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14.1  Introduction

Gender incongruence (GI) is defined by a marked and persistent incongruence 
between an individual’s experienced gender and the assigned sex at birth [1]. When 
this condition leads to a clinically significant distress or impairment in social, occu-
pational, or other important areas of functioning, we refer to it as Gender Dysphoria 
(GD) [1]. Individuals whose gender identity does not completely and/or perma-
nently match their sex characteristics may describe themselves as trans or transgen-
der [1]. In particular, we use the term trans men for those assigned female at birth 
who identify as men, and trans women for those assigned males who identify as 
women. GI/GD represent a dimensional phenomenon that can occur with different 
degrees of intensity, of which the most extreme form is accompanied by a desire for 
gender-affirming treatment, including hormonal treatment and/or surgical 
interventions.

GI/GD may develop during childhood and remit in most prepubertal children 
[2, 3]. Afterwards, it can persist during adolescence and adulthood only in a minor-
ity of cases. The percentage of “persisters” appears to be between 10% and 27% 
[2, 4, 5].

During the management of children and adolescents with GI/GD, health care 
professionals should broadly conform to the Standards of Care of the World 
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Professional Association for Transgender Health (WPATH) [6] and to the Endocrine 
Society’s guidelines [7]. These are both mainly inspired by the pioneering work of 
Delamarre-van de Waal and Cohen-Kettenis [8] who described for the first time the 
“Dutch Approach,” a clinical protocol for the management of GI/GD during adoles-
cence. This protocol is characterized by a “Combined Approach,” including both 
psychological support and medical intervention, structured in three different phases: 
(i) a first diagnostic phase without medical interventions; (ii) the extended diagnos-
tic phase, characterized by puberty suspension with GnRH analogues (GnRHa);` 
and [3] induction of puberty congruent with gender identity.

In the first phase, a psychological support and evaluation is offered, with the aim 
to assess the presence and intensity of GI/GD [1] and to evaluate the presence of 
interfering psychological and/or social conditions. In this phase, the mental health 
professional (MHP) should also evaluate the presence of adequate psychological 
and social support, actively including parents. In line with WPATH recommenda-
tions, this phase should be conducted by a MHP with a specific training in child and 
adolescent developmental psychopathology and skilled in GI/GD [6].

During the establishment of the therapeutic relationship, the clinician should 
maintain a neutral attitude regarding any possible outcome in order to help the ado-
lescent to explore his/her gender identity openly. Finally, in this phase the MHP 
should inform the adolescent and the family accurately regarding different treat-
ment options, and consequences (including those related to fertility preservation) in 
order to prevent unrealistic expectations.

In case GD persists, the MHP’s role is also to assess the presence of criteria for 
pubertal suppression with GnRHa, as reported in Table 14.1.

In particular, it is recommended to start puberty suppression with GnRHa not 
earlier than Tanner stage G2/B2, in case the early pubertal modifications lead to a 
worsening of GD feelings [6, 7]. In fact, emotional reactions to the undesired body 
changes—in the opposite direction from the experienced gender identity—have an 
important diagnostic value for the MHP.

Table 14.1 Eligibility criteria for gonadotropin-releasing hormone analogues (GnRHa) and 
cross-sex hormones

Adolescents are eligible for GnRHa treatment if they:
   1. Meet the DSM 5 criteria for gender dysphoria (GD)
   2. Have experienced puberty at least up to Tanner stage 2
   3. Have an increase in GD at the arrival of early pubertal changes
   4.  Do not suffer from psychiatric comorbidities that interfere with the diagnostic work-up 

or treatment
   5. Have adequate psychological and social support during treatment
   6.  Demonstrate knowledge and understanding of the expected outcomes, risks, and benefits 

of therapy
   7.  Have parents’ consent to the treatment and give adequate support during treatment
Adolescents are eligible for cross-sex hormone treatment if they:
   1. Meet the criteria for GnRH analogues
   2. Are 16 years or older
   3. Have parents’ consent to the treatment and give adequate support during treatment
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14.2  Puberty Suspension

During the extended diagnostic phase, the administration of GnRHa allows to sus-
pend pubertal development. In fact, these long-acting analogues temporarily sup-
press the endogenous production of sex steroids by GnRH receptor desensitization, 
after an initial increase of gonadotropins during 10 days after the first and the sec-
ond injection [9]. Despite several GnRHa being available, triptorelin is the most 
studied in GD/GI adolescents [8]. The most used protocol contemplates the admin-
istration of triptorelin with a monthly formulation (3.75 mg every 28 days). In case 
gonadotropins are well suppressed, after 6 months, it is possible to switch to a tri-
mestral formulation (11.25 mg). In transboys (assigned female at birth adolescents) 
the initial interval may be shortened, repeating the second injection (3.75 mg) after 
12 days, in order to avoid menstrual bleeding risk.

GnRH antagonist could represent a potential alternative to GnRHa, since they 
immediately suppress pituitary gonadotropin secretion [10, 11]. This could repre-
sent an advantage through the elimination of the initial “flare” in gonadotropic axis 
activation. However, the absence of evidences regarding the safety and efficacy of 
GnRH antagonists does not allow their use in GD/GI adolescents.

GnRHa effectively suspend pubertal development, leaving these adolescents in 
a “limbo” in which they can explore their gender identity, without the distress 
derived by the undesired body modifications. In fact, already at the onset of Tanner 
2 puberty, body changes—such as breast development in transboys and increasing 
testicular size in transgirls (assigned male at birth adolescents)—may become 
unbearable. With the progression of puberty, other modifications occur, such as 
menarche/menses in transboys and deepening of voice, virilizing hair pattern, 
development of facial dimorphic characteristics, and spontaneous erections in 
transgirls. These undesired body modifications are perceived as devastating and 
humiliating. At this point, GD/GI adolescents realize that they cannot avoid the 
natural expression of their biological sex, which is incongruent with their gender 
identity. In fact, the onset of puberty is usually associated in transgender youth 
with a worsening of GD, distress, and psychological functioning and well-
being [12].

During GnRHa treatment, slight development of secondary sex characteristics 
may regress or stop. Among the effects, we can mention breast atrophy, menses ces-
sation in transgirls, and decrease in body hair distribution and in testicular volume, 
as well as reduction of spontaneous erections in transgirls [13].

Because of the suppression of pubertal development, GnRHa treatment immedi-
ately reduces the subject’s suffering and may prevent emotional and psychological 
impairment [14, 15]. Furthermore, GnRH treatment extends the diagnostic phase, 
by leaving the body in a neutral early pubertal state. During this period the adoles-
cent can continue to self-explore his/her gender identity, without the distress caused 
by pubertal modifications [7], allowing the clinicians to “gain time” during the 
extended diagnostic phase.

An important advantage of GnRHa is the reversibility of the intervention. If the 
adolescent decides not to follow with the transition path, pubertal block can be 
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discontinued. Spontaneous pubertal development will resume immediately and the 
subject can resume the maturation in the biological direction [16].

Furthermore, physical treatment outcome in adolescents treated with GnRHa is 
more satisfactory compared to treatment started later in puberty, when secondary 
sex characteristics have already been developed [17, 18]. Starting earlier medical 
treatment may reduce the invasiveness of future medical and surgical interventions 
[19]. For example, electrolysis hair removal, voice therapy, or surgery could not be 
necessary in transwomen individuals, as well as chest surgery in transmen.

Psychological support to the adolescent is crucial during all this delicate phase. 
Therefore, meetings with a skilled MHP are encouraged in order to evaluate all the 
aspects of psychological and social functioning, as well as exploring GD/GI and its 
possible outcomes [20].

Furthermore, during GnRHa treatment, guidelines recommend measuring 
gonadotropins and sex steroids levels to confirm adequate gonadal axis suppression 
[7]. In case gonadal axis is not completely suppressed, the time between GnRHa 
administrations can be shortened or the dose increased. Moreover, it is important to 
monitor negative effects of delaying puberty, such as halted growth spurt and 
impaired bone mineral accretion.

14.2.1  Criticalities of GnRHa Treatment

Overall, GnRHa appear to be an effective and safe treatment to block endogenous 
pubertal development in GD/GI adolescents. However, most of the evidences are 
based on studies in which GnRHa treatment was used to suppress precocious 
puberty and long-term follow-up studies are still quite limited.

The main risk of pubertal suppression in GD/GI adolescents may include an 
impairment of bone mineralization. In fact, puberty is the most important period in 
life for correct bone mass achievement, since about 85–90% of the total bone mass 
will have been acquired at the end of puberty [21]. Few data are available on the effect 
of GnRHa on bone mineral density (BMD) in adolescents with GD/GI. Contrasting 
evidences come from studies in different settings. For example, some studies reported 
that men with constitutionally delayed puberty have decreased BMD in adulthood 
[22], while others showed a normal BMD in this population [23, 24]. Similarly, a 
decrease of BMD is described in children with central precocious puberty treated with 
GnRHa in some studies [25], while others did not confirm these findings [26].

Concerning GnRHa treatment in GD/GI adolescents, data demonstrated no 
change of absolute areal BMD during GnRHa treatment, but a decrease in BMD 
Z-scores, mainly the lumbar spine [8, 27, 28]. The subsequent hormonal treatment 
to induce puberty led to an increase of BMD Z-score in both transmen and trans-
women; however, even after 24 months of gender-affirming hormonal treatment, 
pretreatment Z-score values were not reached in most of transgender adolescents 
[28]. Considering these evidences, dual-energy X-ray absorptiometry (DXA) scans 
remain important in follow up of bone health of transgender adolescents. Besides, 
calcium and vitamin D supplementation in case of deficiency may improve bone 
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health during GnRHa treatment, as well as an appropriate lifestyle (including physi-
cal activity and smoking avoidance/cessation). With regard to body composition, 
GnRHa have not been associated with a change in body mass index (BMI) standard 
deviation score in GD/GI adolescents [27]. However, GnRHa treatment seems to 
modify body composition leading to an increase in fat mass and a decrease in lean 
body mass percentage [13]. Comparable results have been observed also in girls 
treated for precocious puberty with GnRHa [29, 30].

Another criticality of GnRHa treatment is represented by the potential effects on 
brain development. Puberty has been suggested to represent a second organizational 
period during brain development both in animals and humans [31, 32], especially 
regarding the development of executive functioning. The question arises if pubertal 
suppression with GnRHa affects the development of this task. Limited data are 
available regarding this aspect. A single cross-sectional study [33], comparing the 
performance on the Tower of London (ToL) task of adolescents under GnRHa treat-
ment with control boys and girls, demonstrated no compromise of executive func-
tion. Unexpectedly, when evaluating brain activation patterns during ToL 
performance, GnRHa treated adolescents with GD showed sex differences in neural 
activation similar to their natal sex control group.

An additional side effect reported in a few girls treated with GnRHa for preco-
cious/early puberty is arterial hypertension [34, 35]. Similar evidences have not yet 
been reported in GD/GI adolescents treated with GnRHa, however blood pressure 
monitoring before and during treatment is recommended [7].

Furthermore, treated adolescents may also experience hot flashes, fatigue, and 
mood alterations as a consequence of pubertal suppression and reduction of sex 
steroids levels. Though, there is no consensus on treatment of these side effects in 
this context.

Finally, fertility issues should be adequately explored before the start of GnRHa 
treatment. Puberty suppression can pause the maturation of germ cells, and thus, 
affect fertility potential. However, data on fertility outcome after GnRHa treatment 
are lacking and fertility preservation options in these individuals are still 
investigational.

14.3  Puberty Induction

Clinicians can start gender-affirming hormones after a multidisciplinary team has 
confirmed the persistence of gender dysphoria/gender incongruence in adolescents 
with a sufficient mental (and legal) capacity to give informed consent to this par-
tially irreversible treatment (Table 14.2).

Although in many countries adolescents are able to start treatments since 16 years 
old, the timing of sex hormones starting in transgender adolescents remains under 
debate. The Endocrine Society guidelines supports the initiation of treatment at the 
age of 16 years and even earlier in selected cases evaluated by a multidisciplinary 
team with expertise in gender identity development in children [7]. However, mini-
mal data supporting an earlier use currently exist. When GnRHa treatment is started 
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in the early stages of pubertal development, a puberty congruent with the experi-
enced gender identity is induced with a dose scheme characterized by a progressive 
increase of hormonal treatment doses in order to simulate a physiological puberty, 
such as in hypogonadal patients. Alternatively, in late puberty gender-affirming 
treatment can be given at higher doses until the expected adult dose [7].

This gradually increasing schedule of sex steroid doses does not allow to effec-
tively suppress endogenous sex steroid secretion. For this reason, the continuation 
of GnRHa treatment is advised until gonadectomy, even if further studies are neces-
sary to evaluate its long-term effects.

Furthermore, transgender adolescents and their parents/other caretakers need to 
be clearly informed about the potential loss of fertility (impaired spermatogenesis 
and oocyte maturation) induced by hormonal therapy to make a reasoned and bal-
anced decision and potentially access to fertility preservation clinic.

14.3.1  Transgender Girls

Treatment for induction of a female puberty in transgirls consist in oral or transder-
mal estrogens formulations.

The oral administration of 17β-estradiol should be started at a dosage of 5 μg/
kg/d, increasing the dose every 6 months of 5 μg/kg (to 20 μg/kg/d) until a mainte-
nance dosage of 2 mg is reached.

The transdermal 17β-estradiol may be an alternative for the oral one with an 
initial dosage from 6.25–12.5  μg/24  h to 37.5  μg/24  h until the adult dose 
(50–200 μg/24 h) is achieved, raising the dose every 6 months. The use of transder-
mal alternative is increasing, but the absence of specific low-dose estrogen patches 
may be uncomfortable: Individuals need to cut the patches themselves to obtain a 
size corresponding to the appropriate dosage, which is sometimes difficult to 

Table 14.2 Protocol induction for puberty

Induction of female puberty:
   –  Transdermal 17b-estradiol (matrix patch, 25 mcg/24 h patch, changing the patch as 

directed once or twice weekly): Start with 3 mcg, applied for 12 h per day for 6 months, 
than 3 mcg for 24 h. double the dose every 6 months in a stepwise fashion: 6 mcg, 
12.5 mcg, up to 25 mcg, 50 mcg/d, 75 mcg/d, up to the adult dose (100 mcg/d).

   –  Oral 17b-estradiol: Start with 5 mcg/kg/d, increasing the dose every 6 months in a 
stepwise way by 5 mcg/kg/d, up to adult dose (2–4 mg/d).

   –  Oral estradiol valerate: Start with 8 mcg/kg/d (0.5 mg/d), increasing the dose every 
6 months in a stepwise way by 8 mcg/kg/d, up to adult dose (2–4 mg/d).

   –  Oral estradiol hemihydrate: Start with 6 mcg/kg/d (0.4 mg/d) increasing the dose every 
6 months in a stepwise way by 6 mcg/kg/d, up to adult dose (1.5–3 mg/d).

Induction of male puberty:
Intramuscular testosterone esters, increasing the dose every 6 months:
25 mg/m2 every 2 week im
50 mg/m2 every 2 week im
75 mg/m2 every 2 week im
100 mg/m2 every 2 week im
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calculate and realize; the patches glue may cause allergic reactions; new patches 
need to be placed every 3.5 day at the same hour of the day [36].

After a period of gonadal suppression varying from 3 to 6 months, estrogens can 
be given at a daily start dosage of 1 mg and increased to 2 mg after 6 months [7].

The effects of the addition of 17b-estradiol were studied prospectively in 28 
transgender girls [37]. Estrogen treatment was started at a median age of 16 years 
after a median duration of 24.8 months of GnRHa monotherapy. When the adult 
dose of 2 mg of estradiol daily was reached during a median duration of 2 years, the 
median serum estradiol was 27  pg/mL (100  pmol/L) [range, 6.5–103  pg/mL 
(24–380 pmol/L)] and no changes in prolactin levels, hemoglobin, hematocrit, gly-
cated hemoglobin, liver enzymes, and creatinine were seen [38]. Furthermore, 
physical changes were observed such as the breast development (started within 
3 months, and after 1 year median Tanner breast stage was 3 progressing to 5 after 
3 years), the increase of hip circumference and the decrease of waist circumference 
[38]. Although BMI increased, BMI SD scores did not: absolute BMD and Z-scores 
in the lumbar spine (not in the hip) increased [27, 28], but after 2 years of estrogens 
Z-scores were still below those of age- and sex-assigned–matched norms [28].

Studies regarding treatment with estrogens on pubertal development and short- 
term safety demonstrate feminization of the body without adverse events [38], 
although data on long-term outcomes are still sparse.

14.3.2  Transgender Boys

For male pubertal induction the use of testosterone ester injections is recommended. 
The initial dose is 25 mg/m2 IM every 2 weeks, progressively increasing 25 mg/m2 
every 6 months. The maintenance dosages vary from 100 to 200 mg per 2 weeks for 
testosterone monoesters, such as testosterone enanthate, to 250 mg per 3 to 4 weeks 
for testosterone ester mixtures. For transgender boys who started treatment in late 
puberty, testosterone can be started at 75 mg IM every 2 weeks, followed by the 
maintenance dosage after 6 months [7]. With androgens treatment, virilization of 
the body occurs in the first 3–6 months, including lowering of the voice, facial, and 
body hair growth, muscular development (particularly in the upper body), and clito-
ral growth [7, 8]. In post-menarche adolescent transboys, a progestogen can be 
added to stop or decrease menses frequency; instead, the adult dosage alone will be 
sufficient to suppress gonadal axis.

Prospective data on combined GnRHas and androgens are still scarce. The clini-
cal effects, including those metabolic parameters, in transgender boys have been 
investigated retrospectively in two studies, one single-center study (n = 42) [39] and 
one multicenter study center (n = 72) [40]. Only the single-center study reported on 
side effects, which were fatigue and acne. Clinically, there was a weight gain as both 
BMI [40] and BMI SD scores increased [39]. Although testosterone preparation and 
dosages differed, both studies reported an increase in both hemoglobin and hemato-
crit and in alanine aminotransferase, aspartate aminotransferase, and creatinine 
(even if they remained in the normal range), a worsening of lipid profile (cholesterol 
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and low-density lipoprotein increase, high-density lipoprotein decrease); glucose 
homeostasis parameters (HbA1c, insulin, glucose, homeostatic model assessment 
index) were not affected [41]. In transgender boys the bone density and Z-scores of 
the lumbar spine and the femoral region increased after 2 years of testosterone ther-
apy even if they don’t reach the pretreatment values [28, 42, 43].

14.4  Conclusions

Knowledge regarding the treatment of gender dysphoria and nonconforming youth 
has steadily advanced during the past 10  years [44, 45]. The current available 
research on transgender adolescents treatment is based mostly on cross-sectional 
studies with limited longitudinal data as well as paucity of information on diverse 
ethnic and socioeconomic populations (mostly from Western Europe and higher- 
income countries where many participants undergo surgical procedures and drop 
the follow-up). Nevertheless, the few somatic data available in adolescents are 
favorable and hither to support the fact that the proven psychological benefits of 
early medical intervention in transgender adolescents effectively outweigh the 
potential medical risks [36].
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