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21The Transgender:  
Endocrinological Assessment

Carlotta Cocchetti, Mario Maggi, 
and Alessandra Daphne Fisher

21.1  Introduction

In the past, gender identity has always been con-
ceived through a binary perspective, including 
only two possible choices: male or female. This 
conceptualization—named gender binarism—
has been extended also to the transgender experi-
ence. Transgender represents an umbrella term 
used to describe those people who transiently or 
permanently identify with a gender different 
from the assigned one (AMAB for those assigned 
male at birth and AFAB for those assigned female 
at birth) [1, 2]. Contrastingly, the term cisgender 
refers to individuals whose gender identity 
matches with the assigned gender at birth. Since 
gender identity can be described as a spectrum 
with many possibilities, a complete identification 
with the opposite gender should not be consid-
ered as the only available option for transgender 
people. In line with that, recent studies high-
lighted a relevant prevalence of non-binary gen-
der identity among transgender individuals [3, 4]. 
Thus, professionals dealing with transgender 

health should explore gender identity and desired 
body changes of each person, in order to guaran-
tee an individualized approach during gender- 
affirming path [5]. This applies also to 
gender-affirming hormonal treatment, which 
should be tailored to the individual needs.

21.2  Initial Evaluation in Trans 
AFAB and AMAB People

Prior to start hormonal treatment, the endocri-
nologist should collect a detailed family and per-
sonal medical history, in order to assess 
pre-existing health risks and evaluate the pres-
ence of criteria for prescribing hormonal treat-
ment (reported in Table 21.1) [6]. In particular, 
hormonal treatment in trans AMAB people is 
contraindicated in case of history of oestrogen- 
sensitive cancers, cholelithiasis, macroprolacti-
noma, cardiovascular/cerebrovascular disease, 
severe hypertriglyceridemia, if not recovered [6]. 
History of venous thromboembolism (VTE) 
should undergo evaluation and treatment before 
the start of hormonal treatment. Current guide-
lines do not routinely recommend screening for 
hereditary thrombophilia in all trans AMAB peo-
ple [6]. In trans AFAB people, absolute contrain-
dications for testosterone (T) treatment include 
pregnancy, whereas relative contraindications 
include erythrocytosis, sleep apnoea, and conges-
tive heart failure [6, 7].
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Table 21.1 Eligibility criteria for gender-affirming  
hormonal treatment in adult transgender people

Criteria for gender-affirming hormonal treatment
1. Persistent gender dysphoria/gender incongruence

2.  Capacity to make a fully informed decision and to 
give consent for treatment

3. The age of majority in a given country

4.  Mental health concerns, if present, must be 
reasonably well-controlled

Table 21.2 Hormonal treatment regimens in transgender 
people requesting full virilization or full de-virilization 
and feminization

Requested 
effect

Hormonal 
compounds

Administration route 
and recommended 
dosage

Full 
virilization

Mixed T esters 
preparations

Intramuscularly, 
250 mg every 
3 weeks

T enanthate Intramuscularly, 
250 mg every 
2–4 weeks

T undecanoatea Intramuscularly, 
1000 mg every 
12 weeks

T gel 1–2% Transdermal, 50 mg/
day (available in 
dispenser pump or 
as single-dose 
sachets)

Full 
de-virilization

Cyproterone 
acetate

Oral, 10–50 mg/day

Spironolactone Oral, 100–200 mg/
day

GnRH agonist 
(leuprolide, 
triptorelin)

Intramuscularly or 
subcutaneously, 
3.75 mg monthly or 
11.25 mg every 
3 months

Full 
feminization

Estradiol 
valerate

Oral, 2–6 mg/day

Estradiol Transdermal, patch 
25–100 μg/24 h 
twice or once 
weekly

Estradiol 
hemihydrate

Transdermal, gel 
1.5–3 mg/day

aOne thousand milligrams initially followed by an injec-
tion at 6 weeks then at 12 weeks

Considering the partial lack of data regarding 
long-term cardiovascular safety of hormonal 
treatment, all the modifiable risk factors (i.e. 
hypertension, dyslipidemia, obesity, tobacco use, 
sedentary lifestyle) should be managed before 
the start of hormonal treatment.

Furthermore, transgender people should be 
adequately informed by clinicians regarding the 
expected body changes during hormonal treat-
ment and their timing, in order to avoid potential 
anxiety due to high expectations.

Since fertility may be affected, clinicians must 
inform all transgender people about the potential 
impact of medical treatment and discuss at that 
time the available fertility preservation options.

21.3  Full Masculinization in  
Trans AFAB People

21.3.1  Hormonal Treatment 
Strategies

Virilizing hormonal treatment in trans AFAB 
people is based on T administration. To date, cli-
nicians can opt for several available T formula-
tions, including parental injections (T esters or 
undecanoate), transdermal or oral T (as detailed 
in Table 21.2). At the present moment, relevant 
differences regarding short-term safety and satis-
faction have not been observed among different 
preparations. However, injectable short-term T 
esters are associated with significant fluctuations 
of T levels, which may be associated with mood 
swings and higher risk of haematocrit increase 
[8, 9]. On the contrast, transdermal and long- 
acting intramuscular T allow to maintain more 
stable T levels simulating male production rate 

and rhythm. Oral T is usually not recommended 
because of the gastrointestinal absorption vari-
ability leading to multiple daily administrations 
need.

If a full virilization is required, T treatment 
should follow the principles of hormonal replace-
ment treatment in hypogonadal cisgender men, 
achieving T levels within the adult cisgender men 
range (depending on the specific assay, but typi-
cally from 320 to 1000  ng/dL, or 11.1 to 
34.7 nmol/L) [6].

In trans AFAB people undergoing oophorec-
tomy, T treatment should be continued in order to 
avoid consequences of premature loss of hor-
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monal support, such as osteoporosis, cardiovas-
cular events, and cognitive impairment.

21.3.2  Virilizing Effects

Masculinizing effects include increase in facial 
and body hair, body composition and fat 
 distribution changes, and voice deepening, which 
usually occur in the first 6 months of treatment 
[10–12]. Among dermatological effects, also 
increased skin oiliness, acne and—in genetically 
predisposed individuals—androgenetic alopecia 
have been reported [13]. T treatment results in 
clitoromegaly and amenorrhea. All T formula-
tions lead to amenorrhea in the first 12–18 months 
of treatment, but transdermal T resulted associ-
ated with higher rates of persistent vaginal bleed-
ing in the first months of treatment compared to T 
undecanoate [14]. If vaginal bleeding persists, 
clinicians may consider the addition of proges-
tins or gonadotropin-releasing hormone ana-
logues (GnRHa) [6]. Regarding sexual 
well-being, a transient increase in sexual desire 
has been reported in literature, probably due to 
the initial increase of T levels, as well as an 
improvement of sexual well-being in the mid- 
term [15, 16].

21.3.3  Safety Concerns

If full virilization is requested, clinicians should 
maintain T levels in the physiologic normal male 
range avoiding adverse effects resulting from T 
excess [6]. Regarding safety profile, T treatment 
leads to a more atherogenic lipid profile with 
increased triglycerides and low-density lipopro-
tein cholesterol (LDL-c) levels and decreased 
high-density lipoprotein cholesterol levels (HDL- 
c) [17–20]. This may lead to increased cardiovas-
cular risk [20], even if a recent systematic review 
of the literature stated that definitive conclusions 
on rates of cardiovascular/cerebrovascular events 
cannot be drawn due to very low-quality evidence 
[21]. Furthermore, data on cardiovascular out-
comes in older trans AFAB people are mostly 
lacking. For this reason, long-term data on car-

diovascular safety of T treatment are needed. A 
recent study showed an increase in haemoglobin 
and haematocrit levels during T treatment within 
the range for cisgender AMAB people, reaching 
a plateau after the first year [9]. However, clini-
cally significant erythrocytosis appears really 
uncommon [9].

With respect to bone health, T treatment may 
exert a protective effect on bone mediated by the 
peripheral conversion to oestradiol. Baseline 
bone mineral (BMD) levels in trans AFAB peo-
ple are usually in the expected range for their 
birth-assigned gender [22]. No relevant changes 
of BMD seem to occur during T treatment unless 
adequate dosages and compliance are guaranteed 
[23]. Limited data on osteoporotic fracture risk of 
are available in trans AFAB people.

Long-term T treatment may be associated 
with some concerns around cancer incidence and 
mortality, although not supported by literature. 
The available data showed very few cancer events 
in trans AFAB people with cancer mortality rates 
similar to those of the general population [24–
28]. Nevertheless, breast and cervical cancer 
screening protocols are advised in trans AFAB 
people not undergoing gender-affirming surger-
ies [6].

21.3.4  Monitoring During  
Hormonal Treatment

Periodical monitoring is advised in trans AFAB 
people after the start of T treatment, with a fre-
quency of 3–4 monthly in the first year and 1 or 2 
per year thereafter [6]. The monitoring aims both 
to identify possible side effects of T treatment 
and to monitor the development of desired body 
changes. Haematocrit and haemoglobin represent 
the most important biochemical parameters, due 
to the risk of erythrocytosis associated with T 
treatment. Furthermore, lipid profile, weight, 
waist, and blood pressure should be checked at 
regular intervals. Clinical and instrumental- 
suggested monitoring is summarized in 
Table  21.3. Dual-energy X-ray absorptiometry 
(DXA) should be performed at baseline only in 
case of anamnestic relevant risk of osteoporosis 
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Table 21.3 Periodical monitoring in trans AMAB and AFAB people before and after the start of hormonal treatment

Baseline
First year of hormonal 
treatment (every 3 months)

After the first year of hormonal 
treatment (every 6–12 months)

Trans 
AMAB 
people

Clinical evaluation

LH, FSH, total testosterone, 
estradiol, prolactin levels, blood 
counts, renal and liver function, 
lipid, and glucose profile

BMD in older than 60 years or 
in those who are not compliant 
with hormone therapy

Clinical evaluation

Testosterone, estradiol levels, 
LH (every 3 months); 
prolactin levels (once a year). 
Liver function, lipid, and 
glucose profile (every 
3 months)

Serum electrolytes (every 
3 months in case of 
spironolactone use)

Clinical evaluation

Testosterone, estradiol (every 
6–12 months) levels; prolactin levels 
(every 2 years), blood counts, liver 
function, lipid, and glucose profile 
(every 6–12 months)

Serum electrolytes (every 12 months, 
in case of spironolactone use)

BMD evaluation after 60 years or in 
case of discontinuation of therapy 
after gonadectomy

Trans 
AFAB 
people

Clinical evaluation

LH, FSH, total testosterone, 
estradiol, prolactin levels, blood 
counts, renal and liver function, 
lipid, and glucose profile

BMD in older than 60 years or 
in those who are not compliant 
with hormone therapy

Clinical evaluation

Testosterone, estradiol 
levels, LH (every 3 months); 
haematocrit, lipid, and 
glucose profile (every 
3 months)

Clinical evaluation

Testosterone, estradiol (every 
6–12 months) levels; hematocrit, 
lipid, and glucose profile (every 
6–12 months)

BMD evaluation after 60 years or in 
case of discontinuation of therapy 
after gonadectomy

(smoking, excessive alcohol use, family history 
of fractures/osteoporosis, glucocorticoids use, 
and anorexia nervosa) and after gonadectomy in 
case of low compliance to hormonal treatment 
[6]. As stated before, periodical oncological 
screening of all present tissues is recommended, 
even if the adequate timing has not been yet 
elucidated.

21.4  Full Feminization and 
De-Masculinization in  
Trans AMAB People

21.4.1  Hormonal Treatment 
Strategies

In trans AMAB people, oestrogens are necessary 
to induce female secondary sexual characteris-
tics. Among them, in the past ethinyl oestradiol 
was widely used especially through self- 
prescription. Given safety concerns due to the 
increased thromboembolic and cardiovascular 
risk, current guidelines recommend the use of 
oestradiol [6, 29]. Among oestrogen options, 
patients and clinicians can opt for oral micron-

ized esterified (valerate) oestradiol or transder-
mal 17β-oestradiol (treatment regimens reported 
in Table  21.2). Transdermal formulations 
(patches or gel) do not undergo first hepatic 
metabolism, which may reduce the risk of pro-
thrombotic effect. For this reason, transdermal 
compounds should be preferred in cases of 
higher thromboembolic risk (i.e. age >40 years, 
smoking, obesity, liver disease, diabetes mellitus 
with complications). If full feminization is 
desired, oestrogen is prescribed at dosages two 
or three times higher than the recommended 
doses for hormonal replacement treatment in 
postmenopausal cisgender women. In this case, 
the goal is to reach and maintain serum oestra-
diol and T in the normal range for premeno-
pausal cisgender women (100–200  pg/mL and 
50 ng/dL, respectively) [6].

Trans AMAB people often require the addi-
tion of anti-androgen therapies to achieve 
desired body changes (Table  21.2). In many 
European countries, cyproterone acetate (CPA) 
represents the most commonly prescribed 
androgen lowering compound. CPA is an anti-
androgenic progestational compound with both 
peripheral and central action. Recently, its use 
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has been limited by evidences of hepatotoxicity, 
increased incidence of depression and hyperpro-
lactinemia, and association with multifocal 
meningiomas, which is a hormone-sensitive 
tumour expressing progesterone receptors [30–
34]. According to a recent multicentric study, a 
daily dose of 10  mg is effective (equally to 
50  mg/daily) in lowering testosterone concen-
trations in trans women, while showing fewer 
side effects [35].

Among androgen-lowering therapies, GnRHa 
may be considered as a valuable alternative due 
to their efficacy and safety profile. GnRHa reduce 
T levels through the downregulation of pituitary 
GnRH receptor. GnRHa are considered extremely 
safe and in one recent comparative study they 
showed a better metabolic profile with respect to 
CPA [36]. The main limitation to their use is rep-
resented by the high cost.

Spironolactone (100–300  mg/daily) is an 
antagonist of mineralocorticoid receptor with 
anti-androgen properties, frequently used in the 
United States where CPA is not available. 
Spironolactone 200  mg daily proved effective 
in reducing T levels in trans AMAB people into 
the cisgender female range [37]. However, spi-
ronolactone use is limited by the risk of hyper-
kalaemia, hypotension, and gastrointestinal 
bleeding [38].

Peripheral androgen receptor blockers such as 
flutamide (50–75 mg/daily) or bicalutamide (25–
50  mg/daily) are not recommended in trans 
AMAB people, due to the lack of data regarding 
their efficacy and safety and the risk of hepato-
toxicity described in cisgender women [39].

21.4.2  Feminizing and  
De-Virilizing Effects

Body changes occurring in the first months 
include dermatological effects such as a signifi-
cant reduction of terminal facial and body hair—
although often not satisfying—and a decreased 
skin oiliness [12]. During the first year of treat-
ment, body composition changes occur, with 
increased body fat mainly in the gynoid regions 
and decreased lean body mass, in line with a 

more feminine body composition [40]. Breast 
development becomes relevant after 6  months 
and reaches a maximum at 2 years after the start 
of feminizing treatment [41]. Increase in breast 
size is strictly associated with decrease in body 
uneasiness [12]; however, less than 20% of trans 
AMAB people reach Tanner breast stage 4–5 
after 24 months of hormonal treatment [12], with 
most people seeking mammoplasty. To date, data 
supporting a beneficial effect of progestins on 
breast development are scarce and do not allow to 
recommend their use, also considering the poten-
tial increase of cardiovascular risk [42, 43]. 
Testicular volume decreased by approximately 
60% after 24 months, along with a reduction of 
spontaneous erections [12]. Voice frequency does 
not modify in trans AMAB people under hor-
monal treatment [44].

Regarding sexuality, hormonal treatment in 
trans AMAB people is associated with a transient 
decrease in sexual desire in the first 3–6 months 
of hormonal treatment [16], whereas sexual well- 
being increases in the mid-term, probably 
because of the improvement of body image per-
ception [15].

21.4.3  Safety Concerns

In relation to safety profile, hormonal treatment 
in trans AMAB people resulted associated with 
favourable changes in lipid profile, with 
increased HDL-c and decreased LDL-c concen-
trations [19, 20]. A recent meta-analysis found 
only changes in triglycerides, whose levels were 
higher in trans AMAB people after 24 months of 
hormonal treatment [21]. Concerns raised about 
long-term effects of feminizing hormonal treat-
ment on cardiovascular outcomes. A study con-
ducted in Belgium over 200 trans AMAB people 
reported higher rates of myocardial infarction, 
venous thrombosis, and cerebrovascular disease 
compared to cisgender men and women [25]. 
Other studies confirmed higher rates of isch-
emic stroke in trans AMAB people compared to 
cisgender one [45], whereas myocardial infarc-
tion rates resulted higher in trans AMAB people 
with respect to matched cisgender AFAB indi-
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viduals and similar to those found in cisgender 
AMAB people [46]. Furthermore, oestrogens 
have a known pro-thrombotic action. The inci-
dence rate of VTE in trans AMAB people under 
feminizing hormonal treatment appeared to be 
2.3 per 1000 person-year [47]. However, the 
previous use of ethinyl oestradiol may lead to 
overestimation of the rate of VTE. Besides, hor-
monal treatment under medical supervision can 
be considered safer than self-prescribed 
therapy.

Trans AMAB people have a lower baseline 
BMD with respect to age-matched cisgender 
men, probably because of lower outdoor physi-
cal activity leading to reduced levels of vitamin 
D [22]. Estrogen treatment in trans AMAB peo-
ple seems to be associated with improvement of 
BMD, especially at the lumbar spine [48–50]. 
However, fracture rate during long-term hor-
monal treatment in trans AMAB people is 
unknown.

Regarding oncological risk, oestrogens and 
progestogens can play a role in the pathogenesis 
of some brain tumours. Since oestrogens can 
stimulate the growth of pituitary lactotroph 
cells, an increased risk of prolactinoma has been 
demonstrated in trans AMAB people [51]. For 
this reason, guidelines recommend periodical 
monitoring of prolactin levels, although a mod-
erate increase during feminizing hormonal 
treatment is expected [6]. Furthermore, higher 
risk of meningioma has been described in trans 
AMAB people compared to cisgender AFAB 
people [51], thus CPA discontinuation after gen-
der-affirming surgery and lower dosages in case 
of long-term treatment are suggested [29, 35]. 
Rates of incidence of hormone-sensitive can-
cers, such as breast and prostate cancers, seemed 
to be low among trans AMAB people. A large 
study reported no increase in breast cancer inci-
dence in trans AMAB people compared to cis-
gender women [52]. Another large study 
conducted in USA found no increased risk of 
any cancer in trans AMAB people compared to 
cisgender women, whereas an increased risk of 
breast cancer was reported with respect to cis-
gender men [53].

21.4.4  Monitoring During 
Hormonal Treatment

As stated before, periodical monitoring is rec-
ommended also in trans AMAB people after the 
start of feminizing/de-virilizing hormonal treat-
ment, with a frequency of 3–4 monthly in the 
first year and 1 or 2 per year thereafter [6]. The 
aims are to monitor for appropriate signs of fem-
inization and for development of adverse reac-
tions. Serum T and oestradiol should be checked 
every 3 months, adjusting dosages if appropriate 
range for full feminization is not reached. In case 
of spironolactone administration, serum electro-
lytes should be monitored every 3 months in the 
first years and then annually [6, 29]. Table 21.3 
shows the suggested clinical and biochemical 
monitoring. As for trans AFAB people, routine 
cancer screening of all present tissue should be 
performed. DXA should be performed at base-
line only in individuals at high risk of osteoporo-
sis, whereas in individuals at low risk screening 
for osteoporosis should be conducted after 
60 years [6].

21.5  Partial De−/Masculinization 
and/or De-/Feminization

21.5.1  Partial Virilization and/or 
De-Feminization in Trans 
AFAB People

Some trans AFAB people may desire only partial 
masculinization. In this case, T dosages can be 
adjusted or other hormonal compounds could be 
added in order to shape androgens’ effect on the 
body [5, 29]. Particularly, T could be prescribed 
at lower dosages, without achieving normal male 
T levels, although metabolic and bone safety of 
these treatment strategies are not elucidated. If 
the desired effect is represented by body compo-
sition changes and voice deepening without male 
body hair distribution, 5α-reductase inhibitors 
can be added to T [5]. In fact, by reducing 
5α-dihydro-testosterone (DHT) levels through 
5α-reductase type 2 inhibition, finasteride use 
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(1 mg/daily) resulted effective in the treatment of 
androgenetic alopecia and hirsutism [54, 55]. 
Other options besides 5α-reductase inhibitors can 
be proposed, such as definitive hair removal or 
eflornithine [54].

Conversely, in trans AFAB people requesting 
partial body shape changes with greater beard 
development, topical minoxidil application can 
be added to variable dosages of T [56].

Furthermore, low T dosages cannot be able to 
stop menses. For this purpose, when partial viril-
ization and amenorrhea are both required, pro-
gestins, GnRHa, progesterone-releasing 
intrauterine devices, or endometrial ablation can 
be used to obtain amenorrhea [5, 57].

21.5.2  Partial Feminization and/or 
De-Virilization in Trans 
AMAB People

Some trans AMAB people may desire feminiza-
tion and no/partial de-masculinization. For this 
purpose, the endocrinologist could prescribe only 
oestrogens or oestrogens plus lower dosages of 
CPA (such as 10 mg/daily or 10 mg on alternative 
days) [5].

On the contrast when de-virilization with little 
or no feminization is requested, only androgen 
lowering compounds can be proposed. Despite 
the absence of long-term safety data, the main 
criticality of this approach is represented by 
BMD loss due to androgen deprivation [58]. To 
prevent this, administration of low oestrogen dos-
ages or selective oestrogen receptor modulators 
should be discussed with clients [5]. Other 
options to reduce male or induce female body 
characteristics can be discussed, such as perma-
nent methods of hair reduction, breast augmenta-
tion, and lipofilling.

21.6  Conclusions

Transgender health—and therefore the endocri-
nological management—has become a topic of 
growing interest in the medical and scientific 

community in recent years. Research in this field 
moved away from case reports and small series, 
with an increased number of large longitudinal 
studies and systematic reviews/metanalysis. 
Increasing evidences regarding efficacy and 
safety of standardized hormonal treatment proto-
cols are available in literature, even if there are 
still some open questions and long-term data 
remain sparse. The clinical approach also 
changed in recent years. In fact, endocrinologists 
dealing with transgender health care should 
explore gender identity and desired body changes 
in each person, actively involving the person in 
decisions regarding hormonal treatment and pro-
viding a real personalized clinical approach. The 
lack of information about non-standardized ther-
apies for non-binary people should be kept in 
mind, thus benefits and risks should be exten-
sively discussed with patients.

Acknowledgement None.

Conflict of Interest The authors have no con-
flict of interest.

References

1. Arcelus J, Bouman WP. Language and terminology. 
In: Bouman WP, Arcelus J, editors. The transgender 
handbook: a guide for transgender people, their fami-
lies and professionals. New York, NY: Nova; 2017.

2. Coleman E, Bockting W, Botzer M, Cohen-Kettenis P, 
DeCuypere G, Feldman J, Fraser L, Green J, Knudson 
G, Meyer WJ, Monstrey S.  Standards of care for 
the health of transsexual, transgender and gender- 
nonconforming people, version 7. Int J Transgend. 
2012;13:165–232.

3. Koehler A, Eyssel J, Nieder TO.  Genders and indi-
vidual treatment progress in (non-)binary trans indi-
viduals. J Sex Med. 2018;15(1):102–13.

4. Romani A, Mazzoli F, Ristori J, Cocchetti C, Cassioli 
E, Castellini G, Mosconi M, Meriggiola MC, Gualdi 
S, Giovanardi G, Lingiardi V, Vignozzi L, Maggi M, 
Fisher AD.  Psychological wellbeing and perceived 
social acceptance in gender diverse individuals. J Sex 
Med. 2021;18(11):1933–44.

5. Cocchetti C, Ristori J, Romani A, Maggi M, Fisher 
AD.  Hormonal treatment strategies tailored to 
non-binary transgender individuals. J Clin Med. 
2020;9(6):1609.

21 The Transgender: Endocrinological Assessment



280

6. Hembree WC, Cohen-Kettenis PT, Gooren L, 
Hannema SE, Meyer WJ, Murad MH, Rosenthal SM, 
Safer JD, Tangpricha V, T'Sjoen GG. Endocrine treat-
ment of gender-dysphoric/gender-incongruent per-
sons: an Endocrine Society clinical practice guideline. 
J Clin Endocrinol Metab. 2017;102(11):3869–903.

7. T'Sjoen G, Arcelus J, Gooren L, Klink DT, Tangpricha 
V.  Endocrinology of transgender medicine. Endocr 
Rev. 2019;40(1):97–117.

8. Pelusi C, Costantino A, Martelli V, et  al. Effects 
of three different testosterone formulations in 
female-to-male transsexual persons. J Sex Med. 
2014;11(12):3002–11.

9. Defreyne J, Vantomme B, Van Caenegem E, et  al. 
Prospective evaluation of hematocrit in gender- 
affirming hormone treatment: results from European 
Network for the investigation of gender incongruence. 
Andrology. 2018;6(3):446–54.

10. Meriggiola MC, Armillotta F, Costantino A, et  al. 
Effects of testosterone undecanoate adminis-
tered alone or in combination with Letrozole or 
Dutasteride in female to male transsexuals. J Sex 
Med. 2008;5(10):2442–53.

11. Irwig MS, Childs K, Hancock AB.  Effects of tes-
tosterone on the transgender male voice. Andrology. 
2017;5(1):107–12.

12. Fisher AD, Castellini G, Ristori J, et  al. Cross-sex 
hormone treatment and psychobiological changes in 
transsexual persons: two-year follow-up data. J Clin 
Endocrinol Metab. 2016;101(11):4260–9.

13. Wierckx K, Van de Peer F, Verhaeghe E, et al. Short- 
and long-term clinical skin effects of testosterone 
treatment in trans men. J Sex Med. 2014;11(1):222–9.

14. Defreyne J, Vanwonterghem Y, Collet S, et  al. 
Vaginal bleeding and spotting in transgender men 
after initiation of testosterone therapy: a prospec-
tive cohort study (ENIGI). Int J Transgend Health. 
2020;21(2):163–75.

15. Ristori J, Cocchetti C, Castellini G, et al. Hormonal 
treatment effect on sexual distress in transgen-
der persons: 2-year follow-up data. J Sex Med. 
2020;17(1):142–51.

16. Defreyne J, Elaut E, Kreukels B, et al. Sexual desire 
changes in transgender individuals upon initiation of 
hormone treatment: results from the investigation of 
gender incongruence. J Sex Med. 2020;17(4):812–25.

17. Elamin MB, Garcia MZ, Murad MH, et al. Effect of 
sex steroid use on cardiovascular risk in transsexual 
individuals: a systematic review and meta-analyses. 
Clin Endocrinol (Oxf). 2010;72(1):1–10.

18. Berra M, Armillotta L, D'Emidio F, et al. Testosterone 
decreases adiponectin levels in female to male trans-
sexuals. Asian J Androl. 2006;8(6):725–9.

19. Van Velzen DM, Paldino A, Klaver M, et  al. 
Cardiometabolic effects of testosterone in transmen 
and estrogen plus Cyproterone acetate in transwomen. 
J Clin Endocrinol Metab. 2019;104(6):1937–47.

20. Cocchetti C, Castellini G, Iacuaniello D, et al. Does 
gender-affirming hormonal treatment affect 30-year 
cardiovascular risk in transgender persons? A two- 

year prospective European study (ENIGI). J Sex Med. 
2021;18(4):821–9.

21. Maraka S, Singh Ospina N, Rodriguez-Gutierrez 
R, Davidge-Pitts CJ, Nippoldt TB, Prokop LJ, 
Murad MH.  Sex steroids and cardiovascular out-
comes in transgender individuals: a systematic 
review and meta-analysis. J Clin Endocrinol Metab. 
2017;102(11):3914–23.

22. Van Caenegem E, Wierckx K, Taes Y, et al. Body com-
position, bone turnover, and bone mass in trans men 
during testosterone treatment: 1-year follow-up data 
from a prospective case controlled study (ENIGI). Eur 
J Endocrinol. 2015;172(2):163–71.

23. Van Kesteren P, Lips P, Gooren LJG, et al. Long-term 
follow-up of bone mineral density and bone metabo-
lism in transsexuals treated with cross-sex hormones. 
Clin Endocrinol (Oxf). 1998;48(3):347–54.

24. Dhejne C, Lichtenstein P, Boman M, Johansson 
AL, Langstrom N, Landen M.  Long-term follow-
 up of transsexual persons undergoing sex reassign-
ment surgery: cohort study in Sweden. PLoS One. 
2011;6:e16885.

25. Wierckx K, Elaut E, Declercq E, Heylens G, 
De Cuypere G, Taes Y, Kaufman JM, T'Sjoen 
G.  Prevalence of cardiovascular disease and cancer 
during cross-sex hormone therapy in a large cohort of 
trans persons: a case-control study. Eur J Endocrinol. 
2013;169:471–8.

26. Gooren LJ, van Trotsenburg MA, Giltay EJ, van Diest 
PJ. Breast cancer development in transsexual subjects 
receiving cross-sex hormone treatment. J Sex Med. 
2013;10:3129–34.

27. Van Kesteren PJ, Asscheman H, Megens JA, Gooren 
LJ.  Mortality and morbidity in transsexual subjects 
treated with cross-sex hormones. Clin Endocrinol 
(Oxf). 1997;47:337–42.

28. Asscheman H, Giltay EJ, Megens JA, de Ronde WP, 
van Trotsenburg MA, Gooren LJ. A long-term follow-
 up study of mortality in transsexuals receiving treat-
ment with cross-sex hormones. Eur J Endocrinol. 
2011;164:635–42.

29. Fisher AD, Senofonte G, Cocchetti C, Guercio G, 
Lingiardi V, Meriggiola MC, Mosconi M, Motta G, 
Ristori J, Speranza AM, Pierdominici M, Maggi M, 
Corona G, Lombardo F. SIGIS-SIAMS-SIE position 
statement of gender affirming hormonal treatment 
in transgender and non-binary people. J Endocrinol 
Invest. 2021;45(3):657–73. https://doi.org/10.1007/
s40618- 021- 01694- 2.

30. Kim JH, Yoo BW, Yang WJ. Hepatic failure induced 
by cyproterone acetate: a case report and literature 
review. Can Urol Assoc J. 2014;8(5–6):E458–61.

31. Millet N, Longworth J, Arcelus J.  Prevalence of 
anxiety symptoms and disorders in the transgender 
population: a systematic review of the literature. Int J 
Transgend. 2016;18(1):27–38.

32. Defreyne J, Nota N, Pereira C, et  al. Transient ele-
vated serum prolactin in trans women is caused 
by cyproterone acetate treatment. LGBT Health. 
2017;4(5):328–33.

C. Cocchetti et al.

https://doi.org/10.1007/s40618-021-01694-2
https://doi.org/10.1007/s40618-021-01694-2


281

33. Mancini I, Rotilio A, Coati I, et  al. Presentation 
of a meningioma in a transwoman after nine years 
of cyproterone acetate and estradiol intake: case 
report and literature review. Gynecol Endocrinol. 
2018;34(6):456–9.

34. Ter Wengel PV, Martin E, Gooren L, et  al. 
Meningiomas in three male-to-female transgender 
subjects using oestrogens/progestogens and review of 
the literature. Andrologia. 2016;48:1130–7.

35. Kuijpers SME, Wiepjes CM, Conemans EB, Fisher 
AD, T'Sjoen G, den Heijer M. Toward a lowest effec-
tive dose of Cyproterone acetate in trans women: 
results from the ENIGI study. J Clin Endocrinol 
Metab. 2021;106(10):e3936–45.

36. Gava G, Mancini I, Alvisi S, et al. A comparison of 
5-year administration of cyproterone acetate or leup-
rolide acetate in combination with estradiol in trans-
women. Eur J Endocrinol. 2020;183(6):561–9.

37. Liang JJ, Jolly D, Chan KJ, Safer JD.  Testosterone 
levels achieved by medically treated transgender 
women in a United States endocrinology clinic 
cohort. Endocr Pract. 2018;24:135–42.

38. Gulmez SE, Lassen AT, Aalykke C, Dall M, Andries 
A, Andersen BS, Hansen JM, Andersen M, Hallas 
J.  Spironolactone use and the risk of upper gastro-
intestinal bleeding: a population-based case-control 
study. Br J Clin Pharmacol. 2008;66:294–9.

39. Giorgetti R, di Muzio M, Giorgetti A, Girolami D, 
Borgia L, Tagliabracci A.  Flutamide-induced hepa-
totoxicity: ethical and scientific issues. Eur Rev Med 
Pharmacol Sci. 2017;21:69–77.

40. Klaver M, de Blok CJM, Wiepjes CM, et al. Changes 
in regional body fat, lean body mass and body shape 
in trans persons using cross-sex hormonal therapy: 
results from a multicenter prospective study. Eur J 
Endocrinol. 2018;178(2):163–71.

41. Meyer WJ 3rd, Webb A, Stuart CA, Finkelstein JW, 
Lawrence B, Walker PA. Physical and hormonal eval-
uation of transsexual patients: a longitudinal study. 
Arch Sex Behav. 1986;15:121–38.

42. Prior JC.  Progesterone is important for transgender 
women’s therapy—applying evidence for the ben-
efits of progesterone in ciswomen. J Clin Endocrinol 
Metab. 2019;104(4):1181–6.

43. Jain J, Kwan D, Forcier M.  Medroxyprogesterone 
acetate in gender-affirming therapy for transwomen: 
results from a retrospective study. J Clin Endocrinol 
Metab. 2019;104(11):5148–56.

44. Bultynck C, Pas C, Defreyne J, et al. Self-perception of 
voice in transgender persons during cross-sex hormone 
therapy. Laryngoscope. 2017;127(12):2796–804.

45. Getahun D, Nash R, Flanders WD, et  al. Cross-sex 
hormones and acute cardiovascular events in trans-
gender persons: a cohort study. Ann Intern Med. 
2018;169(4):205–13.

46. Alzahrani T, Nguyen T, Ryan A, et al. Cardiovascular 
disease risk factors and myocardial infarction in 
the transgender population. Circ Cardiovasc Qual 
Outcomes. 2019;12(4):e005597.

47. Khan J, Schmidt RL, Spittal MJ, Goldstein Z, 
Smock KJ, Greene DN.  Venous thrombotic risk in 
transgender women undergoing estrogen therapy: 
a systematic review and meta-analysis. Clin Chem. 
2019;65(1):57–66.

48. Wiepjes CM, Vlot MC, Klaver M, et  al. Bone 
mineral density increases in trans persons after 
1 year of hormonal treatment: a multicenter pro-
spective observational study. J Bone Miner Res. 
2017;32:1252–60.

49. Singh-Ospina N, Maraka S, Rodriguez-Gutierrez 
R, et  al. Effect of sex steroids on the bone health 
of transgender individuals: a systematic review 
and meta- analysis. J Clin Endocrinol Metab. 
2017;102:3904–13.

50. Rothman MS, Iwamoto SJ. Bone health in the trans-
gender population. Clin Rev Bone Miner Metab. 
2019;17(2):77–85.

51. Nota NM, Wiepjes CM, de Blok CJM, et  al. The 
occurrence of benign brain tumours in transgender 
individuals during cross-sex hormone treatment. 
Brain. 2017;141(7):2047–54.

52. Brown GR, Jones KT. Incidence of breast cancer in a 
cohort of 5,135 transgender veterans. Breast Cancer 
Res Treat. 2015;149:191–8.

53. Silverberg MJ, Nash R, Becerra-Culqui TA, 
Cromwell L, Getahun D, Hunkeler E, Lash TL, 
Millman A, Quinn VP, Robinson B, Roblin D, Slovis 
J, Tangpricha V, Goodman M. Cohort study of can-
cer risk among insured transgender people. Ann 
Epidemiol. 2017;27:499–501.

54. Martin KA, Anderson RR, Chang RJ, et al. Evaluation 
and treatment of hirsutism in premenopausal women: 
an endocrine society clinical practice guideline. J Clin 
Endocrinol Metab. 2018;103:1233–57.

55. Unluhizarci K, Ozel D, Tanriverdi F, et  al. A com-
parison between finasteride, flutamide, and finasteride 
plus flutamide combination in the treatment of hirsut-
ism. J Endocrinol Invest. 2009;32:37–40.

56. Ingprasert S, Tanglertsampa C, Tangphianphan 
N.  Efficacy and safety of minoxidil 3% lotion 
for beard enhancement: a randomized, double-
masked, placebo-controlled study. J Dermatol. 
2016;43:968–9.

57. Dickersin K, Munro MG, Clark M.  Hysterectomy 
compared with endometrial ablation for dysfunctional 
uterine bleeding: a randomized controlled trial. Obstet 
Gynecol. 2007;110:1279–89.

58. Rachner TD, Coleman R, Hadji P, et al. Bone health 
during endocrine therapy for cancer. Lancet Diabetes 
Endocrinol. 2018;6:901–10.

21 The Transgender: Endocrinological Assessment



282

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to 
the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, 
unless indicated otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons 
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder.

C. Cocchetti et al.

http://creativecommons.org/licenses/by/4.0/

	21: The Transgender: Endocrinological Assessment
	21.1	 Introduction
	21.2	 Initial Evaluation in Trans AFAB and AMAB People
	21.3	 Full Masculinization in Trans AFAB People
	21.3.1 Hormonal Treatment Strategies
	21.3.2 Virilizing Effects
	21.3.3 Safety Concerns
	21.3.4 Monitoring During Hormonal Treatment

	21.4	 Full Feminization and De-Masculinization in Trans AMAB People
	21.4.1 Hormonal Treatment Strategies
	21.4.2 Feminizing and De-Virilizing Effects
	21.4.3 Safety Concerns
	21.4.4 Monitoring During Hormonal Treatment

	21.5	 Partial De−/Masculinization and/or De-/Feminization
	21.5.1 Partial Virilization and/or De-Feminization in Trans AFAB People
	21.5.2 Partial Feminization and/or De-Virilization in Trans AMAB People

	21.6	 Conclusions
	References


