
physiology including altered ovarian morphology, decreased corpora lutea counts, and
stromal aberrations. Importantly, fertility outcomes from these studies, such as fertility,
maturation, and blastulation rates, suggest that prior GnRHa or T therapy may not prevent
biological parenthood. However, these critical fertility outcomes have not been reported
in as many studies or with the same level of consistency. Further research is needed to
assess these effects in other, non-rodent models, with a focus on outcomes more specifically
associated with fertility such as oocyte quality and live birth rates, if we are to develop
sound, evidence-based reproductive health guidelines for the transgender community.
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Types of Data Collection and Analysis

¢ Blood collection for serum
hormone levels

¢ Vaginal cytology

e Hematoxylin and eosin
staining

e Reproductive organ weights

¢ Oocyte fertilization and
maturation rates

Tissue
Collection

Figure 1. Experimental Design for Post-Pubertal T-GAHT Model with and Without Cessation.
General mouse model for assessing impacts of short term (6 week) and long term (12 week)

T-treatment on mice, with visual representation of T-implants. T-cessation occurs after the
period of T-treatment and involves removal of T-implant or stopping T-injections for 2 weeks
before assessing outcomes, as shown in the diagram. Common methods of data collection
and analysis are outlined.
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Figure 2. Comparison of Vehicle and T-treated Meiotic Spindle Morphology.
(A) Immunofluorescent stained oocytes from Bartels et al., 2020 showing normal meiotic

spindle morphology in oocytes from stimulated T-treated and vehicle mice. (B) T-treated
mice produce a comparable number of meiotically competent oocytes to untreated mice
regardless of a washout period. (C) Immunofluorescent stained oocytes showing normal
meiotic spindle formation regardless of stimulation from Godiwala et al., 2023. (D) Mice
treated with T or leuprolide + T produced eggs that had morphologically normal spindles
after in vitro maturation (Adapted from Bartels et al., 2020; Godiwala et al., 2023).
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