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ABSTRACT
Medical care for transgender people is multi-faceted and attention to individual reproductive
aspirations and planning are an essential, yet often overlooked aspect of care. Given the impact
of hormonal therapy and other gender affirmation procedures on reproductive function, exten-
sive counselling and consideration of fertility preservation is recommended prior to their com-
mencement. This review article explores the reproductive aspirations of transgender women and
considers the current disparity between stated desires regarding utilisation of fertility preserva-
tion services. Current fertility preservation options and prospective treatments currently showing
promise in the research arena are explored.
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Introduction

Gender dysphoria is defined as a feeling of discomfort
or distress arising from a disjunction between a per-
son’s felt gender and their gender assigned at birth
(American Psychiatric Association, 2013). While the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) reports the prevalence of gender dysphoria to
be 5–14 per 1000 of those assigned male at birth, and
2–3 per 1000 of those assigned female, these figures
are based upon those who seek specialist care, and as
such, exclude those who do not present to services
(American Psychiatric Association, 2013; Karasic &
Drescher, 2006). An extensive literature search and
meta-regression model analysis indicate that the trans-
gender population of the USA is approximately one
million (Meerwijk & Sevelius, 2017). While there are no
validated figures for the UK, it is estimated that
300,000 people exhibit some degree of gender dys-
phoria, which may be defined as behaviour or gender
expression that does not match masculine or feminine
gender norms (Reed et al., 2009). As such, the
reported true prevalence of gender dysphoria among

children, adolescents and adults is more likely
between 0.5% and 2% (Crissman et al., 2017;
Goodman et al., 2019). Prevalence rates vary inter-
nationally, which is often attributed to local, social,
and cultural demographics that can affect perceptions
and acceptability, as summarised in Figure 1
(Becerra-Fern�andez et al., 2017; De Cuypere et al.,
2007; Dhejne et al., 2014; Judge et al., 2014; Meerwijk
& Sevelius, 2017; Shields et al., 2013; Veale, 2008).

Whilst founding a family is regarded as a funda-
mental aspect of individual and social life, trans and
gender variant individuals remain a cohort of individu-
als for whom the right to reproduce and genetically
parent remains ill-defined, and one that is breached
more often than observed (Lauterpacht, 1948;
McGuinness & Alghrani, 2008). A recent controversial
High Court case ruled that children are highly unlikely
to be able to consent to puberty blockers (EPATH,
2020). The Bell v. Tavistock case has brought the topic
of trans reproduction and fertility preservation to the
forefront of discussions (Beattie, 2022). This, alongside
the increasing willingness of The European Court of
Human Rights to scrutinise laws in European states
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which mandate transgender sterilisation requirements
and the increasing ways in which novel assisted repro-
ductive technologies may facilitate fertility preserva-
tion and genetic reproduction post transition, it is
both timely and imperative that discussion and debate
around fertility preservation and restoration takes
place (Alghrani, 2018; Dunne, 2017). The aim of this
review is to comprehensively summarise the repro-
ductive aspirations of transgender women, overview
the fertility preservation options currently available,
and introduce the prospect of reproductive realign-
ment with uterine transplantation.

Management of gender dysphoria

Treatment of gender dysphoria aims to achieve con-
gruence, to allow those who experience it to feel com-
fortable within their bodies, thereby improving
psychological wellbeing (Coleman et al., 2012). Not all
individuals who experience gender dysphoria will seek
treatment. Of those that do, many require only partial
treatment and/or social transition to achieve congru-
ence, whereas others find comfort only after hormonal
and/or surgical intervention, with the intention of
changing genitalia and sexual characteristics
(Coleman, 2017). Bottom surgeries and hormonal inter-
ventions aimed at physical realignment of a trans-
gender person’s body with their gender identity may
result in infertility, forcing those with reproductive

aspirations to make difficult choices between alleviat-
ing their dysphoria and fulfilling their reproductive
goals. Treatment is therefore multi-faceted and
dynamic, necessitating individualisation according to
circumstance and values, including consideration of
future reproductive aspirations. Although the number
of transgender people presenting to specialised serv-
ices is increasing, they remain at high-risk of poor
medical outcomes. This has been attributed to a multi-
tude of reasons including a knowledge gap in man-
agement and long-term outcomes (Olson-Kennedy
et al., 2016), lack of access to care, financial barriers,
discrimination, and socioeconomic barriers (Safer et al.,
2016). Moreover, this is compounded further by a lack
of training and subsequent shortage of professionals
with sufficient expertise, knowledge, confidence of
transgender medicine (Sanchez et al., 2009; Unger,
2015; Vance et al., 2015). Qualitative studies demon-
strate that most transgender youths, adolescents,
adults (88%) and their parents (93%) prefer fertility
preservation counselling to be provided by gender
clinic physicians and one third would prefer mental
health specialists or fertility specialists to provide
counselling (Quain et al., 2021). It is therefore import-
ant that healthcare professionals across all disciplines
are trained in the provision of care.

For those at pre or peripubertal ages (i.e., those
who have not yet reached Tanner Stage V), the aim of
hormonal therapy is twofold: (i) to suppress puberty;

Sweden - Applica ons for legal/surgical sex reassignment
reviewed between 1960 -2010
(Dhejne et al., 2014)
• The incidence increased significantly
• For TG men: 0.16 – 0.42 :100,000/year
• For TG women: 0.23 – 0.73 :100,000/year

Ireland - Individuals a ending an endocrine service for
considera on of hormonal therapy between 2005-2014
(Judge et al., 2014)
• TG men: 1:27,668
• TG women: 1:10,154

New Zealand – Informa on provided by the Passports
Offic

e
( Veale et al., 2008)

• Overall prevalence of trans-sexualism 1:6364
• TG men 1:22,714
• TG women 1:3639

Spain –Data collected from a gender iden ty unit (Becerra-
Fernández et al., 2017)
• Overall prevalence of trans-sexualism 22.1:100,000
• TG men: 12.9:100,000
• TG women: 31.2:100,000

San Fransisco, USA –Assessment of
2730 students (grade 6-8) across 22
public schools (Shields et al., 2013)
• 1.3% of middle school youths

iden fied as transgender

USA –A systemic search of na onal
surveys between 2006-2016 and
using meta-regression to es mate
popula on size (Meerwijk and
Sevelius., 2017)
• 390:100,000
• Almost 1 million adults na onally

Belgium – Plas c surgeons completed
ques onnaires for their pa ents
undergoing sex reassignment surgery
(De Cuypere et al., 2007)
• TG men: 1:33,800
• TG women: 1:12,900

Figure 1. Global prevalence of gender dysphoria. TG: transgender
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and (ii) for gender affirmation. Gonadotrophin releas-
ing hormone (GnRH) analogues can be administered
to delay puberty and provide time to determine a
comprehensive and individualised treatment plan
(Coleman, 2017; Marshall & Tanner, 1970).
Gender-affirming oestrogen based hormonal therapy
has been shown to improve symptoms of dysphoria,
psychological wellbeing, sexual function, and overall
quality of life (Costa & Colizzi, 2016; Murad et al.,
2010). However, long-term oestrogen administration
may impair spermatogenesis and deplete Leydig cells
in testicular tissue (Jindarak et al., 2018; L€ubbert et al.,
1992; Matoso et al., 2018; Schulze, 1988; Thiagaraj
et al., 1987; Venizelos & Paradinas, 1988). Although the
use of low dose ethinyl oestradiol does not impair
sperm motility, impairment has been demonstrated at
higher doses (L€ubbert et al., 1992). Long-term oestro-
gen use is also associated with histological changes to
testicular tissue, including germ cell hypoplasia, hypo-
plasia, or absence of Leydig cells and epididymal
hyperplasia (Matoso et al., 2018). The negative impact
of hormonal therapy on reproductive function has not
been consistently shown and data remains conflicting
(Schneider et al., 2017). Comparison studies assessing
the difference in sperm parameters in transgender
women with current, previous, or no exposure to gen-
der-affirming hormonal treatments have shown that
those undergoing current gender-affirming hormone
treatment had poorer sperm parameters (Adeleye
et al., 2019). However, sperm parameters in those with
previous use were comparable to those with no use,
suggesting potential reversibility (Adeleye et al., 2019).
Moreover, data from transgender women on
long-term hormonal therapy prior to orchidectomy
identified the majority (80%) still had germ cells pre-
sent, with function maintained in 40% (Jiang et al.,
2019). Although the duration of hormonal therapy did
not impact preservation of germ cells, commencing
therapy at a younger age appeared to be associated
with the presence of fewer germ cells.

Traditionally, little attention has focussed on the
reproductive aspirations of transgender people: some
European countries even mandated sterilisation as
part of the legal gender confirmation process (Dunne,
2017). However, The European Court of Human Rights
has declared such legal mandates to be a breach of
the individual’s Article 8 right to a private and family
life. In recent years, there has been a greater emphasis
on the importance of fertility preservation counselling
among transgender populations (Nahata et al., 2016).
The World Professional Association for Transgender

Health and the Endocrine Society now recommends
comprehensive fertility counselling prior to commenc-
ing treatment in both adolescents and adults
(Coleman, 2017; Deutsch & Feldman, 2013; Hembree
et al., 2017). This has been reiterated by the American
Society for Reproductive Medicine Ethics Committee,
who emphasises fertility preservation counselling plays
a role in avoiding the unethical exclusion of trans-
gender individuals from assisted reproductive services
(Ethics Committee of the American Society for
Reproductive Medicine, 2015).

Reproductive aspirations

Reproductive and sexual health is an important con-
sideration for transgender individuals including contra-
ception, prevention of sexually transmitted infections,
family planning and fertility treatment (Mehringer &
Dowshen, 2019). Despite this, it is often overlooked
both clinically and academically. This is epitomised by
a recent review which identified <1% of published lit-
erature related to transgender medicine addressed the
topic of reproduction, and where reproduction was
discussed, the focus was primarily on ethical concerns
rather than clinical outcomes (Wanta & Unger, 2017).

Table 1 summarises the fertility aspirations among
transgender populations reported in 9 published stud-
ies. Desire for parenthood among transgender women
appears to match those held by cisgender women,
with many stating they would consider fertility preser-
vation if given the opportunity (Neblett & Hipp, 2019).
Despite international recommendations from profes-
sional bodies, detailed fertility counselling is not uni-
versally undertaken (Coleman, 2017; Hembree et al.,
2017; Shumer et al., 2016). Indeed, while surveys of
healthcare workers from medical/psychiatric back-
grounds, demonstrate high levels of knowledge
regarding fertility preservation in transgender popula-
tions, this is not reflected in practice (Chen et al.,
2019), and is therefore similar to the early literature
which described how men with cancer did not always
receive adequate opportunity to bank sperm prior to
their treatment (Pacey & Eiser, 2011). A recent online
survey of 156 individuals identified that while 26-44%
of transgender or gender non-conforming youths
expressed an interest in future biological parenthood,
only 21% discussed fertility implications with clinicians,
and just 14% were informed of the deleterious impact
of hormonal therapy on their reproductive potential
(Chen et al., 2018).

HUMAN FERTILITY 3



Table 1. Fertility aspirations and influencing factors in transgender women.
Author and year Participants Source of participants Age (years) Fertility aspirations Influencing factors

Youths and Adolescents (age <18)
Persky et al. (2020) 64 transgender and

gender diverse youths
Hospital based gender

clinic (USA)
Mean age 16.8 20% of participants

perceived having
children to
be important

Discomfort with
reproductive anatomy

Unwillingness to delay
gender transition

Chiniara et al. (2019) 79 transgender
individuals:

64 assigned female at
birth

15 assigned male at birth

Transgender youth
clinic (Canada)

Age 12–18
5/15 between the

age of 13–15
9/15 between the

age of 16-18

10/15 (67%) would like
to be a parent

Only 1/15 would be
frustrated if could
not have a biological
child

12/15 would
consider adopting

Highest priority was
“being in good health”

Fertility preservation was
ranked as the lowest
priority

All participants were
aware of the impact of
hormonal therapy on
future fertility

None of the participants
assigned as male at
birth would consider
fertility preservation if
it caused a delay in
starting
hormonal therapy

Chen et al. (2018) 156 transgender and
non-conforming
adolescents

Online survey
Participants recruited

through paid
advertisement via
Facebook
(United States)

Age 14–17 48.7% interested in
having children some
day

35.9% interested in
having
biological children

79% never discussed
fertility preservation
with a healthcare
professional

82.7% did not have
counselling regarding
how hormonal therapy
could impair fertility

Adoption perceived as a
reasonable option

Concerns regarding
stigma associated with
parenthood as a sexual
and gender minority

Concerns regarding
feelings associated with
pregnancy, parenthood
and gender identity

Strang et al. (2018) 25 transgender males
and females:

14 transgender males
10 transgender females
1 nonbinary

Gender Development
Program
(United States)

Age 13–19 84% of participants
ranked
understanding how
hormone treatment
might affect fertility
as important

100% already knew that
hormonal treatment
could impact future
fertility

56% expressed a
preference for
having children

Having biological children
was not rated as
important

96% would consider
adoption

Only 36% would consider
medical procedures for
fertility preservation

Brik et al. (2019) 35 transgirls Curium-Leiden
University Medical
Centre
(Netherlands)

Mean age 14.8 7/15 (20%) transgirls
interested in having
children

32/35 (91%) counselled
about impact
on fertility

Some participants did not
want children

Interests in adoption
Feeling uncomfortable

with masturbation
Feeling uncomfortable

with the idea of being
the biological father of
a child

Kyweluk et al. (2018) 6 transgender individuals
assigned male at birth

Gender and Sex
Development
Program clinic
(Chicago, USA)

Age <20 Not specified Concerns regarding
limitations of future
use of cryopreserved
sperm

The necessity for a donor
egg and surrogate

Inability to carry a
pregnancy feeling like
a constraint

(continued)
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Appropriate counselling can lead to a high
uptake of fertility preservation

Although some clinics report that 82% of transgender
women receiving adequate counselling pursue fertility
preservation, high rates have not been consistently
reported and uptake can range from 7% to 82%.
Fertility preservation counselling does not always
equate to high uptake rates. In one clinic, most trans-
gender youths declined preservation despite receiving
fertility discussions, indicating that patient specific fac-
tors will affect an individual’s choice (Wakefield et al.,
2019). As summarised in Table 2, fertility preservation
uptake may remain low despite adequate fertility
counselling, highlighting a potential mismatch
between desire and uptake.

A number of barriers may explain the disparity
between desires and uptake of fertility preservation,
including financial considerations, a desire to not
delay transition and a perception of contradiction or
incompatibility with female identity (Auer et al., 2018;
Chen et al., 2017; Jones, Reiter, et al., 2016; Millar
et al., 2015; Persky et al., 2020; Wierckx et al., 2012).
A survey-based questionnaire amongst transgender

adults demonstrated that 90% did not perceive the
loss of fertility important enough to delay transition,
although 50% felt having biological offspring was
important and 51% would have seriously considered
fertility preservation had they received counselling
(Pf€afflin et al., 2002). In a survey of 13 transgender
adults, although many expressed an interest in parent-
hood, it was the mechanisms in place to achieve
this, which differ from how women assigned female
at birth reproduce and contradicted their beliefs
towards parenthood and pregnancy (von Doussa
et al., 2015). Other data has identified that transgender
women may be deterred by the invasive nature of fer-
tility preservation (Chen et al., 2017; Van Voorhis,
2007), or amid concerns future offspring may be
similarly affected (Riggs & Bartholomaeus, 2018),
owing to the potential genetic component to gen-
der dysphoria.

Public perception may also dissuade transgender
women from pursuing parenthood. In-depth inter-
views have raised concerns amongst transgender
women that judgments will be made by friends and
family for pursuing parenthood, leading to the

Table 1. Continued.
Author and year Participants Source of participants Age (years) Fertility aspirations Influencing factors

Adults (age >18)
Riggs and

Bartholomaeus
(2018)

409 transgender or
non-binary adults

Online questionnaire
via social media
(Facebook/Twitter)

Mean age 28.54
(range 18–72)

64 already had children,
of which 12 wish to
have more (18.8%)

345 did not have
children, of which
114 (33%) would like
to in the future

162/244 (66%)
respondents did not
feel genetic relatedness
was important

Auer et al. (2018) 99 transgender women
90 transgender men

Transgender health
care centre
(Germany)

Median age 41 When asked before
commencing gender
affirmation
treatment, 65.4% of
transgender women
could imagine
having children

Having genetically
identical children was
only important for a
minority of transgender
women.

A lack of counselling was
not deemed to
influence desires.

Pf€afflin et al. (2002) 121 transgender/
transexual women

Online survey
(Netherlands, Belgium,

France, and UK)

Adults age >20
(70% between the

age of 30
and 50)

Those with no children:
40% would not want

more, 40% would
like more, 20%
unsure

Those already with
children: 50% would
not want more
children, 40% would
want children,
10% unsure

90% did not feel fertility
loss was an important
reason to delay
transition

50% felt having biological
children was important
and 50% did not

Difficulties in
masturbation

Pronounced feelings of
gender dysphoria
associated with
freezing of sperm and
difficulties

Millar et al. (2015) 12 transgender people Endocrine, psychiatric
and family planning
clinics (Canada)

Age 19–25 5/12 (42%) desired to
have children

6/12 (50%) had fertility
options discussed

8/12 (67%) felt that sperm
banking was costly

Where possible, results reported individual for transgender women. If not specified by authors, results reported for transgender men and
women together.
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breakdown of relationships (von Doussa et al., 2015).
Public perceptions extend beyond stigma felt by
friends and family. Over one fifth of transgender indi-
viduals report daily discrimination, harassment, and
victimisation. Moreover, there have been reports of
transgender people feeling victimised by healthcare
providers (Kattari & Hasche, 2016). In insurance-based
medical systems transgender individuals are also less
likely than the general population to have health
insurance coverage, adding a further barrier in the
form of health discrimination (Dickey et al., 2016;
Nahata et al., 2017). Legal barriers have also been
described (Tornello & Bos, 2017). Reassuringly, public
perception may be becoming more inclusive: a recent
online survey of 986US residents demonstrated that
most respondents (76%) were supportive of trans-
gender people having biological children (Goldman
et al., 2017). Whilst some countries such as Sweden
offer fertility preservation services to transgender indi-
viduals under the publicly funded healthcare system,
this is not the case in other countries
(Rodriguez-Wallberg et al., 2021).

Having biologically related children has been
shown to be an important consideration for some
transitioning individuals (Tornello & Bos, 2017). The
decision to undergo fertility preservation seems closely
aligned to the importance of having genetically
related offspring; 71% of transgender adults who
underwent fertility preservation rated having genetic
relatedness as important (Riggs & Bartholomaeus,
2018). However, not all transgender women express
desire for biologically related offspring (Chiniara et al.,
2019; Strang et al., 2018).

Fertility preservation rates are higher among trans-
gender women, compared to transgender men
(Alpern et al., 2022). Concerns regarding the fertility
preservation process itself, fear of gender dysphoria
caused by hormonal treatment and concerns regard-
ing the attitude of medical staff were more likely to
dissuade transgender men from fertility preservation
when compared with transgender women (Alpern
et al., 2022). Higher fertility preservation rates among
transgender women than transgender men have also
been demonstrated by others; interestingly, the
opposite trend was seen in transgender adolescents
(Amir et al., 2020). Being older and not having had
gender-affirming hormonal treatment was associated
with higher rates of fertility preservation among trans-
gender women (Amir et al., 2020).

Age at presentation to services will also impact
reported fertility aspirations. One study among adult
transgender women with a median age of 41 years,

concluded that with every year of advancing age, the
desire to have children drops by 5.3% (Auer et al.,
2018). Transgender women typically present at a later
age than men, impacting both their reproductive
desires and options (Couch et al., 2007). Results from
an Israeli clinic showed that presentation at an earlier
age increased the likelihood of undergoing fertility
preservation (Segev-Becker et al., 2020). Contrastingly,
other studies have identified that younger transgender
girls are less likely to utilise fertility preservation (Brik
et al., 2019). The influence of age is therefore not uni-
versal, whereas cultural and social aspects have been
shown to be highly influential (Segev-Becker et al.,
2020). Additionally, ethnicity may also play a role with
suggestion that Caucasian transgender girls are less
likely to pursue fertility preservation (Brik et al., 2019).

In those who already have children prior to the
onset of treatment, future desire for children may be
reduced, as is the case among the general population
(St€obel-Richter et al., 2005). However, results from a
transgender centre in Germany demonstrated that hav-
ing children prior to gender-affirming treatment did
not necessarily impact future desire for further offspring
(Auer et al., 2018). As the average age of transition
decreases, a smaller proportion will have children prior
to transition, thereby amplifying the need to consider
future reproductive aspirations. This is exemplified by a
recent study assessing reproductive aspirations among
transgender women where almost three quarters of the
cohort were aged 16–30. Although <10% had children
prior to transition, 95% held the desire for children in
the future (Jones, Rajamanoharan, et al., 2020).

Fertility preservation

Transgender women are now presented with viable
options regarding the preservation of their reproduct-
ive potential, as summarised in Figure 2. Fertility pres-
ervation can take place prior to transition, utilising
sperm cryopreservation, with subsequent in-vitro fertil-
isation (IVF) or intra uterine insemination (IUI) with a
female partner or surrogate using donor oocytes.
However, sperm cryopreservation is not possible in
those wishing to undergo treatment prior to the onset
of sexual maturity, owing to the absence of mature
sperm. In this population, electroejaculation and tes-
ticular biopsies can be carried out in early puberty
before virilisation (Parikh et al., 2021; Peri et al., 2021).
Each option presents advantages and disadvantages,
which vary depending on individual circumstance. To
avoid compromising future reproductive aspirations
and risk involuntary childlessness, it is essential
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extensive reproductive counselling takes place prior to
hormonal or surgical therapy (Martinez, 2017). The key
to optimising patient-centred care and shared decision-
making is the provision of accurate, supportive, and
empowering counselling. It should explore all available
options to ameliorate the adverse, and potentially irre-
versible impact of hormonal and surgical treatment on
fertility. It should also be individualised, respecting dif-
ferences in priorities and preferences among patients
who may legitimately privilege speedy transition over
fertility preservation and/or be dissuaded by the experi-
mental or invasive nature of certain options (Chen
et al., 2017, 2018; Nahata et al., 2017; Pang et al., 2020).

Sperm cryopreservation

Sperm cryopreservation is an established and effective
method of preserving male fertility. A systematic review
and meta-analysis have shown that pregnancy and fertil-
isation rates with cryopreserved sperm are now compar-
able to rates with fresh sperm (Ohlander et al., 2014).
In post-pubertal individuals, management options
depend on whether hormonal therapy has commenced.
Prior to hormonal therapy, or where evidence of sperm-
atogenesis remains after commencement, sperm
cryopreservation can be offered. In cases where sperm-
atogenesis is not restored following the cessation of hor-
monal therapy, gonadotrophins, selective oestrogen
receptor modulators (SERMs) and aromatase inhibitors

can be used to facilitate the return of spermatogenesis,
although evidence surrounding the usage of such
agents remains limited (McBride & Coward, 2016;
Wenker et al., 2015). Indeed, most data evaluating
pharmacological restoration of spermatogenesis concern
cisgender males, with a lack of data amongst trans-
gender women. In men with hypogonadotrophic hypo-
gonadism, administration of human chorionic
gonadotrophin (hCG) has been shown to induce sperm-
atogenesis (Vicari et al., 1992). Additionally, recombinant
follicle stimulating hormone (FSH), SERMS (such as
clomiphene citrate) and aromatase inhibitors (such as
anastrazole and letrozole), can be used in adjunct to
hCG to restore spermatogenesis in men following use of
anabolic androgenic steroid use or exogenous testoster-
one use. In transgender women, successful restoration of
testosterone levels and increased sperm motility have
been reported following treatment with FSH and clomi-
phene citrate (Alford et al., 2020). A case of recovered
spermatogenesis in an individual who had initiated treat-
ment of gender dysphoria with leuprolide acetate has
been reported, suggesting that sperm cryopreservation
is an option for those who have commenced gender-
affirming therapy (Barnard et al., 2019).

Sperm cryopreservation is not without its limita-
tions. Sperm is usually acquired via masturbation,
which can be problematic for transgender women (De
Roo et al., 2016). For those with ejaculatory dysfunc-
tion, ejaculation can be achieved by neurostimulatory

Age of
presenta on

Stage of
treatment

Fer lity
priori es

Sexual
orienta on

Extent of
treatment

Fer lity preserva ons op ons

Peri-pubertal Post-pubertal Long-term partner
before transi oning

Female partner Male partner

Before hormonal treatment During hormonal treatment A er hormonal treatment

Cease hormonal treatment

Pre-pubertal

Tes cular ssue
cryopreserva on

Sperm
cryopreserva on

Adjuncts to restore
spermatogenesis: hCG, FSH,
SERMs, aromatase inhibitors

IUI, ICSI,
IVFEmbryo cryopreserva on

Oocyte donor or
surrogate

Figure 2. Available methods of fertility preservation for transgender women and influencing factors.
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methods including penile vibratory stimulation and
electroejaculation (McBride & Lipshultz, 2018).
Hormonal therapy may also impair erectile and ejacu-
latory function, further challenging the acquisition of
sperm through masturbation (Hembree et al., 2017).
Other methods of acquiring sperm are by microsurgi-
cal testicular sperm extraction or by microsurgical epi-
dydimal sperm aspiration (Schneider et al., 2017).

An additional point of consideration involves the
cost of sperm cryopreservation. The average cost for
sperm cryopreservation of one vial is $745 USD for the
first year and $343 USD for each year thereafter
(Gilbert et al., 2018). If sperm cryopreservation is per-
formed earlier in childhood, fees will undoubtedly
mount. Such costs may therefore limit the feasibility
of sperm cryopreservation for some individuals.

Reproductive medicine clinics report an increase in
fertility preservation referrals for transgender patients,
particularly for semen banking. In one Swedish clinic,
fertility preservation referrals increased by 60% on aver-
age per year and the proportion who went on to
undergo sperm cryopreservation increased from 56% in
2013 to 91% in 2018 (Rodriguez-Wallberg et al., 2021).
With increasing demand, an improved understanding
of reproductive aspirations and options is required.

Embryo cryopreservation

Embryo cryopreservation may also be suitable for trans-
gender women with female partners, or those that
choose to use donor oocytes. Although this offers the
benefit of having genetically related embryos stored
with an existing partner, there are disadvantages, such
as having to undergo IVF prior to transitioning, which
can be invasive, time consuming and expensive. The
additional possibility of subsequent relationship break-
down, which may render the stored embryos unusable
or at least lead to disputes over their use, must also be
considered. This risk may be amplified by the dynamic
nature of sexual orientation following transition. For
example, a study of 232 transgender women showed
that while 54% were attracted to women before gen-
der reassignment surgery, this reduced to just 25%
post-operatively and while 9% were attracted to men
pre-operatively, this increased to 34% following gender
reassignment surgery (Lawrence, 2005).

Testicular tissue cryopreservation

For transgender women who transition prior to
puberty and are therefore unable to undergo sperm
cryopreservation, an alternative is testicular tissue

cryopreservation. While still an experimental procedure
from which no children have yet been produced, clin-
ical trials are offering testicular tissue cryopreservation
to pre-pubertal children who may have their repro-
ductive potential compromised.

Testicular tissue can be obtained surgically and will
contain spermatogonial stem cells which have the
potential to either self-replicate or to differentiate into
mature sperm. This was first theorised in 1994, when
spermatogenesis was demonstrated after testicular tis-
sue was harvested from a mouse and re-implanted
into recipient mouse seminiferous tubules (Brinster &
Zimmermann, 1994). A subsequent study successfully
extracted and cultured immature mouse testicular tis-
sue, enabling spermatogenesis to occur in vitro, fol-
lowing which intracytoplasmic sperm injection (ICSI)
was used to reproduce offspring (Sato et al., 2011).
However, human spermatogenesis is more complex,
and in vitro human spermatogenesis requires a spe-
cific micro-environment, which has yet to be deter-
mined (Komeya et al., 2018). At present, human
studies are focussing on optimising the process to
achieve feasibility, including culture environments, cry-
oprotectants and preservation protocols (Baert et al.,
2013). However, challenges extend beyond refining
the technique, notably including issues regarding
obtaining adequately informed and appropriate con-
sent from children. This issue is epitomised by a ques-
tionnaire of pre-pubertal boys diagnosed with cancer
which demonstrated that just 33.3% of those aged
<12 were able to comprehend information given to
them about fertility preservation (Wyns et al., 2015).
This may be further complicated in the case of trans-
gender patients due to increased potential for psycho-
logical co-morbidities and dysphoria surrounding
fertility preservation itself (Chen & Simons, 2018).
Nevertheless, at present, testicular tissue cryopreserva-
tion remains experimental and has only been applied
to the human model in oncology cases.

Assisted reproductive technology

When fertility treatment is subsequently embarked
upon, the cryopreserved sperm could be used for
in-vitro fertilisation (IVF) or intra uterine insemination
(IUI) with a female partner or surrogate using donor
oocytes. Pregnancy rates from IUI are strongly influ-
enced by the concentration and quality of sperm,
requiring five to ten million total motile sperm (Dickey
et al., 2001). A recent French series demonstrated no
major impairment of semen parameters in transgender
women who had not started gender affirming
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hormonal therapy when compared with sperm donors
(Sermondade et al., 2021). However, analysis of sperm
parameters in transgender women has revealed that,
even before the onset of hormonal therapy, sperm
quality both prior to cryopreservation and following
warming, are poor (Hamada et al., 2015). This is con-
firmed by data showing that prior to gender-affirming
treatment, semen parameters are lower in transgender
women compared to the general population, even
when body mass index, alcohol intake, cannabis use,
and use of gender-affirming hormones are accounted
for (de Nie et al., 2020). Other studies have similarly
found transgender women to have poorer sperm
parameters when compared to cisgender men, irre-
spective of gender-affirming hormonal treatment use
(Li et al., 2018; Marsh et al., 2019; Rodriguez-Wallberg
et al., 2021). When compared with fertile cisgender
men, semen parameters including sperm concentra-
tion, total sperm per ejaculate, total motile sperm,
volume, and sperm morphology were significantly
lower in transgender women prior to the initiation
of gender-affirming treatment (Marsh et al., 2019).
Behaviours such as wearing tight underwear, keeping
the genitals tight against the body, bringing the tes-
ticles into the inguinal canal and a low frequency of
masturbation may all influence sperm function and
quality (de Nie et al., 2020; Mieusset et al., 1987;
Povey et al., 2012; Tiemessen et al., 1996). Lifestyle
and medical factors that may influence semen param-
eters in transgender women should not be
over-looked. For example, transgender women exhibit
higher levels of stress, anxiety and depression when
compared with cisgender men (Marsh et al., 2019).
Stress, depression, and anxiety have been identified to
negatively impact semen parameters (Li et al., 2011;
Nordkap et al., 2016). Moreover, use of selective sero-
tonin reuptake inhibitors for the treatment of depres-
sion is also associated with poorer semen quality
(Drobnis & Nangia, 2017; Nørr et al., 2016). High rates
of cigarette, alcohol and recreational drugs use has
been reported among transgender groups, which may
impact semen parameters (Li et al., 2011; Newcomb
et al., 2020). When semen quality was analysed in a
group of transgender women prior to the use of gen-
der-affirming treatment, poor semen factors were not
correlated with medical and lifestyle factors such as
smoking, alcohol, depression, anxiety, antidepressant
use or cannabis use, concluding that the cause for
poorer semen parameters in transgender women

without use of gender-affirming treatment is unclear
and likely to be multi-factorial (Amir et al., 2022).

Subsequently, in order to acquire substantial sam-
ples for successful IUI, multiple ejaculatory samples are
often required. Even among groups of transgender
women with high uptakes of sperm cryopreservation,
subsequent pregnancy rates remain low. In one group
of transgender women cryopreserved sperm was only
utilised by one in nine transgender women (Jones,
Reiter, et al., 2016). In those with suboptimal sperm
quality, IVF with intracytoplasmic sperm injection (ICSI)
should be considered. Whereas reproductive outcomes
in transgender women remain sparse, case reports
have shown successful IVF outcomes, but highlighted
healthcare providers need to expand their clinical
experience owing to additional complexities in this
population (Broughton & Omurtag, 2017). Larger stud-
ies exploring the IVF outcomes of transgender women
are lacking, exposing a research priority to further
improve access to reproductive services.

Reproductive realignment—Uterine
transplantation

Uterine transplantation (UTx) is a surgical intervention
that restores reproductive potential in women with
absolute uterine infertility which allows them the
opportunity to gestate and give birth to their own chil-
dren. More than 70 cases of uterine transplantation in
cisgender women have now been undertaken world-
wide, and 23 livebirths have been reported (Jones
et al., 2021). Following the rapid development of UTx
and demonstration of its feasibility in cisgender
women, speculation has escalated regarding the possi-
bility of undertaking UTx in transgender women (Jones,
Saso, et al., 2019; Lefkowitz et al., 2013; Murphy, 2015).
Numerous psychosocial, ethical, and legal concerns, as
well as significant anatomical and physiological chal-
lenges, must however, be considered and/or overcome
prior to establishing the feasibility of UTx in this popu-
lation (Alghrani, 2016a; Jones, Williams, et al., 2019).

Demand for uterine transplantation in
transgender women

Uterine transplantation (UTx) and the ability to gestate
may be welcome by trans women as a way of express-
ing and consolidating a maternal identity, namely a par-
ental identity that aligns with gender identity (Kyweluk
et al., 2018). Initial evidence suggested that less than a
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quarter (23.3%) of transgender women would consider
UTx (Auer et al., 2018). However, a more recent ques-
tionnaire study exploring the perceptions of 182 trans-
gender women demonstrated that 95% of respondents
felt the risks associated with UTx were outweighed by
the benefits (Jones, Rajamanoharan, et al., 2020), and
highlighted the desire to experience physiological proc-
esses unique to cisgender women, such as menstruation
and gestation. Moreover, three quarters of the cohort
felt discrimination through alternative ways of acquiring
parenthood, such as adoption and surrogacy. This desire
to gestate has previously been identified to supersede
the importance of having a biological child in some
cases (Pf€afflin et al., 2002).

Surgical and hormonal considerations

Anatomical differences add additional surgical complex-
ity to UTx in transgender women. Three key surgical
challenges have previously been highlighted, including
the vascular anastomoses, the neovaginal anastomosis
and ligamentous support. Whereas minor modifications
to the surgical technique may overcome the issues
related to the major pelvic vessels and ligamentous
insertion, the neovaginal anastomosis requires more
consideration. The structure of the vaginal microbiome
is associated with various clinical and reproductive
implications that are vital in the process of UTx (Jones,
Saso, et al., 2020). Skin lined neovaginas in transgender
women have been demonstrated to be colonised with
bacteria traditionally identified in skin, intestine, or bac-
terial vaginosis (Weyers et al., 2009), and be lactobacilli
deplete in more than 95% of transgender women
(Weyers et al., 2009). As such, the absence of physiolo-
gically functioning vaginal mucosa could interfere with
successful UTx in transgender women (Jones, Williams,
et al., 2019), and consideration of the method used for
neovagina creation is now warranted.

The impact of exogenous hormonal therapy must
also be considered. Following UTx, sequential hor-
mone replacement therapy (HRT) would be preferable
over the usually used continuous HRT regimen, as
graft function can be determined by the presence of
withdrawal bleeding (Jones, Williams, et al., 2019). In
addition, withdrawal bleeding could facilitate the alle-
viation of gender dysphoria by mirroring menstruation
(Brantelid et al., 2014; Jones, Williams, et al., 2019;
Jones, Rajamanoharan, et al., 2020). Moreover, if anti-
androgens such as finasteride or spironolactone are
being taken, these should also be stopped in advance
of fertility treatment, owing to their potential terato-
genic effects.

Ethical considerations

Given the need to ensure justice and equality in
access to medical treatment, and acknowledgement
that the potential benefits transgender women may
seek from UTx reflect those of women as a group
more widely, there is a prima facie case for offering
UTx to transgender women. However, some important
ethical and practical concerns remain that may cast
doubt on its appropriateness for this group.

These have been widely discussed by reproductive
ethics scholars and there thus exists a wealth of litera-
ture exploring the different ethical and policy ques-
tions raised. These explore a diverse range of topics
including the extent to which UTx is motivated by and
contributes towards harmful social and cultural atti-
tudes which valorise genetic and gestational parent-
hood (Lotz, 2016; Wilkinson & Williams, 2016). Other
important considerations include: (i) informed consent
from UTx recipients and donors; (ii) the use of living
donors for quality of life-enhancing interventions; (iii)
priority setting and funding for UTx and (iv) the extent
to which the benefits of UTx, such as experiencing
gestation and childbirth, can truly outweigh the
potential harms risked to both recipient and the future
child (Alghrani, 2016b; Catsanos et al., 2013; Wilkinson
& Williams, 2016; Williams, 2016).

Welfare of the woman

Physicians aiming to provide UTx to transgender
women must carefully consider whether or not, as in
UTx in women assigned female at birth, the physical
and psychological harms are likely to be outweighed
by the benefits provided. While the benefits trans-
gender women seek from UTx will generally be like
those of other women with absolute uterine factor
infertility (AUFI), the risks are potentially significantly
greater. Thus, it may be the case that UTx in trans-
gender women will simply prove too risky to justify. If
so, then the position of transgender women in this
respect would be like other groups excluded on the
grounds of risk. This includes women with serious sys-
temic diseases which is currently an exclusion criterion
for UTx (Jones, Saso, et al., 2016). In cisgender women,
the uterus is removed following the completion of their
family, allowing the cessation of immunosuppressive
medications. However, if UTx is undertaken to help alle-
viate gender dysphoria in addition to facilitate the
achievement of reproductive aspirations, transgender
women may desire permanent UTx, requiring lifelong
immunosuppression. A recent perceptions study of
transgender women regarding UTx highlighted that
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more than a third of transgender women (39%) were
undecided or may refuse a hysterectomy following
completion of their family (Jones, Rajamanoharan, et al.,
2020). As the risks associated with immunosuppression,
such as cancer and infection, are cumulative, this would
increase the associated risk of the process significantly.

Welfare of the child

As with any new assisted reproductive technology,
physicians considering performing UTx in transgender
women are ethically obliged to consider the physical
and psychological welfare of children who may be
born as a result. In countries such as the UK, they are
also legally mandated by the Human Fertilisation and
Embryology Act (2008) to consider the welfare of any
resulting child prior to offering fertility treatment.
Thus, if it can be shown that children born to trans-
gender women through UTx are likely to suffer
‘serious harm’ this would cast doubt on the appropri-
ateness of the procedure. In the context of undertak-
ing UTx in women assigned female at birth, concerns
have been raised regarding the physical risk exposed
to the foetus because of gestation inside a donated
uterus (Daar & Klipstein, 2016). These may be
increased by unknown factors following UTx in trans-
gender women. However, the risks posed to the devel-
oping foetus are unlikely to be greater than those in
women with chronic medical conditions such as renal
disease, diabetes, autoimmune diseases, and hyperten-
sive disorders. Thus, provided adequate steps are
taken to ensure a safe gestational environment for the
developing foetus, UTx in transgender women is
unlikely to prove any less ethically acceptable than
other high-risk pregnancies.

Concerns may, however, be raised about potential
psychological harm to children born following UTx.
With regard to previous trials of UTx it has been noted
that children may, like the first IVF babies, experience
unwanted media attention, confusion or indeed abuse
from others regarding their origin and perceived
differences (Williams, 2016). These concerns may be
exacerbated by the possible harms children of trans-
gender parents may experience in terms of their self-
perception, identity development, family relationships
and social relationships. Yet, whilst such concerns war-
rant consideration there is a distinct absence of mean-
ingful evidence that children born to transgender
parents are injured in systematic or significant ways
because of their parent’s gender identity (Murphy,
2012). Available studies on child outcomes suggest
transgender parents are no less likely to exhibit

supportive, stable, and loving parenting than cisgen-
der parents (Green, 1998). Moreover, children with
transgender parents are equally likely meet develop-
mental milestones, and no more likely to exhibit dis-
tress and confusion regarding their gender or sexual
identities (Stotzer et al., 2014). They are also unlikely
to be harmed by knowledge of their parent’s gender
identity, provided it is disclosed early in childhood
(Chiland et al., 2013). Instead, it is more likely that psy-
chological distress reported by such children may be
secondary to harassment or discriminatory behaviour
outside of the family unit. Such harms, as with racism
and sexism, are best prevented through education of
those who harass or discriminate, and not through
preventing the births of those who are discriminated
against or harassed. Moreover, given that children
who are younger at the time of their parent’s transi-
tioning demonstrate better adaptation and maintain
healthier relationships with their parents, it is likely
outcomes would improve further if they were born
into their post-transition family unit (White & Ettner,
2007). As such there is also no compelling reason to
refrain from trialling UTx in transgender women on
the basis of child welfare.

Legal implications

Whereas legislation varies internationally, there remains
dispute regarding whether transgender women would
legally be permitted in England to undergo embryo
transfer after UTx (Hammond-Browning., 2019; Jones,
Alghrani, et al., 2019). Section 3(2) of the Human
Fertilisation and Embryology Act (2008), states ‘no per-
son shall place in a woman a live embryo other than a
permitted embryo’, and explains in section 3ZA that the
terms “woman” and “man” include respectively a girl
and a boy (from birth)” and that a permitted embryo
refers to an unaltered embryo “created by the fertilisa-
tion of a permitted egg by permitted sperm.” Given
these explanations, some have suggested that women
need to have been assigned female from birth to
undergo embryo transfer (Hammond-Browning, 2019).
However, an alternative interpretation is that the refer-
ence to “a girl and boy (from birth)” is intended to refer
to girls who have not yet become ‘women’ by defin-
ition with the aim of permitting the use, in fertility
treatment, of cryopreserved oocytes and ovarian tissue
obtained from individuals rendered infertile prior to the
age of 16 (Jones, Alghrani, et al., 2019).

Even if the legislation did make the transfer of
embryos illegal in transgender women, this would
conflict with the Gender Recognition Act (2004), which
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states a person’s gender becomes, for all purposes,
the acquired gender, once a full gender recognition
certificate has been issued. A transgender woman
seeking UTx may also challenge the aforementioned
provisions on the grounds that it breaches her Article
8 and 14 rights under the European Convention of
Human Rights, in the absence of any persuasive rea-
son or legitimate aim which justifies the interference.
This is supported by the ESHRE Task Force which high-
lighted the denial of assisted reproduction clashes
with human rights (De Wert et al., 2014). As such, if
UTx proves feasible in transgender women, it is essen-
tial that governing regulations evolve concomitantly
to meet the demands and reproductive aspirations of
modern-day families.

Conclusion

One of the principal aims of the clinical management
of gender dysphoria is the reduction of any disjunction
between the person’s felt or experienced gender and
their physiological characteristics and capacities. Taking
transgender women’s reproductive aspirations seriously
is therefore an important aspect of care and failing to
do so could further harm. Further studies exploring the
attitudes of transgender women to fertility are required.
With a deeper understanding of their perspectives,
barriers to accessing services can be more readily be
overcome and services more effectively designed. For
experimental techniques, such as testicular tissue
cryopreservation and uterine transplantation, further
scientific progress is required. In the meantime, the
reproductive desires of transgender women should be
approached with considerations of equality and well-
being at the forefront of clinicians’ minds. Fertility pres-
ervation counselling should be part of routine care and
transgender women’s reproductive plans should be
considered and discussed in detail before any fertility-
compromising treatment commences.
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