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GENDER DYSPHORIA

Gender identity is the sense one has of being male, female, both or neither. Gender 
dysphoria refers to an incongruence between one’s sex assigned at birth and one’s ex-
perienced gender [1]. The last decade, a clear increase in the number of individuals with 
transgender feelings that are referred for gender affirming treatment has been observed. 
While the reason of this growth is not clear yet, it may be explained by the increased 
attention for gender identity issues in the society and (social) media, and the increased 
accessibility to the internet [2]. A large part of the transgender individuals referred to 
a gender clinic will receive hormone therapy to induce physical characteristics of the 
experienced gender. In the Netherlands, hormone therapy in transwomen (male sex 
assigned at birth, female gender identity) usually consists of estrogens, combined with 
the progestogenic anti-androgen cyproterone acetate in those who have not received 
orchiectomy. In transmen (female sex assigned at birth, male gender identity) hormone 
therapy usually consists of testosterone only. Sex steroid receptors are present in many 
tissues of the body [3–6]. Therefore, sex steroids contribute to many visible and invisible 
male-female differences [7–9]. One of the organs which is highly sensitive for sex steroids 
is the brain [5,6]. Sex steroids probably have both organizational and activational effects 
on the brain [10,11]. Organizational sex steroid effects are permanent and often occur in 
the fetal period [12]. Activational effects result from actual circulating hormone levels, 
and are often reversible. Activational effects of sex steroids usually occur in adolescence 
and adulthood. While the organizational-activational hypothesis is primarily originated 
from behavioral studies, there is growing evidence that organizational and activational 
sex steroid effects underlie many other differences in physiological and pathological 
(brain) processes between men and women [10,12,13]. Organizational sex steroid ef-
fects are thought to play a role in the neurobiology of gender dysphoria, which will be 
further explained in the second paragraph of this introduction. As transgender hormone 
therapy induces alterations in the sex steroid milieu, it may alter brain processes that 
are sensitive for activational effects such as pituitary hormone secretion and the risk of 
developing sex-steroid sensitive brain diseases. Paragraph three and four of this intro-
duction will focus on the potential activational effects of transgender hormone therapy. 

NEUROBIOLOGY OF GENDER DYSPHORIA 

The difference in brain structures that result from the effects of sex steroids during fetal 
development of the brain are thought to be basis of differences in behavior, cognition, 
gender identity, and sexual orientation between men and women [14]. During the 
embryonic period, the testicles and ovaries develop in the sixth week of pregnancy. 
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Sexual differentiation of the sex organs occur between the sixth and twelfth week of 
pregnancy. Androgen production by the testes in men induce the development of male 
secondary sex organs. The absence of androgens in women induce the development 
of female secondary sex organs. The sexual differentiation of the brain induced by sex 
steroids starts after the sexual differentiation of the genitals, in the second trimester 
of pregnancy. As gonadal sexual differentiation and brain sexual differentiation occur 
during different periods in pregnancy they may be influenced independently of each 
other. Therefore, sex steroid perturbations in the second trimester of pregnancy may 
result in people with female sexual organs but a masculinized/defeminized brain and 
gender identity, and vice versa (gender dysphoria) [14]. Interestingly, gender dysphoria 
is much more prevalent in patients with disorders/differences of sexual development 
than in the global population (8.5-20% versus 0.1-2.0%, respectively) [15]. Although this 
is the most common hypothesis about the etiology of gender dysphoria, the number of 
neurobiological studies supporting this hypothesis is scarce. 

EFFECTS OF TRANSGENDER HORMONE THERAPY ON THE BRAIN

Pituitary Hormones (Prolactin and TSH)
One of the pituitary hormones of which the secretion seems highly sensitive for sex 
steroids is prolactin. Women show a large increase in prolactin levels during pregnancy. 
Furthermore prolactin levels are much lower in men than in premenopausal women 
[16,17]. As a result, for establishing hyperprolactinemia, a different upper range is used 
for men than for women  [17]. In contrast to prolactin, no sex-specific reference intervals 
are used for the pituitary hormone thyroid-stimulating hormone (TSH). However, TSH 
secretion may also be somewhat higher in women than in men [18] which may be the 
result of inhibitory effects of androgens [19] or stimulatory effects of estrogens [20]. 
Whether the secretion of prolactin and TSH is (permanently) affected by transgender 
hormone therapy, and whether the laboratory reference intervals have to be changed in 
transgender individuals receiving hormone therapy, is not fully clear yet. 

The Risk Of Developing Sex Steroid-Sensitive Brain Diseases
Sex differences have been described in the occurrence of several brain diseases. 
Examples are the risk of meningiomas and prolactinomas which occur more often in 
women compared to men [13,21]. It is thought sex steroids play a role in the dissimilar 
occurrence of meningiomas and prolactinomas in men and women. Interestingly, a 
recent study suggests that progestogen-only contraception, in contrast to estrogen-only 
or a combination of estrogen and progesterone contraception, is associated with an 
increased risk of meningioma [22]. Contrary, the occurrence of prolactinomas does not 
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seem to be associated with the usage of contraceptives [23]. Another example is the risk 
of strokes, which occur more often in men compared to women [12,24]. It is thought 
that estrogens may have protecting effects and testosterone promoting effects on the 
risk of developing a stroke. Surprisingly, some studies describe that both exogenous 
testosterone administration in men and estrogen/progestin administration in post-
menopausal women may increase the risk of developing a stroke [25–27]. The findings 
of these previous studies suggest that hormone therapy could also increase the risk of 
benign brain tumors and strokes in transgender individuals. However, large long-term 
follow-up studies examining this risk are currently lacking.

AIMS OF THIS THESIS 

This thesis had two aims. The first aim was to examine whether we could identify 
(sex-atypical) neurobiological underpinnings for gender dysphoria (part 1 – neurobiol-
ogy of gender dysphoria). The second aim was to get more insight into the effects of 
transgender hormone therapy on the brain (part 2 – effects of transgender hormone 
therapy on the brain) by investigating pituitary hormone secretion (part 2.1) and the 
risk of benign brain tumors and strokes (part 2.2) in transgender individuals receiving 
hormone therapy.

OUTLINE OF THIS THESIS

Since we used various methods and study populations, chapter 2 of this thesis starts 
with a description of the methods and populations used for achieving each aim. While 
the other chapters focus on answering the aims of this thesis, chapter 3 is a review that 
serves as an addition to the general introduction by giving a more detailed description 
of gender dysphoria and its management. Chapter 4 and chapter 5 (part 1) focus on the 
first aim by examining the neurobiological underpinnings of gender dysphoria by com-
paring resting-state network functional connectivity patterns of transgender individuals 
with cisgender individuals (the gender identity is in congruence with the sex assigned 
at birth). Chapter 4 includes transgender adults and chapter 5 includes transgender 
children and adolescents.

Chapter 6 to chapter 10 focuses on the second aim of this thesis. In chapter 6, chapter 
7, and chapter 8 (part 2.1), we investigated whether hormone therapy in transgender 
individuals affect the secretion of the pituitary hormones prolactin (chapter 5, chap-
ter 6, and chapter 7) and TSH (chapter 7). In chapter 9 and chapter 10 (part 2.2) 
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we respectively examined the risk of benign brain tumors and strokes in transgender 
individuals receiving hormone therapy, compared to cisgender individuals. Chapter 11 
is the closing chapter, which summarizes and discusses the main findings of this thesis. 
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PART 1 – NEUROBIOLOGY OF GENDER DYSPHORIA 

Study Populations

Adults
This cohort study included 36 adult transgender participants and 39 adult cisgender 
participants: 14 transwomen, 22 transmen, 19 cisgender men, and 20 cisgender women. 
The participants were recruited between 2010 and 2012 at the Center of Expertise on 
Gender Dysphoria at the Amsterdam UMC, location VU University (transgender partici-
pants) or at the VU University Campus (cisgender participants). All transgender partici-
pants were diagnosed with gender dysphoria according to the criteria of the Diagnostic 
and Statistical Manual of Mental Disorders (DSM). The cohort underwent structural and 
functional magnetic resonance imaging at baseline, and after a mean follow-up period 
of four months, during which the transgender participants received hormone therapy. 
Because the scans in the transgender participants were initially obtained to examine 
the effect of hormone therapy on the brain, the transgender population used gonado-
tropin-releasing hormone analogues at baseline [1]. We used this population to examine 
whether resting-state networks in transgender adults show sex-atypical characteristics 
by comparing resting-state functional connectivity patterns of transgender participants 
with those of cisgender men and cisgender women. 

Children/adolescents
This cohort study consisted of 83 adolescents (Tanner maturation scale >1): 20 transgirls, 
21 transboys, 21 cisgender boys, and 21 cisgender girls, and 81 prepubertal children 
(Tanner maturation scale=1): 22 transgirls, 18 transboys, 21 cisgender boys, and 20 cis-
gender girls. Participants were recruited between 2010 and 2012. Transgender partici-
pants were recruited via the Center of Expertise on Gender Dysphoria at the Amsterdam 
UMC, location VU University, the Netherlands. Cisgender participants were recruited via 
several primary and secondary schools in the Netherlands, and by inviting friends and 
relatives of the transgender participants. All transgender participants were diagnosed 
with gender dysphoria by criteria of the DSM. The cohorts underwent structural and 
functional magnetic resonance imaging at baseline. Most adolescents also underwent 
functional magnetic resonance imaging after a mean follow-up period of ten months, 
during which the transgender adolescents received hormone therapy. The transgender 
adolescents used gonadotropin-releasing hormone analogues at baseline as part of 
their regular care. We used this population to examine whether resting-state networks 
in transgender children and adolescents show sex-atypical characteristics by comparing 
resting-state functional connectivity patterns of transboys and transgirls with cisgender 
boys and girls [2].
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Figure 1. Basic principles of functional MRI.
Abbreviations: dHb = deoxyhemoglobin, BOLD = Blood Oxygenation Level Dependent 

METHODS

Measuring resting-state network functional connectivity
One of the most accurate imaging techniques for measuring brain structures and neuro-
nal brain function is magnetic resonance imaging (MRI). MRI uses the energy released by 
relaxation of the magnetic spin of hydrogen atoms in the body to visualize (soft) tissues. 
Hydrogen atoms spin around their axis and thereby create a magnetic moment. The 
summation of all the magnetic moments of the individual hydrogen atoms is called the 
magnetization vector. In the absence of an external magnetic field, the individual mag-
netic moments are randomly oriented, which causes a net magnetization vector of zero. 
When someone is placed in a MRI-scanner, most hydrogen nuclei align themselves in the 
direction of the magnetic field (longitudinal axis). In addition, the hydrogen atoms start 
to precess or ‘wobble’. When a radiofrequency pulse is applied, the net magnetization 
vector flips from its longitudinal direction by a certain angle (flip angle). In addition, the 
hydrogen atoms start to precess in phase. When the radiofrequency pulse is turned off, 
the longitudinal vector returns (T1 relaxation), and hydrogen atoms will dephase second-
ary to the interaction of the local magnetic fields of the individual nuclei (T2 relaxation) 
[3,4]. The T2 relaxation time is solely based on the decay due to dephasing secondary to 
the interaction of the local magnetic fields of the individual atoms. However, the actual 
decay is much faster than would be predicted by natural atomic mechanisms because 
of two reasons. The first reason is magnetic field inhomogeneity, which is caused by 
unevenness in the strength of the magnetic field, on which the precession of hydrogen 
atoms depends. The second reason is because different hydrogen atoms are surrounded 
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by different nuclei which affect the frequency of precession of the hydrogen atoms. The 
faster decay time is called T2* relaxation time. During T1, T2, and T2* relaxation energy 
is released, which is used to visualize tissues. Longer relaxation times correspond with 
higher MR signals. T1 and T2 scanning is mainly used to visualize brain structures. T2* 
scanning is mainly used to measure neuronal brain function. For functional MRI we use 
the Blood Oxygenation Level Dependent (BOLD) contrast: inhomogeneity in the magnetic 
field due to changes in the level of oxygen in the blood. While oxygenated blood does 
not affect the signal, deoxygenated blood induces signal loss. During neural activity more 
oxygenated blood is supplied to the active neurons which extend the T2* relaxation time 
and thereby induces a higher MR signal in the brain areas with higher activation [4,5] (see 
also Fig. 1). With T2* scanning, resting-state networks can be visualized. Resting-state 
networks are anatomically separated, but functionally connected brain regions that show 
a high level of ongoing functional connectivity during rest (see for an example of a resting-
state network Fig. 2). It is thought that resting-state networks are robust, related to white 
matter tracts [6], and that they are involved in several cognitive and affective functions [7]. 
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The ENIGI is a multicenter prospective study. To date, four gender identity clinics are 
participating in this collaboration: Ghent University Hospital in Belgium, Amsterdam 
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UMC location VU University in the Netherlands, Rikshospitalet in Oslo, Norway, and 
the University Hospital in Florence, Italy. The aim of the ENIGI endocrine collaboration 
is to evaluate the effects of transgender hormone therapy on several parameters such 
as laboratory values, bone density, and physical well-being. In March 2015, 333 trans-
women and 343 transmen had been included in the ENIGI endocrine protocol, but the 
study is still ongoing. All included participants have been diagnosed with gender dys-
phoria according to the criteria of the DSM, and received protocolled hormone therapy 
[9]. We used this population to examine the effect transgender hormone therapy on the 
secretion of the pituitary hormone prolactin. We measured and compared the levels of 
this hormone before and during several phases of transgender hormone therapy. 

Amsterdam cohort of gender dysphoria (ACOG) 
The data collection for the ACOG study was initiated in 2015. The ACOG is a retrospective 
medical record study which was performed to identify all individuals seen at the Center 
of Expertise on Gender Dysphoria of het Amsterdam UMC, location VU University, from 
1972 till 2016. From the total of 6,793 individuals, baseline and follow-up data were 
distracted from the medical files and hospital registries, and entered into a cumulative 
database [10]. We used the ACOG cohort to examine the effect transgender hormone 
therapy on the secretion of the pituitary hormones prolactin and thyroid stimulating 
hormone (TSH). We measured the levels prolactin and TSH during transgender hormone 
therapy and compared these with the levels of cisgender reference groups. We also 
used the ACOG to compare the risk of benign brain tumors and strokes in transgender 
individuals on hormone therapy to the risk of cisgender individuals. 

METHODS

Measuring prolactin and TSH levels
The pituitary secretion of the hormones prolactin and TSH was measured by determin-
ing the blood levels of these hormones. Prolactin was measured with an immunometric 
assay (Centaur; Siemens Diagnostics, Erlangen, Germany). The lower limit of quantita-
tion (LLOQ) was 0.05 U/L and the inter-assay variation was <6% for the whole concen-
tration range. TSH was measured using an automated immunoassay (Modular, Roche 
Diagnostics). The LLOQ was 0.05 mU/L and the inter-assay variation was <6% for the 
whole concentration range.
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Figure 3. The calculation of an (age-adjusted) standardized incidence ratio. 
This is an adjusted version of a previously published image [11]. 

Calculating the risk of benign brain tumors and strokes
We determined the risk of a brain tumor or stroke by determining the incidence rate 
of these events based on the observed cases and the total follow-up duration. Subse-
quently, we calculated standardized incidence ratios by comparing the observed cases 
with the expected cases (Fig. 3). The expected cases were calculated using incidence 
rates that were described by studies examining the occurrence of these events in non-
transgender Dutch/European populations. 
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ABSTRACT

Gender dysphoria refers to the suffering due to an incongruence between one’s sex 
assigned at birth and one’s self-perceived gender. Primary care physicians often play 
an important role in the diagnosis and initiation of treatment of gender dysphoria. 
However, gender dysphoria is preferentially diagnosed by a specialized psychologist or 
psychiatrist. This does not imply that gender dysphoria in itself is a mental disorder, 
but co-morbidity needing attention is frequently present. The prevalence of transgen-
der people who receive medical treatment has steeply increased in the last decades. 
The current prevalence is estimated at 1:2,800 for transwomen (male sex assigned at 
birth, female gender identity) and 1:5,200 for transmen (female sex assigned at birth, 
male gender identity). Treatment of transgender people often includes gender affirm-
ing hormonal therapy and/or surgery, and is optimally provided by a multidisciplinary 
team consisting of psychologists, endocrinologists, plastic surgeons, gynecologists, 
urologists, otorhinolaryngologists and/or dermatologists. Medical treatment usually 
improves the quality of life of transgender people, but might also have side-effects such 
as increased risk for cardiovascular disease or hormone-sensitive tumors. There is still 
little known about the optimal therapy (for specific transgender subpopulations) and its 
long-term (side-)effects. Nowadays, guidelines are mainly based on clinical experience 
instead of evidence. However, transgender medicine is a growing field and the increas-
ing number of good quality studies is helping to improve care of transgender people. In 
this contribution we mainly focus on what is known about the (side-)effects of hormonal 
therapy. In addition, we provide information about surgical and fertility preservation 
options for transgender people. We conclude this contribution with remarks about 
special conditions such as older age and unsupervised hormone use.
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INTRODUCTION

Gender identity is the personal sense of one’s own gender. A significant incongruence 
between one’s physical phenotype and one’s gender identity is defined as gender 
dysphoria. While care for transgender people has long been based on a binary under-
standing of gender (male versus female), the existence of non-binary or gender queer 
genders gets increasingly more attention. Non-binary or gender queer people identify 
with a gender that is neither exclusively male nor female, but is composed of both, oscil-
lates between genders, is situated beyond the binary, or rejects the binary [1]. Gender 
dysphoria is usually diagnosed by a specialized psychologist, which does not imply that 
it is a mental disorder per se. People who have a male sex assigned at birth but have 
developed a female gender identity are called transwomen, and people who have a 
female sex assigned at birth but experience a male gender identity are called transmen. 
The prevalence of transgender people who seek medical treatment has dramatically 
increased in the last years, and a recent Dutch study estimated a prevalence of 1:2,800 
for transwomen and 1:5,200 for transmen [2]. While the etiology is complex and prob-
ably multifactorial, the most widely believed hypothesis is that transgender people have 
experienced a sex-atypical differentiation of the brain during fetal development [3,4]. 

To many physicians, transgender medicine is a novel area of medicine. Most physicians 
need intensive interaction with a transgender individual to empathize the suffering, and 
to arrive at the insight that hormonal and surgical treatment might alleviate gender 
dysphoria-related distress. It is usually assumed that medical interventions can only 
be justified when objective, identifiable pathological processes account for human 
suffering. The role that biological factors play in the development of gender identity 
is still not solidly established but an increasingly number of reports provide evidence 
that androgens play a role in the development gender identity. The association is not 
absolute, and the information is not robust enough to draw solid conclusions. Neverthe-
less, it has been demonstrated that gender affirming hormonal therapy and/or surgery, 
which is only recommended in people with well-documented gender dysphoria [5], 
contributes to an improved well-being [6]. Medical treatment is preferably provided by 
a multidisciplinary team consisting of psychologists, endocrinologists, plastic surgeons, 
gynecologists, urologists, otorhinolaryngologists and/or dermatologists. 

Transgender people can suffer in many ways. Some concerns are intrinsic to their situ-
ation and cannot be avoided. Others take the form of accumulating small indignities 
that arise from a simple lack of sensitivity and understanding to their predicament. For 
instance, transgender people experience widespread discrimination in healthcare, hous-
ing, and employment [7]. As a result transgender people have a higher risk of psychiatric 
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diseases such a (severe) depression and anxiety disorders [8]. The implementation of 
policies to ensure correct conduct by all health professionals involved in the care of 
people with gender dysphoria, would be a considerate gesture and build trust. 

When providing transgender care, physicians are confronted with a lack of systemati-
cally and accurately collected data. Transgender people are not a well-defined group, 
and show considerable heterogeneity, for instance in age of onset, in the degree of 
suffering, and in the wish for treatment. The attention that transgender people receive 
in medicine is certainly improving, however transgender people still experience health 
disparities. There is a dearth of research and evidence-based guidelines for treatment, 
and the specific health needs for transgender people are understudied. It is problematic 
to include sufficient numbers of participants to perform statistically robust studies with 
regard to the best transgender hormonal therapy, and the long-term (side-)effects of 
treatment. Nowadays, physicians with extensive clinical experience have drafted guide-
lines based primarily on empiric observation. Fortunately, the number of good quality 
studies is currently increasing.

HORMONAL THERAPY

In transwomen, hormonal therapy usually consists of estrogens ± antiandrogens (e.g. 
cyproterone acetate, spironolactone, or GnRH analogues) [9,10]. Estrogen in the form of 
estradiol is recommended to minimalize the risk of venous thrombosis and cardiovascular 
disease. Since progestogens, other than progestogenic antiandrogens, do not have an ad-
ditional effect on feminization, they are usually not recommended [5,9,10]. In transmen, 
hormonal therapy usually consists of testosterone only [10]. See Table 1 for an overview of 
the hormonal options for transwomen, and Table 2 for the hormonal options for transmen. 

Table 1 Hormonal regimens regularly used in transwomen.

Estrogens Recommended dose

Oral estradiol 2-6 mg daily

Intramuscular estradiol valerate/cypionate 10-20 mg/1-2 weeks

Estradiol patch* 50-100 mcg/24 hours

Etradiol gel* 0.75 mg-2.25 mcg daily

Antiandrogens**

Cyproterone acetate 10-50 mg daily

Spironolactone 50-200 mg daily

GnRH analogue Varies per preparation

* Transdermal preparations are recommended in transwomen aged ≥40 years or in those with an increased cardiovascular 
risk
** Antiandrogens are discontinued after orchiectomy
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Table 2 Hormonal regimens regularly used in transmen.

Testosterone Recommended dose

Intramuscular enanthate or cypionate* 100–200 mg/2 weeks 

Intramuscular mixed esters (Sustanon®) 250 mg/2-3 weeks  

Intramuscular undecanoate 1000 mg/12 weeks OR   

750 mg / 8 weeks** 

Testosterone gel  25-100 mg/day

Testosterone patch  2 or 4 mg/day

* Due to associated serum testosterone peaks, these injections may not the best option for transmen who develop poly-
cythemia [11] 
** The above are the conventional dosages for cismen. To virilize transmen 50-75% of these dosages are usually sufficient 
to virilize transmen

General Effects Of Hormonal Therapy

Transwomen
In transwomen, hormonal therapy induces feminization such as breast growth, skin 
softness, fat redistribution, and a decrease of body hair [9,10]. Fig. 1 shows the expected 
effects of hormonal therapy in transwomen, and the period over which achievement of 
maximum effects could be expected [9,10,12]. Most of the hormone-induced effects start 
within the first months of treatment. It is important to realize that transwomen might 
not achieve the desired breast size; one year of hormonal therapy in transwomen usually 
results in less than an AAA cup size [12]. As a result, many transwomen choose for breast 
augmentation surgery [13]. It is also important to note that for complete permanent 
removal of (facial) hair, additional laser skin treatments are required. Furthermore, 
hormonal therapy does not induce voice changes. Therefore, transwomen who desire 
raising of their voice pitch may benefit from referral to a speech therapist [10]. 

Transmen
In transmen, hormonal therapy induces masculinization such as an increase in facial 
and body hair, an increase in muscle mass and strength, a masculinized voice, and a 
cessation of the menstruation. Fig. 2 shows the expected effects of hormonal therapy 
in transmen, and the term that maximum effects could be expected [10]. Most of the 
hormone-induced effects start within the first months of treatment. In most cases the 
menses cease during testosterone therapy. However, some transmen who experience 
persistent vaginal bleeding need additional therapy such as the progestin lynesterol or 
GnRH analogues, which suppress gonadotropin secretion.

Effects On Bone Health
Before puberty, the size and volume of the skeleton are similar in the two sexes. But 
upon the rise of androgens during puberty, a higher peak bone mass is attained in boys 



34

than in girls. Bone mass accrual, bone growth and maintenance of skeletal integrity in 
adulthood are critically determined by sex hormone production. In both sexes, hypogo-
nadism leads to loss of bone. In men a significant role of estrogens in bone metabolism 
has been demonstrated. It is of note that testosterone is partially aromatized to estra-
diol, and it is well established that estradiol also plays a pivotal role in the bone health 
of men [14,15]. These mechanisms underscore that hormonal therapy in transgender 
people will affect bone metabolism.
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Transwomen
Unexpectedly, transwomen have a lower bone mineral density than controls before 
starting with hormonal therapy. This might be explained by a less active lifestyle and/or 
a lower vitamin D status [16,17]. As remarked above, in both sexes estrogens are impor-
tant in the maintenance of bone health in adulthood. Initial studies examining the effect 
of long-term hormonal therapy on bone mineral density showed contradictory results. 
However, most of these studies were small cross-sectional studies in which a baseline 
difference in bone mineral density was not taken into account [18–20]. The most recent 
cohort study in transwomen showed that hormonal therapy does not have negative ef-
fects on bone mineral density, and that the lower bone mineral density in transwomen 
found in previous studies is solely based on a baseline lower bone mineral density [17]. 
Therefore, it would be worthwhile to give lifestyle advice regarding physical exercise, 
adequate vitamin D status and calcium intake to transwomen. 
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In postmenopausal women, bone mineral density is still depending on estrogens 
derived from aromatization of ovarian androgen production [21]. Many transwomen 
have undergone orchiectomy in the process of their transition. Their status could prob-
ably be compared with a surgically-induced menopause in a ciswoman. Women with 
a surgically-induced menopause experience rapid bone loss during the first five years 
after oophorectomy. Based on this information, it has become clear that complete 
discontinuation of hormonal therapy in transwomen above the age of 50 leads to a 
profound loss of bone strength. Therefore, it is  advisable to not discontinue estrogen 
therapy in older transwomen [22].

Transmen
In contrast to transwomen, transmen show no lower bone mineral density before start-
ing hormonal therapy [23,24]. Furthermore, no negative effects of testosterone therapy 
on bone mineral density have been found [17,19,23].

Effects On Cardiovascular Health
Cardiovascular disease is a prominent cause of morbidity and mortality in both women 
and men. Sex is known to affect one’s risk for cardiovascular disease. Men have a higher 
(age-adjusted) risk of strokes and acute coronary events than women [25–27]. Strokes 
are 33% more incident in men than in women [27], and acute coronary events 172% [28]. 
In addition, during reproductive age, women have a 100% higher risk of venous throm-
boembolic events than men [29,30]. These data suggest that sex hormones play a role in 
the occurrence of cardiovascular events. Based on this information, it is surprising that 
recent studies found that estrogen therapy (without progestogen) increases the risk for 
developing strokes in menopausal women [31]. There is also evidence that suggests a 
relation between testosterone therapy and an increased risk of cardiovascular events 
[32–34]. If exogenous sex hormones indeed have impact on the cardiovascular system, 
this might have consequences for transgender people receiving hormonal therapy. 
At the Amsterdam University Medical Center, the Netherlands, we have analyzed the 
development of cardiovascular disease in the population of the Gender Clinic. The Gen-
der Clinic started in 1972 and there is now a large cohort of transgender people being 
followed-up including a growing number of older transgender people. The findings are 
summarized below.

Transwomen
Upon analysis of our transgender population in 1989 and in 1997 [35,36], cardiovascular 
disease, other than venous thromboembolism, was not increased in transwomen com-
pared to cismen. However, the most recent evidence from 2011 and 2018 shows that 
transwomen receiving hormonal therapy have an increased risk for strokes and venous 
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thromboembolism (but not acute coronary events) compared to cismen [37,38]. The 
current estimated incidence rate for strokes in transwomen on hormonal therapy is 127 
per 100,000 person-years, which is 80% higher than in cismen. The current estimated 
incidence rate for venous thromboembolic events is 320 per 100,000 person-years, 
which is 355% higher than in cismen [37]. While the increased cardiovascular risk in 
transwomen was initially attributed to the usage of ethinylestradiol, recent studies 
found that also transwomen who use other types of estrogens have an increased risk 
for strokes and venous thromboembolism [37–39]. The increased risk for strokes and 
venous thromboembolism maybe (partly) mediated by the hypercoagulable effect of 
hormonal therapy [40] in transwomen and its effect on the lipid metabolism and insulin 
resistance [41,42]. Possibly, venous and arterial cardiovascular side-effects become 
more prominent past the age of 40-50 years, and in people with cardiovascular risk fac-
tors. While strong evidence is currently lacking, transdermal estradiol might be preferred 
over oral estrogens in these transwomen [9,43,44]. In addition, one should be aware that 
progestogenic antiandrogens (e.g. cyproterone acetate) may further increases one’s risk 
for venous thromboembolism [45], and should therefore no longer be continued than 
necessary. Modifiable cardiovascular risk factors such as lipid concentrations, glucose 
concentrations, and blood pressure should be regularly monitored and treated in ac-
cordance with guidelines for ciswomen.

Transmen
As in transwomen, first analyses from our center did not show an increased risk of 
cardiovascular disease in transmen using testosterone [35,36,46]. However, the most 
recent analysis shows an increased risk for acute coronary events in transmen receiving 
testosterone, with a current estimated incidence rate of 100 per 100,000 person-years, 
which is 269% higher than the rate in ciswomen [37]. The increased risk of acute 
coronary events in transmen receiving testosterone may be (partly) explained by the 
testosterone-induced combination of increases in hematocrit, thromboxane, triglycer-
ides, and low-density lipoprotein cholesterol, and a decrease in plasma high-density 
lipoprotein cholesterol concentrations [34,41]. Although, the design of the study made 
it impossible to draw any conclusions about a causal relationship we recommend to 
regularly monitor cardiovascular risk factors in transmen on testosterone therapy.

Effects On Tumor Risk
Malignant neoplasms are the second leading cause of death worldwide [47]. The risk 
for certain types of tumors differs between men and women. While this is obvious for 
neoplasms that develop in sex-specific organs such as the ovaries or the prostate, it is 
also the case for other types of tumors such as those of the meninges [48] and thyroid 
gland [49]. Some of these differences are attributed to the exposure of sex hormones. 
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Combined hormonal therapy in postmenopausal women has been found to increase the 
risk of breast cancer and death from lung cancer [50]. In women with polycystic ovary 
syndrome a higher risk for endometrial cancer has been described, which is probably 
explained by the prolonged endometrial exposure to unopposed estrogen that results 
from anovulation [51]. Testosterone therapy in hypogonadal men is not clearly associ-
ated with an increased cancer risk, but breast cancer risk in prostate cancer patients 
who receive estrogen therapy seems 3.91 times higher than in prostate cancer patients 
not receiving estrogen therapy [52]. If exogenous sex hormones are indeed able to in-
duce cell proliferation, this might have consequences for transgender people receiving 
hormonal therapy. It is good to keep in mind that transwomen and transmen remain 
susceptible to cancers of reproductive organs that are no longer in alignment with their 
gender. For example, postsurgical transwomen, and attending physicians, might not 
recognize their persisting risk of prostate cancer (the prostate is not removed during 
vaginoplasty). In addition, transmen who have not received removal of the uterus still 
have risk for cervical cancer. It is also important to realize that transgender people may 
opt out of cancer screening and examinations because of emotional or physical distress 
associated with the discordance between their experienced gender and their birth as-
signed sex.

To date, large-scale studies investigating neoplasms in transgender people are scarce 
and the literature mainly consists of case reports. One of the first reviews was presented 
in 2008 [53], and an extensive, high quality review appeared in 2017 [54]. A cautious 
comparison of the two reports helps use to provide insight into the neoplasm-related 
morbidity and mortality in transgender people. 

Transwomen 

Breast cancer
Estrogen in combination with antiandrogen therapy in transwomen stimulate the de-
velopment of breast lobules, ducts, and acini which are histologically identical to those 
of ciswomen [55]. While for a long time it was believed that the risk of breast cancer in 
transwomen receiving hormonal therapy was not higher than those of men [56,57], most 
recent evidence show that transwomen receiving hormonal therapy do have a 46-fold 
higher risk for breast cancer compared to men [58]. As became clear in the Women’s 
Health Initiative study, addition of progestin to estrogen leads to an increase of the risk 
of breast cancer in women [59]. Although evidence regarding breast cancer and the usage 
of the progestogenic cyproterone acetate is lacking, the above described data suggest 
that cyproterone acetate should no longer continued than necessary. In addition, based 
on the most recent study that shows a much higher risk of breast cancer in transwomen 
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compared to men, it is reasonable to recommend transwomen on hormonal therapy to 
participate in population-based breast cancer screening programs [9].

Prostate cancer 
While in the past, estrogens have been used to treat prostate cancer, estrogen and its re-
lated compounds have also been suggested as potential causative agents [60]. Current 
literature, suggests that prostate cancer is very rare among transwomen. The few cases 
that have been reported in transwomen were in transwomen who had not been screened 
for prostate cancer before starting hormonal therapy. Consequently, it remained unclear 
whether the prostate cancer was already present before hormonal therapy had been 
initiated [61]. While prostate cancer has been rarely reported, underdiagnosis is possible 
due to lack of close prostate monitoring. Based on available evidence it does not seem 
necessary to surveille transwomen in a different way to cismen, for which population-
based screening is not recommended. But similarly, a transwomen with a first degree 
male relative with prostate cancer should be made aware of her increased risk and 
prostate cancer [PSA] testing should be discussed to allow informed decision making. 
However, when interpreting PSA values in this context, it has to be kept in mind that sup-
pression of testosterone by antiandrogens or due to gonadectomy lowers PSA values. A 
cross-sectional study of Wierckx et al. [62] found median PSA levels of 0.003 ng/mL with 
an interquartile range of 0.03 to 0.09 in a group of 50 postoperative transwomen using 
hormonal therapy on an average of 10 years. Therefore a serum level of PSA >1.0 ng/mL 
may already be a reason for suspicion in transwomen [63].

Prolactinoma
Serum prolactin concentrations usually slightly rise in response to estrogen administra-
tion and more so by cyproterone acetate [64,65]. Based on case reports, it was initially 
believed that prolactin concentrations in transwomen had to be regularly monitored be-
cause of their increased risk for prolactinomas. Surprisingly, a very recent cohort study 
suggests that the occurrence of prolactinomas in transwomen using hormonal therapy 
is not higher than that in ciswomen, and that regular prolactin checks are not necessary 
[66]. However, cyproterone acetate should no longer continued than necessary.

Meningioma
Several meningiomas have been reported in transwomen. The current estimated in-
cidence rate of this type of tumor is 33 per 100,000 person-years. This incidence rate 
is 4 times higher than the incidence rate in ciswomen and 12 times higher than the 
incidence rate in cismen [66,67]. It has been suggested that the occurrence of menin-
giomas in transwomen is mainly related to cyproterone acetate usage as progesterone 
receptors are abundantly expressed in human meningiomas [66]. Since the occurrence 
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of meningiomas is still rare in transwomen, regular screening for this type of tumor 
seems not necessary. It is recommendable to no longer continue cyproterone acetate 
than necessary. 

Other types of cancer
As sexually transmitted infections may be more prevalent in transwomen, tumors re-
lated to sexually transmitted infections, such as Kaposi sarcoma or anal cancer, may also 
occur more often. Indeed, disproportionately high incidences of these types of tumors 
have been found in the transgender population [54,68]. Some case reports have been 
published on cancer in surgically constructed organs like the neo-vagina in transwomen 
[69,70]. While the incidence of these types of tumors seem to be very low it is important 
to be aware of this possibility. 

Transmen

Breast cancer 
Cases of breast cancer have been reported in transmen before mastectomy [58,71,72]. It 
is important to know that because of cosmetic reasons not all glandular tissue is removed 
during a mastectomy in transmen. Indeed, several cases of breast cancer have been 
reported in transmen who already had received mastectomy [58,72–74]. The incidence 
of breast cancer in transmen who have received mastectomy seems still higher than in 
cismen, but much lower than in ciswomen [58]. While physicians and transmen have to 
be aware of their risk of breast carcinoma after mastectomy, it seems unnecessary for 
transmen to participate in the screening programs for women. However, for transmen 
with a genetic predisposition for breast cancer, more radical forms of mastectomy could 
be considered.

Endometrial cancer
Not all transmen choose for removal of their uterus. Menstruation usually ceases in 
transmen receiving testosterone therapy. Testosterone can be converted into estradiol, 
which may induce proliferation of the endometrium. These mechanisms may induce a 
higher risk of endometrial cancer in transmen. Women with polycystic ovary syndrome 
who do not menstruate and suffer from hyperestrogenism, have a thicker endometrium 
and a higher risk of endometrial cancer [75]. It is also possible that the risk for endo-
metrial cancer in transmen using testosterone is lower due to complete atrophy of the 
endometrium [54]. There is currently only 1 case of endometrial cancer reported in a 
transman using testosterone [76]. But it is important to know that, until recently, many 
countries required removal of female sex organs before transmen could change their sex 
in the birth certificate. Therefore long-term follow-up data about testosterone receiving 
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transmen with an uterus are lacking. This makes it impossible to draw hard conclusions. 
Nevertheless, in transmen with non-cyclic vaginal blood loss, we recommend to perform 
an vaginal ultrasound.

Cervical cancer
Transmen in whom the uterus has not been removed have a risk of cervical carcinoma. 
Human papilloma virus is the most important risk factor for developing cervix carci-
noma. Studies in ciswomen show that testosterone may also be a risk factor [77]. To 
date, only 2 cases of cervical carcinoma in transmen have been described [76,78]. Again 
it is important to keep in mind that, until recently, many countries required removal 
of female sex organs before a transman could change the sex in the birth certificate, 
which makes that only few data are available. As there is no evidence for an increased 
risk of cervical carcinoma in transmen, it seems justified for transmen with an uterus 
to participate in the screening/HPV vaccination programs for ciswomen. It is important 
to inform transmen about the need for this screening as they probably not receive an 
invitation from screening organizations.

Ovarian cancer
Endometrial epidermal growth factor receptor, which is stimulated by testosterone, is 
commonly found in ovarian cancer cells, and its expression has been associated with 
poor prognosis [79]. However, whether testosterone therapy increases the risk for ovar-
ian cancer in transmen has not been elucidated yet. To date, 3 cases of ovarian cancer 
have been reported in transmen using testosterone [80,81]. Future studies need to 
provide more evidence about the risk of gynecological cancers in transmen. Until then, 
screening for ovarian cancer seems unnecessary. 

Evaluation Of Transgender People Receiving Hormonal Therapy
Since hormonal therapy is associated with several side-effects it is recommended that 
medical conditions which can be exacerbated by hormonal therapy are addressed be-
fore the start of therapy. During hormonal therapy it is advisable to regularly measure 
hormone concentrations and maintain them in the normal physiological range for the 
experienced gender (for transwomen: estradiol 100 to 200 pg/mL and testosterone <50 
ng/dL, for transmen: the testosterone level is dependent on the specific assay, but is 
typically 320 to 1000 ng/dL) [10]. In addition, it is recommended to regularly measure 
glucose concentrations, lipid spectrum, and blood pressure during hormonal therapy 
in both transwomen and transmen, hematocrit in transmen, and electrolytes in trans-
women receiving spironolactone (in the first year at baseline and 3 and 12 months, 
hereafter every 6 months to 2 years). 
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SURGERY

Many transgender people choose for surgery additional to hormonal therapy. There 
are several surgical options. While some types of surgery affect fertility, such as vagino-
plasty in transwomen or oophorectomy/hysterectomy in transmen, others do not, such 
as breast surgery in both transwomen and transmen. For surgery which affects fertil-
ity, most guidelines recommend the usage of gender affirming hormones for at least 
12 months, which is based on expert consensus that 12 continuous months of living in 
the experienced gender role is needed for transgender individuals to experience and 
socially adjust in the desired gender role [5,10].

Transwomen

Orchiectomy
Orchiectomy can be performed independently or as part of a vaginoplasty. Orchiectomy 
is a relatively low-risk procedure [82]. After orchiectomy the antiandrogens will be dis-
continued.

Vaginoplasty
During a vaginoplasty an orchiectomy (if not previously performed) is performed, in 
combination with an amputation of the penis, the creation of a neovaginal cavity with 
lining, the reconstruction of a urethral meatus, and the creation of labia and clitoris. The 
most frequent procedure is penile inversion vaginoplasty during which the penile skin 
is used a pedicled flap for the vaginal lining. Since the amount of penile skin is limited, 
the penile skin flap is often combined with a scrotal skin flap. To prevent hair in the 
posterior lining of the vagina, hair removal therapy is desirable before penile inversion 
vaginoplasty. An alternative for penile inversion vaginoplasty is intestinal vaginoplasty, 
which is a good option in cases in which insufficient skin is available (for example in 
transwomen who have received puberty blockers during adolescence (83)). 

Breast augmentation
Many transwomen choose for breast augmentation since they are not satisfied with their 
hormone-induced breast growth. The breast augmentation procedure does not differ 
from an breast augmentation in ciswomen [82]. 

Facial Feminization Surgery
Facial feminization surgery includes a wide range of craniomaxillofacial surgical proce-
dures which are designed to create more feminine facial features. Overall, facial femini-
zation surgery seems a highly efficacious and beneficial procedure for transwomen [83]. 
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Voice cord surgery
Surgically shortening of the vibrating vocal cords or increasing the vocal cord tension 
can induce raising of the voice pitch in cases that voice therapy does not achieve the 
desired effect [82]. 

Chondrolaryngoplasty
During chondrolaryngoplasty (tracheal shaving) the prominence of the thyroid cartilage 
is reduced. Chondroplasty can be performed alone or in combination with voice cord 
surgery. Reduction of the Adam’s apple can have positive effects on the psychological 
well-being of transwomen [84].

Transmen

Subcutaneous Mastectomy
Most transmen choose for mastectomy. A mastectomy in transmen which is performed 
because of aesthetic reasons differs from a mastectomy in ciswomen which is performed 
because of breast cancer. During the mastectomy in transmen not all glandular tissue 
is removed. In addition, (more) attention has to be paid to reduction and adequate 
positioning of the nipple areola complex, destruction of the inframammary fold, and 
minimization of scars [82].

Hysterectomy 
Many transmen desire uterus extirpation with or without a salpingo-oophorectomy 
for gender affirmation, pelvic pain, persistent vaginal blood loss, or cancer-risk reduc-
tion. It is preferred to use a vaginal approach instead of a transabdominal approach 
although this could be technically challenging as many transmen have not experienced 
penetrative intercourse and are on testosterone therapy [85]. Transmen who also want 
a colpectomy can also choose for a robot-assisted laparoscopic hysterectomy (with 
salpingo-oophorectomy) in combination with a robot-assisted laparoscopic colpectomy 
[86]. 

Colpectomy
Transmen may choose for a colpectomy (removal of the vaginal epithelium) for several 
reasons, such as unwanted vaginal discharge in general or as result of sexual arousal, or 
the wish for phalloplasty with urethral extension. There are two options for colpectomy, 
the vaginal approach and the robot-assisted laporascopic colpectomy in combination 
with hysterectomy and salpingo-oophorectomy. The robot-assisted procedure seems to 
be safer than the vaginal approach [86].  
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Phalloplasty
Phalloplasty is the surgical creation of a full size penis. It is a difficult surgical procedure 
with high rates of complications such as urethral stenosis. An ideal phallus has sufficient 
length for vaginal penetration, has sensibility, and, if desired, enables the transman to 
urinate in standing position. Multiple flaps have been used to create the phallus, but 
for penile reconstruction the free radial forearm flap remains the gold standard [82,87].

Metadoidioplasty
During a metoidioplasty a microphallus is created by using the testosterone-induced hy-
pertrophied clitoris. While a metadoidioplasty gives a lower risk for complications than 
a phalloplasty, it could not be guaranteed that voiding in standing position is possible. 
In addition, vaginal penetration will not be possible [82,87].

FERTILITY PRESERVATION

It is estimated that about 47% of transgender individuals would like to have a child to 
whom they are genetically related [88]. Gender affirmation therapy, both hormonal and 
surgical, is an indication for fertility preservation since hormonal therapy adversely 
affects fertility, and surgery may include gonadal removal. While the adverse effects 
of hormonal therapy may be reversible when the therapy is ceased, it is important to 
discuss fertility preservation options with a transgender individual before the start of 
hormonal therapy [89]. In transwomen the percentage that would have frozen sperm 
if this option was offered, varied from 13% in asexual or heterosexual (being attracted 
to men) transwomen to 56% in homosexual (being attracted to women) and bisexual 
transwomen [90]. It is estimated that about 37% [91] of the transmen wish to have their 
gametes preserved before any gender affirming therapy. For transgender adolescents 
it is important to involve parents in the fertility preservation counseling as they play 
an important role in exploring options for their children and usually have to give their 
consent to interventions. A recent study found that parents overall did not emphasize 
the importance of their child having children to whom they are genetically related but 
they agreed that that fertility preservation counseling is relevant [92].

Transwomen
Semen cryopreservation using specimens obtained from masturbation or penile vibra-
tory stimulation is technically the most easy, reliable and inexpensive method for fertil-
ity preservation in transwomen. However, for some transwomen this option may not 
be possible because of the psychologically distress induced by this procedure, or the 
difficulties in erection and ejaculation. Alternatives are electro-stimulation or surgical 
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sperm retrieval, or in case of azoospermia, testicular sperm extraction [89]. The ob-
tained sperm can be used to fertilize the partner of the transwoman in case this partner 
is female. In case of a male partner a gestational surrogate is needed for fertilization.   

Transmen
For transmen fertility options are embryo cryopreservation, oocyte cryopreservation, 
and ovarian tissue cryopreservation. As long as the ovaries and uterus are in situ, 
it is also possible that a transgender man become pregnant spontaneously. Since 
testosterone therapy may be dangerous for fetal development it is important that the 
testosterone therapy is ceased before the transman becomes pregnant. In contrast to 
the other options, ovarian tissue cryopreservation is more experimental and not widely 
available. For embryo cryopreservation but also to fertilize a preserved oocyte, sperm 
from an intimate partner or an anonymous donor, is needed. When a transgender man 
does not want to carry the child, a gestational surrogate is also needed. However, high-
tech surrogacy for transgender individuals is still not widely available due to ethical and 
legal issues. Furthermore it is important to note that all fertility options in transmen are 
sooner or later accompanied with controlled ovarian hyperstimulation, which could be 
very distressing for a transman [89]. 

SPECIAL TOPICS

Hormonal Therapy In Older Transgender People 
Some transgender people start the transition to their experienced gender at an older 
age (often after a long time of struggling), even past the age of 50 or 60 years [22,93]. The 
majority of these people are currently transwomen [93], but the number of older trans-
men is currently rapidly growing, possibly due to a greater tolerance and acceptability 
in society [2]. There is no evidence that the manifestations of biological effects of sex 
hormones will be less in the elderly than in younger people [12,94,95]. Age itself should 
not be regarded as a contraindication to start with hormonal therapy, but the risks of 
side-effects may be higher at an older age [96]. 

Unsupervised Use Of Hormonal Therapy 
Ideally, the indication for hormonal therapy is the result of psychological assessment 
that concludes that medical treatment will bring relief to an individual suffering from 
gender dysphoria [97]. However, it is not uncommon that transgender people self-med-
icate. The use of health care facilities specialized in gender care may be unaffordable, 
difficult to assess due to long waiting lists, or people are unwilling to undergo psychodi-
agnostic assessment of their gender problems. Hormones are relatively easy to obtain, 



46

and peer groups and the internet provide (sometimes misguided) information on their 
use [98–100]. Frequently, contraceptive pills containing ethinylestradiol with its associ-
ated risks [46,101] are used in high doses. Our knowledge about self-medication in the 
transgender population is very limited, but a study has indicated increased side-effects 
with illicit use of hormones [100]. Another study found 23% of applicants for treatment 
had used sex hormones already. Remarkably, 32% were transwomen and 6% transmen. 
The individuals who had used self-prescribed hormones had much less knowledge 
about appropriate use and potential side-effects [102]. Physicians should be aware of 
illicit hormone use and intervene when necessary. 

CONCLUSIONS

Transgender care is a challenging, multidisciplinary, and developing field in medicine. 
The transgender population is rapidly growing and the existence of non-binary or gender 
queer genders gets increasingly more attention. Before the start of any type of therapy, 
the physician needs to discuss the pros and cons of the several treatment options so that 
the transgender individual can make a well-considered decision. Due to the increase of 
high quality studies, hormonal and surgical therapy will probably be further optimized 
in the (near) future. Therefore, it is important for physicians who provide transgender 
care to stay up-to-date with the latest literature. In addition, as the waiting lists may 
be growing due to the rapidly increasing number of new applications to gender clinics, 
physicians should be aware of a growing number of transgender individuals who use 
self-prescribed hormones. 
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ABSTRACT

Objectives: It is hypothesized that transpeople show sex-atypical differentiation of 
the brain. Various structural neuroimaging studies provide support for this notion, but 
little is known about the sexual differentiation of functional resting-state networks in 
transpeople. In this study we therefore aimed to determine whether brain functional 
connectivity (FC) patterns in transpeople are sex-typical or sex-atypical, before and after 
the start of cross-sex hormone therapy (CHT). 

Methods: We acquired resting-state functional magnetic resonance data in 36 trans-
people (22 with female sex assigned at birth), first during gonadal suppression, and 
again four months after start of CHT, and in 37 cisgender people (20 females), both ses-
sions without any hormonal intervention. We used independent component analysis 
to identify the default mode network (DMN), salience network (SN), and left and right 
working memory network (WMN). These spatial maps were used for group comparisons. 

Results: Within the DMN, SN, and left WMN similar FC patterns were found across 
groups. However, within the right WMN, cisgender males showed significantly greater FC 
in the right caudate nucleus than cisgender females. There was no such sex difference 
in FC among the transgender groups and they did not differ significantly from either of 
the cisgender groups. CHT (in transgender participants) and circulating sex steroids (in 
cisgender participants) did not affect FC. 

Conclusion: Our findings may suggest that cisgender males and females experience a 
dissimilar (early) differentiation of the right WMN and that such differentiation is less 
pronounced in transpeople.
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INTRODUCTION

Whereas sex refers to a biological difference and is often considered as being dichoto-
mous, gender is socially constructed and viewed as a more continuous variable. It is 
generally accepted that there are sex differences in the human brain and behavior [1,2]. 
However, it is not fully elucidated whether sex-specific traits are equally present in 
transpeople, whose sex assigned at birth does not match their self-identified gender [3]. 
Many people with extreme gender dysphoria seek gender affirming treatment including 
cross-sex hormone therapy (CHT) [4]. CHT consists of testosterone in transmen (female 
sex assigned at birth, male gender identity) and estrogens in transwomen (male sex 
assigned at birth, female gender identity). To achieve the best physical results, trans-
women are usually also treated with anti-androgens.

Previous studies investigating whether emotional and cognitive processing differ be-
tween males and females, generally found that males outperform females on (visuo)spa-
tial and quantitative abilities [5], while females respond more expressively than males 
to emotional stimuli [6,7] and outperform males on several verbal skills [5]. An exception 
may be working memory (WM) performance, as a recent study found that males perform 
better than females on both spatial and verbal WM tasks [8]. WM includes the short-term 
storage and manipulation of information necessary for complex cognitive activities such 
as language comprehension, learning, and reasoning [9], and provides insight into basic 
functions of the healthy brain as well as into pathophysiological mechanisms of various 
psychiatric and neurological diseases [10-12].

A commonly used method to visualize brain activity during task performance is task-
related functional magnetic resonance imaging (fMRI). However, resting-state fMRI, 
which can be used to investigate brain functional connectivity (FC) in the absence of a 
task or stimulus, has received increasing attention in the last two decades [13]. While 
seed-based analysis is based on a priori selected brain areas, independent component 
analysis (ICA) is highly data-driven and allows identification of resting-state networks 
(RSNs): anatomically separated, but functionally connected brain regions that show a 
high level of ongoing FC during rest [13]. RSNs probably correspond well with coactiva-
tion patterns measured during tasks [14,15]. Recently, some ICA studies reported sex 
differences in several RSNs [16-18] associated with emotional and cognitive processing, 
including the default mode network (DMN), salience network (SN), and left and right WM 
network (WMN). The DMN, the most well-known RSN, is associated with self-referential 
processes, social cognition, and possibly WM [19-21]. The SN is associated with subjec-
tive body representation [22] and emotion perception, but is also engaged in WM [23]. 
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The left and right WMNs are directly associated with various WM tasks, such as the N-
back and Sternberg task [20].

Several mechanisms, including sex steroid actions, probably play a role in the above-
described sex differences. It is thought that sex steroids act on the human brain in two 
ways, organizational and activational [24,25]. Organizational effects predominantly occur 
in prenatal life and are responsible for the development of structures and circuits in the 
brain that remain fixed for the rest of a person’s life [25]. It is hypothesized that deviations 
in sex steroid exposure during fetal development may induce sex-atypical brain differen-
tiation in transpeople [24]. In contrast to the organizational effects of sex steroids, acti-
vational effects are induced by hormone fluctuations later in life and are often reversible. 
Because transpeople frequently receive CHT, they offer not only a unique opportunity 
to study the organizational effects of sex steroids on the brain, but also the activational 
effects of cross-sex hormones. However, previous fMRI studies in transpeople yielded 
conflicting results [26], which may be due to the use of different tasks in most of these 
studies. In the current study we used resting-state fMRI in transpeople to investigate FC 
patterns within four RSNs, which are thought to be different between males and females.

Aims
We aimed to determine whether FC patterns within the DMN, SN, and left and right WMN 
in transpeople before the start of CHT are sex-typical or sex-atypical and to what extent 
CHT can induce sex-atypical patterns. We hypothesized that before the start of CHT, 
FC patterns in transpeople are more similar to the self-identified gender and that CHT 
induces a further shift towards the self-identified gender.

METHODS

Study Design And Participants
The study sample consisted of four groups: transmen, transwomen, cisgender males 
(CMs) and cisgender females (CFs). Transgender participants, diagnosed according to 
the revised fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 
[27], were recruited at the VU University Medical Center in Amsterdam and cisgender 
participants at the campus of the VU University. CFs had a regular menstrual cycle of 
maximally 35 days, were tested during the first five days of their menstrual cycle, and 
had not used hormonal contraceptives for at least three months. None of the participants 
suffered from any neurological, psychiatric or endocrine disorders or had ever received 
CHT. Written informed consent was obtained and our local medical ethical committee 
has approved this study (trial number: NL29233.029.09). 
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Participants were tested twice, at baseline (session one) and four months after initia-
tion of CHT in the transgender participants (session two). At both sessions, MRI scans 
were conducted and participants were screened for anxiety and depression symptoms 
(using the Hospital Anxiety and Depression Scale) [28]. In addition, blood samples were 
obtained for estradiol and testosterone measurements (see Table 1A and 1B for assay 
characteristics). Questionnaires about handedness, and intelligence quotient (IQ) tests 
(using the National Adult Reading Test) [29] were only administered at baseline, before 
MR scanning.  Information about sexual orientation was obtained once, via sending a 
questionnaire by mail. 

Because we aimed to examine the pure effects of cross-sex hormones (without potential 
interfering effects of endogenous sex steroids) on FC, the transgender participants had 
received subcutaneous gonadotropin-releasing hormone analogues (GnRHa; triptorelin 
acetate, 3.75 mg/four weeks) for eight weeks, when tested at baseline. After the baseline 
measurement, GnRHa were continued but testosterone gel (50 mg daily) and letrozol (an 
aromatase inhibitor; 2.5 mg daily) were added in transmen, and estradiol patches (100 
µg/24 h twice a week) in transwomen. 

Because follow-up MRI data of eight cisgender participants were lost due to technical 
problems, we only used baseline data of the cisgender participants, to maintain sta-
tistical power. We had to exclude two cisgender participants from analysis because of 
excessive head motion (translation of > 2 mm or rotation of > 2 degrees between fMRI 
volumes). Two transgender participants were lost to follow-up, because they no longer 
wanted to participate. Finally, data were available from 73 participants: 22 transmen (21 
transmen at session two), 14 transwomen (13 transwomen at session two), 17 CMs and 
20 CFs. 

For further details about study design and participants see also Soleman et al. [30]. 

Image Acquisition
During the fMRI acquisition, participants were instructed to keep their eyes closed and 
try not to fall asleep. Brain images were acquired on a whole-body 3.0 Tesla MR scanner 
(Signa HDXt, General Electric, Milwaukee, WI, USA). T2*-weighted functional images 
were obtained using a gradient-echo echo-planar imaging sequence (repetition time = 
1800 ms, echo time = 35 ms, matrix size = 64 × 64, voxel size = 3 × 3 × 3 mm, number 
of dummy acquisitions = 3, number of slices = 34). At each session an anatomical T1-
weighted image was acquired prior to the fMRI (repetition time = 7.8 s, echo time = 3.0 
ms, matrix size = 256 × 256, voxel size = 1 × 1 × 1 mm, number of slices = 170).
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Data Analysis
Image preprocessing was done using Statistical Parametric Mapping 12 (SPM12; http://
www.fil.ion.ucl.ac.uk/spm). Preprocessing consisted of several steps. Firstly, functional 
volumes were spatially realigned. Because head motion can affect estimates of FC, the 
mean root-mean-square (RMS) values of volume-to-volume changes [31] in translational 
head movement were compared between groups and sessions, but no significant (P > 
0.1) differences were found. Secondly, the images were slice timed to the middle slice 
of each whole brain volume. Thirdly, the anatomical T1-weighted image was coregis-
tered to the mean echo-planar image which had been generated during realignment 
and normalized to the Montreal Neurological Institute space. Finally, functional images 
were smoothed with an 8-mm full-width half-maximum Gaussian smoothing kernel. We 
chose not to apply temporal filtering (e.g. detrending or band-pass filtering) on our data 
prior to the Group ICA of fMRI Toolbox (GIFT; see also the method section) analyses as 
this is not recommended by the developers of GIFT. It may even remove information that 
GIFT uses to separate components (including artifacts) [32,33]. 

After preprocessing, resting-state FC was assessed by means of ICA using The Group ICA 
of fMRI Toolbox (GIFT; Version 3.0a; http://mialab.mrn.org/software/gift). Firstly, the 
number of ICs was estimated using the minimum description length criteria tool [34], 
which suggested that 26 components were present in our data. Secondly, data of each 
participant were reduced using a two-step principal component analysis (with 39 princi-
pal components left in the first step and 26 in the second step; GIFT default settings) and 
concatenated into groups. Thirdly, estimation of independent group components was 
performed using the Infomax algorithm [35] and 20 iterations were run using ICASSO 
[36]. Fourthly, individual spatial maps were back-reconstructed using group ICA [37]. 
Network selection was done according the approach described by Petersen et al. [38]. 
We first identified the networks of our interest by visual inspection. We subsequently 
correlated each of the 20 intrinsic connectivity networks described by Laird et al. [20] 
(http://www.brainmap.org/icns) with our networks. Indeed, the networks that we iden-
tified as DMN, SN and left and right WMN (see Fig. 1A–1D) were correlated most strongly 
with those reported by Laird et al. [20] (r ≥ 0.54). 

For the fMRI analyses, two one-way ANOVAs (CMs–CFs–transmen and CMs–CFs–trans-
women) in SPM12 were performed for group comparisons on the baseline component 
images. If one of the ANOVAs was significant, post-hoc t-tests were performed between 
each pair of groups to specifically investigate between-group differences. The effect of 
CHT on FC in transmen as well as transwomen was examined with paired sample t-tests. 
To explore the effect of endogenous circulating hormones on FC we performed regres-
sion analyses in the cisgender groups. We specifically focused on that network where 
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sex differences were found (see results) and used endogenous testosterone and estra-
diol levels as regressors. For all fMRI analyses a gray-matter mask, created with the Wake 
Forest University Pickatlas toolbox (WFU Pickatlas; Version 3.0.5; http://fmri.wfubmc.
edu/software/pickatlas), was used. Results were explored at a voxel-level inference 
threshold of P < 0.001, combined with a family-wise error (FWE)-corrected cluster-level 
threshold of P < 0.05. In case of post-hoc testing after a significant ANOVA, the cluster-
level threshold was divided by the number of post-hoc t-tests performed (0.05 / 3 = 0.02). 

Hormone data and sample characteristics were analyzed with Stata version 13 (Stata-
Corp LP), using one-way ANOVA or Kruskal Wallis and Dunn’s tests for normally and non-
normally distributed continuous data, respectively. Chi2 tests with adjusted residuals 
were used for group comparisons of categorical data and Wilcoxon signed ranks tests 
for the paired, non-normally distributed continuous data. Missing values were excluded 
and results were considered significant at P < 0.05.

Table 1A   Sample characteristics. 

Transmen Transwomen Cisgender 
males

Cisgender 
females 

  
Group      
comparison, P

Age in years, median (range) 21 (18-43) 21 (18-44) 28 (20-34) 23 (19-43) < 0.01*

IQ, mean (range) 97 (71-126) 97 (78-118) 99 (82-118) 103 (93-126) > 0.05

BMI in kg/m2

Session one, median (range)
Session two, median (range)

22 (18-31)
22 (19-33)

22 (16-31)
22 (20-31)

23 (18-29)
23 (19-29) 

24 (21-31)
23 (21-27)

 > 0.05   
 > 0.05

HADS, depression scale
Session one, median (range)  
Session two, median (range)

2.5 (0-7)
2 (0-8) 

2.5 (1-15)
1 (0-11)

1 (0-4)
1 (0-7)

1 (0-6)
1 (0-8)

 > 0.05
 > 0.05

HADS, anxiety scale
Session one, median (range)  
Session two, median (range)

 
5 (1-9)
4 (0-12)

6 (2-14)
5 (1-17)

3 (0-9)
3 (0-7)

3 (1-8)
5 (2-7)

 < 0.01*
 > 0.05

Sexual orientation
Primarily gynephilic, n/N (%)
Primarily androphilic, n/N (%)
Othera, n/N (%)

13/20 (65)
3/20 (15)
4/20 (20)

3/12 (25)
9/12 (75)
0/12 (0)

17/17 (100)
0/17 (0)
0/17 (0)

0/12 (0)
12/12 (100)
 0/12 (0)

< 0.01*   

Handedness
Right-handed, n/N (%)
Left-handed, n/N (%)
Ambidextrous, n/N (%)

20/22 (91) 
0/22 (0)
2/22 (9)  

11/14 (79)
3/14 (21)
0/14 (0)  

12 /17 (71)
3/17 (18)
2/17 (12)  

17/20 (85)
1/20 (5)
2/20 (10)

> 0.05   

 

IQ: Intelligence Quotient; BMI: Body Mass Index; kg: kilograms; m2: square meters; HADS: Hospital Anxiety and Depression 
Scale
aSexual attraction to both males and females, transpeople or asexual
*Significantly different
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Table 1B   Hormone levels.

Transmen Transwomen Cisgender 
males 

Cisgender 
females

Group
comparison, P

Estradiol levels, pmol/La  

Session oneb, median (range) 30 (20-67) 25 (20-42)* 67 (43-115) 132 (61-397)  

Session twoc, median (range) 20 (20-107) 193 (10-957)* -  -  

Testosterone levels, nmol/Ld      

Session oneb, median (range) 1 (1-1.9)* 1 (1-1.4) 16 (9.4-21) 1 (1-1.4)  

Session twoc, median (range) 15 (1-38)* 1 (1-1.3)  -  -  
aEstradiol was measured by a competitive fluorescence immunoassay (PerkinElmer, Wallac Turku, Finland); the lower limit 
of detection (LLD) was 20 pmol/L and the interassay coefficient of variation (CV) < 10%
bUnder gonadotropin-releasing hormone analogues in the transgender groups
cUnder gonadotropin-releasing hormone analogues and cross-sex hormones in the transgender groups
dTestosterone was measured by a radioimmunoassay (Siemens Medical Solutions Diagnostics, USA), with a LLD of 1 
nmol/L and an interassay CV of < 7%
*Significantly different

RESULTS

Sample Characteristics And Sex Steroid Levels
Sample characteristics are presented in Table 1A. Most characteristics were comparable 
between groups. However, CMs were significantly older than both transgender groups, 
and CFs were significantly older than transmen. Besides, transwomen scored signifi-
cantly higher on baseline anxiety symptoms than both cisgender groups. Sexual orienta-
tion also significantly differed between the groups. Whereas all CMs and most transmen 
were primarily gynephilic (attracted to females), all CFs and most transwomen were 
primarily androphilic (attracted to males).

Sex steroid levels are presented in Table 1B. Baseline levels in the cisgender participants 
were in the normal reference range, while those in the transgender participants were 
very low (under GnRHa). After CHT, testosterone levels (in transmen) and estradiol levels 
(in transwomen) were in the normal reference range of their self-identified gender. 

FC Differences  
Within the right WMN, CMs showed greater FC in the right caudate nucleus as compared to 
CFs (t-value = 7.1, z-value = 5.54, kE = 68, cluster-level pFWE = 0.009; Fig. 2). Peak-level FC in 
the right caudate nucleus in transmen and transwomen appeared to be in-between CMs 
and CFs, but did not significantly differ from both cisgender groups (Fig. 3A). Because 
this result did raise the question whether transmen and transwomen show a similar FC 
pattern within the right WMN, an additional two-sample t-test was performed. This test 
showed that there was no difference in FC between the two transgender groups. Within 
the DMN, SN and left WMN FC was comparable across all groups. Adding root-mean-
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(which were significantly different among the groups) as covariates had no relevant impact on 1253 

our results. 1254 

 1255 

Figure 1   Spatial maps of independent components.  1256 
All component maps were transformed to z-scores and thresholded at z ≥ 1 for display. R:right; L:left. 1257 

Figure 1 Spatial maps of independent components. 
All component maps were transformed to z-scores and thresholded at z ≥ 1 for display. R:right; L:left 
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square (RMS) values of volume-to-volume changes in translational head movement (see 
also method section) as additional covariate did not relevantly aff ect our results. Also 
the inclusion of scores on anxiety and age (which were significantly diff erent among the 
groups) as covariates had no relevant impact on our results.

No relationship between circulating endogenous sex steroids in the cisgender groups 
and FC within the right WMN was observed. Moreover, in none of the networks diff er-
ences in FC were found between session one and session two in the transgender groups 
(for the right WMN, see also Fig. 3B).

  No relationship between circulating endogenous sex steroids in the cisgender groups 1258 

and FC within the right WMN was observed. Moreover, in none of the networks differences 1259 

in FC were found between session one and session two in transgender groups (for the right 1260 

WMN, see also Fig. 3B). 1261 

 1262 

Figure 2   Brain areas within the right working memory network with greater functional 1263 
connectivity in cisgender males as compared to cisgender females (peak difference at 18, 17, 1264 
11). 1265 

 1266 

DISCUSSION 1267 

Several studies have suggested that sexual differentiation of the brain is atypical in 1268 

transpeople [26]. In the current study we examined whether FC patterns within the DMN, SN, 1269 

left and right WMN in transpeople before the start of CHT are sex-typical or sex-atypical, and 1270 

to what extent CHT can induce sex-atypical patterns. Within the right WMN, we found that 1271 

CMs showed significantly greater FC in the right caudate nucleus as compared to CFs. Filippi 1272 

et al. [17] also found evidence for sex differences in FC patterns within the right WMN, 1273 

which theoretically could be based on a dissimilar brain differentiation between males and 1274 

females during fetal development. However, Filippi et al. [17] did report sex differences in 1275 

other areas within the right WMN than the right caudate nucleus. Interestingly, some seed-1276 

Figure 2 Brain areas within the right working memory network with greater functional connectivity in cis-
gender males as compared to cisgender females (peak diff erence at 18, 17, 11).

DISCUSSION

Several studies have suggested that sexual diff erentiation of the brain is atypical in 
transpeople [26]. In the current study we examined whether FC patterns within the 
DMN, SN, left  and right WMN in transpeople before the start of CHT are sex-typical or 
sex-atypical, and to what extent CHT can induce sex-atypical patterns. 

Within the right WMN, we found that CMs showed significantly greater FC in the right 
caudate nucleus as compared to CFs. Filippi et al. [17] also found evidence for sex dif-
ferences in FC patterns within the right WMN, which theoretically could be based on a 
dissimilar brain diff erentiation between males and females during fetal development. 
However, Filippi et al. [17] did report sex diff erences in other areas within the right WMN 
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than the right caudate nucleus. Interestingly, some seed-based [39] and task-related 
fMRI studies [40] did find sex diff erences in FC/activity of the caudate nucleus.

based [39] and task-related fMRI studies [40] did find sex differences in FC/activity of the 1277 

caudate nucleus. 1278 

 1279 

Figure 3   Peak-level functional connectivity in the right caudate nucleus within the right 1280 
working memory network, before and after cross-sex hormone treatment (CHT) in 1281 
transgender participants.  For the cisgender groups the data of session one is depicted in both A and B. 1282 
*Significantly different. C.I.: confidence interval. 1283 
 1284 
 1285 
  Koenig et al. [39] showed that males have (non-significantly) higher FC between the 1286 

right caudate nucleus and the posterior cingulate cortex than females and Speck et al. [40] 1287 

described that males show right-sided dominance in the caudate nucleus during an fMRI 1288 

Figure 3 Peak-level functional connectivity in the right caudate nucleus within the right working memory 
network, before and aft er cross-sex hormone treatment (CHT) in transgender participants.  For the cisgen-
der groups the data of session one is depicted in both A and B. 
*Significantly diff erent. C.I.: confidence interval

Koenig et al. [39] showed that males have (non-significantly) higher FC between the 
right caudate nucleus and the posterior cingulate cortex than females and Speck et al. 
[40] described that males show right-sided dominance in the caudate nucleus during an 
fMRI verbal WM task compared to females. The caudate nucleus is thus not only involved 
in motor processes but probably also in cognitive tasks such as spatial WM tasks [40,41]. 
Besides neural processing, sex diff erences are also reported in the performance on WM 
tasks [8]. Hypothetically, FC diff erences in the caudate nucleus of the right WMN could be 
associated with cognitive diff erences, such as WM capacity, between males and females.   
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In contrast to Allen et al. [16], who observed sex differences within DMN regions and 
Filippi et al. [17] who observed sex differences within the DMN, SN and left WMN, we did 
not find any differences between CMs and CFs in these networks. However, Weissman-
Fogel et al. [42] and Feusner et al. [43] also did not find sex differences within the SN 
and DMN. The diversity in study populations, network templates, threshold values, and 
sample sizes may all contribute to the inconsistent findings regarding FC sex differences 
within the DMN, SN and left WMN. 

In transmen and transwomen we found that the degree of FC in the right caudate 
nucleus was between that of CMs and CFs, but did not significantly differ from either 
of the two cisgender groups, nor from each other. This finding may suggest that brain 
differentiation within the right WMN in transpeople is less sex-typical. In a seed-based 
study, Santarnecchi et al. [44] described that the FC profile in gender-related brain areas 
(like the left lingual gyrus and precuneus) of one transman was comparable to that of 
CFs. However, Manzouri et al. [45] who hypothesized that transpeople possess ‘gender 
dysphoria-specific’ brain connectivity patterns, showed in a seed-based study that un-
treated transmen differed from both males and females with respect to FC within areas 
involved in own-body perception and self-referential processing, and that they followed 
the pattern of their birth sex regarding FC in the amygdala. The results of our study and 
that of Santarnecchi et al. [44] and Manzouri et al. [45] are difficult to compare, not only 
due to differences in methodology (ICA versus seed-based analyses) but also due to 
differences in sample sizes, hypotheses tested and brain areas of interest. Feusner et al. 
[43], performing ICA analyses in the same population as Manzouri et al. [45], observed 
that in several areas within the DMN and visual network transmen show significantly 
weaker FC than both CMs and CFs. Additionally, within the visual network, they found 
one cluster with significantly stronger connections in transmen as compared to CMs. 
Their findings may suggest that transmen show ‘gender dysphoria-specific’ (different 
from both cisgender males and females) FC patterns within the DMN and visual network. 
However, whether their findings may also be related to additional psychological com-
plaints such as depression and anxiety (which may affect FC [46,47]) remains unclear.  

In contrast to our expectations, we observed no activational effects of four months’ 
CHT on FC in transpeople. In addition, we found no evidence for a relationship between 
endogenous sex steroids in the cisgender participants and FC within the right WMN. Two 
studies, with similar methods to ours, investigated oral contraceptive and/or menstrual 
cycle effects on FC patterns [18,38]. While Petersen et al. [38] found evidence for subtle 
menstrual cycle and oral contraceptive effects on FC within the anterior DMN and execu-
tive control network (ECN), Hjelmervik et al. [18] did not find any menstrual cycle effects 
on FC within the left and right WMN. However, as also mentioned by Hjelmervik et al. 
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[18] it is not certain whether all females in Petersen et al.’s [38] study were tested in the 
intended cycle phase as progesterone levels in the menstrual cycle phase were relatively 
high and estradiol levels did not significantly differ between the cycle phases. Besides, 
they did not find a relationship between estrogen levels and FC within the DMN and ECN. 
Therefore, it is conceivable that cycle-unrelated group differences explain their results. 
The findings of Hjelmervik et al. [18] corroborate our results that RSNs seem robust and 
insensitive to activational effects of sex steroids. It is hypothesized that RSNs are linked 
to white matter tracts [48]. Interestingly, Rametti et al. [49] showed increased fractional 
anisotropy values in two fascicles after medium-term (seven months) CHT in transmen. 
Perhaps short-term hormone alterations have no or only slight effects on white matter 
tracts and are therefore not or only minimally reflected in RSNs. 

Our results must be interpreted with some caution because of several limitations. First, 
while the use of GnRHa at baseline allowed us to examine the pure effects of cross-
sex hormones on FC, it is theoretically possible that the GnRHa have caused the less 
pronounced sex-typical FC patterns in the transgender participants. However, our data 
do not suggest any association between either endogenous (in cisgender groups) or 
exogenous sex steroids (CHT) and FC. In addition, Guerrieri et al. [50] found that sex 
differences in visuospatial abilities persist during short-term gonadal suppression with 
GnRHa. Moreover, Staphorsius et al. [51] reported that sex differences in brain activation 
during an executive functioning task were even more prominent in transgender ado-
lescents treated with GnRHa than in those not receiving GnRHa. Therefore, our results 
most likely cannot be explained by the effects of gonadal suppression in the transgender 
participants, although the specific effects of GnRHa on brain structure and function re-
main to be determined. Second, relatively little data on self-reported sexual orientation 
was available due to a low response rate. In addition, the majority, but not all, included 
transgender participants had a homosexual orientation with regard to their sex assigned 
at birth, which may have affected our results, as differences in brain phenotype are par-
ticularly described in transpeople with a homosexual orientation [26]. Because sexual 
orientation within the cisgender groups was homogeneous (all CMs were gynephilic and 
all CFs were androphilic), we did not add sexual orientation as covariate to our analyses. 
Third, the sample sizes, especially of the transwomen, were only modest, limiting the 
generalizability of our findings. Finally, future research should examine more long-term 
effects of CHT, aim for larger sample sizes, and more homogeneous groups with respect 
to sexual orientation.

Considering the above-described limitations, we conclude that cisgender males and fe-
males show similar FC patterns within several RSNs (DMN, SN, left WMN). However, they 
show a different FC pattern in the right caudate nucleus within the right WMN, which 



70

neurobiology of gender dysphoria

Part 1

was not found in transpeople. There was no evidence for activational effects of CHT or 
endogenous circulating sex steroids on FC. These findings may suggest that cisgender 
males and females have experienced a dissimilar (early) differentiation of the right WMN 
and that transpeople show a less sex-typical differentiation of the right WMN.

ACKNOWLEDGEMENTS

We thank Ted Korsen and Ton Schweigmann for their support during the test sessions.



4

Chapter 4 71

Brain sexual differentiation and effects of cross-sex hormone therapy in transpeople

REFERENCES

 [1] Bao AM, Swaab DF. Sex differences in the brain, behavior, and neuropsychiatric disorders. Neuro-
scientist 2010;16:550-65.

 [2]  Ruigrok AN, Salimi-Khorshidi G, Lai MC, Baron-Cohen S, Lombardo MV, Tait RJ,  Suckling J. A 
meta-analysis of sex differences in human brain structure. Neurosci Biobehav Rev 2014;39:34-50.

 [3]  American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed. 
DSM-5 ed. Arlington, VA, 2013.

 [4]  Coleman E, Bockting W, Botzer M, Cohen-Kettenis P, DeCuypere G, Feldman J, et al.  Standards of 
Care for the Health of Transsexual, Transgender, and Gender-Nonconforming People, version 7. 
Int J Transgenderism 2012;13:165-232.

 [5]  Halpern DF, Benbow CP, Geary DC, Gur RC, Hyde JS, Gernsbacher MA. The Science of Sex Differ-
ences in Science and Mathematics. Psychol Sci Public Interest 2007;8:1-51.

 [6]  Kring AM, Gordon AH. Sex Differences in Emotion: Expression, Experience, and Physiology. J Pers 
Soc Psychol 1998;74:686-703.

 [7]  Grossman M, Wood W. Sex differences in intensity of emotional experience: a social role  interpre-
tation. J Pers Soc Psychol 1993;65:1010-22.

 [8]  Zilles D, Lewandowski M, Vieker H, Henseler I, Diekhof E, Melcher T, et al. Gender Differences 
in Verbal and Visuospatial Working Memory Performance and Networks. Neuropsychobiology 
2016;73:52-63.

 [9]  Baddeley A. Working memory. Science 1992;255:556-59.

 [10]  Henseler I, Falkai P, Gruber O. Disturbed functional connectivity within brain networks subserving 
domain-specific subcomponents of working memory in schizophrenia: relation to performance 
and clinical symptoms. J Psychiatr Res 2010;44:364-72.

 [11]  Gruber O, Tost H, Henseler I, Schmael C, Scherk H, Ende G, et al. Pathological amygdala activation 
during working memory performance: evidence for a pathophysiological trait marker in bipolar 
affective disorder. Hum Brain Mapp 2010;31,115-25.

 [12]  Poudel GR, Stout JC, Domínguez DJ, Gray MA, Salmon L, Churchyard A, et al. Functional changes 
during working memory in Huntington’s disease: 30-month longitudinal data from the IMAGE-HD 
study. Brain Struct Funct 2015;220:501-12.

 [13]  Lee MH, Smyser CD, Shimony JS. Resting-State fMRI: A Review of Methods and Clinical Applica-
tions. AJNR Am J Neuroradiol 2013;34:1866-72. 

 [14]  Smith SM, Fox PT, Miller KL, Glahn DC, Fox PM, Mackay CE, et al. Correspondence of the brain’s 
functional architecture during activation and rest. Proc Natl Acad Sci U S A 2009;106:13040-45.

 [15]  Toro R, Fox PT, Paus T. Functional coactivation map of the human brain. Cereb Cortex 2008;18:2553-
59.

 [16]  Allen EA, Erhardt EB, Damaraju E, Gruner W, Segall JM, Silva RF, et al. A baseline for the multivari-
ate comparison of resting-state networks. Front Syst Neurosci 2011;5:2. 

 [17]  Filippi M, Valsasina P, Misci P, Falini A, Comi G, Rocca MA. The organization of intrinsic brain activ-
ity differs between genders: a resting-state fMRI study in a large cohort of young healthy subjects. 
Hum Brain Mapp 2013;34:1330-43.



72

neurobiology of gender dysphoria

Part 1

 [18]  Hjelmervik H, Hausmann M, Osnes B, Westerhausen R, Specht K. Resting states are resting traits-
-an FMRI study of sex differences and menstrual cycle effects in resting state cognitive control 
networks. PLoS One 2014;9:e103492.

 [19]  Sheline YI, Barch DM, Price JL, Rundle MM, Vaishnavi SN, Snyder AZ, et al. The default mode 
network and self-referential processes in depression. Proc Natl Acad Sci U S A 2009;106:1942-47.

 [20]  Laird AR, Fox PM, Eickhoff SB, Turner JA, Ray KL, McKay DR, et al. Behavioral interpretations of 
intrinsic connectivity networks. J Cogn Neurosci 2011;23:4022-37.

 [21]  Hampson M, Driesen NR, Skudlarski P, Gore JC, Constable RT. Brain connectivity related to work-
ing memory performance. J Neurosci 2006;26:13338-43.

 [22]  Taylor KS, Seminowicz DA, Davis KD. Two systems of resting state connectivity between the insula 
and cingulate cortex. Hum Brain Mapp 2009;30:2731-45.

 [23]  Luo Y, Qin S, Fernández G, Zhang Y, Klumpers F, Li H. Emotion perception and executive control 
interact in the salience network during emotionally charged working memory processing. Hum 
Brain Mapp 2014;35:5606-16.

 [24]  Swaab DF. Sexual differentiation of the brain and behavior. Best Pract Res Clin  Endocrinol Metab 
2007;21:431-44.

 [25]  Phoenix CH, Goy RW, Gerall AA, Young WC. Organizing action of prenatally administered testoster-
one propionate on the tissues mediating mating behavior in the female guinea pig. Endocrinol-
ogy 1959;65:369-82.

 [26]  Kreukels BP, Guillamon A. Neuroimaging studies in people with gender incongruence. Int Rev 
Psychiatry 2016;28:120-28.

 [27]  American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, 4th ed., 
text revision. DSM-IV-TR ed. Washington, DC, 2000.

 [28]  Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand 
1983;67:361-70.

 [29]  Nelson HEW, Wilson J. National Adult Reading Test (NART), 2nd ed. Windsor, UK:  NFER-Nelson, 
1991.

 [30]  Soleman RS, Staphorsius AS, Cohen-Kettenis PT, Lambalk CB, Veltman DJ, van Trotsenburg MA, 
et al. Oestrogens are Not Related to Emotional Processing: a Study of Regional Brain Activity in 
Transman Transsexuals Under Gonadal Suppression. Cereb Cortex 2016;26:510-16.

 [31]  Van Dijk KR, Sabuncu MR, Buckner RL. The influence of head motion on intrinsic functional con-
nectivity MRI. Neuroimage 2012;59:431-38. 

 [32]  Habas C, Kamdar N, Nguyen D, Prater K, Beckmann CF, Menon V, et al. Distinct cerebellar contri-
butions to intrinsic connectivity networks. J Neurosci 2009;29:8586-94.

 [33]  Zhang S, Li CS. Functional Networks for Cognitive Control in a Stop Signal Task:Independent 
Component Analysis. Hum Brain Mapp 2012;33:89-104.

 [34]  Li YO, Adali T, Calhoun VD. Estimating the number of independent components for functional 
magnetic resonance imaging data. Hum Brain Mapp 2007;28:1251-66.

 [35]  Bell AJ, Sejnowski TJ. An information maximisation approach to blind separation and blind 
deconvolution. Neural Comput 1995;7:1129-59.



4

Chapter 4 73

Brain sexual differentiation and effects of cross-sex hormone therapy in transpeople

 [36]  Himberg J, Hyvärinen A, Esposito F. Validating the independent components of neuroimaging 
time series via clustering and visualization. Neuroimage 2004;22:1214-22.

 [37]  Erhardt EB, Rachakonda S, Bedrick EJ, Allen EA, Adali T, Calhoun VD. Comparison of multi-subject 
ICA methods for analysis of fMRI data. Hum Brain Mapp 2011;32:2075-95.

 [38]  Petersen N, Kilpatrick LA, Goharzad A, Cahill L. Oral contraceptive pill use and menstrual cycle 
phase are associated with altered resting state functional connectivity. Neuroimage 2014;90:24-
32.

 [39]  Koenig KA, Lowe MJ, Lin J, Sakaie KE, Stone L, Bermel RA, et al. Sex differences in resting-state 
functional connectivity in multiple sclerosis. AJNR Am J Neuroradiol 2013;34:2304-11.

 [40]  Speck O, Ernst T, Braun J, Koch C, Miller E, Chang L. Gender differences in the functional organiza-
tion of the brain for working memory. Neuroreport 2000;11:2581-85.

 [41]  Grahn JA, Parkinson JA, Owen AM. The cognitive functions of the caudate nucleus. Prog Neuro-
biol 2008;86:141-55.

 [42]  Weissman-Fogel I, Moayedi M, Taylor KS, Pope G, Davis KD. Cognitive and default-mode resting 
state networks: do male and female brains “rest” differently? Hum Brain Mapp 2010;31:1713-26.

 [43]  Feusner JD, Lidström A, Moody TD, Dhejne C, Bookheimer SY, Savic I. Intrinsic network connectiv-
ity and own body perception in gender dysphoria. Brain Imaging Behav 2016 Jul 21. [Epub ahead 
of print].

 [44]  Santarnecchi E, Vatti G, Déttore D, Rossi A. Intrinsic cerebral connectivity analysis in an untreated 
female-to-male transsexual subject: a first attempt using resting-state fMRI.   Neuroendocrinol-
ogy 2012;96:188-93.

 [45]  Manzouri A, Kosidou K, Savic I. Anatomical and Functional Findings in Transman Transsexuals: 
Testing a New Hypothesis. Cereb Cortex 2015 Dec 4. [Epub ahead of print].

 [46]  Cui H, Zhang J, Liu Y, Li Q, Li H, Zhang L, et al. Differential alterations of resting-state functional 
connectivity in generalized anxiety disorder and panic disorder. Hum Brain Mapp 2016;37:1459-
73.

 [47]  Gong Q, He Y. Depression, neuroimaging and connectomics: a selective overview. Biol Psychiatry 
2015;77:223-35.

 [48]  Van den Heuvel MP, Mandl RCW, Kahn RS, Pol HEH. Functionally linked resting-state networks 
reflect the underlying structural connectivity architecture of the human brain. Hum Brain Mapp 
2009;30:3127-41.

 [49]  Rametti G, Carrillo B, Gómez-Gil E, Junque C, Zubiaurre-Elorza L, Segovia S, et al. Effects of 
androgenization on the white matter microstructure of transman transsexuals. A diffusion tensor 
imaging study. Psychoneuroendocrinology 2012;37:1261-69.

 [50]  Guerrieri GM, Wakim PG, Keenan PA, Schenkel LA, Berlin K, Gibson CJ, et al. Sex differences in 
visuospatial abilities persist during induced hypogonadism. Neuropsychologia 2016;81:219-29.

 [51]  Staphorsius AS, Kreukels BP, Cohen-Kettenis PT, Veltman DJ, Burke SM, Schagen SE, et al. Puberty 
suppression and executive functioning: An fMRI-study in adolescents with gender dysphoria. 
Psychoneuroendocrinology 2015;56:190-99.





5
Brain functional connectivity patterns 

in children and adolescents with gender 
dysphoria: sex-atypical or not?

Nota NM 
Kreukels BPC 
Den Heijer M 

Veltman DJ 
Cohen-Kettenis PT

Burke SM
Bakker J

Psychoneuroendocrinology. 2017 Dec;86:187-195. 



76

neurobiology of gender dysphoria

Part 1

ABSTRACT

Various previous studies have reported that brains of people diagnosed with gender 
dysphoria (GD) show sex-atypical features. In addition, recent functional magnetic 
resonance imaging studies found that several brain resting-state networks (RSNs) in 
adults with GD show functional connectivity (FC) patterns that are not sex-atypical, but 
specific for GD. In the current study we examined whether FC patterns are also altered 
in prepubertal children and adolescents with GD in comparison with non-gender dys-
phoric peers. We investigated FC patterns within RSNs that were previously examined 
in adults: visual networks (VNs), sensorimotor networks (SMNs), default mode network 
(DMN) and salience network. Thirty-one children (18 birth assigned males; 13 birth as-
signed females) and 40 adolescents with GD (19 birth assigned males or transgirls; 21 
birth assigned females or transboys), and 39 cisgender children (21 boys; 18 girls) and 41 
cisgender adolescents (20 boys; 21 girls) participated. We used independent component 
analysis to obtain the network maps of interest and compared these across groups. 
Within one of the three VNs (VN-I), adolescent transgirls showed stronger FC in the right 
cerebellum compared with all other adolescent groups. Sex differences in FC between 
the cisgender adolescent groups were observed in the right supplementary motor area 
within one of the two SMNs (SMN-II; girls > boys) and the right posterior cingulate gyrus 
within the posterior DMN (boys > girls). Within these networks adolescent transgirls 
showed FC patterns similar to their experienced gender (female). Also adolescent trans-
boys showed a FC pattern similar to their experienced gender (male), but within the 
SMN-II only. The prepubertal children did not show any group differences in FC, suggest-
ing that these emerge with aging and during puberty. Our findings provide evidence for 
the existence of both GD-specific and sex-atypical FC patterns in adolescents with GD.
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INTRODUCTION

Gender dysphoria (GD) refers to distress due to an incongruence between one’s expe-
rienced gender and one’s sex assigned at birth [1]. The onset of GD can occur before, 
during, or after puberty [2]. However, in many prepubertal children GD remits after the 
first pubertal stages [3]. Children in whom GD is persistent often experience increas-
ing distress at the onset of puberty, during which the development of secondary sex 
characteristics is initiated [3]. In the Netherlands, children diagnosed with GD can be 
treated with gonadotropin-releasing hormone analogues (GnRHas) when they are about 
12 years or older and have entered the first stages of puberty (Tanner breast develop-
ment stage two in girls and Tanner genital development stage two in boys), to prevent 
further maturation of sex characteristics [4–6]. Therefore, adolescents who fulfill these 
criteria are referred to a pediatric endocrinologist for the eventual initiation of GnRHa 
treatment shortly after the diagnosis GD is established. While global functioning and 
symptoms of depression usually improve after the initiation of puberty suppression, 
levels of GD (as measured by the Utrecht Gender Dysphoria Scale) do not change until 
the start of cross-sex hormone therapy, which is possible from the age of about 16 [4,7].

Although the number of neuroimaging studies in people diagnosed with GD is increas-
ing, there is still little known about the neurobiology of GD. The most common hypoth-
esis is that people with GD have experienced a sex-atypical differentiation of the brain 
during fetal development [8]. However, while various studies provide support for this 
hypothesis [9], others do not [9–12]. Recently, several resting-state functional magnetic 
resonance imaging (fMRI) studies which examined functionally integrated relationships 
among spatially distributed brain regions (also called functional connectivity (FC)) sug-
gested some new explanations regarding the neurobiology of GD in adults [10,11,13,14]. 
These studies specifically focused on brain regions (medial prefrontal cortex, anterior 
insula, temporo-parietal junction, precuneus) and/or cerebral networks (visual network 
(VN)), sensorimotor networks (SMNs), default mode network (DMN) and salience 
network (SN)) that were hypothesized to play a role in own-body perception and self-
referential thinking. These previous studies found that FC in a group of transmen (female 
assigned at birth, male gender identity) [10,11,14] or both transmen and transwomen 
(male assigned at birth, female gender identity) [13] differed from cisgender men as 
well as cisgender women, suggesting that the observed FC alterations in transgender 
individuals were specific for GD, and thus associated with the subjective experiences of 
incongruence between gender identity and sex assigned at birth. 

One well-known method to analyze FC patterns is independent component analysis 
(ICA). ICA allows the identification of resting-state networks (RSNs), consistent groups 
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of brain regions that are functionally highly connected to each other in rest [15]. Virtu-
ally all identified RSNs are thought to be involved in multiple cognitive functions [16]. 
Thus, the VNs, SMNs, DMN and SN which are hypothesized to play a role in own-body 
perception, are also involved in other functions such as visual perception of complex 
(emotional) stimuli (VNs), planning and execution of motor tasks (SMNs), social cogni-
tion (DMN), and cognitive-affective processing (SN). 

While resting-state fMRI studies in adults with GD have received increasing attention, 
(f)MRI studies in children with GD are rare, and resting-state studies that highlight the 
neuro-developmental aspects of GD are currently lacking. Therefore, in the current 
cross-sectional study, we examined FC patterns in youth with GD and compared these 
patterns to those of age-matched cisgender boys and girls. Because puberty influences 
brain maturation and may also affect FC patterns [17,18] we included a group of pre-
pubertal children, as well as a group of adolescents. Based on previous studies on FC 
in adults with GD [10,11,13], we selected the VNs, SMNs, DMN and the SN as our RSNs 
of interest and hypothesized that prepubertal and adolescent boys and girls with GD 
show GD-specific FC patterns. We further expected that (cisgender) sex differences in FC 
patterns would be more prominent or only apparent in the adolescent groups.  

MATERIAL AND METHODS

In this cross-sectional resting-state fMRI study, which was approved by our local ethi-
cal committee (trial number: NL31283.029.10), we included prepubertal children and 
adolescents diagnosed with GD according to the fourth revised edition of the Diagnostic 
and Statistical Manual of Mental Disorders [19], and age-matched cisgender boys and 
girls. A written informed consent was obtained from all participants and their legal 
guardians. Participants with GD were recruited at the Center of Expertise on GD of the 
VU University Medical Center in Amsterdam. Cisgender participants were recruited at 
several primary schools in the Netherlands and by inviting friends of the participants 
with GD. In all participants, except the cisgender adolescent controls, the (pre)pubertal 
stage was determined by a pediatric endocrinologist according to the Tanner classifica-
tion [5,6]. In the cisgender adolescents, the pubertal stage was assessed by means of 
the five-point Tanner Maturation Scale self-report questionnaire which correlates highly 
with physician assessments [20]. The prepubertal children with GD received psychologi-
cal counseling, but no hormone treatment at time of inclusion. The adolescents with GD 
were included while receiving GnRHa: triptorelin 3.75 mg/four weeks (mean: 23 months; 
standard deviation: 14 months). 
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At the day of fMRI scanning, the sexual orientation of each participant was assessed by 
asking whether they had ever been in love with somebody and whether that person was 
a boy or a girl. Furthermore, urinary estradiol levels and salivary free testosterone levels 
were determined in the cisgender adolescents (not in the adolescents with GD, because 
sex steroids were suppressed due to GnRHa treatment). Cisgender adolescents were 
asked to collect urine and saliva samples at home, directly after waking up. Samples 
were brought to the clinic and stored at -80˚C until analysis. During fMRI scanning, 
which was already practiced in a mock MR scanner [21], participants were instructed to 
close their eyes, to lie as still as possible and try not to fall asleep. 

Of the initial 81 included prepubertal children, 11 were excluded from analysis: nine 
because of excessive head motions during scanning (translation of  > 3 mm or rotation 
of  > 3 degrees between fMRI volumes), one because of technical errors during data col-
lection and one because the diagnosis GD no longer fulfilled criteria for GD at time of 
scanning. Finally, data for analysis were available from 70 prepubertal children: 18 boys 
with GD, 13 girls with GD, 21 cisgender boys and 18 cisgender girls. Of the initial 83 in-
cluded adolescents, two were excluded from analysis: one because of a cerebral venous 
anomaly and one because of excessive head motions. Therefore we used the data of 81 
adolescents: 19 boys with GD (transgirls), 21 girls with GD (transboys), 20 cisgender boys 
and 21 cisgender girls.

For further details with regard to participants and study design see also Burke et al. [22].

Hormonal Assays
After hydrolysis with helix pomatia juice (Pall Biosepra, Cergy-Saint-Christophe, France) 
and extraction with diethyl ether, urinary estradiol concentration was measured by a 
competitive immunoassay (Architect, Abbott Laboratories Diagnostics Division, Abbott 
Park, Illinois, USA). Intra-assay coefficients of variation are 9%, 3% and 4% at levels of 
150, 1400 and 9000 pmol/L, respectively and the inter-assay coefficient of variation is 
10% for the entire range. Estradiol levels were corrected for creatinine concentration, 
which was measured by the Jaffé method (Modular, Roche Diagnostics, Mannheim, 
Germany) with inter-assay coefficients of variation of 2.2% at 5.9 mmol/L and 1.7% at 
12.5 mmol/L. Salivary free testosterone levels were determined with an isotope dilution-
liquid chromatography-tandem mass spectronomy method. For further details about 
the analysis see Bui et al. [23].

Image Acquisition
Scans were performed on a whole-body 3.0 Tesla MR scanner (Signa HDXt, General Elec-
tric, Milwaukee, WI, USA). T1-weighted images were acquired prior to the resting-state 
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fMRI (repetition time = 7.8 ms, echo time = 3.0 ms, matrix size = 256×256, voxel size = 1 × 
1 × 1 mm, number of slices = 176). A gradient-echo-planar imaging sequence was used to 
obtain the T2*-weighted resting-state images (repetition time = 1800 ms, echo time = 35 
ms, matrix size = 64×64, voxel size = 3 × 3 × 3 mm, number of slices = 34).

Image Processing
Statistical Parametric Mapping version 12 (SPM12; http://www.fil.ion.ucl.ac.uk/spm) run-
ning on MATLAB version 2012a (The MathWorks, Inc., Natick, MA, USA, www.mathworks.
com) was used for image preprocessing. Before preprocessing, the first two resting-state 
volumes were discarded to allow for T1 equilibration effects. Preprocessing started with 
slice-time correction of the functional images. Because head motion can affect estimates 
of FC, the mean root-mean-square (RMS) values of volume-to-volume changes [24] in 
translational head movement were determined and used as covariates in later analyses 
(see below). Then, functional images were realigned, unwarped and co-registered with 
the individual anatomical image. The anatomical images were segmented into gray and 
white matter images, which were used to create age-group specific templates (one for the 
prepubertal children and one for the adolescents) registered in Montreal Neurological In-
stitute space, with the ‘Create Template’ option of the Diffeomorphic Anatomical Registra-
tion Through Exponentiated Lie algebra (DARTEL) toolbox. Finally, functional images were 
normalized to the age-group specific template, applying each individual’s DARTEL flow 
field, and smoothed with an 8 mm full-width half-maximum Gaussian smoothing kernel. 
Temporal filtering was not added to the preprocessing pipeline because the developers 
of the Group ICA of fMRI Toolbox (GIFT; Version 3.0a; http://mialab.mrn.org/software/
gift; see below) do not recommend this. Temporal filtering may remove information that 
ICA uses to separate components (including artifacts) [25]. After preprocessing, resting-
state FC was assessed by means of ICA using GIFT. The data of the two age cohorts were 
analyzed separately. Firstly, the minimum description length criteria tool [26] in GIFT was 
used to estimate the number of ICs in our data (prepubertal children = 33, adolescents = 
36). Secondly, we reduced the data of each subject with principal component analysis and 
concatenated these reduced data into groups. Thirdly, independent group components 
were estimated using the Infomax algorithm [27] and 20 iterations were run using ICASSO 
[28]. Finally, group ICA was used for the back-reconstruction of the individual spatial 
maps. A combination of visual inspection and spatial sorting with the intrinsic connectiv-
ity networks described by Laird et al. [16] was used to identify the networks of our interest.

Statistical Analyses
The group spatial network maps of interest of both the prepubertal children and 
adolescents were transformed into a NifTI image file using the MARSeille Boîte À Région 
d’Intérêt toolbox (MarsBaR; http://marsbar.sourceforge.net) and used as explicit masks 
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in all further analyses. The individual network images of the prepubertal children and 
adolescents were entered into separate one-way analyses of variance (ANOVA) using 
SPM12. Head movements [24] as well as age [29] can affect estimates of FC. To examine 
the effect of these variables on our results, we repeated the ANOVA with addition of the 
RMS of translational head movement and age as covariates. 

If ANOVA was significant (at a voxel-level inference threshold of p < 0.001 and a family-wise 
error (FWE)-corrected cluster-level threshold of p < 0.05), the mean beta values from the sig-
nificant clusters for each person were extracted with MarsBaR and entered into a post-hoc 
Scheffe test using Stata version 13 (StataCorp LP). With the Scheffe test we could specifically 
investigate between-group differences, while correcting for multiple group comparisons. 
Statistical tests performed in Stata version 13 were considered to be significant at p < 0.05.

Table 1 Sample characteristics. 

A. Prepubertal children characteristics cisgender boys cisgender girls girls with GD boys with GD

N=21 N=18 N=13 N=18
Age in years, mean (SD) 
Sexual orientation, n/N (%)
     Gynephilic
     Androphilic
     Unknown

9.4 (1.0) 

15/21 (71)
0/21 (0)
6/21 (29)

 9.6 (0.8)

 0/18 (0)
 16/18 (89)
 2/18 (11)

 9.7 (1.2)

 3/13 (23)  
 4/13 (31)
 6/13 (46)

 10.5 (0.9)

 4/18 (22)
 8/18 (44)
 6/18 (33)

B. Adolescents characteristics cisgender boys cisgender girls transboys transgirls

N=21 N=18 N=13 N=18
Age in years, mean (SD) 
Sexual orientation, n/N (%)
     Gynephilic
     Androphilic
     Both   
     Unknown

15.9 (0.6)

20/20 (100)
0/20 (0)
0/20 (0)
0/20 (0)

16.3 (1.0)

 0/21 (0)
 21/21(100)
 0/21 (0)
 0/21 (0)

 16.1 (0.8)

 21/21 (100)
 0/21 (0)
 0/21 (0)
 0/21 (0)

 15.4 (1.1)
 
 0/18 (0) 
 14/18 (78) 
 1/18 (6)
 3/18 (17)

Tanner stage G/Ma, n/N (%)  
     II 1/20 (5)  0/21 (0)  2/21 (10)  3/19 (16)
     III 2/20 (10)  6/21 (29)  5/21 (24)  10/19 (53)
     IV 11/20 (55)  7/21 (33)  2/21 (10)  3/19 (16)
     V 6/20 (30)  8/21 (38)  12/21 (57)  3/19 (16)
Tanner stage P, n/N (%)
     I 0/20 (0)  0/21 (0)  0/21 (0)  1/19 (5)
     II 0/20 (0)  0/21 (0)  0/21 (0)  4/19 (21)
     III 1/20 (5)  3/21 (14)  1/21 (5)  6/19 (32)
     IV 6/20 (30)  11/21 (52)   5/21 (24)  5/19 (26)
     V 13/20 (65)  7/21 (33)  15/21 (71)  3/19 (16)
Testosterone levels, pmol/L
       median (range) 307 (158-552)  41 (13-270) - -
Estradiol levels, pmol/L
       median (range) 245 (113-799) 530 (101-2426) - -

Abbreviations: GD = gender dysphoria; G = genital development; M = breast development; P = pubic hair development; SD 
= standard deviation
aG applies for transgirls and cisgender boys and M for transboys and cisgender girls; pubertal stages were assessed by 
means of the five-point Tanner Maturation Scale (1 = prepubertal, 5 = post pubertal)
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Figure 1   Spatial network maps in prepubertal children . 1794 
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Figure 1 Spatial network maps in prepubertal children.
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Figure 2   Spatial network maps in adolescents. 1798 
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Figure 2 Spatial network maps in adolescents.

RESULTS

Sample Characteristics
Sample characteristics are presented in Table 1. Among the prepubertal children, boys 
with GD were the oldest. Reported sexual orientation varied in the prepubertal group. 
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In the adolescents, transgirls were the youngest and were, accordingly, less physically 
mature, having relatively lower Tanner scores. In contrast to the prepubertal children, 
sexual orientation in the adolescents was more consistent. Most transgirls and all 
adolescent cisgender girls were androphilic and all transboys and adolescent cisgender 
boys reported to be gynephilic.

RSNs
Spatial network maps produced by ICA are shown in Figs. 1 and 2. In the prepubertal 
children we identified three VNs (VN-I to III), two SMNs (SMN-I and II) and one coher-
ent SN. The DMN was fragmented into an anterior, posterior and lateral network. In the 
adolescents we detected two VNs (VN-I and II), two SMNs (SMN-I and II) and one coher-
ent SN. The DMN was fragmented into four separate networks (anterior DMN, posterior 
DMN, and two lateral DMNs).

FC Differences 
Among the prepubertal children, FC in all networks was similar across groups. Among 
the adolescents, a group difference in FC was found in the right cerebellar hemispheric 
lobule VI within VN-I, with a peak difference at 26 -56 -20 (F-value = 9.7, KE = 26, pFWE = 
0.025). In addition, a difference in FC was found in the right supplementary motor area 
(SMA) within SMN-II, with a peak difference at 16 -7 66 (F-value = 8.6, KE = 33, pFWE = 0.009) 
and at 10 0 66 (F-value = 7.2, KE = 33, pFWE = 0.009). Finally, a difference in FC was detected 
in the posterior cingulate gyrus within the posterior DMN, with a peak difference at 7 -40 
30 (F-value = 10.6, KE = 17, pFWE = 0.039). Adding RMS of translational head movement 
and age as covariates did not significantly change these results. 

Post-hoc analyses within the adolescent cohort are shown in Fig. 3. Within VN-I, trans-
girls showed stronger FC in the right cerebellar hemispheric lobule VI compared with 
all other groups. Within SMN-II, cisgender girls showed stronger FC in the SMA than 
cisgender boys, and also than transboys. Furthermore, in this same brain area FC was 
stronger in transgirls than in cisgender boys. FC in the right posterior cingulum within 
the posterior DMN was stronger in cisgender boys than in cisgender girls, transgirls, and 
transboys.

Effects of Endogenous Sex Hormones And Duration Of GnRHa Treatment On 
FC
In order to examine possible effects of circulating endogenous sex hormones (in cisgen-
der adolescents) and GnRHa treatment (in adolescents with GD) on FC, we performed 
supplementary regression analyses within Stata. We used testosterone (in adolescent 
cisgender boys), estradiol (in adolescent cisgender girls) and weeks of GnRHa use (in 
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both transgirls and transboys) as independent variables and the mean beta values of 
the significant clusters within VN-I (cerebellar hemispheric lobule VI), SMN-II (SMA) and 
posterior DMN (posterior cingulate gyrus) as dependent variables. However, we did not 
find a significant relationship between any of these variables.

DISCUSSION

The traditional hypothesis on the neurobiology of GD states that people with GD have 
experienced a sex-atypical cerebral differentiation during fetal development [8]. In ad-
dition, recent studies provided support for a new hypothesis of alterations in brain net-
works important for own-body perception and self-referential processing [10,11,13,14]. 
Rather than showing sex-typical or sex-atypical FC patterns, these studies found that 
adults with GD differ from both cisgender men and women, thus showing GD-specific 
FC patterns. Resting-state studies in youth with GD are currently lacking. Therefore, 
we examined two young cohorts of prepubertal children and adolescents with GD and 
compared their FC patterns to those of age-matched cisgender boys and girls. 

In adolescent transgirls a singular, GD-specific FC pattern was found within VN-I. In ad-
dition, sex-atypical FC patterns were observed in both adolescent transgirls (SMN-II and 
posterior DMN) and transboys (SMN-II). In contrast, in prepubertal children diagnosed 
with GD we did not find any FC differences among groups.

RSNs
In the prepubertal children, we identified three VNs, two SMNs and the SN. In addition, 
we detected an anterior, posterior and lateral DMN. In the adolescents we identified two 
VNs, two SMNs and the SN. Besides, we detected an anterior, posterior, and two lateral 
DMNs. The identification of multiple VNs and SMNs is in line with studies performed in 
adults [16,30]. However, while in adults the DMN is often reported as a single coherent 
network [16], in children fragmentation of the DMN is common [31,32].
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Figure 3   Dot plots showing the mean beta values of each participant for the significant clusters found 
within the adolescent visual network-I, sensorimotor network-II and posterior default mode network.
The red crosses represent the mean value for the whole group, *p < 0.05

FC Patterns In Adolescents
Within VN-I we found that adolescent transgirls showed stronger FC in the right cer-
ebellar hemispheric lobule VI compared with all other adolescent groups. Thus, in line 
with our hypothesis transgirls showed a singular pattern of FC that differed from both 
cisgender control groups. In contrast, we did not find any FC alterations in adolescent 
transboys or the prepubertal boys and girls with GD compared with the age-matched 
cisgender groups. The cerebellum is involved in motor control, but also plays a role 
in processing of (negative) emotional stimuli [33]. As was previously suggested by Ku 
et al. [34], we speculate that prolonged distress, such as negative self-perception and 
psychosocial stress due to GD may lead to alterations of FC between brain regions in-
volved in emotional (visual) processing. Feusner et al. [10] also observed differences in 
FC within the VN between 27 transmen and cisgender male and female control groups, 
and concluded that processing of the visual system involved in body perception may be 
altered in individuals with GD. Interestingly, Mueller et al. [35] who used low frequency 
fluctuations and regional homogeneity analyses for measuring local FC, reported lower 
and sex-atypical regional resting state activity in large parts of the cerebellum in a group 
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of 19 transmen. However, we did not find similar effects in our transboys, and Feusner 
et al. [10] did not investigate FC patterns in transwomen. Therefore, due to differences 
in methodology and groups investigated, these findings are difficult to compare to ours 
and need further evaluation.  

Within the SMN-II we found adolescent sex differences in the right SMA (cisgender girls 
> cisgender boys). In line with our findings, several previous studies [30,36] reported sex 
differences within SMNs in adults. However, Filippi et al. [30] did not observe differences 
in the SMA and Scheinost et al. [36] found that men show stronger connectivity in the 
SMA than women. These inconsistent findings may be based on dissimilarities in age 
of the study populations. Although the literature about sex-by-age interactions on FC 
patterns is scarce and somewhat conflicting [18,37–39], several studies [38,39] reported 
that men and women show different aging trajectories for various RSNs. However, other 
factors such as the use of different network templates and threshold values may also be 
involved. 

We found that FC in the SMA (which is part of the motor cortex) within SMN-II, in both 
adolescent transgirls and transboys was similar to that of their experienced gender and 
thus sex-atypical. We did not find evidence for any GD-specific FC patterns. Sex-atypical 
FC patterns in the SMA within SMN-II in people with GD have not been described yet. 
Feusner et al. [10] did not include the SMNs in their FC analyses in transmen, and Lin et 
al. [13] did examine brain regions associated with sensorimotor processing, but used 
another type of FC analysis (graph theory-based) and compared a group of transgender 
individuals (both men and women) with a group of cisgender individuals (both men 
and women). In line with our findings, Mueller et al. [35] found that adult transmen and 
transwomen showed a FC profile different from that of their sex assigned at birth in 
respectively the pre- and postcentral gyri (both part of the motor cortex). Thus, of note, 
converging evidence from data of two age cohorts (Mueller et al. [35] and the current 
study) suggests that the motor cortex represents a brain area that is sensitive for sex-
atypical differentiation in transgender individuals (male and female assigned at birth). 
Within the motor cortex, the SMA has been implicated in perception of ‘the bodily self’ 
[13,40], but also in planning and execution of motor tasks [41]. Interestingly, sex differ-
ences have been reported in body satisfaction levels and ideal body image preferences 
[42], as well as in the performance on motor tasks [43]. Unfortunately, in the current 
study we were unable to relate our resting state FC findings to specific behavior or cogni-
tive functions (e.g. own-body perception or motor performance), given the lack of such 
data. 
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Similar to SMN-II, we found adolescent sex differences within the posterior DMN: cis-
gender boys showed stronger FC in the right posterior cingulate gyrus than cisgender 
girls. To date, the literature is inconsistent regarding the existence and/or location of sex 
differences within the (posterior) DMN [10,18,30,36]. In line with our findings, Koenig 
et al. [44], who used seed-based analyses to examine FC within the DMN, found that 
men showed stronger FC between the posterior cingulate and the left dorsal lateral 
prefrontal cortex than women. Our adolescent transboys showed a sex-typical (female) 
FC pattern within the posterior DMN, whereas the adolescent transgirls had a FC that 
was comparable to their experienced gender (thus sex-atypical, female). At odds with 
our results, in their adult population, Feusner et al. [10] found that transmen differed 
from both cisgender control groups in terms of DMN FC, thus displaying a GD-specific FC 
pattern. The posterior cingulate is involved in self-referential [45] as well as in cognitive 
processes, such as spatial cognition [46]. Interestingly, previous studies described sex 
differences in both self-referential processes and spatial cognition [42,46]. However, 
further research is needed to examine whether sex-(a)typical FC patterns within the 
posterior DMN in individuals with GD could be translated to behavioral differences in 
self-referential processing or cognitive abilities. 

In line with previous studies [10,18], we did not find any evidence for sex-(a)typical or 
GD-specific FC patterns within the SN in the adolescent participants.

FC Patterns In Prepubertal Children
In the prepubertal children we did not find group differences in any of the RSNs tested. In 
line with our hypothesis, sex differences in FC between the cisgender groups and sex (a)
typical FC patterns in the groups with GD were only observed in our adolescents, but not 
the prepubertal samples. This may indicate that brain maturation is important for the 
development of sex differences in FC patterns. Indeed, some functional neuroimaging 
studies suggest that the occurrence of sex differences is dependent on age [39] or brain 
maturation [17]. Also, Solé-Padullés et al. [18] who examined several RSNs in a pediatric 
population detected sex differences within the visuospatial network in adolescents (13-
18 years), but not in children (7-12 years). The authors suggested that this sex-dimorphic 
FC pattern may arise during or after puberty. However, developmental changes in FC, 
influenced by age and puberty can only be studied by means of longitudinal designs. 

Besides any sex-related differences, we did not observe any GD-specific FC alterations 
in the prepubertal samples. It is likely that the prepubertal children with GD constitute a 
rather heterogeneous group with respect to future persisting GD. It has been shown that 
only about 16% of the childhood GD cases will eventually lead to adult GD [47]. Thus, our 
finding of no significant GD versus cisgender group differences awaits further confirma-
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tion in the future, when it will be known who of our participants showed persisting GD 
into adulthood.

Limitations
While the current study provides important data about FC alterations in a unique pediat-
ric population with GD, it is not without limitations. Firstly, the sample sizes, especially 
of the prepubertal girls with GD, were only modest which limits the generalizability of 
our findings. Secondly, the classification of sexual orientation must be interpreted cau-
tiously, because of the young age of the participants. Thirdly, while previous studies 
suggest that GnRHa administration does not induce sex-atypical brain activation pat-
terns in gender dysphoric adolescents [48], and our own data did not show any associa-
tion between endogenous circulating sex steroids or duration of GnRHa treatment and 
FC, we cannot completely rule out that the GnRHa treatment in adolescents with GD 
might have affected our results. Our treatment protocol allows adolescents around 12 
years of age and a minimal Tanner stage two to start puberty suppression treatment as 
soon as the diagnostic procedure is completed and they have received the diagnosis GD. 
Therefore, even though ideally our adolescent participants with GD would have been 
treatment-naïve, we were not able to include them. Withholding or delaying puberty 
suppression treatment (which prevents further sexual maturation and leads to relief 
of distress) due to participation in scientific research was considered undesirable or 
even unethical. In addition, drug-induced hypogonadism seems not to disturb brain 
development [49,50], while symptoms of depression are known to affect brain function/
connectivity [51]. This latter finding suggests that distress resulting from withholding 
treatment could have resulted in changes in brain function/connectivity.

Our data suggest that transgender adolescents show GD-specific, as well as sex-atypical 
FC patterns. Possibly, subjective experiences related to GD as well as an atypical sexual 
differentiation of the brain are associated with these FC alterations in adolescents with 
GD.
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SUMMARY

The cause of prolactin alterations in transgender persons is often assigned to oes-
trogens, but the precise cause and time course during different phases of cross-sex 
hormone treatment (CHT) remain unclear. In this study, we prospectively examined 
prolactin levels in 55 female-to-males (FtMs) and 61 male-to-females (MtFs) during the 
first year of CHT. Because long-term prolactin data were not available in this popula-
tion, we studied these levels in a retrospective population of 25 FtMs and 38 MtFs who 
underwent gonadectomy. FtMs were treated with testosterone and MtFs with estradiol, 
with or without the anti-androgen cyproterone acetate (CPA) (after gonadectomy CPA is 
cessated). During the first year of CHT prolactin decreased with 25% (95CI: -33%, -12%) 
in FtMs and increased with 193% (95CI: 156%, 219%) in MtFs. Eighteen MtFs developed 
hyperprolactinemia (≥ 0.6 IU/L). In the retrospective population, post-gonadectomy 
levels in FtMs were lower than baseline levels (-39%; 95CI: -51%, -20%) while in MtFs 
post-gonadectomy levels and baseline levels were comparable (-6%; 95CI: -24%, 15%). 
No hyperprolactinemia was found after gonadectomy. In conclusion, in FtMs, prolactin 
decreased consistently during CHT and in MtFs, prolactin increased during pre-surgical 
CHT but normalised after gonadectomy. It is likely that CPA induces increasing prolactin 
levels in MtFs. 
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INTRODUCTION

Gender dysphoria (GD) refers to the distress due to an incongruence between a subject’s 
experienced sex on the one hand and the assigned sex on the other hand [1]. It appears 
that the prevalence of GD in Western countries has increased in the last decades [2]. 
The current estimated prevalence of GD in the Netherlands, based on an ambivalent or 
incongruent gender identity combined with a dislike of the body and the wish to obtain 
cross-sex hormones or sex reassignment surgery (SRS), is 0.6% for biological males and 
0.2% for biological females [3].

According to the protocol of the Gender Team of the VU University Medical Center, the 
medical treatment regimen for transgender persons starts with cross-sex hormone treat-
ment (CHT) for about 1 year and is often followed by SRS. CHT consists of testosterone 
preparations in female-to-males (FtMs) and estradiol preparations in combination with 
anti-androgens (often cyproterone acetate, CPA) in male-to-females (MtFs). SRS always 
includes a gonadectomy in both FtMs and MtFs, as well as a hysterectomy in FtMs. After 
SRS, in MtFs anti-androgens are ceased while other hormonal medication will be contin-
ued mostly in the same doses [4]. Although CHT is generally considered to be safe, it may 
affect various organ systems including the prolactin-producing pituitary gland [5,6].

Prolactin is a hormone which is mainly secreted by lactotroph cells in the anterior pitu-
itary [7]. The secretion of prolactin is regulated by numerous inhibiting and stimulating 
factors of which oestrogen [7,8] is one of the supposed stimulatory and dopamine 
[7] one of the best-known inhibitory substances. The main physiological function of 
prolactin is stimulation of lactogenesis and galactopoesis in biological females, but 
prolactin is also involved in osmoregulation, metabolism and regulation of the im-
mune and the central nervous system [7]. Hyperprolactinemia, that is, serum prolactin 
levels above the upper limit of the reference range includes both physiological and 
pathological conditions. The most common cause of physiological hyperprolactinemia 
is pregnancy, while the most frequent causes of pathological hyperprolactinemia are 
prolactinomas, idiopathic, primary hypothyroidism and drugs [9,10]. The best-known 
serious consequences of hyperprolactinemia in the general population are reproductive 
disorders and decreased bone mass because of prolonged hypogonadism [11]. Some 
studies suggest that prolonged hyperprolactinemia may play a role in the development 
of breast cancer [12–14] and prostate cancer [13,14], but this is not extensively studied. 
Treatment of hyperprolactinemia is recommended in symptomatic patients or in case of 
a macroprolactinoma [11,15].
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Several studies have reported increasing prolactin levels in MtFs during CHT [5,6,16,17]. 
In addition, 13 cases of prolactinomas have been described in MtFs during CHT [6,18–23]. 
The cause of these elevated prolactin levels in MtFs is usually assigned to oestrogen 
treatment (in supraphysiological doses), but the precise role of oestrogens and that of 
other hormonal medication remains unclear [21–24]. Because of the assumed risk of hy-
perprolactinemia and possibly prolactinomas in MtFs treated with cross-sex hormones, 
lifelong annual prolactin checks are advised [25].

The aim of the present study was to examine the short- and long-term effects of CHT on 
prolactin levels in transgender persons. We hypothesize that CHT induces a permanent 
prolactin decrease in FtMs and a permanent (supraphysiological) prolactin increase in 
MtFs.

MATERIAL AND METHODS

Subjects And Study Design
To get more insight into prolactin levels during the first year of CHT, we performed a 
prospective single-centre study at the VU University Medical Center in Amsterdam. This 
study was part of the European Network for the Investigation of Gender Incongruence 
(ENIGI). ENIGI is a partnership of currently four European gender identity clinics in 
Amsterdam (the Netherlands), Ghent (Belgium), Oslo (Norway) and Florence (Italy) and 
was raised to obtain more transparency in diagnostics and treatment of transgender 
persons [26,27]. Because long-term prolactin data were not available in this prospective 
population, we added a retrospective (post-SRS) population to examine these levels. All 
subjects included in the study were diagnosed with GD by a psychologist according to 
the revised fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 
[28]. From the participants of the prospective study an informed consent was obtained 
and our local ethical committee has approved both parts of the study. The ENIGI part-
ners of the other centres have given their agreement for publishing this manuscript.

Between July 2012 and December 2013, all adult transgender persons who were referred 
to the Endocrinological Department of the Gender Clinic at the VU University Medical 
Center in Amsterdam were invited to participate in the prospective part of our study 
(N = 279). We excluded subjects with previous or current use of cross-sex hormones (N 
= 71), who did not speak Dutch or English (N = 8) and who would or could not be fol-
lowed up in a standardized manner or treated by the standard medication protocol (N 
= 81). From the initially participating 119 subjects three persons were lost to follow-up. 
A final number 55 FtMs and 61 MtFs were included for analysis. Participating subjects 
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were treated with a standardized CHT regimen started after the first visit (baseline). FtMs 
were treated intramuscularly with 250 mg testosterone esters once every 2-3 weeks or 
1,000 mg testosterone undecanoate once every 12 weeks or transdermally with 50 mg 
testosterone gel daily. MtFs were treated orally with 50 mg CPA daily, plus 4 mg estradiol 
valerate daily or transdermal estradiol (patches) 100 ug/24 hr twice a week. During the 
first year of CHT, all subjects included in the prospective part of the study were clinically 
evaluated every 3 months and serum prolactin and estradiol were collected at baseline, 
3 and 12 months. 

All hormone-treated transgender persons who have had SRS at the Gender Clinic of the 
VU University Medical Center in Amsterdam between April 2009 and July 2015 and in 
whom baseline, pre-SRS (treatment phase 1) and post-SRS (treatment phase 2) prolactin 
and estradiol levels were available were selected to participate in the retrospective part 
of our study (N = 125). We excluded subjects who were treated with different hormonal 
medication types or treatment regimens as the prospective population (N = 10), subjects 
who already used hormonal medication or CPA at baseline (N = 13) and subjects who 
were younger than 18 years old at baseline (N = 39). A final number of 25 FtMs and 38 
MtFs were included. If multiple prolactin/estradiol values were available during pre-SRS 
or post-SRS CHT, we used the values closest to the SRS date. We compared prolactin 
levels before and after surgery.

Because there is no general agreement on hyperprolactinemia cut-off values in trans-
gender persons, we chose an upper limit of ≥ 0.6 IU/L (manufacturer’s reference interval 
for biological women) for both FtMs as MtFs.  

Plasma Sample Collection And Analysis
Blood of the prospective population was obtained by venipuncture in a comfortable set-
ting during predetermined clinic visits. Blood of the retrospective population was also 
obtained by venipuncture, but only in the context of regular care. Serum was eventually 
stored at -80 ̊C until analysis. Serum prolactin concentrations in both populations were 
measured using an immunometric assay (Centaur, Siemens Diagnostics, Erlangen, Ger-
many). The lower limit of quantitation was 0.05 IU/L and the inter-assay variation was 
6%. Prolactin concentration is expressed in IU/L (IU/L = 0.0212 ng/mL). Serum estradiol 
levels in the retrospective population, obtained before January 2010 were measured us-
ing a radioimmunoassay (Diasorin, Saluggia, Italy) with a lower limit of quantitation of 
18 pmol/L and an inter-assay variation of 10%. Serum estradiol levels in the retrospec-
tive population, obtained after January 2010 and in the entire prospective population 
were measured using a competitive immunoassay (Delfia; PerkinElmer, Wallac Oy, Turku 
Finland) with a lower limit of quantitation of 20 pmol/L and an inter-assay variation of 



104

Pituitary Hormones (Prolactin and TSH)

Part 2.1

10%. For the conversion the following formula was used: Delfia = 1.267 * Diasorin -28.87. 
Estradiol concentration is expressed in pmol/L.

Statistical Analysis
Results were expressed as mean or geometric mean with range, actual value or percent-
age. In case of a skewed data distribution, variables were log-transformed before further 
analysis. The relative change of prolactin and estradiol levels during first year of CHT 
and the comparison of prolactin levels before and after SRS were analyzed using the 
paired Student’s t test. To study the influence of total treatment duration and estradiol 
levels on post-SRS prolactin levels in MtFs, a linear regression analysis was performed. 
Statistical analyses were performed using Stata version 13 (StataCorp LP). For all analy-
ses, missing values were excluded.

RESULTS

The characteristics of the prospective and retrospective study populations are shown in 
Table 1a and b, respectively. 

Table 1   Clinical characteristics of the study population.

A. Prospective population
FtMs (N = 55)

n/N (%)
MtFs (N = 61)

n/N (%)

Baseline 3 months 12 months Baseline 3 months 12 months

Mean age, years (range)
Current smoker
Alcohol consumption ≥ 1/day
User of prolactin-influencing drugsa

User of testosterone gel
   50 mg/day
User of testosterone esters
   250 mg/2-3 weeks
User of testosterone undecanoate
   1,000 mg/12 weeks
User of an estradiol patch
   100 ug/24 hours
User of estradiol valerate
   4 mg/day
User of cyproterone acetate
    50 mg/day

28 (19-58)
19/55 (35)
2/55 (4)
9/55 (16)
-

-

-

-

-

-

29 (19-58)
18/55 (33)
1/55 (2)
7/55 (13)
23/55 (42)

28/55 (51)

4/55 (7)

-

-

-

29 (20-59)
13/55 (24)
3/55 (5)
7/55 (13)
25/55 (45)

25/55 (45)

5/55 (10)

-

-

-

34 (19-69)
20/61 (33)
7/61 (11)
3/61 (5)
-

-

-
 
-

-

-

34 (19-69)
21/61 (34)
7/61 (11)
5/61 (8)
-

-

-

31/61 (51)

30/61 (49)

61/61 (100)

35 (20-70)
12/61 (20)
3/61 (5)
4/61 (7)
-

-

-

30/61 (49)

31/61 (51)

61/61 (100)
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B. Retrospective population
FtMs (N = 25)

n/N (%)
MtFs (N = 38)

n/N (%)

Baseline TP 1 TP 2 Baseline TP 1 TP 2

Mean age, years (range)
User of prolactin-influencing drugsa

User of testosterone gel 
   50 mg/day
User of testosterone esters 
   250 mg/2-3 weeks
User of testosterone undecanoate
   1,000 mg/12 weeks
User of an estradiol patch
   100 ug/24 hr, 2/week
   75 ug/24 hr, 2/week
   50 ug/24 hr, 2/week
User of estradiol valerate
    4 mg/day
User of cyproterone acetate
     50 mg/day

31 (19-50)
 5/25 (20)
-

-

-

-
-
-

-

-

32 (20-51)
5/25 (20)
10/25 (40)

10/25 (40)

5/25 (20)

-
-
-

-

-

34 (20-55)
5/25 (20)
8/25 (32)

11/25 (44)

6/25 (24)

-
-
-

-

-

37 (19-63)
6/38 (16)
-

-

-

-
-
-

-

-

38 (20-65)
6/38 (16)
-

-

-

11/38 (29)
2/38 (5)
2/38 (5)

23/38 (61)

38/38 (100)

40 (21-66)
5/38 (13)
-

-

-

11/38 (29)
2/38 (5)
1/38 (3)

24/38 (63)

0/38 (0)

Abbreviations: FtMs = female-to-males; MtFs = male-to-females
A: Characteristics of the prospective population at baseline, 3 and 12 months of cross-sex hormone treatment
B: Characteristics of the retrospective study population at baseline, during pre-sex reassignment surgery (pre-SRS) cross-
sex hormone treatment (treatment phase 1, TP 1) and post-SRS cross-sex hormone treatment (treatment phase 2, TP 2)
aSuch as tricyclic and nontricyclic antidepressants, atypical and typical antipsychotics, dopamine antagonists and calcium 
channel blockers [29]

Prospective Population
Individual serum prolactin changes in FtMs during the first year of CHT are shown in 
Fig. 1. Geometric mean prolactin levels significantly decreased from 0.24 IU/L to 0.18 
IU/L (-25%; 95CI: -33%, -12%), with 8% (95CI: -19%, 3%; nonsignificant) during the first 3 
months and with 18% (95CI: -26%, -4%) between 3 and 12 months. Exclusion of subjects 
who used prolactin-influencing drugs (see also Table 1a) had no relevant effect on these 
results (baseline-12 months: -20%; 95CI: -32%, -7%). At baseline three FtMs had hyper-
prolactinemia while after 3 months of CHT two FtMs and after 12 months only one FtM 
had prolactin levels above the upper limit of the reference range. The geometric mean 
estradiol levels did not significantly change during the first year of CHT, 141 pmol/L 
(baseline) versus 157 pmol/L (12 months of CHT) (11%; 95CI: -24%, 54%). 

Prolactin changes in MtFs during the first year of CHT are presented in Fig. 2. Geometric 
mean prolactin levels significantly increased from 0.15 IU/L to 0.44 IU/L (193%; 95CI: 
156%, 219%), with 173% (95CI: 138%, 193%) during the first 3 months of CHT and with 
7% (95CI: -3%, 21%, nonsignificant) between 3 and 12 months. Exclusion of subjects 
who used prolactin-influencing drugs (see also Table 1a) had no relevant effect on these 
results (baseline-12 months: 186%; 95CI: 154%, 222%). No subjects had hyperprolac-
tinemia at baseline while after 3 months of CHT nine MtFs and after 12 months 18 MtFs 
had prolactin levels above the upper limit of the reference range. The geometric mean 
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estradiol levels significantly increased from 92 to 203 pmol/L (121%; 95CI: 77%, 176%), 
with 103% (95CI: 66%, 148%) during the first 3 months and with 9% (95CI: -16%, 42%; 
non-significant) between 3 and 12 months.  

Figure 1   Female-to-male prolactin changes in the                 Figure 3   Female-to-male prolactin changes in  2354 
prospective population. Prolactin levels during the                 the retrospective population. Prolactin levels at   2355 
first year of cross-sex hormone treatment. The red line           baseline, during pre-sex reassignment surgery (pre- 2356 
displays mean change in prolactin levels. Actual data             SRS) testosterone treatment (treatment phase 1) and    2357 
are displayed on a logarithmic scale.                                        post-SRS testosterone treatment (treatment phase                           2358 
                                                                                                  2). The red line displays mean change in prolactin                 2359 
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Figure 3 Female-to-male prolactin changes in the 
retrospective population. 
Prolactin levels at baseline, during pre-sex reassignment 
surgery (pre-SRS) testosterone treatment (treatment phase 
1) and post-SRS testosterone treatment (treatment phase 
2). The red line displays mean change in prolactin levels. 
Actual data are displayed on a logarithmic scale.
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Figure 2 Male-to-female prolactin changes in the 
prospective population. 
Prolactin levels during the first year of cross-sex hormone 
treatment. The red line displays mean change in prolactin 
levels. Actual data are displayed on a logarithmic scale.
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Figure 4 Male-to-female prolactin changes in the 
retrospective population. 
Prolactin levels at baseline, during pre-sex reassignment 
surgery (pre-SRS) estradiol and cyproterone acetate treat-
ment (treatment phase 1) and post-SRS estradiol  treatment 
(treatment phase 2). The red line displays mean change in 
prolactin levels. Actual data are displayed on a logarithmic 
scale.



6

Chapter 6 107

Prolactin levels during short- and long-term cross-sex hormone treatment

Retrospective Population
The baseline prolactin levels and the levels during pre-SRS CHT (treatment phase 1) 
and post-SRS CHT (treatment phase 2) in the FtMs of the retrospective population are 
shown in Fig. 3. Geometric mean prolactin levels at treatment phase 2 (0.14 IU/L) were 
significantly lower than those at treatment phase 1 (0.18 IU/L) (-22%; 95CI: -37%, 0%) 
and those at baseline (0.23 IU/L) (-39%; 95CI: -51%, -20%). Exclusion of subjects who 
used prolactin-influencing drugs (see also Table 1b) had only a slight effect on these re-
sults (treatment phase 2-treatment phase 1: -13%; 95CI: -30%, 8% and treatment phase 
2-baseline: -39%; 95CI: -55%, -18%). At baseline three FtMs had hyperprolactinemia, 
while at treatment phase 1 only one of these FtMs still had hyperprolactinemia and 
at treatment phase 2 none of the subjects had prolactin levels above the upper limit 
of the reference range. At treatment phase 1, mean testosterone treatment duration 
since baseline was 347 days (range: 93-618). At treatment phase 2, mean testosterone 
treatment duration since baseline was 816 days (range: 315-2,068). The geometric mean 
estradiol levels at treatment phase 2 (91 pmol/L) did not significantly differ from those 
at treatment phase 1 (125 pmol/L) (-27%; 95CI: -49%, 14%) and those at baseline (100 
pmol/L) (-9%; 95CI: -47%; 36%). 

Prolactin levels in MtFs of the retrospective population during the different phases 
of CHT are presented in Fig. 4. Geometric mean prolactin levels at treatment phase 2 
(0.15 IU/L) were significantly lower than those at treatment phase 1 (0.36 IU/L) (-58%; 
95CI: -64%, -50%) and comparable with those at baseline (0.16 IU/L) (-6%, 95CI: -24%, 
15%). Exclusion of subjects who used prolactin-influencing drugs (see also Table 1b) 
had no relevant effect on these results (treatment phase 2-treatment phase 1: -56%; 
95CI: -63%, -47% and treatment phase 2-baseline: -5%; 95CI: -23%, 18%). At baseline 
and treatment phase 2, none of the subjects had hyperprolactinemia while at treatment 
phase 1, six subjects had hyperprolactinemia. At treatment phase 1, mean estradiol and 
CPA treatment duration since baseline was 601 days (range 108-1,816). At treatment 
phase 2, mean estradiol treatment duration since baseline was 1,108 days (range 543 
– 2,169). The geometric mean estradiol levels at treatment phase 2 (159 pmol/L) did 
not significantly differ from those at treatment phase 1 (137 pmol/L) (16%; 95CI: -15%, 
57%), but did significantly differ from those at baseline (71 pmol/L) (124%; 95CI: 72%; 
192%). The regression analysis that we performed revealed no relationship between 
post-surgical prolactin levels and post-surgical estradiol levels (β = 0%, 95CI: 0%, 0%) or 
total hormonal treatment duration (β = 0%, 95CI: 0%, 0%). 

None of the subjects in this study developed prolactin levels above 2 IU/L or prolac-
tinoma-associated symptoms. No additional magnetic resonance imaging scans were 
performed.



108

Pituitary Hormones (Prolactin and TSH)

Part 2.1

DISCUSSION

The aim of this study was to examine the short- and long-term effects of CHT on pro-
lactin levels in transgender persons. We used a pre-SRS (short-term) and a post-SRS 
(long-term) population to study these effects. In FtMs we found that prolactin decreased 
consistently during CHT, and in MtFs, we found that prolactin increased during pre-
surgical CHT but normalised in the period after gonadectomy.

Our finding of a moderate decrease in prolactin levels in FtMs during short-term CHT is 
in line with previous studies. Wierckx et al. [16] reported a decrease in prolactin levels 
of 29% and Mueller et al. [30] of 22% during the first year of testosterone undecano-
ate treatment (1,000 mg once every 12 weeks). The mechanism of these decreasing 
prolactin levels are not elucidated yet. A possible explanation for the decreasing 
prolactin levels during pre-SRS CHT could be the disruption of the normal hormonal 
and endometrial cycle (changes in the endometrium during the menstrual cycle) in 
pre-menopausal females under testosterone treatment. Previous reports have shown 
that prolactin secretions are increased during the ovulation and/or luteal phase of the 
menstrual cycle, where the cause is partially attributed to differences in oestrogen and 
progesterone concentrations between these cycles [8,31,32]. In contrast to our initial 
hypothesis, our results show that prolactin levels decreased further in the period after 
SRS while the estradiol concentration remained stable. It is well-known that the pitu-
itary gland is the main site of prolactin synthesis and the role of other organs in prolactin 
production is less clear. However, there is evidence that prolactin is also produced by 
ovarian, endometrial and mammary tissue [33,34]. The influence of these extrapituitary 
prolactin production at total serum prolactin levels is not extensively studied. Only one 
study, published by Arie et al. [35], investigated the relationship between endometrial 
prolactin and serum prolactin in a small group of hyper- and normoprolactinemic fe-
males and did not find any association. On the other hand, Nagy et al. [36] reported 
decreasing serum lactogenic activity in hypophysectomized female rats to 10-20% as 
compared to healthy controls, which increased to 50% 9 weeks after hypophysectomy. 
Hypothetically extrapituitary cells increased their prolactin production to compensate 
the pituitary prolactin loss caused by the hypophysectomy. In addition, Kuo et al. [37] 
showed a nonsignificant slight prolactin fall in nonpregnant female rhesus monkeys 
after hysterectomy of their medically induced hypertrophic uteri. Perhaps the removal 
of the ovaries, uterus and breasts reduces the number of prolactin producing cells and 
(partly) declares the reduction in prolactin levels after surgery. 

Our findings of substantially increasing prolactin levels in MtFs during short-term 
estradiol and CPA treatment are in line with those reported by Asscheman et al. [38], 
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who observed that all MtFs experienced increasing prolactin levels during oral CPA (100 
mg daily) and ethinylestradiol (100 µg daily) treatment and with those of Wierckx et 
al. [16] who found substantial prolactin increases during first year of CPA (50 mg daily) 
and transdermal estradiol (100 µg/24 hours) or oral estradiol (4 mg daily) treatment. In 
contrast to our hypothesis, we found that prolactin levels recovered to baseline values 
in the period after gonadectomy, while estradiol levels remained stable. Besides, we 
could not find a relationship between post-SRS prolactin and post-SRS estradiol levels 
and total hormonal treatment duration. These results indicate that CPA (instead of 
oestrogens) possibly induces the increasing prolactin levels during pre-SRS CHT. The 
finding of nonelevated post-SRS prolactin levels corresponds with that of Wierckx et al. 
[39], who found only one MtF with prolactin levels above the normal female range in 
a group of 50 MtFs who underwent gonadectomy and CPA cessation at least 6 months 
before recruitment and who were treated with different types and doses of oestrogens. 
The possible role of CPA in combination with estradiol in increasing prolactin levels is 
also supported by Dittrich et al. [40] who did not find an increase in prolactin levels 
in 60 MtFs treated with monthly injections (instead of CPA) of gonadotropin-releasing 
hormone analogs and oral estradiol valerate (6 mg daily). CPA treatment as cause of 
increasing prolactin levels and hyperprolactinemia have also been described in patients 
with prostate cancer [41]), breast cancer [42] and healthy fertile males [43], although the 
underlying mechanism remains unclear [41–43]. While Herbert et al. [44] showed hyper-
trophy and hyperplasia of lactotroph pituitary cells in a female rhesus monkey treated 
with CPA, the mechanism by which CPA induces this hypertrophy and hyperplasia is still 
unknown. Perhaps, CPA also plays a role in the pathogenesis of microprolactinomas 
that are reported in transgender persons [6,18–23] as most subjects used a combination 
of oestrogens and CPA at time of diagnosis.

Our study has several limitations. First, we used two study populations. Second, the 
addition of the retrospective study might induced selection bias in the retrospective 
population. Third, while we think that the reliability of the estradiol immunoassays is 
acceptable, they may have affected our results slightly. Finally, the sample size of the 
retrospective study population is relatively small. For these reasons it might be difficult 
to generalize the results. Despite these limitations, we think that the present data are 
a good reflection of prolactin levels in transgender persons, because almost all par-
ticipants in both study populations showed prolactin alterations in the same directions 
during the different treatment phases. To confirm these preliminary findings, we will 
design a long-term prospective study in transgender persons.

In conclusion, we have shown that in FtMs, prolactin levels decrease consistently dur-
ing CHT. In MtFs, we have shown that CPA and estradiol treatment induces increasing 
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prolactin levels and often hyperprolactinemia. In the period after gonadectomy and CPA 
cessation, prolactin levels recovered to baseline values and hyperprolactinemia disap-
peared. It is likely that CPA induces prolactin increases in pre-surgical MtFs; therefore 
lifelong annual prolactin checks after gonadectomy may not be required.



6

Chapter 6 111

Prolactin levels during short- and long-term cross-sex hormone treatment

REFERENCES

 [1] American Psychiatric Association. DSM-5. 2013.

 [2] Zucker KJ, Lawrence A a. Epidemiology of Gender Identity Disorder: Recommendations for the 
Standards of Care of the World Professional Association for Transgender Health. Int J Transgen-
derism 2009;11:8–18. 

 [3] Kuyper L, Wijsen C. Gender identities and gender dysphoria in the Netherlands. Arch Sex Behav 
2014;43:377–85. 

 [4] Coleman E, Bockting W, Botzer M, Cohen-Kettenis PT, DeCuypere G, Feldman J, et al. Standards 
of Care, for the Health of Transsexual, Transgender, and Gender Nonconforming People. Int J 
Tansgenderism 2012;13:165–232. 

 [5] Goh HH, Ratnam SS. Effect of estrogens on prolactin secretion in transsexual subjects. Arch Sex 
Behav 1990;19:507–16. 

 [6] Asscheman H, Gooren LJ, Assies J, Smits JP, de Slegte R. Prolactin levels and pituitary enlarge-
ment in hormone-treated male-to-female transsexuals. Clin Endocrinol (Oxf) 1988;28:583–8. 

 [7] Ignacak A, Kasztelnik M, Sliwa T, Korbut RA, Rajda K, Guzik TJ. Prolactin - Not only lactotrophin a 
“new” view of the “old” hormone. J Physiol Pharmacol 2012;63:435–43.

 [8] Franchimont P, Dourcy C, Legros J, Reuter A, Vrindts-Gevaert Y, Van Cauwenberge, JR Gaspard U. 
PROLACTIN LEVELS DURING THE MENSTRUAL CYCLE. Clin Endocrinol 1976;5:643–50.

 [9] Mah P, Webster J. Hyperprolactinemia: etiology, diagnosis, and management. Semin Reprod Med 
2002;20:365–74.

 [10] Crosignani PG. Current treatment issues in female hyperprolactinaemia. Eur J Obstet Gynecol 
Reprod Biol 2006;125:152–64. 

 [11] Majumdar A, Mangal NS. Hyperprolactinemia. J Hum Reprod Sci 2013;6:168–75..

 [12] Tworoger SS, Eliassen AH, Rosner B, Sluss P, Hankinson SE. Plasma Prolactin Concentrations and 
Risk of Postmenopausal Breast Cancer. Cancer Res 2004;64:6814–9.

 [13] Harvey P, Everett D, Springall C. Adverse effects of prolactin in rodents and humans: breast and 
prostate cancer. J 2008;22:20–7.

 [14] Harvey P, Everett D, Springall C. Hyperprolactinaemia as an adverse effect in regulatory and clini-
cal toxicology: role in breast and prostate cancer. Hum Exp 2006;25:395–404.

 [15] Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, Montori VM, Schlechte J a, et al. Diagnosis 
and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline. J Clin 
Endocrinol Metab 2011;96:273–88. 

 [16] Wierckx K, Van Caenegem E, Schreiner T, Haraldsen I, Fisher A, Toye K, et al. Cross-sex hormone 
therapy in trans persons is safe and effective at short-time follow-up: results from the European 
network for the investigation of gender incongruence. J Sex Med 2014;11:1999–2011. 

 [17] Gooren LJ, Harmsen-Louman W, van Kessel H. Follow-up of prolactin levels in long-term oestro-
gen-treated male-to-female transsexuals with regard to prolactinoma induction. Clin Endocrinol 
(Oxf) 1985;22:201–7. 

 [18] García-Malpartida K, Martín-Gorgojo A, Rocha M, Gómez-Balaguer M, Hernández-Mijares A. Pro-
lactinoma induced by estrogen and cyproterone acetate in a male-to-female transsexual. Fertil 
Steril 2010;94:1097.e13–5. 



112

Pituitary Hormones (Prolactin and TSH)

Part 2.1

 [19] Cunha FS, Domenice S, Câmara VL, Sircili MHP, Gooren LJG, Mendonça BB, et al. Diagnosis of pro-
lactinoma in two male-to-female transsexual subjects following high-dose cross-sex hormone 
therapy. Andrologia 2015;47:680–4. 

 [20] Serri O, Noiseux D, Robert F, Hardy J. Lactotroph hyperplasia in an estrogen treated male-to-
female transsexual patient. J Clin Endocrinol Metab 1996;81:3177–9.

 [21] Bunck MC, Debono M, Giltay EJ, Verheijen AT, Diamant M, Gooren LJ. Autonomous prolactin se-
cretion in two male-to-female transgender patients using conventional oestrogen dosages. BMJ 
Case Rep 2009;Augustus:bcr02.2009.1589. 

 [22] Gooren LJG, Assies J, Asscheman H, De Slegte R, Van Kessel H. Estrogen-induced prolactinoma in 
a man. J Clin Endocrinol Metab 1988;66:444–6. 

 [23] Kovacs K, Stefaneanu L, Ezzat S, Smyth HS. Prolactin-producing pituitary adenoma in a male-to-
female transsexual patient with protracted estrogen administration: A morphologic study. Arch 
Pathol Lab Med 1994;118:562–5.

 [24] Heaney AP, Fernando M, Melmed S. Functional role of estrogen in pituitary tumor pathogenesis. 
J Clin Invest 2002;109:277–83. 

 [25] Meriggiola MC, Jannini E a, Lenzi a, Maggi M, Manieri C. Endocrine treatment of transsexual per-
sons: an Endocrine Society Clinical Practice Guideline: commentary from a European perspec-
tive. Eur J Endocrinol 2010;162:831–3. 

 [26] Kreukels BPC, Haraldsen IR, De Cuypere G, Richter-Appelt H, Gijs L, Cohen-Kettenis PT. A Euro-
pean network for the investigation of gender incongruence: the ENIGI initiative. Eur Psychiatry 
2012;27:445–50. 

 [27] Dekker MJHJ, Wierckx K, Van Caenegem E, Klaver M, Kreukels BP, Elaut E, et al. A European Net-
work for the Investigation of Gender Incongruence: Endocrine Part. J Sex Med 2016;13:994–9. 

 [28] American Psychiatric Association. DSM-IV-TR. 2000.

 [29] La Torre D, Falorni, A. Pharmacological causes of hyperprolactinemia. Therapeutics and Clinical 
Risk Management 2007;3:929–951

 [30] Mueller A, Kiesewetter F, Binder H, Beckmann MW, Dittrich R. Long-term administration of 
testosterone undecanoate every 3 months for testosterone supplementation in female-to-male 
transsexuals. J Clin Endocrinol Metab 2007;92:3470–5.

 [31] Tanner MJ, Hadlow NC, Wardrop R. Variation of female prolactin levels with menopausal status 
and phase of menstrual cycle. Aust N Z J Obstet Gynaecol 2011;51:321–4. 

 [32] Caufriez A, Leproult R, L’Hermite-Balériaux M, Moreno-Reyes R, Copinschi G. A potential role of 
endogenous progesterone in modulation of GH, prolactin and thyrotrophin secretion during 
normal menstrual cycle. Clin Endocrinol (Oxf) 2009;71:535–42. 

 [33] Maslar IA, Riddick DH. Prolactin production by human endometrium during the normal menstrual 
cycle. Am J Obstet Gynecol 1979;135:751–4.

 [34] Marano RJ, Ben-Jonathan N. Minireview: Extrapituitary prolactin: an update on the distribution, 
regulation, and functions. Mol Endocrinol 2014;28:622–33.

 [35] Arie MHA, Fonseca AM, Arie WMY, Carvalho FM, Bagnoli VR, Pinotti JA. Endometrial prolactin in 
hyperprolactinemic women. Int J Gynecol Obstet 2000;69:119–26. 

 [36] Nagy E, Berczi I. Hypophysectomized rats depend on residual prolactin for survival. Endocrinol-
ogy 1991;128:2776–84.



6

Chapter 6 113

Prolactin levels during short- and long-term cross-sex hormone treatment

 [37] Kuo EYH, Cobb WR, Esber HJ, Bogden AE. Effects of hysterectomy on milk secretion and serum 
levels of prolactin, growth hormone, estrogen, and progesterone in rhesus monkeys with 
hormone-induced uterine hypertrophy. Am J Obstet Gynecol 1974;120:368–75. 

 [38] Asscheman H, Gooren LJ, Eklund PL. Mortality and morbidity in transsexual patients with cross-
gender hormone treatment. Metabolism 1989;38:869–73. 

 [39] Wierckx K, Mueller S, Weyers S, Caenegem E Van, Roef G, Heylens G. Long-Term Evaluation of 
Cross-Sex Hormone Treatment in Transsexual Persons. J Sex Med 2012;10:2641–51. 

 [40] Dittrich R, Binder H, Cupisti S, Hoffmann I, Beckmann MW, Mueller A. Endocrine treatment of 
male-to-female transsexuals using gonadotropin-releasing hormone agonist. Exp Clin Endocri-
nol Diabetes 2005;113:586–92. 

 [41] Holub G, Lunglmayr G, Spona J. Effect of Cyproterone / Acetate ( SH-714 ) on Plasma Prolactin in 
Patients with Prostatic Cancer. Urol Res 1981;9:245–7.

 [42] Willemse PHB, Dikkeschei LD, Mulder NH, Van Der Ploeg E, Sleijfer DT, De Vries EGE. Clinical and 
endocrine effects of cyproterone acetate in postmenopausal patients with advanced breast 
cancer. Eur J Cancer Clin Oncol 1988;24:417–21. 

 [43] Moltz L, Römmler A, Post K, Schwartz U HJ. Medium dose cyproterone acetate (CPA): effects on 
hormone secretion and on spermatogenesis in men. Contraception 1980;21:393–413.

 [44] Herbert DC, Schuppler J, Poggel A, Günzel P, Etreby MFE. Cell and Tissue Effect of Cyproterone 
Acetate on Prolactin Secretion in the Female Rhesus Monkey *. Cell Tiss Res 1977;183:51–60. 





7
Transient elevated serum prolactin in 

trans women is caused by cyproterone 
acetate treatment

Defreyne J 
Nota N

Perreira C
Schreiner T

Fisher AD
Den Heijer M

T’Sjoen G

LGBT Health. 2017 Oct;4(5):328-336.



116

Pituitary Hormones (Prolactin and TSH)

Part 2.1

ABSTRACT

Purpose:
Hormone treatment in trans women in Europe usually consists of the administration 
of estrogens and antiandrogens, for example, cyproterone acetate (CPA). Mild serum 
prolactin elevations during follow-up are attributed to estrogen therapy. This analysis 
evaluates whether CPA contributes to the elevation of prolactin in trans women receiv-
ing gender affirming hormones.

Methods:
This study is part of the endocrine part of the European Network for the Investigation of 
Gender Incongruence (ENIGI). Belgian data were selected for this substudy. Trans women 
who initiated gender affirming hormone treatment and underwent orchiectomy were 
prospectively evaluated. Trans women were treated with oral CPA 50 mg in combina-
tion with estrogen substitution. Postsurgery, estrogen was reinitiated in an unchanged 
dose. Sex steroids, gonadotropins, and prolactin were compared at baseline, pre- and 
postsurgery in patients receiving orchiectomy, and at baseline, 12, and 18 months in 
patients who did not undergo orchiectomy. 

Results:
One hundred and seven trans women participated in this analysis, with a mean age of 
31.5 years. An increase in serum prolactin levels was seen in the group undergoing orchi-
ectomy (23.72 µg/L) and not undergoing orchiectomy (23.05 µg/L) at the preoperative 
and 12-month visit, compared with baseline (9.42 µg/L, P=0.002 and 9.94 µg/L, P<0.001, 
respectively). After orchiectomy, a decline in prolactin levels (10.17 µg/L, P < 0.001) oc-
curred.

Conclusions:
CPA is likely to cause a temporary increase in serum prolactin, with prolactin levels 
returning to normal after orchiectomy and CPA discontinuation. 
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INTRODUCTION

The transgender population that is actively seeking endocrine treatment is increasing 
[1]. However, transgender care is not a strong part of the medical curriculum and many 
physicians might not know how to interpret certain test results [2]. The current treatment 
regimens for trans women in Europe usually involve hormone therapy as well as gender 
affirming surgery. Hormone treatment in Europe generally consists of estrogens (estra-
diol valerate) and antiandrogens (cyproterone acetate, CPA) [3]. In trans women, the 
use of an antiandrogen agent is necessary to suppress testosterone levels and decrease 
masculine secondary sexual characteristics, until orchiectomy has been performed. The 
World Professional Association for Transgender Health (WPATH) Standards of Care [4] 
requires at least 1 year of gender affirming hormone therapy before orchiectomy can be 
performed, although exceptions are allowed in the case of medical contraindications 
or other compelling reasons. CPA is an androgen receptor antagonist that is a synthetic 
derivative of 17-OH progesterone. CPA reduces serum testosterone levels by acting as 
a direct antagonist on the peripheral androgen receptor and by its progestational and 
weak glucocorticoid activity that inhibits luteinizing hormone (LH) release [5]. 

In the literature, elevations in serum prolactin levels are reported in up to 20% of trans 
women treated with estrogens and are sometimes associated with enlargement of the 
pituitary gland [6,7]. Previously, this prolactin elevation was thought to be caused only 
by an estrogen-mediated decreased effectiveness of dopamine-mediated inhibition 
of prolactin secretion from the pituitary gland [8,9]. Articles concluding that not only 
estrogens but also CPA therapy may lead to an increase in serum prolactin levels, are 
scarce [10,11] and prospective data are not available. 

There have been case reports of prolactinomas occurring after long-term or high-dose 
estrogen therapy [12-16]; however, these findings were not reported in large cohorts of 
estrogen-treated transgender persons. As high levels of estrogen are known to enlarge 
the pituitary gland, physicians may fear prolonged high doses of estrogen causing 
prolactinomas in transgender persons. Therefore, the Clinical Practice guidelines of 
the Endocrine Society for the endocrine treatment of transgender persons recommend 
monitoring serum prolactin levels at baseline and then at least annually during the 
transition period and biannually thereafter [7], whereas the Endocrine Society Clinical 
Practice Guidelines on Pituitary Incidentaloma [17] do not suggest assessing serum 
prolactin levels routinely. 

Another common cause of drug-induced elevated serum prolactin is the use of certain 
antidepressive and antipsychotic agents. Mental health issues are frequently observed 
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in transgender persons, and studies report that transgender adults are burdened by 
mental health concerns, including mood disorders, suicidal and nonsuicidal self-injury, 
and anxiety disorders [18]. There is a marked decrease in psychoneurotic distress (in-
cluding anxiety, depression, interpersonal sensitivity, and hostility) after the initiation 
of gender affirming hormone therapy [19]. 

Prolonged elevated prolactin levels can induce erectile dysfunction in men and loss of 
sexual desire in both sexes [20]. In cisgender women, hyperprolactinemia is usually re-
flected on the gonadotroph axis (hypogonadotropic hypogonadism), with alterations in 
gonadotropin-releasing hormone (GnRH) pulsatility, decreased levels of estradiol, and 
menstrual abnormalities. In trans women, these effects are not described because of the 
anatomical situation or the concurrent hormone treatment [21]. High levels of prolactin 
can cause galactorrhea, which is reported in 9%-14% of trans women receiving estrogen 
therapy [22]. However, the galactorrhea seen in trans women is usually very limited and 
transient [23]. 

In this article, we wanted to verify whether CPA contributes to the elevation of prolactin 
in trans women receiving gender affirming hormones or if this effect can be attributed 
to the administration of estrogens. We also aimed to assess the clinical relevance of the 
observed elevation in serum prolactin levels.

METHODS

This research is part of the “European Network for the Investigation of Gender Incongru-
ence” (ENIGI), a collaboration of four major West European gender identity clinics (Am-
sterdam, Ghent, Florence, and Oslo), a study group created to obtain more transparency 
in diagnostics and treatment of gender dysphoria. 

From February 15, 2010 until August 23, 2016, 187 trans women were included in the 
ENIGI study at the Ghent University Hospital in Belgium. All patients were 16 years old 
or older and underwent a standardized diagnostic procedure to confirm the diagnosis 
of gender incongruence/gender dysphoria before initiating treatment [3]. Patients were 
included in the ENIGI endocrine protocol when they started medical treatment for gen-
der incongruence. Every patient was treated in accordance with the WPATH Standards of 
Care, Version 7 [4]. Exclusion criteria were previous use of gender affirming hormones, 
insufficient knowledge of the native languages (Dutch or French), use of medication 
known to induce elevations of serum prolactin, and preexisting conditions known to 
cause hyperprolactinemia [24]. At the start of the study, patients received oral and writ-
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ten information about the ENIGI endocrine protocol by the physician. Written informed 
consent was obtained according to the Ethics Committee of the Ghent University Hospi-
tal, which approved all aspects of the study. 

To analyze if a prolactin elevation occurred in trans women, we chose to include only 
those who had at least 1 year of follow-up, which resulted in 153 cases. The complete 
study protocol of the endocrine part of the ENIGI study can be found in Dekker et al. [3]. 
The short-term follow-up currently consists of a visit at baseline and after 3, 6, 9, 12, 18, 
24, and 36 months of gender affirming hormone therapy. 

In trans women, the hormone treatment consists of CPA 50 mg in one daily dose, usually 
in combination with an oral estradiol agent, estradiol valerate (Progynova®, Bayer, Ger-
many) 2 mg twice daily. In patients older than 45 years of age, estradiol was administered 
transdermally in the form of estradiol patches (Dermestril®, Besins, Belgium) in a dose of 
100 µg/24 hours, to avoid the increased risk for thrombosis from oral estrogens caused 
by the first pass effect of the liver. In case of nontolerance, 2 mg of transdermal 17-β 
E2 gel twice daily (Oestrogel®, Besins) was given. After orchiectomy, estrogen alone is 
continued in an unchanged dose. At baseline and during each follow-up visit, standard 
clinical measurements are assessed, including body weight and height, which is further 
detailed in Dekker et al. [3]. Routine questioning on the occurrence of galactorrhea was 
included. These clinical measures are filled out on a standardized form. 

Upon each visit, venous blood samples are obtained after overnight fasting. Competitive 
chemiluminescent immunoassays were run for estradiol (E170 Modular, Roche; LOQ 25 
pg/mL), prolactin (Immulite 2000XpI, Siemens; LOQ 0.5 ng/ml), serum testosterone (E170 
Modular, Roche; LOQ 10 ng/dL); LH (E170 Modular, Roche; LOQ 0.1 mIU/mL), follicle-
stimulating hormone (FSH) (E170 Modular, Roche; LOQ 0.1 mIU/mL), and sex hormone-
binding globulin (SHBG) (E170 Modular, Roche; LOQ 0.35 nmol/L). The free testosterone 
concentration was calculated from the total serum hormone concentration, serum SHBG, 
and serum albumin, using a validated equation derived from the mass action law. Tests for 
excluding macroprolactinemia (estimating the monomeric component after protein pre-
cipitation with polyethylene glycol) were performed in patients with prolactin levels >50 
ng/ml. There were no patients with elevated prolactin levels due to macroprolactinemia. 

We chose to analyze whether prolactin differed in patients undergoing orchiectomy 
(group A) versus patients not undergoing orchiectomy (group B). We decided to compare 
these two groups at different times. We compared the patients’ prolactin at their first 
visit (M0), at their last visit preoperatively (group A) versus 12-month checkup (group 
B) and at the first postoperative visit (group A) versus 18-month checkup (group B). We 
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chose the 12  and 18 months visits because these correlated best with the last preop-
erative and first postoperative visit respectively, as the mean time between initiation of 
therapy and orchiectomy was 17.5 months. 

It has been described that serum prolactin can be correlated with body mass index (BMI) 
and/or age [25]. Because our patients’ serum prolactin levels did not correlate to their 
BMI and age, we did not control for these parameters. Reference ranges for prolactin 
are 1-17 µg/L in cisgender men and 6-30 µg/L in cisgender women. In our laboratory, 
reference ranges for prolactin are shown according to one’s legal sex, which can only 
be changed after gonadectomy. Hyperprolactinemia is defined as an elevated prolactin, 
above the reference ranges for one’s sex. However, to the knowledge of the authors of 
this article, there are currently no reference ranges for prolactin levels in trans women 
[26]. Therefore, we decided to use cisgender male reference ranges for prolactin at the 
first visit and cisgender female reference ranges for prolactin after initiation of hormone 
therapy to define hyperprolactinemia.

Data were analyzed using IBM SPSS 23.0 software (IBM Corporation, Armonk, New York) 
and were verified for normal distribution using the Shapiro-Wilk test. Patients were 
divided into two groups: those who underwent orchiectomy (group A) and those who 
did not (yet) undergo orchiectomy (group B). Differences between groups were analyzed 
using unpaired t-tests (for normally distributed data) and Mann-Whitney U tests (for non-
normally distributed data). To evaluate prolactin differences over time, we performed 
one-way ANOVA with repeated measurements in case of normally distributed data; for 
nonnormally distributed data, we performed Friedman tests with post hoc analysis by 
means of Wilcoxon signed-rank tests with an applied Bonferroni correction. 

RESULTS 

One hundred and fifty-three trans women had 1 year of follow up. (Fig. 1). Reasons for 
not including study patients in this analysis were dropout/lost to follow-up (N = 33), use 
of medication known to induce elevation in serum prolactin levels (N = 10; 8 because 
of selective serotonin re-uptake inhibitors (SSRIs), 2 because of antihistamines), cur-
rent conditions known to elevate serum prolactin levels (N = 0), and patients in whom 
prolactin was not assessed during at least three visits (N = 3). This resulted in 107 test 
cases. The mean age of participants in our study population was 31.5 years old with a 
mean BMI of 23.2 kg/m2, which was not different between groups undergoing versus not 
undergoing orchiectomy. Regarding hormone status at baseline, our two groups were 
also quite similar (Table 1).
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Group A = Trans women undergoing orchiectomy

Group B = Trans women not undergoing orchiectomy

Figure 1 Flowchart of the study population.

Group A = Trans women undergoing orchiectomy
Group B = Trans women not undergoing orchiectomy
Figure 1   Flowchart of the study population.

None of the trans women in our study population was diagnosed with prolactinoma dur-
ing the investigated time period. None of our patients reported galactorrhea. During the 
investigated time period, 58 (54.2%) trans women underwent orchiectomy (group A), 
whereas 49 (45.8%) did not (yet) undergo orchiectomy (group B). Orchiectomy generally 
took place aft er 17.5 months, and at the same time, CPA was interrupted. Aft er initiation 
of hormone therapy, we noticed an increase in serum estrogen levels and a decrease in 
serum testosterone and free testosterone levels upon the second visit in both groups. 
We also noticed a suppression of serum LH and FSH levels aft er initiation of therapy. In 
group A, there was an increase in serum LH and FSH aft er orchiectomy and discontinua-
tion of CPA therapy (Fig. 2).
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Table 1   Baseline characteristics of the study population

Baseline characteristics Total Group A Group B P-value

Number of cases (%) 107 (100%) 58 (54.2%) 49 (45.8%)

Age (years) 31.48 ± 12.35 32.35 ± 12.83 30.75 ± 11.95 0.444

Weight (kg) 73.42 ± 14.80 72.26 ± 12.43 73.72 ± 17.21 0.808

Height (m) 1.779 [1.732-1.823] 1.773 [1.720-1.819] 1.791 [1.751- 1.827] 0.579

BMI (kg/m2) 23.22 ± 4.55 23.26 ± 3.70 23.12 ± 5.38 0.669

Type of estrogen therapy

Oral 71 (66.4%) 37 (63.8%) 34 (69.8%) 0.352

Transdermal 26 (24.3%) 17 (29.3%) 9 (18.3%) 0.424

Baseline laboratory

Prolactin (µg/L) 9.65 ± 9.21 9.42 ± 8.64 9.94 ± 9.94 0.785

LH (U/L) 4.85 ± 2.13 4.78 ± 2.19 4.87 ± 2.09 0.599

FSH (U/L) 4.48 ± 4.17 4.86 ± 4.50 4.12 ± 3.84 0.930

E2 (ng/L) 29.91 ± 11.80 30.35 ± 9.71 29.37 ± 13.87 0.853

SHBG (34.4) 38.85 ± 18.15 39.65 ± 16.27 38.31 ± 20.17 0.509

Testosterone (ng/dl) 501.25 [390.03-625.93] 543.30 [417.60-629.70] 475.30 [363.05-617.13] 0.137

FT (ng/dl) 10.2 [8.51-12.00] 10.30 [8.56-12.00] 10.05 [8.05-11.45] 0.282

Group A is defined as patients undergoing orchiectomy, group B is defined as patients not undergoing orchiectomy. Tests 
for normality were performed by Shapiro–Wilk. For normally distributed values, mean values ± standard deviations are 
shown. For values that are not normally distributed, median values and IQR [P25 and P75] are shown, unless otherwise 
specified. For normally distributed values, unpaired Student’s t test was used to quantify differences between both groups. 
For nonparametric values, the Mann–Whitney U test was performed, and for categorical variables, we used the Chi-square 
test. Abbreviations: LH = luteinizing hormone; FSH = follicle-stimulating hormone; E2 = estradiol; SHBG = sex hormone-
binding globulin; FT = free testosterone

We noticed higher levels of serum estrogen in groups with transdermal estrogen ap-
plication, compared with groups on oral administration of estrogens (P < 0.001 for pre-
operative values, P = 0.003 postorchiectomy, P = 0.028 at month 12 [M12], and P < 0.001 
at month 18 [M18]) (data not shown). There was no difference in the serum estradiol 
values before and after orchiectomy or between the 12- and 18-month visit. However, 
we did notice a difference in the serum LH and FSH levels before and after orchiectomy, 
whereas there was no difference in the group not undergoing orchiectomy. In the study 
population, mean serum prolactin at baseline was 9.65 ± 9.21 µg/L and this was similar 
among both groups (Table 1). 

Seven patients (6.6%) had an elevated prolactin at baseline, with a maximum reported 
value of 72.40 µg/L. In all of these patients, this elevation of serum prolactin at baseline 
decreased after their first visit. We noticed an increase in serum prolactin after 12 months 
of hormone therapy and at the preoperative visit in both groups, compared with base-
line (P < 0.001 and P = 0.002 respectively), (as shown in Fig. 3 and Table 2). We assessed 
whether prolactin levels were different in group A versus group B at different times. After 
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orchiectomy and discontinuation of CPA, we noticed a return to baseline prolactin levels 
(P < 0.001), whereas we also described a decline in serum prolactin levels in group B (P 
< 0.001), although the decline was not as severe as in group A. 

At baseline, preorchiectomy and at the 12-month visit, we found no difference in serum 
prolactin levels in group A versus group B, whereas the postoperative serum prolactin 
levels (group A) were lower than the 18-month serum prolactin levels (group B) (P = 
0.008) (Table 3). In addition, we observed a positive relationship between serum es-
tradiol levels and serum prolactin levels after 12 months of gender affirming hormone 
 126 

Group A = Trans women undergoing orchiectomy

Group B = Trans women not undergoing orchiectomy

Figure 2 Effects of hormone therapy in trans women. Figure 2 shows the evolution of serum 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), estrogen (E2), and testosterone levels 
in time in trans women undergoing versus not undergoing orchiectomy during the first visit (1), 
preoperative or at the 12-month visit (Preop/M12) (2) and postoperative or after 18 months 
(Postop/M18) (3). The symbol * indicates a significant difference (P < 0.05) between the first and 
second visit,  indicates a significant difference (P < 0.05) between the first and third visit.

We noticed higher levels of serum estrogen in groups with transdermal estrogen

application, compared with groups on oral administration of estrogens (P < 0.001 for 

preoperative values, P = 0.003 postorchiectomy, P = 0.028 at month 12 [M12], and P < 0.001 

at month 18 [M18]) (data not shown). There was no difference in the serum estradiol values 

before and after orchiectomy or between the 12- and 18-month visit. However, we did notice 

Group A = Trans women undergoing orchiectomy
Group B = Trans women not undergoing orchiectomy
Figure 2   Effects of hormone therapy in trans women. Figure 2 shows the evolution of serum luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), estrogen (E2), and testosterone levels in time in trans women undergoing versus 
not undergoing orchiectomy during the first visit (1), preoperative or at the 12-month visit (Preop/M12) (2) and postopera-
tive or after 18 months (Postop/M18) (3). The symbol * indicates a significant difference (P < 0.05) between the first and 
second visit,  indicates a significant difference (P < 0.05) between the first and third visit
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therapy and preorchiectomy (Spearman’s rho 0.348, P < 0.001). After orchiectomy and 
after 18 months of gender affirming hormone therapy, we no longer found a correlation 
between serum estradiol levels and serum prolactin levels. 

DISCUSSION

In this prospective analysis, we assessed whether mild elevated serum prolactin in trans 
women is associated with use of CPA. We described a decline in serum prolactin in the 
first postoperative laboratory analysis in the group of trans women undergoing orchiec-
tomy. We suggest that this is caused by stopping the CPA, unrelated to the administra-
tion of estrogens, as estrogens are continued with an unchanged dose after orchiectomy 
and the estradiol levels are not significantly lower.   

 128 

Group A = Trans women undergoing orchiectomy

Group B = Trans women not undergoing orchiectomy

Figure 3 Serum prolactin levels in trans women with or without orchiectomy.
Boxplots for the evolution of prolactin levels (mean-SD) in time in trans women with (group A) versus 
without (group B) orchiectomy during the first visit (1), preoperative or at the 12 month visit (2) and 
postoperative or after 18 months (3). The symbol * indicates a significant difference (P < 0.05) 
between the first and second visit, indicates a significant difference (P < 0.05) between the second and 
third visit.

Group A = Trans women undergoing orchiectomy
Group B = Trans women not undergoing orchiectomy
Figure 3   Serum prolactin levels in trans women with or without orchiectomy. 
Boxplots for the evolution of prolactin levels (mean-SD) in time in trans women with (group A) versus without (group B) 
orchiectomy during the first visit (1), preoperative or at the 12 month visit (2) and postoperative or after 18 months (3). The 
symbol * indicates a significant difference (P < 0.05) between the first and second visit, indicates a significant difference (P 
< 0.05) between the second and third visit
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The mechanism behind the CPA-induced increase in serum prolactin is not well un-
derstood. One suggested mechanism is drug-induced secondary hypogonadism, with 
CPA suppressing the pulsatile GnRH release, resulting in low LH and FSH levels, which 
may lead to elevated serum prolactin levels [27]. Other articles reporting progesterone-
induced hyperprolactinemia are scarce [28,29] and also support the hypothesis of a 
progesterone-mediated suppressing of the GnRH release, in addition to a progesterone-
induced reduction of hypothalamic dopamine. However, these articles do not specify 
which type of progesterone caused the documented elevation in serum prolactin levels.

We also described low serum LH and FSH levels after initiation of hormone therapy, 
which increased again after orchiectomy, whereas there was no increase in the trans 
women who did not undergo orchiectomy. As all patients were treated with the same 
dosage of estrogens (which is supraphysiological in menopausal women), we hypoth-
esize that the lack of free testosterone may be a causal factor for the higher LH and FSH 
levels, when these are no longer suppressed by CPA. We hypothesize that estrogens can-
not (sufficiently) suppress LH and FSH levels in trans women. The groups presented here 
are too small to test this hypothesis at this point and further research may be needed. 

As other studies suggest, an elevation in prolactin levels during estrogen treatment may 
occur. Asscheman et al. [6] followed 214 trans women treated with ethinyl estradiol (100 
µg/day) and CPA (100 mg/day). They documented an elevated serum prolactin above 
normal in all subjects (>30 µg/L), which decreased by more than 50% spontaneously or 
after dose reduction of oral estrogens. In addition, they observed a higher incidence of 
prolactin levels greater than 1000 mU/L in trans women with high doses of estrogens 
and advanced age at the start of treatment. Therefore, they concluded that estrogen 
administration in trans women causes elevations in serum prolactin levels. Gooren et 
al. [30] followed 142 trans women, treated with CPA 100 mg/day. After 3 months, ethi-
nyl estradiol 100 µg/day was added to the treatment. They observed a rise in serum 
prolactin levels during the first 15 months of hormone treatment, which was already 
apparent after 3 months of therapy with CPA alone, but increased further after adding 
ethinyl estradiol 100 µg/day. 

In our study population, we noticed higher serum estrogen levels in patients treated 
with transdermal estrogens compared to those taking oral estrogen therapy, which did 
not result in higher levels of serum prolactin. We described a decline in serum prolactin 
levels in trans women who underwent orchiectomy and stopped CPA, whereas in the 
trans women who were receiving hormone treatment but did not undergo orchiectomy, 
the increase in serum prolactin levels induced by hormone therapy persisted. After 
orchiectomy, antiandrogens were stopped in our study protocol, whereas trans women 
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not undergoing orchiectomy continued both estrogens and antiandrogens. Therefore, 
we conclude that the elevated prolactin in our trans women (N = 19, 17.8%) could be 
attributed to the administration of CPA, rather than the estrogen treatment. 

These findings have previously been documented by Sofer et al. [10], Nota et al. [11], 
and Gava et al. [31]. Sofer et al. [10] described 124 trans women who were followed for 
18 months. Estrogen treatment was titrated to achieve estradiol levels in the normal pre-
menopausal range. Antiandrogenic treatment consisted of GnRH-analogs (10.2%), CPA 
(70%), or spironolactone (17.6%). They noticed an increase in prolactin levels compared 
with baseline, which was already apparent 3 months after initiation of CPA treatment. 
By 18 months, the mean increase in serum prolactin levels in the group receiving CPA 
treatment was greater than the increase in serum prolactin levels in the group taking 
spironolactone. They observed no increase in serum prolactin levels in patients treated 
with GnRH-analogs, but the number of patients in this group was too small for analysis. 
Gava et al. [31] followed 40 trans women for 1 year. Twenty trans women were treated 
with CPA 50 mg daily and transdermal estradiol 1 mg or 2 mg daily, whereas the other 
twenty trans women received leuprolide acetate 3.75mg (a GnRH-analog) intramuscu-
larly, monthly, with the same estrogen dose. After 1 year, they observed an increase in 
serum prolactin levels (compared to baseline) in the group receiving CPA, whereas there 
was no difference in serum prolactin levels in the group treated with leuprolide acetate. 
These findings also suggest that the observed elevation in serum prolactin levels in 
trans women can be attributed to the CPA treatment. 

In three case reports describing trans women with prolactinoma, estrogen doses were 
not controlled by a physician, with patients surpassing the maximum doses [6,14,15]. 
However, some case reports do mention patients adhering to adequate hormone doses 
presenting with hyperprolactinemia [12,13,16]. These patients presented with symp-
toms suggestive of hyperprolactinemia including mastodynia, hemicranial migraine, 
headaches, asthenia, galactorrhea double vision, right-sided third nerve palsy, and gen-
eralized weight gain. Magnetic resonance imaging (MRI) revealed a macroprolactinoma. 
Bunck et al. [13] reported one asymptomatic patient adhering to adequate hormone 
doses, whose serum prolactin levels increased after 15 years of hormone therapy (CPA 
50 mg twice a day plus ethinyl estradiol 50 µg twice a day), with a 8 mm diameter focal 
hypointense lesion of the pituitary gland on MRI. Therefore, we suggest that hormone 
therapy in trans women is safe and does not induce prolactinoma if the patient adheres 
to the prescription dose. 

During the first visit with the endocrinologist, there might be an elevation in serum 
prolactin levels, which was the case in 7.3% of our participants at one point during the 
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investigated time period. This elevation is probably caused by the stress of starting the 
transitioning process and experiencing the new medical environment. Therefore, it is 
not clinically relevant. As the CPA-induced elevation in serum prolactin is only moder-
ate without clinical implications in our study population, we advise against measuring 
serum prolactin levels at baseline and serially, in contrast with the Endocrine Society 
Clinical Practice Guidelines on the endocrine treatment of transgender persons, which 
suggest monitoring at baseline an annually [7]. However, if the patient presents with 
symptoms (headache, blurry vision, galactorrhea, etc.) or biochemical signs (e.g. base-
line low serum testosterone) suggestive of prolactinoma, further diagnostic steps should 
be taken; serum prolactin should be assessed and a brain MRI scan can be planned.  

As for the strengths of this study, this is the first prospective analysis, to the knowledge 
of the authors of this article, that suggests that CPA can induce elevated serum prolactin, 
as the only published article mentioning CPA-induced elevated serum prolactin levels 
in trans women was a retrospective analysis [11]. In this study, we excluded patients 
using certain medications known to induce elevations in serum prolactin levels and all 
of our patients underwent the same hormone treatment, with the only variation being 
the administration mode of the estrogens. Patients’ variables were measured during 
standardized visits. 

Some limitations of this study should be considered. As CPA is not currently approved by 
the Food and Drug Administration in the United States, the results of this analysis cannot 
be extrapolated to the entire transgender population receiving antitestosterone treat-
ment. Other antiandrogen agents (e.g. spironolactone or GnRH-analogs) have not been 
included in this analysis. In addition, we were not able to perform multivariate analyses, 
as our data did not match all assumptions to proceed with multivariate analyses.  

CONCLUSION

It is important to know how to interpret certain laboratory results in transgender persons 
seeking physician controlled hormone therapy. The endocrinologist should be aware 
that CPA can induce mild serum prolactin elevations in trans women. However, as long 
as this elevation is mild and the patient does not present with symptoms suggestive of 
hyperprolactinemia, we suggest that further diagnostic actions are not needed. It is our 
opinion that our findings may lead to an improvement in the follow-up of trans women 
taking cyproterone acetate. Unless the patient presents symptoms or biochemical signs 
suggestive of prolactinoma, serially monitoring serum prolactin levels is not necessary 
in trans women, as the observed increase in serum prolactin levels in trans women is 
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transient and not clinically relevant. Not annually assessing serum prolactin levels may 
cause less concerns and stress in both patients and hormone prescribing physicians. In 
addition, it may lead to less laboratory and technical imaging costs. 

ACKNOWLEDGEMENTS

We would like to thank all endocrinology residents who have made a valuable contribu-
tion to the ENIGI study: Roef Greet, Boer Mirra, Carpentier Marijn, Van Huffel Liesbeth, 
Vandewalle Sara, Moernaut Loes, Vermeersch Sabine, Aers Xavier-Philippe, Vereecke 
Gert-Jan, Verroken Charlotte, Van Caenegem Eva, Wierckx Katrien, Versele Emmanuelle 
and Vantomme Bram. We would also like to thank Jocelyne Corneille, for proofreading 
the article and our study nurses, Toye Kaatje and Kestens Natascha, for handling the 
extensive administration of the study. In addition, we thank all participants in the ENIGI 
study protocol. 



7

Chapter 7 131

Transient elevated serum prolactin in trans women is caused by cyproterone acetate treatment

REFERENCES

 [1] Wylie K, Knudson G, Khan SI, Bonierbale M, Watanyusakul S, Baral S. Serving transgender 
people: clinical care considerations and service delivery models in transgender health. Lancet 
2016;388:401-11. 

 [2] Wilczynski C, Emanuele MA. Treating a transgender patient: overview of the   guidelines. Postgrad 
Med 2014;126:121-8.

 [3] Dekker MJ, Wierckx K, Van Caenegem E, Klaver M, Kreukels BP, Elaut E, et al. A European Network 
for the Investigation of Gender Incongruence: Endocrine Part. J Sex Med   2016;13:994-9.

 [4] Standards of Care for the Health of Transsexual, Transgender and Gender Nonconforming People, 
seventh version. 2011 [Available from: http://www.WPATH.org.

 [5] Wierckx K, Mueller S, Weyers S, Van Caenegem E, Roef G, Heylens G, et al. Long- term evaluation 
of cross-sex hormone treatment in transsexual persons. J Sex Med 2012;9:2641-51.

 [6] Asscheman H, Gooren LJ, Assies J, Smits JP, de Slegte R. Prolactin levels and  pituitary enlarge-
ment in hormone-treated male-to-female transsexuals. Clin Endocrinol (Oxf) 1988;28:583-8.

 [7] Hembree WC, Cohen-Kettenis P, Delemarre-van de Waal HA, Gooren LJ, Meyer WJ, Spack NP, et al. 
Endocrine treatment of transsexual persons: an Endocrine Society clinical practice guideline. J 
Clin Endocrinol Metab 2009;94:3132-54.

 [8] Gudelsky GA, Nansel DD, Porter JC. Role of estrogen in the dopaminergic control of prolactin 
secretion. Endocrinology 1981;108:440-4.

 [9] Pérez RL, Machiavelli GA, Romano MI, Burdman JA. Prolactin release, oestrogens and prolifera-
tion of prolactin-secreting cells in the anterior pituitary gland of adult male rats. J Endocrinol 
1986;108:399-403.

 [10] Sofer Y, Sharon N, Yaron M, Yacobi Bach M, Yaish I, Stern N, et al. High prolactin levels in trans-
sexual women are related to the anti-androgen treatment modality. Endocrine society’s 96th 
annual meeting and expo.2014.

 [11] Nota NM, Dekker MJ, Klaver M, Wiepjes CM, van Trotsenburg MA, Heijboer AC, et al. Prolactin 
levels during short- and long-term cross-sex hormone treatment: an observational study in 
transgender persons. Andrologia 2017;49.

 [12] Serri O, Noiseux D, Robert F, Hardy J. Lactotroph hyperplasia in an estrogen treated male-to-
female transsexual patient. J Clin Endocrinol Metab 1996;81:3177-9.

 [13] Bunck MC, Debono M, Giltay EJ, Verheijen AT, Diamant M, Gooren LJ. Autonomous prolactin se-
cretion in two male-to-female transgender patients using conventional oestrogen dosages. BMJ 
Case Rep 2009.

 [14] Cunha FS, Domenice S, Câmara VL, Sircili MH, Gooren LJ, Mendonça BB, et al. Diagnosis of pro-
lactinoma in two male-to-female transsexual subjects following high-dose cross-sex hormone 
therapy. Andrologia 2015;47:680-4.

 [15] Gooren LJ, Assies J, Asscheman H, de Slegte R, van Kessel H. Estrogen-induced prolactinoma in a 
man. J Clin Endocrinol Metab 1988;66:444-6.

 [16] García-Malpartida K, Martín-Gorgojo A, Rocha M, Gómez-Balaguer M, Hernández-Mijares A. Pro-
lactinoma induced by estrogen and cyproterone acetate in a male-to-female transsexual. Fertil 
Steril 2010;94:1097.e13-5.



132

Pituitary Hormones (Prolactin and TSH)

Part 2.1

 [17] Freda PU, Beckers AM, Katznelson L, Molitch ME, Montori VM, Post KD, et al. Pituitary inciden-
taloma: an endocrine society clinical practice guideline. J Clin Endocrinol Metab 2011;96:894-
904.

 [18] Reisner SL, Poteat T, Keatley J, Cabral M, Mothopeng T, Dunham E, et al. Global health burden and 
needs of transgender populations: a review. Lancet 2016;388:412-36.

 [19] Heylens G, Verroken C, De Cock S, T’Sjoen G, De Cuypere G. Effects of different steps in gender 
reassignment therapy on psychopathology: a prospective study of persons with a gender identity 
disorder. J Sex Med 2014;11:119-26.

 [20] Corona G, Mannucci E, Fisher AD, Lotti F, Ricca V, Balercia G, et al. Effect of hyperprolactinemia in 
male patients consulting for sexual dysfunction. J Sex Med 2007;4:1485-93.

 [21] Touraine P, Plu-Bureau G, Beji C, Mauvais-Jarvis P, Kuttenn F. Long-term follow-up of 246 hyperp-
rolactinemic patients. Acta Obstet Gynecol Scand 2001;80:162-8.

 [22] Oriel KA. Clinical Update: Medical Care of Transsexual Patients. Journal of the Gay and Lesbian 
Medical Association 2000;4:185-94.\

 [23] Molitch ME. Medication-induced hyperprolactinemia. Mayo Clin Proc 2005;80:1050-7.

 [24] Torre DL, Falorni A. Pharmacological causes of hyperprolactinemia. Ther Clin Risk Manag 
2007;3:929-51.

 [25] Roelfsema F, Pijl H, Keenan DM, Veldhuis JD. Prolactin secretion in healthy adults is determined 
by gender, age and body mass index. PLoS One 2012;7:e31305.

 [26] Roberts TK, Kraft CS, French D, Ji W, Wu AH, Tangpricha V, et al. Interpreting laboratory results in 
transgender patients on hormone therapy. Am J Med  2014;127:159-62.

 [27] Futterweit W. Endocrine therapy of transsexualism and potential complications of long-term 
treatment. Arch Sex Behav 1998;27:209-26.

 [29] Rakoff JS, Rigg LA, Yen SS. The impairment of progesterone-induced pituitary release of prolactin 
and gonadotropin in patients with hypothalamic chronic anovulation. Am J Obstet Gynecol 
1978;130:807-12.

 [29] Rakoff JS, Yen SS. Progesterone induced acute release of prolactin in estrogen primed ovariecto-
mized women. J Clin Endocrinol Metab 1978;47:918-21.

 [30] Gooren LJ, Harmsen-Louman W, van Kessel H. Follow-up of prolactin levels in long-term oestro-
gen-treated male-to-female transsexuals with regard to prolactinoma induction. Clin Endocrinol 
(Oxf) 1985;22:201-7.

 [31] Gava G, Cerpolini S, Martelli V, Battista G, Seracchioli R, Meriggiola MC. Cyproterone   acetate vs 
leuprolide acetate in combination with transdermal oestradiol in transwomen: a comparison of 
safety and effectiveness. Clin Endocrinol (Oxf) 2016;85:239-46.







8
Interpretation of laboratory values in 

postoperative transgender individuals on 
hormone therapy – what is the reference?

Nota NM 
Wiepjes CM 
De Blok CJM 
Heijboer AC 

Schotman HHM
Den Heijer M

Submitted



136

Pituitary Hormones (Prolactin and TSH)

Part 2.1

ABSTRACT

Background:
While guidelines recommend to use reference intervals of the experienced sex for inter-
preting laboratory values in postoperative transgender individuals, studies supporting 
this recommendation are currently lacking. 

Aim:
This study examined whether reference intervals of the experienced sex are indeed ap-
propriate to use in hormone-treated transgender individuals who underwent gonadal 
surgery. 

Methods:
A database of 388 hormone-receiving postoperative transgender individuals, was 
merged to a hospital-wide laboratory database. We extracted alanine aminotransferase, 
aspartate aminotransferase, alkaline phosphatase, gamma-glutamyltransferase, creati-
nine, hemoglobin, hematocrit, prolactin, and thyroid-stimulating hormone (TSH). Refer-
ence intervals were determined by calculating 2.5th (lower reference value) and 97.5th 
percentiles (upper reference value). We compared the transgender reference values with 
male and female reference values used by our center, by performing proportion tests.

Outcome:
Reference intervals.

Results:
In transmen, reference intervals of all parameters were (most) comparable to male 
intervals. In transwomen, the reference intervals of liver enzymes, and creatinine were 
(most) comparable to male intervals, while the intervals of hemoglobin, hematocrit, and 
prolactin were (most) comparable to female values. In both transmen and transwomen, 
TSH reference values were comparable to the non-sex-specific reference intervals used 
by our center.

Clinical Implications:
Using adequate reference intervals helps to minimalize diagnostic errors in transgender 
individuals.

Strengths & Limitations:
A limitation of this study is that we were not able to account for the dose and route of 
hormone therapy due to the retrospective design and size of the study. Nevertheless, 
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we think that the current study, which is the first that solely included (large groups of) 
postoperative transmen and transwomen on long-term hormone therapy, is of great 
value as it fills an important gap in previous literature.

Conclusion:
In postoperative transmen, we suggest to use reference intervals of the experienced 
sex (male), in postoperative transwomen we suggest to use reference intervals of the 
birth-assigned sex (male) for liver enzymes and creatinine, and of the experienced sex 
(female) for hemoglobin, hematocrit, and prolactin. 
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INTRODUCTION

Reference intervals serve as a basis for interpretation of laboratory values, and help 
physicians in the discrimination between health and disease. Since sex steroids affect 
several biological processes, such as pituitary prolactin production [1] and erythropoi-
esis [2,3], several laboratory values are sex-specific. While reference intervals are well 
explored for the general population, for several minorities reliable reference intervals 
are less well established. One of these minorities are transgender individuals using 
transgender hormone therapy (THT). Transgender individuals have an incongruence 
between their sex assigned at birth and their experienced sex [4]. THT usually consists 
of testosterone in transmen (female sex assigned at birth, male gender identity) and 
estrogens in transwomen (male sex assigned at birth, female gender identity). Before 
gonadectomy, transwomen usually also receive anti-androgens, and transmen may 
receive progestogens or gonadotropin-releasing hormone analogues in case that the 
menses did not cease with testosterone only. All these substances (independently) may 
affect laboratory values in this population.

Some practical-based guidelines recommend to use reference values of the birth-
assigned sex for preoperative transgender individuals on THT, and those of experienced 
sex for postoperative transgender individuals on THT [5]. However, recent studies that 
have examined reference intervals in transgender individuals (probably) included both 
preoperative and postoperative transgender individuals and treated them as one popu-
lation [6,7]. One of these studies mainly included preoperative transgender individuals 
(93%). The results of this study suggest that it seems not adequate to automatically use 
reference intervals of the birth-assigned sex for preoperative transgender individuals 
on THT [7]. Another study that did not provide information about the surgical status 
of their participants even suggests to establish new reference intervals for transgender 
individuals on THT [8]. Since studies focusing on postoperative transgender individu-
als are currently lacking, there are no studies that support the advice to use reference 
intervals of the experienced sex in postoperative transgender individuals on THT. This 
is unfortunate as most transgender individuals, undergo gonadal surgery within five 
years after starting THT (74.7% of transwomen and 83.8% of transmen in a Dutch study) 
[9]. Therefore, in the present study we determined whether reference intervals of the 
experienced sex are appropriate to use in postoperative transgender individuals on THT.
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MATERIALS AND METHODS

Study Design And Population
This study was part of The Amsterdam Cohort of Gender Dysphoria (ACOG) [9]. In the 
ACOG study, the medical files of all individuals who were seen at the gender identity 
clinic of the Amsterdam University Medical Center (UMC) between February 1972 and 
December 2015 were identified and reviewed. Baseline and, if available, follow-up data 
of these individuals were entered into a cumulative database. For the current study we 
only included postoperative individuals who started with the adult THT protocol at our 
hospital after January 2009, as in 2009 the endocrine guidelines recommended to do 
regular blood tests in transgender individuals [10]. Our final clinical database consisted 
of 388 transgender individuals (187 transmen and 201 transwomen). This clinical data-
base was merged to a hospital-wide database that includes laboratory results. We only 
included laboratory values that were obtained at least 30 days after gonadal surgery. 
The ACOG study was approved by our local ethical committee, with a waiver for informed 
consent.

Transgender individuals treated with THT usually receive regular routine laboratory 
tests. These tests may include liver enzymes, lipids, glucose, creatinine, hemoglobin, 
hematocrit, and pituitary hormones such as prolactin and thyroid-stimulating hormone 
(TSH). Because the content of our laboratory screening has changed over time, some 
laboratory values may only be available from part of the population. When multiple 
postoperative laboratory values were available of an individual, we used the most re-
cent value. To adjust for blood loss during other operations than gonadal surgery, we 
excluded the hemoglobin and hematocrit values of participants in whom those levels 
were repeatedly measured within a short period of time (<30 days), or with a large 
gap between two consecutive measurements  (>1.5 mmol/L for hemoglobin and >0.07 
umol/L for hematocrit). To adjust for unhealthy individuals for calculating reference 
intervals, for each laboratory parameter we removed individuals who already had a 
deviating value of that parameter at baseline.

In contrast to other laboratory parameters, reference intervals of lipids and glucose are 
often based on desirable (non-sex-specific) concentration cut-points instead of regular 
calculation methods such as the 2.5th-97.5th percentile method [11,12]. We chose not to 
include these laboratory parameters in the present study as there is no reason to believe 
that the desirable cut-points for lipids and glucose need to be different for transgender 
individuals than for non-transgender individuals.
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Figure 1   Reference intervals of several parameters in transgender individuals, and male and 
female controls. 
The plots show the median and the 2.5th and 97.5th percentiles 
*only 77 transmen and 79 transwomen were included instead of the minimum of 120 per group 

 

 

 

Figure 1. Reference intervals of several parameters in transgender individuals, and male and female con-
trols
The plots show the medians (white line within the gray plots) and the 2.5th and 97.5th percentiles (lower and upper border 
of the gray plots, respectively)
*only 77 transmen and 79 transwomen were included instead of the minimum of 120 per group

THT
In transmen, testosterone was mainly prescribed in the form of gel (20-100 mg/day), 
intramuscular esters (250mg/2-3 weeks), or intramuscular undecanoate (1000 mg/10-14 
weeks). In transwomen, oestrogen was mainly prescribed in the form of oral oestradiol 
valerate (2-4 mg/day) or oestradiol patches (50-150 µg/day). 

Blood Sample Collection 
Blood samples were obtained by venipuncture during clinical visits. Prolactin was mea-
sured with an immunometric assay (Centaur; Siemens Diagnostics, Erlangen, Germany). 
The lower limit of quantitation (LLOQ) was 0.05 U/L and the inter-assay variation was 
<6% for the whole concentration range. TSH was measured using an automated im-
munoassay (Modular, Roche Diagnostics). The LLOQ was 0.05 mU/L and the inter-assay 
variation was <6% for the whole concentration range. The biochemical and hematology 
parameters were measured using routine clinical chemistry and hematology methods in 
our clinical chemistry laboratory in Amsterdam.
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Statistical Analysis
All statistical analyses, except the calculation of the reference intervals, were performed 
using Stata version 15. As not all laboratory parameters were measured in all study par-
ticipants, the composition of the population differed slightly per measured laboratory 
parameter. Therefore, age and follow-up duration were expressed as a range of medians 
with a total range. The laboratory values were expressed as 2.5th and 97.5th percentiles 
(reference interval) which were calculated using the non-parametric percentile method 
in MedCalc version 19. The lower and/or upper reference values in transmen and trans-
women were compared with regular male and female reference values used in our 
center, by performing proportion tests. P-values of <0.05 were considered significant. 
When we found a significant difference between a transgender group and one of the 
control groups (males or females), we suggested to use the reference interval of the 
control group with no significant difference. When we found a difference, or no dif-
ference, between a transgender group and both control groups, we suggested to use 
the reference interval of the sex closest to the interval of the transgender group, as we 
think it is for hospitals/physicians practically not feasible to use transgender-specific 
reference intervals. In addition, some laboratory values in transgender individuals may 
surpass the values of both males and females because of a more unhealthy lifestyle. This 
does not mean that it is desirable to use transgender-specific reference values for these 
parameters.

Data Availability
The datasets generated during and/or analyzed during the current study are not publicly 
available but are available from the corresponding author on reasonable request.

RESULTS

In transmen the median age varied between 30 and 31 years, with a range of 19-62 years. 
The median duration of THT varied between 3 and 5, with a range of 1-10 years. In trans-
women, the median age varied between 36 and 39 years, with a range of 21-74 years. The 
duration of THT varied between 4 and 5 years, with a range of 1-10 years.   

For each measured parameter, Fig. 1 shows plots with medians and 2.5th and 97.5th per-
centiles (reference intervals) for transmen and transwomen, and the male and female 
reference values used in our hospital. Table 1 shows the calculated reference intervals 
of transmen, the reference values of male and female controls, and our recommenda-
tion to use the reference interval of the experienced or birth-assigned sex. In summary, 
Table 1 suggests that for all measured parameters the reference intervals of the expe-
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rienced sex (males) can be used for postoperative transmen on THT. Table 2 shows the 
calculated reference intervals of transwomen, the reference values of male and female 
controls, and our recommendation to use the reference interval of the experienced or 
birth-assigned sex. In summary, Table 2 suggests that reference intervals of the birth-
assigned sex (male) have to be used for liver enzymes and creatinine, and intervals of 
the experienced sex (female) for hemoglobin, hematocrit, and prolactin. For TSH we 
do not use sex-specific reference intervals in our hospital. However, we found that the 
regular non-sex-specific reference interval is also adequate to use for both transmen 
and transwomen.  

Table 1   Reference intervals in transmen.

Parameter Transmen Males Females Recommendationb

ALT (U/L)
upper reference value

 
83 45* 34* male reference value

AST (U/L)
upper reference value 43 35* 31* male reference value

ALP (U/L)
upper reference value 113 115 98* male reference value

Y-GT (U/L)
upper reference value 69 55 38* male reference value

Creatinine (µmol/L)
upper reference value 107 104 90* male reference value

Hemoglobin (mmol/L)
lower reference value
upper reference value

8.2
11.1

8.5
11

7.5*
10*

male reference value
male reference value

Hematocrit (L/L)
lower reference value
upper reference value

0.40
0.53

0.40
0.50*

0.35*
0.45*

male reference value
male reference value

Prolactin (U/L)
upper reference value 0.31 0.30 0.60 male reference value

TSH (mU/L)a

lower reference value
upper reference value

0.4
5.5

0.3
4.5

0.3
4.5

-
-

*p<0.05; athese reference intervals are based on 77 participants (instead of the minimum of 120 participants the other 
reference intervals are based on [13]); bwhen there is a difference, or no difference, between transmen and both control 
groups, we suggest to use the reference interval of the sex closest to the interval of the transmen group; Abbreviations: 
ALT, alkaline phosphatase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; Y-GT, gamma-glutamyl transferase; 
TSH, thyroid-stimulating hormone
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Table 2   Reference intervals in transwomen.

Parameter Transwomen Males Females Recommendationb

ALT (U/L)
upper reference value 49 45 34* male reference value

AST (U/L)
upper reference value 38 35 31* male reference value  

ALP (U/L)
upper reference value 133 115 98* male reference value

Y-GT (U/L)
upper reference value 47 55 38* male reference value

Creatinine (µmol/L)
upper reference value 100 104 90* male reference value

Hemoglobin (mmol/L)
lower reference value
upper reference value

7.7
9.4

8.5*
11

7.5
10

female reference value
female reference value

Hematocrit (L/L)
lower reference value
upper reference value

0.36
0.46

0.40*
0.50*

0.35*
0.45

female reference value
female reference value

Prolactin (U/L)
upper reference value 0.56 0.30* 0.60 female reference value

TSH (mU/L)a

lower reference value
upper reference value

0.6
3.8

0.3
4.5

0.3
4.5

           -
           -

*p<0.05; athese reference intervals are based on 79 participants (instead of the minimum of 120 participants the other 
reference intervals are based on [13]); bwhen there is a difference, or no difference, between transwomen and both control 
groups, we suggest to use the reference interval of the sex closest to the interval of the transwomen group; Abbreviations: 
ALT, alkaline phosphatase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; Y-GT, gamma-glutamyl transferase; 
TSH, thyroid-stimulating hormone

DISCUSSION

Guidelines recommend the use of reference intervals of the experienced sex for trans-
gender individuals on THT who have received gonadectomy [5]. However, in contrast 
to preoperative individuals, studies mainly focusing on postoperative transgender 
individuals, are currently lacking. In the present study we examined whether it is indeed 
appropriate to use reference intervals of the experienced sex for interpreting laboratory 
values in postoperative transgender individuals on THT. For transmen we found that for 
all investigated parameters, reference intervals of the experienced sex (male) can be 
used. For transwomen we found that for liver enzymes and creatinine, reference inter-
vals of the birth-assigned sex (male) have to be used, and for hemoglobin, hematocrit, 
and prolactin, the reference intervals of the experienced sex (female) are preferred to 
use. 
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Similar to our observations, recent studies of Sorelle et al. [7] and Greene et al. [6] found 
that the reference intervals of most of our investigated laboratory parameters in trans-
men resemble male intervals, although their populations were smaller (not including at 
least 120 transmen, according to the CLSI guidelines [13]) and largely composed of pre-
operative participants. The current study is the first that examined reference intervals 
for Y-GT, prolactin, and TSH levels in transmen. However, previous studies examining 
the effect of testosterone on laboratory values in (mainly preoperative) transmen found 
an increase in Y-GT levels, a decrease in prolactin levels, and no effect on TSH levels 
[14–16], which support our observation that male reference intervals can be used for 
Y-GT and prolactin, and non-sex-specific intervals for TSH.

Our findings in transwomen are in line with a recent study of Roberts et al. [8], that also 
found that for the laboratory parameters ALP and creatinine, male intervals have to be 
used, and for hemoglobin and hematocrit, female reference intervals. The other param-
eters included in our study were not examined by Roberts et al. [8]. In contrast, except 
for hematocrit and hemoglobin, our results differed considerably from those of Sorelle 
et al. [7] who found that the values of the liver enzymes ALT, AST, and ALP in transwomen 
resembled female values, and that creatinine values in transwomen differed from both 
male and female values. The different findings between our study and that of Sorelle et 
al. [7] may be explained by the different composition of the used populations. Only 7% of 
their participants had received gonadal surgery which means that most of their included 
transwomen probably used anti-androgens. While it is not elucidated for liver enzymes, 
for several other laboratory parameters it is known that their levels can be affected by 
anti-androgens [17,18]. Another explanation is the difference in statistical tests used in 
the study of Sorelle et al. [7] (Student t-tests and Mann–Whitney U-tests which compare 
means and medians, respectively) and in the present study (proportion tests which are 
able to compare lower and upper reference values). That upper reference values of liver 
enzymes and creatinine in postoperative transwomen did not decrease to female levels 
may be explained by the need to metabolize the hormone load from (oral) estrogens 
with the help of liver enzymes [19,20] and/or the possibility that the total body muscle 
mass do not decrease to female levels in (all) postoperative transwomen [21,22]. The 
current study is the first study that examined reference intervals for Y-GT, prolactin, and 
TSH levels in transwomen. However, previous studies examining the effect of THT in 
transwomen did find an increase in prolactin levels and no effect on Y-GT or TSH levels 
[14–16], which supports our suggestion to use female reference intervals for prolactin, 
male reference intervals for Y-GT, and non-sex-specific intervals for TSH. 

A limitation of the present study is that we were not able to account for the dose and 
route of THT due to the retrospective design and size of the study. Despite this limita-
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tion, we think that the current study, which is the first that solely included (large groups 
of) postoperative transmen and transwomen on long-term THT, is of value as it fills an 
important gap in previous literature. Incorrect interpretation of laboratory tests still 
underlie a large percentage of diagnostic errors in both ambulatory and emergency care 
settings [23]. To prevent misdiagnoses, unnecessary evaluations, and/or over- or under-
treatment in transgender individuals, it seems appropriate to use reference intervals of 
the experienced sex (males) in postoperative transmen. In postoperative transwomen 
it is better to use reference intervals of the birth-assigned sex (males) for liver enzymes 
and creatinine, and of the experienced sex (females) for hemoglobin, hematocrit, and 
prolactin. 
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ABSTRACT

Benign brain tumours may be hormone sensitive. To induce physical characteristics of 
the desired gender, transgender individuals often receive cross-sex hormone treatment, 
sometimes in higher doses than hypogonadal individuals. To date, long-term (side) 
effects of cross-sex hormone treatment are largely unknown. In the present retrospec-
tive chart study we aimed to compare the incidence of common benign brain tumours: 
meningiomas, pituitary adenomas (non-secretive and secretive), and vestibular 
schwannomas in transgender individuals receiving cross-sex hormone treatment, with 
those reported in general Dutch or European populations. This study was performed at 
the VU University Medical Centre in the Netherlands and consisted of 2555 transwomen 
(median age at start of cross-sex hormone treatment: 31 years, interquartile range 23-
41) and 1373 transmen (median age 23 years, interquartile range 18-31) who were fol-
lowed for 23935 and 11212 person-years, respectively. For each separate brain tumour, 
standardized incidence ratios with 95% confidence intervals were calculated. In trans-
women (male sex assigned at birth, female gender identity), eight meningiomas, one 
non-secretive pituitary adenoma, nine prolactinomas, and two vestibular schwannomas 
occurred. The incidence of meningiomas was higher in transwomen than in a general 
European female population (standardized incidence ratio 4.1, 95% confidence interval 
1.9-7.7) and male population (11.9, 5.5-22.7). Similar to meningiomas, prolactinomas 
occurred more often in transwomen compared to general Dutch females (4.3, 2.1-7.9) 
and males (26.5, 12.9-48.6). Noteworthy, most transwomen had received orchiectomy 
but still used the progestogenic anti-androgen cyproterone acetate at time of diagnosis. 
In transmen (female sex assigned at birth, male gender identity), two cases of somato-
trophinomas were observed, which was higher than expected based on the reported 
incidence rate in a general European population (incidence rate females = incidence rate 
males; standardized incidence ratio 22.2, 3.7-73.4). Based on our results we conclude 
that cross-sex hormone treatment is associated with a higher risk of meningiomas and 
prolactinomas in transwomen, which may be linked to cyproterone acetate usage, and 
somatotrophinomas in transmen. Because these conditions are quite rare, performing 
regular screenings for such tumours (e.g. regular prolactin measurements for identify-
ing prolactinomas) seems not necessary.
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INTRODUCTION

Meningiomas, pituitary adenomas (non-secretive adenoma, prolactinoma, somato-
trophinoma, corticotrophinoma and thyrotrophinoma), and vestibular schwannomas 
are the most common benign brain neoplasms [1]. Various studies have reported sex 
differences in the occurrence of benign brain tumours. For example, meningiomas and 
prolactinomas are reported to occur more frequently in females than in males [2–4]. 
Hypothetically, sex hormones/sex hormone receptors could play a role in the reported 
sex differences [5–7]. Therefore, administration of exogenous sex hormones may affect 
the risk of brain tumour development. 

Gender dysphoria refers to the suffering due to an incongruence between one’s sex as-
signed at birth and one’s experienced gender [8]. In transwomen (male sex assigned at 
birth, female gender identity) cross-sex hormone treatment usually consists of oestro-
gens, often combined with anti-androgens. In transmen (female sex assigned at birth, 
male gender identity) cross-sex hormone treatment usually consists of testosterone 
only. The prevalence of individuals who experience gender incongruence and wish to 
obtain hormones/surgery is currently estimated at 0.2% for females and 0.6% for males 
[9]. However, in recent decades an on-going increase in referrals has been observed. 
Although many transgender individuals receive lifelong cross-sex hormone treatment, 
there is still little known about the (long-term) risks of this treatment. Nevertheless, 
several cases of benign brain tumours in transgender individuals treated with cross-sex 
hormones have been reported, such as meningiomas [10,11] and prolactinomas [12–15] 
in transwomen, and a somatotrophinoma in a transman [16]. Because of a potential 
increased risk of prolactinomas in transwomen, the Endocrine Society advises to regu-
larly monitor prolactin levels during cross-sex hormone treatment [17], although it is 
not known whether the incidence of prolactinomas is truly increased. There are no such 
advices for the detection of other benign brain tumours. 

In the current study we aimed to determine how often common benign brain tumours 
(meningiomas, pituitary adenomas, and vestibular schwannomas) develop in transgen-
der individuals during cross-sex hormone treatment and whether the incidence of these 
tumours differs from that reported in general Dutch and European populations. We 
hypothesized that meningiomas and prolactinomas occur more often in transwomen 
receiving cross-sex hormone treatment than in general male populations, but that the 
incidence of these tumours is comparable to that of general female populations. We also 
hypothesized that transmen using cross-sex hormones do not have an increased risk for 
developing benign brain tumours.  
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MATERIALS AND METHODS 

Subjects
We performed a retrospective chart study, reviewing the medical files of all individuals 
who were seen for psychological, endocrine, or surgical evaluations/interventions at 
the gender clinic of the VU University Medical Centre between February 1972 and De-
cember 2015. Baseline and follow-up data of these 6793 individuals were entered into a 
cumulative database and constitute the Amsterdam Cohort Study of Gender Dysphoria 
[18]. For the current study, we only included individuals in whom cross-sex hormones 
had been prescribed in our centre or one of our affiliates (such as University Medical 
Centre Groningen), who had at least one follow-up visit at our clinic since then, and 
of whom a start date of cross-sex hormone treatment was known. Several participants 
had already used cross-sex hormones before their first visit to our hospital. To provide 
the most accurate estimation of the total cross-sex hormone treatment duration in 
these individuals, we used the actual start date of cross-sex hormones (if available). 
We excluded participants who had used female and male sex hormones alternately or 
had discontinued cross-sex hormone treatment for an extended period of time during 
follow-up, because of regret of their transition. Finally, we used the data of 3928 sub-
jects: 2555 transwomen [median age at start of cross-sex hormone treatment: 31 years, 
interquartile range (IQR) 23-41] and 1373 transmen (median age at start of cross-sex 
hormone treatment: 23 years, IQR 18-31). The medical records of these subjects were 
screened for the occurrence of tumours during cross-sex hormone treatment, which 
were both clinically and radiologically suspicious for a meningioma, pituitary adenoma 
(secreting and non-secreting), and/or vestibular schwannoma. The ethical committee of 
the VU University Medical Centre has approved this study. A waiver of informed consent 
was granted because of the retrospective study design, the large number of participants 
included, and the absence of a need to contact participants. Personal identification 
information was removed from the database to protect anonymity. 
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Table 1 SIRs for each separate benign brain tumour in transwomen and transmen.

Type of tumour Observed 
cases

Expected 
cases

SIR 
(95% CI)

Expected 
cases

SIR 
(95% CI)

using females as reference using males as reference

Transwomen

Meningioma 8 1.97a  4.1 (1.9-7.7) 0.67a 11.9 (5.5-22.7)

Non-secretive pituitary adenoma 1 0.13b 7.7 (0.4-37.9) 0.13b 7.7 (0.4-37.9)

Secretive pituitary adenoma

    1. Prolactinoma 

       Total 9 2.08c 4.3 (2.1-7.9) 0.34c 26.5 (12.9-48.6)

       Symptomatic 5 2.08c 2.4 (0.9-5.3) 0.34c 14.7 (5.4-32.6) 

   2. Somatotrophinoma 0 0.18d          - 0.18d          -

   3. Corticotrophinoma 0 0.06e          - 0.02e          -

   4. Thyrotrophinoma 0 0.01f          - 0.01f          -

        Vestibular schwannoma 2 0.90g 2.2 (0.4-7.3) 0.90g  2.2 (0.4-7.3) 

Transmen

Meningioma 0 0.92a          - 0.32a          -

Non-secretive pituitary adenoma 0 0.06b          - 0.06b          -

Secretive pituitary adenoma

   1. Prolactinoma 1 0.98c 1.02 (0.1-5.0) 0.16c 6.3 (0.3-30.8)

   2. Somatotrophinoma 2 0.09d 22.2 (3.7-73.4) 0.09d 22.2 (3.7-73.4)

   3. Corticotrophinoma 0 0.03e          - 0.01e          -

   4. Thyrotrophinoma 0  0.00f          - 0.00f           - 

        Vestibular schwannoma 0 0.42g          - 0.42g          -

Expected cases are based on incidence rates reported by: aBaldi et al. [24]; bNielsen et al. [23]; cKars et al. [25];  dHoskulds-
dottir et al. [19]; eLindholm et al. [20]; fÖnnestam et al. [21]; gKleijwegt et al. [22]
Abbreviations: OCs, observed cases; ECs, expected cases; SIR, standardized incidence ratio; CI, confidence interval

Cross-Sex Hormone Treatment
In adult transwomen, cross-sex hormone treatment usually consisted of oestrogens 
and, if desired, anti-androgens (usually given to those who had not received an orchiec-
tomy). Over the whole study period the most frequently prescribed anti-androgens were 
cyproterone acetate (CPA, 50-100 mg/day) and spironolactone (100-200 mg/day). In the 
past, oestrogens were mainly prescribed in the form of ethinylestradiol (50-100 µg/day), 
conjugated oestrogens (0.625-2.5 mg/day), oestradiol patches (50-150 µg/day), oestra-
diol implants (20 mg/3-6 months), or oestradiol injections (10-100 mg/month). More 
recently, we mainly have used oestradiol implants (20 mg/3-6 months), oral oestradiol 
valerate (2-4 mg/day), oestradiol patches (50-150 µg/day), and oestradiol gel (1.5 mg/
day). In adult transmen, cross-sex hormone treatment usually consisted of testosterone 
gel (20-100 mg/day), intramuscular testosterone esters (250 mg/2-3 weeks), or oral or 
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intramuscular testosterone undecanoate (40-160 mg/day orally or 1000 mg/10-14 weeks 
intramuscularly). Some transmen experiencing uterine bleeding additionally received 
lynesterol (5-10 mg/daily). 

When treatment was started at adolescence (< 18 years) it usually consisted of CPA 
(50-100 mg/day) or triptorelin (3.75 mg/4weeks) in transgirls, and of lynestrenol (5 mg/
day) or triptorelin (3.75 mg/4weeks) in transboys. From the age of 16 this treatment was 
eventually combined with oestrogens (mostly oestradiol valerate, ethinylestradiol, or 
oestradiol hemihydrate) in transgirls and testosterone (mostly testosterone esters) in 
transboys. 

Statistical Analysis
Stata version 13.1 (StataCorp, College Station Texas, USA) and OpenEpi version 3.01 
(www.OpenEpi.com) were used for the statistical analyses. Data of transwomen and 
transmen were analysed separately. Subject characteristics (age) and follow-up/treat-
ment durations were expressed as actual numbers or as medians with range or IQR. Stan-
dardized incidence ratios (SIRs) were calculated using several steps. First, the number 
of new cases of each separate brain tumour that occurred in transwomen and transmen 
(observed cases) was determined. Subsequently, the total person-time of observation in 
years was determined by calculating the period of time that each participant had been 
followed-up since start of cross-sex hormone treatment (date of last physical visit or 
brain tumour diagnosis minus start date of cross-sex hormone treatment). Hereafter, 
the expected cases, based on reported incidence rates in general Dutch or European 
populations (if reliable Dutch rates were not available) and the total person-time of 
observation, were calculated. When different incidence rates were reported for females 
and males, we calculated the expected cases twice, once using the incidence rate of 
females and once using the incidence rate of males (see Table 1 for the references used 
to calculate the expected cases). Finally, we performed Mid-P exact tests for calculating 
SIRs with 95% confidence intervals (CIs) for each type of tumour. 



9

Chapter 9 157

The occurrence of benign brain tumours in transgender individuals during cross-sex hormone treatment

Table 2 Detailed description of each brain tumour case in transwomen.

Type of tumour Age CHT 
duration

CHT typea GDX Reason for tumour 
diagnostics

Management

Meningiomab

Case 1 
(suprasellar located)

45 
years

± 59 months CPA 10 mg, 
oestradiol implant 
20 mg/4 months

Yes Vision problems Surgery

Case 2 
(multiple locations)

65 
years  

± 230 months  CPA 10 mg, 
conjugated 
oestrogens 1.25 mg

Yes Vision problems Surgery, stop 
CHTc

Case 3 
(frontal located)

51 
years

± 130 months CPA 20 mg/week, 
oestradiol patch 
100 µg

Yes Epileptic insults Surgery, anti-
epileptics

Case 4 
(temporal located)

66 
years  

± 477 months CPA 10 mg Yes Headache, vertigo, 
vibrations

Wait-and-see

Case 5 
(frontobasal located)

58 
years  

± 75 months  CPA 50 mg, 
oestradiol patch 
100 µg

No Diplopia, headache, 
hyperprolactinemia

Wait-and-see

Case 6 
(frontal located)

49 
years  

± 192 months  CPA 100 mg, 
ethinylestradiol 
100 µg

Yes Hyperprolactinemia Wait-and-seec

Case 7 
(parietotemporal 
located)

59 
years  

± 124 months CPA 50 mg,  
ethinylestradiol 
100 µg

Yes Headache, tiredness Surgery

Case 8 
(parafalcine/ 
parietotemporal 
located)

51 
years

± 307 months CPAd, oestradiol 
valerate 2 mg

Yes Depression, apathy, 
delusions

Surgery

Non-secretive pituitary adenoma 

Case 1 
(macroadenoma)

Prolactinoma

34 
years

± 35 months CPA 50 mg, 
oestradiol valerate 
1 mg

No Headache, vertigo, 
nausea

Stop CHTc

Case 1 
(microadenoma)e

52 
years

± 177 months  Conjugated 
oestrogens 0.625 
mg

Yes Hyperprolactinemia Dopamine-
agonist

Case 2 
(microadenoma)

32 
years

± 53 months  CPA 100 mg, 
oestradiol injection 
100 mg/2weeks

Yes Hyperprolactinemia Stop 
oestradiol

Case 3 
(microadenoma)

39 
years  

± 172 months  CPA 100 mg, 
conjugated 
oestrogens 2.5 mg

Yes Hypothyroidism, 
hyperprolactinemia 

Levothyroxine

Case 4 
(microadenoma)

27 
years

± 156 months CPAd, oestradiol 
injectiond

No Galactorrhea, hyper-
prolactinemia

Dopamine-
agonist
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Table 2 Detailed description of each brain tumour case in transwomen. (continued)

Type of tumour Age CHT 
duration CHT typea GDX

Reason for tumour 
diagnostics

Management

Case 5 
(microadenoma)

46 
years

± 66 months  CPA 100 mg, 
ethinylestradiol 
100 µg

No Hyperprolactinemia Wait-and-see

Case 6 
(microadenoma)

24 
years  

± 9 monthsf CPA 100 mg No Hyperprolactinemia Dopamine-
agonist

Case 7 
(microadenoma)

47 
years  

± 91 months  CPA 100 mg,  
ethinylestradiol 
100 µg

Yes Galactorrhea, hyper-
prolactinemia

Wait-and-see

Case 8 
(microadenoma)

29 
years

± 143 months Ethinylestradiol 
50-100 µg

Yes Galactorrhea, hyper-
prolactinemia

Wait-and-see

Case 9 
(macroadenoma)

28 
years  

± 134 months CPA 50 mg, 
oestradiol valerate 
2 mg

Yes Galactorrhea, hyper-
prolactinemia

Dopamine-
agonist

Vestibular schwannoma

Case 1 60 
years

± 274 months Tibolon 2.5 mg Yes Deafness, vertigo,
imbalance

Wait-and-see, 
radiotherapy

Case 2 51 
years  

± 130 months  CPA 20 mg/week, 
oestradiol patch 
100µg

Yes Epileptic insults Wait-and-see, 
anti-epileptics

Age, CHT duration, CHT type and GDX data are at time of diagnosis of the brain tumour
aUnless otherwise specified, the represented doses are daily doses; bThree of these meningiomas have also been reported 
by ter Wengel et al. [10]; cAt request of the patient; dDose unknown; eThis case has also been reported by Bunck et al. [15]; 
fCHT duration was probably longer than 9 months but unfortunately the exact start date of CHT was not documented. Ab-
breviations: CHT, cross-sex hormone treatment; CPA, cyproterone acetate; GDX, gonadectomy

RESULTS

Transwomen 
For transwomen, the median person-time of observation was 6.22 years (range 0.01-
54.77) and the total person-time of observation 23935 years. Table 1 shows the observed 
and expected number of new brain tumour cases with the corresponding SIRs and 
95% CIs. In total, 20 cases of new benign brain tumours were identified: eight menin-
giomas, one non-secretive pituitary adenoma, nine prolactinomas, and two vestibular 
schwannomas. As expected, no cases of somatotrophinomas, corticotrophinomas 
or thyrotrophinomas were found [19–21]. Also the number of observed non-secretive 
pituitary adenomas (n = 1; SIR 7.7, 95% CI 0.4-37.9) and vestibular schwannomas (n = 2; 
SIR 2.2, 95CI 0.4-7.3) was not different from the expected number in general female and 
male populations [22,23]. On the other hand, transwomen showed significantly more 
cases of meningiomas than could be expected based on the incidence rate of a European 
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(French) female (SIR 4.1, 95% CI 1.9-7.7) and male (SIR 11.9, 95% CI 5.5-22.7) population 
[24]. In addition, more prolactinomas were identified in transwomen than in the general 
Dutch female (SIR 4.3, 95% CI 2.1-7.9) and male (SIR 26.5, 95% CI 12.9-48.6) population 
[25]. However, when we included only transwomen with prolactinoma-associated symp-
toms at time of diagnosis in our analyses, we found an almost comparable incidence 
between transwomen and the general female population (SIR 2.4, 95% CI 0.9-5.3). Table 
2 provides a detailed description of each separate brain tumour case in transwomen. It 
is of note that at time of diagnosis, most individuals (including those who have received 
orchiectomy) diagnosed with a meningioma or prolactinoma still were using CPA (a drug 
which is usually discontinued after orchiectomy).

Transmen 
For transmen, the median person-time of observation was 4.16 years (range 0.02-41.66) 
and the total person-time 11212 years. Table 1 shows the observed and expected num-
ber of new brain tumour cases with the corresponding SIRs with 95% CIs. Three cases of 
benign brain tumours were identified: one prolactinoma and two somatotrophinomas. 
The single case of prolactinoma we observed was not different from the number we ex-
pected using the incidence rates of a general Dutch female (SIR 1.02, 95% CI 0.1-5.0) and 
male (SIR 6.3, 95% CI 0.3-30.8) population [25]. Since somatotrophinomas occur very 
rarely (incidence rate females = incidence rate males) [19], the two observed cases of 
somatotrophinomas were higher than expected (SIR 22.2, 95% CI 3.7-73.4). As expected, 
no cases of meningiomas, non-secretive pituitary adenomas, corticotrophinomas, 
thyrotrophinomas, or vestibular schwannomas were found [20–24]. Table 3 provides a 
detailed description of each separate brain tumour case in transmen.

Table 3 Detailed description of each brain tumour case in transmen.

Type of tumour Age CHT
duration

Testosterone 
type

GDX Reason for 
tumour 
diagnostics

Management

Prolactinoma 

Case 1 (microadenoma)

Somatotrophinoma

42 years            ± 269 months Oral undecanoate 
80 mg/day

    Yes               Headache, 
vision   
problems

Dopamine-
agonist

Case 1 (macroadenoma) 47 years ± 30 months Unknown     Yes                 Unknown Surgery

Case 2 (macroadenoma) 31 years ± 89 months Esters 250 
mg/2weeks

    Yes                                 Spectacular 
testosterone 
effects

Surgery

Age, CHT duration, CHT type and GDX data are at time of diagnosis of the brain tumour
Abbreviations: CHT, cross-sex hormone treatment; GDX, gonadectomy
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DISCUSSION

Some benign brain tumours may be modulated by agents that affect the hormonal 
milieu [6,7,26]. Hypothetically, transgender individuals receiving cross-sex hormone 
treatment in a usually high dose, could be at higher risk for the development of benign 
brain tumours. In the present study we examined the occurrence of new benign brain 
tumour cases (meningiomas, pituitary adenomas, and vestibular schwannomas) in a 
cohort of 2555 transwomen and 1373 transmen receiving cross-sex hormone treatment.

Transwomen
Nine cases of meningiomas in transwomen have been reported in literature (see ter 
Wengel et al. [10] and Mancini et al. [27] for a review of these cases) since the first case in 
2007 [11]. Therefore it is thought that meningiomas in transwomen only occur sporadi-
cally. However, in our cohort of 2555 transwomen we unexpectedly observed eight cases 
of meningiomas (three of these have also been reported by ter Wengel et al. [10] during 
23935 person-years (calculated risk of 0.03% per person-year). This is 4.1 (95% CI 1.9-7.7) 
times higher than expected when using a general European (French) female population 
as reference and 11.9 (95% CI 5.5-22.7) times higher when using a male population as 
reference [24]. In line with the literature that suggests that age is an (independent) risk 
factor for the development of meningiomas [28], we found that all transwomen with 
meningiomas were 45 years or older at time of diagnosis. An interesting additional find-
ing was that all transwomen (including those who have received orchiectomy) still used 
CPA at time of diagnosis. CPA is the most frequently used (progestogenic) anti-androgen 
in the Netherlands and several other European countries, and was until 2017 almost 
always prescribed in high doses (≥ 50 mg) in the year(s) prior to orchiectomy [29]. In 
contrast to our study, Gil et al. [30] and Cea-Soriano et al. [31] examined the occurrence 
of meningiomas in individuals using low (<50 mg or not specified) or high doses (≥ 50 
mg) of CPA and found an association between meningioma development and CPA us-
age in high, but not low, doses. While Cea-Soriano et al. [31] doubt about a causal link 
between CPA treatment and meningioma development, Gil et al. [30] suggest that there 
could be a causal relationship between CPA usage and the occurrence of meningiomas, 
which may be explained by the abundantly expressed progesterone receptors in human 
meningiomas [5]. Although CPA is usually discontinued after orchiectomy, as described 
previously, in case of hirsutism CPA is sometimes continued. Furthermore, since legal 
gender change in the Netherlands does not require orchiectomy any longer [32], there 
is an increasing number of transwomen who desire long-term anti-androgen treatment. 
While the actual risk of meningiomas in transwomen seems still low, the potential 
(dose-dependent) risk of meningioma development might make it recommendable to 
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use as low doses of CPA as possible in transwomen with hirsutism and to consider other 
types of anti-androgens in transwomen without a wish for orchiectomy. 

Besides meningiomas, several cases of prolactinomas [12–15] have been reported in 
transwomen using cross-sex hormone treatment. The Endocrine Society even recom-
mends regular prolactin checks for transwomen receiving cross-sex hormone treatment 
[17]. In the current study we found nine prolactinomas in transwomen during 23935 
person-years (calculated risk of 0.04% per person-year), which is indeed more than 
observed in general female and male populations [25]. However, it is important to note 
that in the study of Kars et al. [25], to which our results were compared, all included pa-
tients probably were symptomatic (e.g. experienced galactorrhea or headache) as they 
had not been regularly screened for hyperprolactinemia like most of our participants. 
Four of the nine patients with a (micro)prolactinoma in our study were not symptomatic 
at time of diagnosis and were noticed because of the regular prolactin checks. Without 
serum prolactin screenings these patients might have never been identified as almost 
all untreated microprolactinomas do not show any growth [33]. The other five patients 
experienced, in addition to hyperprolactinemia, prolactinoma-associated symptoms at 
time of diagnosis. To make our findings more comparable to those of Kars et al. [25], 
we repeated our analyses with inclusion of the symptomatic transwomen only and 
found that their incidence of prolactinomas was higher compared to that of the general 
Dutch male population but almost comparable to that of the general female population. 
Females in the general population are not routinely screened for prolactinomas; the 
low incidence in transwomen seems to suggest that annual prolactin checks in trans-
women are not mandatory. However, it is important to keep in mind that in contrast to 
ciswomen, transwomen suffering from a prolactinoma do not experience some of the 
prolactinoma-associated symptoms such as menstrual irregularity, which can delay the 
diagnosis. Similar to meningiomas, we noticed that most transwomen used CPA at time 
of the diagnosis of prolactinoma, which, in line with other studies, may suggest a rela-
tion between CPA usage and prolactin secretion [34].

In addition to meningiomas and prolactinomas, one non-secreting pituitary adenoma 
and two vestibular schwannomas were identified. No cases of somatotrophinomas, cor-
ticotrophinomas or thyrotrophinomas were observed. These numbers were comparable 
to those expected [19–23].

Transmen
In transmen, relatively few cases of benign brain tumours were observed. However, we 
observed two cases of somatotrophinomas during 11212 person-years (calculated risk 
of 0.02% per person-year), which is relatively high in view of the incidence of this type 
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of tumour in the general population (7.7/1,000,000 person-years) [19]. These two cases 
can be added to another recently reported case of a somatotrophinoma in a transman 
[16]. At time of diagnosis, at least two of the three transmen (one transman in our study 
and one in that of Roerink et al. [22]) suffering from a somatotrophinoma used testos-
terone esters, which often induces supraphysiological testosterone levels. Interestingly, 
the treating physicians of these two transmen noticed that masculinization went fast. 
Unfortunately, little information was gathered in the other somatotrophinoma case in 
our study. There are also cases reported of somatotrophinomas in Klinefelter patients 
(who have been) treated with testosterone [35,36], but nothing has been established 
about a potential relationship between testosterone therapy and (growth of) somato-
trophinomas. Interestingly, it is reported that testosterone stimulates the somatotropic 
axis due to (local) aromatization to oestradiol [37]. Furthermore, a recent study found 
that somatotrophinomas express high levels of the aromatase enzyme [38]. Although 
an association between testosterone therapy (in high doses) and the risk of somato-
trophinomas could be theoretically possible, our findings could also be coincidental. 
Nevertheless, it is important to stay alert and consider the presence of acromegaly in 
case of impressive testosterone effects, such as fast growth of bony prominences of the 
face (including the jaw) in a transman [16]. 

As expected [20–25], only one prolactinoma and no meningiomas, non-secreting pitu-
itary adenomas, corticotrophinomas, thyrotrophinomas, or vestibular schwannomas 
were observed.

Limitations 
This uniquely large study provides new information about the occurrence of benign brain 
tumours in a large cohort of transwomen and transmen receiving cross-sex hormone 
treatment, but it is not without limitations. First, it is possible that our findings under-
estimate the actual incidence of benign brain tumours in the transpopulation because 
of several reasons. Our clinic provides transgender care for the nearly total population 
of transgender individuals in the Netherlands. However, other medical care is provided 
in local hospitals, and benign brain tumours, not thought to be related to sex steroids, 
might have been treated in local hospitals. In addition, the medical files were reviewed 
retrospectively, and patients suffering from serious health problems may never present 
in our clinic again. Second, because most transwomen included in this study have been 
regularly screened for hyperprolactinemia during cross-sex hormone treatment (even 
when they were asymptomatic) it is difficult to compare our results to general popula-
tions whose serum prolactin is measured when a prolactinoma is suspected because of 
suggestive symptoms. To bypass this problem we did additional analyses restricted to 
transwomen who were symptomatic (e.g. galactorrhea or headache) at time of diagno-
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sis. Third, since we were not able to compose an adequate control group over the study 
period of 1972 to 2015, we used (sex-specific) incidence rates reported in previous Dutch 
or European studies to calculate the expected cases/SIRs of benign brain tumours in 
our study population. Different incidence rates have been reported by different studies. 
While we have tried to select the most reliable incidence rates as possible for comparing 
our data with, we cannot completely exclude the risk that the calculated SIRs deviate 
slightly from actual SIRs.

Conclusion
Considering the above-described limitations we found that cross-sex hormone treat-
ment is associated with a higher risk of meningioma and prolactinoma development in 
transwomen, which may be linked to CPA usage. While it remains difficult to draw hard 
conclusions from the two somatotrophinoma cases observed in transmen, hypotheti-
cally there could exist a relationship between testosterone treatment (in high doses) 
in transmen and somatotrophinomas. Because meningiomas and prolactinomas in 
transwomen, and somatotrophinomas in transmen still occur sporadically, performing 
regular screenings (such as periodic prolactin checks for identifying prolactinomas) for 
these tumours in asymptomatic individuals seems not necessary. Evidently, to confirm 
our findings, for further research it would be interesting to use even larger study popula-
tions and a prospective study design.
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Occurrence of acute cardiovascular events in transgender individuals receiving hormone therapy

In hypogonadal/postmenopausal individuals, hormone therapy has been associated 
with an increased risk for cardiovascular events (CVEs). A steeply growing population 
that often receives exogenous hormones is transgender individuals. Although transgen-
der individuals hypothetically have an increased risk of CVEs, there is little known about 
the occurrence of CVEs in this population [1]. Therefore, we determined the incidences 
of acute/spontaneous strokes (ischemic/haemorrhagic, transient ischemic attack, or 
subarachnoid haemorrhage), myocardial infarctions (MIs), and venous thromboembolic 
events (VTEs) in transwomen and transmen receiving transgender hormone therapy 
(THT). Subsequently, we compared these incidences with those reported in women and 
men from the general population. 

This study was approved by our local ethical committee, with a waiver for informed 
consent. 

Table Standardized incidence ratios for acute cardiovascular events in transwomen and transmen receiv-
ing hormone therapy.

Transwomen OCs (IR)* ECs SIR (95CI) ECs SIR (95CI)

Event using women as reference using men as reference

Stroke 29 (127) 12.01 2.42 (1.65 to 3.42) 16.08 1.80 (1.23 to 2.56)

Myocardial infarction 30 (131) 11.38 2.64 (1.81 to 3.72) 38.03 0.79 (0.54 to 1.11)

Venous thromboembolism 73 (320) 13.22 5.52 (4.36 to 6.90) 16.04 4.55 (3.59 to 5.69)

Transwomen OCs (IR)* ECs SIR (95CI) ECs SIR (95CI)

Event using women as reference using men as reference

Stroke 6 (55) 3.49 1.72 (0.70 to 3.58) 4.10 1.46 (0.59 to 3.04)

Myocardial infarction 11 (100) 2.98 3.69 (1.94 to 6.42) 10.99 1.00 (0.53 to 1.74)

Venous thromboembolism 2 (18) 4.84 0.41 (0.07 to 1.37) 5.56 0.36 (0.06 to 1.19)

*per 100,000 person-years 
Abbreviations: 95CI = 95% confidence interval; ECs = expected cases; IR = incidence rate; OCs = observed cases; SIR = 
standardized incidence ratio

We reviewed the medical records of all 6793 individuals who visited our gender clinic 
between 1972 and 2015. However, we only included individuals who received THT 
prescribed by our centre or an affiliate, whose date of start of THT was known, and who 
had at least 1 follow-up visit. We excluded participants who had discontinued THT for 
an extended period or who had used female and male sex hormones alternately. Of 
the remaining 3927 participants, the records were screened by physicians and medi-
cal students for letters/notes from physicians indicating clearly that an acute CVE had 
occurred. We excluded subjects who had experienced a CVE before starting THT (n=52). 
The final population consisted of 2517 transwomen (median age 30 years) and 1358 
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transmen (median age 23 years). From those who experienced multiple CVEs during THT 
(n=3), only the first event was taken into account. THT consisted of estrogens (±anti-
androgens) in transwomen and testosterone in transmen. Adolescents usually received 
puberty suppressors, with the addition of THT from the age of 16 years. Statistical analy-
ses were performed using OpenEpi version 3.01 (www.OpenEpi.com) and Stata version 
15.1 (www.stata.com). (Age-adjusted) standardized incidence ratios (SIRs) with 95% 
CIs were calculated using multiple steps. First, we determined the number of CVEs that 
occurred during THT (observed cases). Second, for each separate CVE, we created age 
groups comparable to those used by reference studies examining the occurrence of CVEs 
in general Dutch or Norwegian populations [2–4], and determined the follow-up dura-
tion (person-years) per age group. Third, we calculated overall expected cases, based 
on reported age- and sex-specific incidence rates by the reference studies [2–4], and our 
age group-specific follow-up durations. Finally, Mid-P exact tests were performed.

For transwomen, the total follow-up duration was 22830 years. The mean and median 
follow-up durations were 9.07 (SD, 8.72) and 5.95 years (range, 0.01-54.77), respectively. 
For transmen, the total follow-up duration was 11003 years. The mean and median 
follow-up durations were 8.10 years (SD, 8.82) and 4.10 years (range, 0.02-41.66), respec-
tively. The SIRs in the Table indicate that transwomen had a higher adjusted incidence 
of strokes and VTEs than reference women and men, and that both transwomen and 
transmen had a higher risk of MIs than reference women. Because ethinylestradiol could 
be responsible for the increased cardiovascular risk in transwomen, we performed sub-
analyses in which we excluded transwomen who started THT before 2001 (after 2001, 
ethinylestradiol was replaced by more natural estrogens). However, only for VTEs the 
SIRs of this sub-population were more favorable than the SIRs of the total population 
(3.92 versus 5.52 when using women as reference, and 3.39 versus 4.55 when using men 
as reference).

It is interesting to note that our results regarding transwomen are in line with recent 
literature. Getahun et al. [5] also found higher rates of strokes and VTEs in transwomen 
relative to reference women and men, and of MIs relative to reference women. However, 
they could not draw conclusions about an increased risk for CVEs in transmen during 
a mean follow-up duration of 3.6 years (versus 8.10 years in our study). Nevertheless, 
their data do suggest that transmen receiving testosterone are at higher risk for a MI. 
The greater occurrence of CVEs in transgender individuals may be explained in part by 
the effect of THT on cardiovascular risk factors such as lipid levels [1]. A limitation of 
our study is that we could not adjust for potential confounders such as psychosocial 
stressors and smoking (of which the prevalence was relatively high in our population: 
43-46%) because of our study design. In addition, we used a different method for the 
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assessment of CVEs than the reference studies did (screening medical files versus using 
registries). Furthermore, the risk of CVEs has decreased over time. Although we tried to 
take this secular trend into account by comparing the rates of our study with published 
rates between 1972 and 2015 [2–4], we cannot exclude that this limitation, in addition to 
the different assessment method, has affected our SIRs.

Considering the limitations, we conclude that the incidences of strokes and VTEs are 
higher in transwomen receiving THT than in both reference women and men. In addi-
tion, transwomen and transmen receiving THT are at higher risk of MIs than reference 
women. Both physicians and transgender individuals should be aware of these risks, 
and risk factors should be adequately managed.
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INTRODUCTION

The transgender population referred for gender affirming therapy has been steeply 
increased in the last decades [1]. A large part of the transgender population desires hor-
mone therapy. Sex steroid administration in transgender individuals induces physical 
characteristics of the experienced gender via the binding to sex steroid receptors. One of 
the organs that is highly sensitive for sex steroids is the brain [2,3]. Sex steroids probably 
have organizational effects as well as activational effects on the brain [4]. Organizational 
effects of sex steroids play a role in the development sex-typical brain characteristics. 
It is hypothesized that perturbations in the fetal sex steroid milieu can lead to perma-
nent sex-atypical brain characteristics and to gender dysphoria [5]. Hormone therapy 
in transgender individuals possibly induces activational effects: reversible alterations 
in physiological and pathological brain processes. Whil     e the number of studies in the 
transgender population is growing, there is still little known about the transgender 
brain. In this thesis we had two aims. The first aim was finding support for the hypothesis 
that early sex steroid perturbations may have led to a sex-atypical brain organization in 
transgender individuals. Therefore, we examined the neurobiological characteristics of 
transgender individuals prior to hormone therapy with resting-state functional magnetic 
resonance imaging (part 1). The second aim was to get more insight into the (activa-
tional) effects of transgender hormone therapy on physiological and pathological brain 
processes by investigating pituitary functioning (part 2.1), benign brain tumor risk, and 
stroke risk in transgender individuals receiving exogenous sex steroids (part 2.2). 

PART 1 – NEUROBIOLOGY OF GENDER DYSPHORIA 

To date, many transgender individuals and their relatives, are still waiting for a neuro-
biological underpinning of gender dysphoria. While literature about this topic is scarce, 
several studies provide support for the hypothesis that transgender individuals have ex-
perienced a sex-atypical brain organization (see review of Smith et al. [6]). However, few 
recent studies found new additional explanations regarding the neurobiology of gender 
dysphoria. These studies found brain features in transgender individuals that were 
different from cisgender men as well as cisgender women, and thus gender dysphoria-
specific. They hypothesized that these gender dysphoria-specific brain features are asso-
ciated with the subjective experiences of incongruence between the gender identity and 
the sex assigned at birth [7–10]. One method to examine the neurobiological aspects of 
gender dysphoria, is to visualize brain resting-state networks. In chapter 4 of this thesis 
we compared functional connectivity patterns within four well-known resting-state net-
works (default mode network, salience network, and left and right working memory net-
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work) between adult transwomen and transmen using gonadotropin-releasing hormone 
analogues but not exogenous sex steroids, and cisgender men and cisgender women. In 
only one of these networks (the right working memory network) we found a difference 
in functional connectivity among groups. Cisgender men showed significantly greater 
functional connectivity in the right caudate nucleus than cisgender women. No such sex 
difference in functional connectivity was found in the transgender groups. Four months 
of transgender hormone therapy did not affect these results. These data may suggest 
that cisgender men and cisgender women have experienced a dissimilar differentiation 
of the right working memory network, and that such differentiation is less pronounced 
in transgender individuals. However, although endogenous sex steroid concentrations 
showed no relation with resting-state functional connectivity in cisgender participants, 
we cannot exclude that our findings are provoked by the use of gonadotropin-releasing 
hormone analogues in the transgender participants.

In chapter 5 of this thesis we focused on transgender youth. We compared functional 
connectivity patterns among prepubertal transgirls, prepubertal transboys, prepubertal 
cisgender boys, and prepubertal cisgender girls, and among adolescent transgirls, 
adolescent transboys, adolescent cisgender boys, and adolescent cisgender girls. 
In contrast to the other groups, the transgender adolescents used puberty suppres-
sors. Based on more recent available literature we included some other resting-state 
networks in chapter 5 than in chapter 4: visual networks, sensorimotor networks, 
default mode network, and the salience network. We found that within one of the three 
visual networks (visual network-I), adolescent transgirls showed greater functional 
connectivity in the right cerebellum than all other adolescent groups (thus a gender 
dysphoria-specific pattern). A sex difference in functional connectivity in the cisgender 
adolescent group was observed in the right supplementary motor area within one of 
the two sensorimotor networks (sensorimotor network-II), and in the right posterior cin-
gulate gyrus within the posterior part of the fragmented default mode network. Within 
these networks adolescent transgirls showed functional connectivity patterns similar to 
their experienced gender (thus sex-atypical). Adolescent transboys showed a functional 
connectivity pattern similar to their experienced gender (thus sex-atypical) within the 
sensorimotor network-II only. The prepubertal children did not show any group differ-
ences in functional connectivity. That prepubertal transgender children, in contrast to 
transgender adolescents, did not show a gender dysphoria-specific pattern within visual 
network-I may be explained by the higher rate of inhomogeneity of this group (in many 
prepubertal children, gender dysphoria dissolves during puberty [11]). That prepubertal 
cisgender children, in contrast to cisgender adolescents, did not show sex differences 
in any of the networks may be  explained by their younger age or more immature brain 
as sex-dimorphic brain patterns may arise during or after puberty [12–14]. The sex dif-
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ference in the default mode network that was detected in adolescents was not found 
in adults. However, it is difficult to compare these findings as the default network was 
fragmented in the adolescent participants but not in the adult participants [14].   

In summary, we found evidence for a neurobiological basis of gender dysphoria. We 
found less sex-typical and sex-atypical brain features in transgender individuals which 
support the hypothesis that they may have experienced an altered brain organization. In 
addition, we also found a brain pattern in adolescent transgirls which was different from 
that of cisgender girls and cisgender boys. This finding supports the other hypothesis, 
at least for adolescent transgirls, that supposes that subjective experiences can also be 
related to neurobiological alterations in transgender individuals. 

PART 2 – EFFECTS OF TRANSGENDER HORMONE THERAPY

Part 2.1 – Pituitary Hormones (Prolactin and TSH)
Prolactin levels are lower in men than in premenopausal women, suggesting that sex 
steroids play a role in the secretion of this pituitary hormone [15]. As a result, for estab-
lishing hyperprolactinemia, a different upper range is used for men than for women. 
Measuring prolactin levels is usually the first step in the diagnostics for a prolactin-
producing pituitary adenoma (prolactinoma). This is followed by pituitary imaging in 
the case of hyperprolactinemia. In contrast to prolactin, sex-specific reference ranges 
are mostly not used for the pituitary hormone thyroid-stimulating hormone (TSH). How-
ever, TSH secretion is probably somewhat higher in women than in men [16] which may 
be the result of inhibitory effects of androgens [17] or stimulatory effects of estrogens 
[18]. Some studies even recommend to use gender-specific (and age- and ethnicity-
specific) TSH reference intervals to decrease misclassification of patients with thyroid 
dysfunction [19]. In chapter 6 and chapter 7 we examined the effect of estrogen ± 
cyproterone acetate therapy on prolactin levels in transwomen (chapter 6 and chapter 
7) and of testosterone therapy in transmen (chapter 6). In line with other studies [20–24] 
we found a large increase in the (geometric) mean prolactin level in transwomen using 
estrogens combined with the progestogenic cyproterone acetate, with many trans-
women developing prolactin levels above the upper female reference interval. However, 
in postoperative transwomen using estrogens without cyproterone acetate we found 
that the (geometric) mean prolactin level was (almost) comparable to baseline, and no 
or only few transwomen had prolactin levels above the upper female reference interval. 
In transmen using testosterone we found a decrease in prolactin levels. In chapter 8 
we examined whether reference intervals of the experienced gender can be used for 
interpreting laboratory values in postoperative transgender individuals on hormone 
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therapy. Several laboratory parameters were analyzed in this study, including prolactin 
and TSH. While chapter 6 and chapter 7 showed that (geometric) mean prolactin levels 
in postoperative transwomen were close to baseline levels, in chapter 8 we found that it 
is more appropriate to use female intervals than male intervals for interpreting prolactin 
values in postoperative transwomen receiving estrogen therapy. This can probably be 
explained by the right skewed distribution of prolactin levels. As expected, we found that 
male intervals are most appropriate to use for interpreting prolactin levels in postopera-
tive transmen receiving testosterone therapy. For TSH we found that the upper reference 
range was higher in postoperative transmen than in postoperative transwomen which 
may suggest an effect of transgender hormone therapy on TSH secretion. However, for 
both postoperative transwomen and postoperative transmen it seemed still adequate to 
use non-sex-specific reference intervals. 

In summary, we found support for effects of transgender hormone therapy on pituitary 
prolactin and possibly also TSH secretion. Increased prolactin levels (above the female 
upper reference interval) in preoperative transwomen on cyproterone acetate and estro-
gen therapy seems quite normal. These levels are likely to decrease after gonadal sur-
gery/cyproterone acetate discontinuation. In the absence of prolactinoma-associated 
symptoms, watchful waiting may be a good alternative for pituitary imaging in case of 
hyperprolactinemia in this group. For postoperative transwomen and transmen it seems 
most adequate to use the upper reference interval of the experienced sex for diagnosing 
hyperprolactinemia. Although there might be an effect of transgender hormone therapy 
on TSH secretion, it does not have clinical consequences for the reference intervals. 

Part 2.2 – The Risk Of Developing Sex Steroid-Sensitive Brain Diseases 

Benign brain tumors
Sex differences have been reported for some benign brain tumors. Especially, menin-
giomas and prolactinomas occur more often in fertile women than in men [25–27]. This 
sex difference may be (partly) explained by the different sex steroid milieu between men 
and women, as both meningioma cells [28] and several types of pituitary cells (including 
lactotrophs), contain sex steroid receptors [29]. If exogenous sex steroids indeed play 
a role in the development of benign brain tumors, it may be worthwhile to consider 
alternation or discontinuation of hormone therapy in individuals who suffer from such 
a tumor and are receiving hormone therapy. Interestingly, a recent study suggests 
that progestogen-only contraception, in contrast to estrogen-only or a combination of 
estrogen and progesterone contraception, is associated with an increased risk of me-
ningioma [30]. In contrast, the occurrence of prolactinomas seems not associated with 
the usage of contraceptives [31]. In chapter 9 we compared the occurrence of the most 
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common types of benign brain tumors (meningioma, non-secretive pituitary adenoma, 
prolactinoma, somatotrophinoma, corticotrophinoma and thyrotrophinoma [32]) in 
transgender individuals on hormone therapy with cisgender men and women. We found 
that the incidence of meningiomas in transwomen was four times higher compared to 
cisgender women and 12 times higher compared to cisgender men. We also found that 
the occurrence of prolactinomas occurred four times more often in transwomen com-
pared cisgender women, and 27 times more often compared to cisgender men. How-
ever, prolactin levels in the transwomen were regularly screened as recommended by 
the endocrine guidelines [33]. When we only included the symptomatic cases we found 
that the occurrence of symptomatic prolactinomas was 15 times higher in transwomen 
compared to cisgender men, but similar to that of cisgender women. These results 
suggest that (exogenous) sex steroids probably play a role in the occurrence of menin-
giomas and prolactinomas. While the study design did not allow us to examine whether 
estrogen or the progestogenic anti-androgen cyproterone acetate may be responsible 
for the increased risk, it is noteworthy, that most transwomen had received orchiectomy 
but still used cyproterone acetate at time of diagnosis (cyproterone acetate is usually 
discontinued after orchiectomy). This may suggests that (anti-androgenic) progestogens 
may play a more important role than estrogens in the development of meningiomas and 
prolactinomas. Supporting this hypothesis, several studies have found spontaneous 
regression of meningiomas after discontinuation of progesterone (agonists) [34–36]. In 
addition, in chapter 5 and chapter 6 we have shown that prolactin levels in transwomen 
decrease after discontinuation of cyproterone acetate. In transmen we found two 
cases of acromegaly, which was unexpectedly high based on the incidences reported 
in cisgender men and cisgender women. The two cases observed by our study group 
could be added to another recently reported case of a somatotrophinoma in a transman 
[37]. Hypothetically, there could exist a relationship between testosterone therapy in 
transmen and somatotrophinomas. To date, nothing has been established about a rela-
tionship between testosterone therapy and (growth of) somatotrophinomas. It remains 
difficult to draw conclusions about such relationship solely based on the three known 
somatotrophinoma cases in transmen.
In summary, we found indications that hormone therapy increases the risk of me-
ningiomas and prolactinomas in transwomen, and the risk of somatotrophinomas in 
transmen. While the risk of these types of tumors was increased, the incidence remained 
rare. Therefore, regularly screening the transgender population for these types of tu-
mors seems unnecessary. However, physicians should keep in mind that there may be a 
relationship between hormone therapy and the occurrence of these tumors, and should 
consider to alter, cease, or lower the dose of hormone therapy in patients with these 
types of tumors.      
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Strokes
Observational studies have found that premenopausal women have lower risk of (isch-
emic) strokes than men with a similar age. It has been hypothesized that female sex 
steroids (estrogen and in a lesser extend progesterone) play a protective role in the de-
velopment of strokes [38]. It is also possible that testosterone have a deleterious effect 
on one’s risk of stroke development. If sex steroids are indeed (completely) responsible 
for the sex difference in stroke risk, hormone therapy would hypothetically alter the 
risk of strokes in transgender individuals. In chapter 10 we compared the occurrence 
of strokes (ischemic or hemorrhagic, transient ischemic attack, or subarachnoid hemor-
rhage) in transgender individuals on hormone therapy with the occurrence of strokes 
in cisgender men and women. We found that transwomen had about a twofold higher 
risk of strokes compared to cisgender men and cisgender women. While not significant, 
which may be caused by the smaller group and shorter follow-up duration, transmen 
receiving testosterone, tended also to have a higher risk of strokes compared to cisgen-
der men and cisgender women. Another recent study from 2018 supported our findings 
[39]. Our results do suggest that estrogen (± antiandrogen) therapy, and possibly also 
testosterone therapy, increases one’s risk of strokes. Both estrogen (± antiandrogen) and 
testosterone therapy in transgender individuals have been associated with (negative) 
effects on the lipid spectrum, insulin resistance, and/or hemostasis parameters [40–42]. 
The increased stroke risk of transgender individuals on hormone therapy may also be 
partly explained by psychosocial stressors and a more unhealthy lifestyle such as a 
higher smoking prevalence.

In summary, we found indications that transgender hormone therapy possibly increases 
the risk of strokes in transwomen. It is important that physicians are aware of this 
(potential) increased risk and try to reduce this risk by giving lifestyle advices, and by 
regularly monitoring and managing cardiovascular risk factors such as lipid spectrum, 
glucose levels, and blood pressure.

STRENGTHS AND LIMITATIONS

The main strength of the studies described in part 1 of this thesis is the uniqueness 
of the data. Before the start of this thesis there were almost no data available about 
resting-state network functional connectivity in adult transgender individuals. In 
addition, we were and are the only center in the world that analyzed brain MRI data 
(including resting-state data) of transgender children and adolescents. Limitations of 
the studies described in part 1 of this thesis were the small sample sizes, the baseline 
usage of gonadotropin-releasing hormone analogues by the adult and adolescent 
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transgender groups, and the inability to associate the degree of gender dysphoria to the 
neurobiological characteristics. 

Strengths of the chapters of part 2.1 of this thesis were, again, the uniqueness of the 
data. Before the start of this thesis there were no studies focusing on prolactin and TSH 
(reference) levels that differentiated between preoperative and postoperative trans-
gender individuals. The main limitation of the chapters in part 2.1 of this thesis were 
the inability of the study designs to fully differentiate between cyproterone acetate and 
estrogen effects on prolactin levels (chapter 5 and chapter 6), and to examine the effect 
of different hormone administration routes on reference intervals (chapter 7).

The main strength of the chapters of part 2.2 of this thesis were the unique large size 
and follow-up duration of the study population. Worldwide, there are no large trans-
gender cohort studies with such a long follow-up duration. Despite this great strength, 
important limitations were the inability to compose adequate control groups to control 
for confounders, and the inability to differentiate among various hormone regimens. 

OVERALL CONCLUSION AND FUTURE DIRECTIONS

The findings in part 1 of this thesis provide support for the neurobiological hypothesis 
that transgender individuals have experienced a less sex-typical/sex-atypical brain or-
ganization, but also for the hypothesis that supposes that subjective experiences may 
be related to neurobiological alterations in transgender individuals. These observations 
suggest that there may be no single neurobiological explanation for gender dysphoria 
but that several factors may play a role. Our findings can be used to inform transgender 
individuals about possible neurobiological explanations of gender dysphoria.

For future studies it would be worthwhile to confirm our hypothesis that there may 
be no single neurobiological underpinning for gender dysphoria and that they further 
unravel the association between brain characteristics and feelings of gender dysphoria. 

The chapters in part 2 of this thesis provide indications for effects of transgender hor-
mone therapy on pituitary prolactin and possibly also TSH secretion (part 2.1), on the 
risk of developing a benign brain tumor, and on the risk of developing a stroke (part 2.2). 
These findings suggest that (long-term) hormone therapy probably have wide effects on 
the human brain. The findings in especially part 2.2 of this thesis, suggest that long-
term transgender hormone therapy may not be without risks. However, the absolute 
risks for brain diseases still seems low. We think that for most transgender individuals 
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the benefits of hormone therapy outweigh the potential hormone-induced brain risks. 
We can use our findings to minimalize the potential negative effects of hormone therapy 
on the brain as much as possible, and to protect transgender individuals from over- but 
also underdiagnosis. 

For future studies it would be worthwhile to try to differentiate between the effects of 
transgender hormone therapy and the effect of confounders on the risk of brain diseases 
in transgender individuals. In addition, it would be interesting to unravel the potential 
mechanism how transgender hormone therapy affect pituitary hormone (prolactin) 
secretion and one’s risk of developing a benign brain tumor or stroke. Finally, since we 
have only focused on some brain effects of transgender hormone therapy, many of the 
long-term effects of transgender hormone therapy on the brain (but also on other parts 
of the body) are still unknown and need to be explored by future studies. 
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Nederlandse samenvatting

A

SUMMARY IN DUTCH -  NEDERLANDSE SAMENVATTING 

Inleiding
Genderdysforie verwijst naar een diep gevoel van onbehagen over het geslacht dat 
iemand bij de geboorte toegewezen heeft  gekregen. Genderdysforie kan zich voordoen 
in verschillende gradaties. De laatste jaren is het aantal transgender personen dat 
medische behandeling zoekt explosief gestegen. Medische behandeling kan bestaan uit 
hormoontherapie en/of operaties. In Nederland bestaat hormoontherapie bij transvrou-
wen (vrouwelijke genderidentiteit maar mannelijk geslacht toegewezen bij de geboorte) 
meestal uit oestrogenen en als de zaadballen niet zijn verwijderd ook uit testosteron-
remmers. De meest voorgeschreven testosteronremmer is cyproteronacetaat wat een 
vorm van progesteron is. Hormoontherapie bij transmannen (mannelijke genderiden-
titeit maar vrouwelijk geslacht toegewezen bij geboorte) bestaat in principe alleen uit 
testosteronpreparaten. Naast bijvoorbeeld borst- en spierweefsel zijn de hersenen ook 
erg gevoelig voor geslachtshormonen. In bijna alle hersengebieden zijn receptoren voor 
geslachtshormonen aanwezig. Geslachtshormonen hebben waarschijnlijk twee soorten 
eff ecten op de hersenen: organiserende eff ecten en activerende eff ecten.  

De opbouw van de hersenen

De buitenste laag van de hersenen bestaat uit grijze stof waarin 
zich zenuwcellen bevinden. De grijze stof verwerkt informatie. 
De witte stof bevindt zich aan de binnenkant en wordt gevor-
md door uitlopers van zenuwcellen. De witte stof zorgt voor 
verbindingen tussen verschillende hersengebieden en voor het 
doorgeven van informatie. Hiernaast, bevatten de hersenen drie 
hormoonproducerende klieren: de hypothalamus (rood), de hy-
pofyse (paars) en de pijnappelklier (geel).
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Organiserende eff ecten van geslachtshormonen zijn permanent en treden voornamelijk 
op tijdens de prenatale ontwikkeling in de baarmoeder. Verschillen in de niveaus van 
geslachtshormonen tijdens de foetale ontwikkeling zijn waarschijnlijk verantwoordelijk 
voor verschillen tussen mannen en vrouwen in gedrag, het verwerken van informatie, 
genderidentiteit (iemands persoonlijke beleving man of vrouw te zijn) en seksuele ori-
entatie. Er wordt gedacht dat de hersenen van transgender personen meer lijken op die 
van de ervaren gender dan op die van het bij de geboorte toegewezen geslacht, doordat 
zij veranderingen in (de organiserende eff ecten) van geslachtshormonen hebben erva-
ren tijdens de foetale ontwikkeling. Het is bekend dat genderdysforie meer voorkomt 
bij genetische meisjes met een overmatige testosteronproductie in de baarmoeder en 
bij genetische jongens die gedeeltelijk ongevoelig zijn voor testosteron (8.5-20% versus 
0.1-2.0%). Dit is een aanwijzing dat (tijdelijke) veranderingen in geslachtshormonen tij-
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dens de foetale ontwikkeling inderdaad kunnen leiden tot (blijvende) veranderingen in 
de genderidentiteit en daarmee aanleiding zijn voor het ontstaan van genderdysforie. Er 
zijn er ook studies die suggereren dat de hersenen van transgender personen veranderd 
zijn door subjectieve ervaringen gerelateerd aan genderdysforie.  

Activerende effecten van geslachtshormonen treden voornamelijk op in de puberteit 
en op volwassen leeftijd. Activerende effecten van hormonen zijn afhankelijk van 
de daadwerkelijke aanwezigheid van de hormonen in het bloed. In tegenstelling tot 
organiserende effecten, doven activerende effecten uit op het moment dat de geslachts-
hormonen in het bloed dalen. Het verschil in de aanwezigheid van de hoeveelheid 
mannelijke en vrouwelijke geslachtshormonen tussen volwassen mannen en vrouwen 
is waarschijnlijk (deels) verantwoordelijk voor man-vrouw verschillen in de productie 
van de hersenhormonen prolactine (borstvoedingshormoon) en schildklier stimulerend 
hormoon (TSH). Daarnaast speelt dit hormoonverschil op volwassen leeftijd mogelijk 
een rol in de geslachtsverschillen in het risico op sommige goedaardige hersentumoren 
en beroertes (vrouwen hebben bijvoorbeeld een hoger risico op hersenvliestumoren en 
mannen op beroertes). Het is dan ook voor te stellen dat hormoontherapie bij transgen-
der personen effect heeft op verschillende hersenprocessen.

Doelen Van Dit Proefschrift
We hadden twee doelen in dit proefschrift. Het eerste doel was om te onderzoeken 
of transgender personen inderdaad bepaalde sekse-atypische hersenkenmerken (of 
neurobiologische kenmerken) hebben. Dat wil zeggen dat hun hersenkenmerken an-
ders zijn dan te verwachten op basis van het geboortegeslacht. We deden dit door met 
functioneel MRI-onderzoek hersennetwerken van transgender personen die nog geen 
hormoonbehandeling hadden ondergaan, te vergelijken met die van cisgender mannen 
en vrouwen (toegewezen geslacht past bij het ervaren gender) (deel 1). Het tweede doel 
was om meer inzicht verkrijgen in de effecten van hormoontherapie op de hersenen bij 
transgender personen (deel 2). We deden dit door de hypofysehormonen prolactine 
en TSH te meten bij transgender personen voor en/of tijdens hormoontherapie (deel 
2.1). Daarnaast vergeleken we het risico op goedaardige hersentumoren en beroertes 
bij transgender personen die hormoontherapie kregen met die van cisgender mannen 
en vrouwen (deel 2.2).  
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Deel 1 – Neurobiologische Kenmerken Van Genderdysforie
In hoofdstuk 4 en hoofdstuk 5 bekeken we de hersennetwerken van kinderen, ado-
lescenten en volwassenen met en zonder genderdysforie. We vonden bij cisgender 
volwassenen in één van de vier onderzochte netwerken een duidelijk geslachtsverschil. 
Bij de transgender volwassenen konden we dit verschil niet aantonen wat misschien 
suggereert dat dit netwerk in transgender personen minder sekse-typisch is. Bij ado-
lescente transgender meisjes en transgender jongens vonden we dat verscheidene 
hersennetwerken inderdaad meer leken op de hersennetwerken van het ervaren gender 
(dus transgender meisjes leken op meisjes en transgender jongens op jongens) dan op 
de hersennetwerken van het toegewezen geslacht. Bij adolescente transgender meisjes 
leek één netwerk echter zowel niet op die van cisgender meisjes als cisgender jongens 
een leek dus meer specifiek te zijn voor genderdysforie. Deze genderdysforie specifieke 
bevinding is mogelijk geassocieerd met subjectieve gevoelens passend bij genderdys-
forie. Bij pre-puberale kinderen konden we geen geslachtsverschillen vinden in de 
onderzochte netwerken en ook geen aanwijzingen dat de netwerken van transgender 
kinderen anders zijn dan die van cisgender kinderen. 

Deel 2 – Effecten Van Transgender Hormoontherapie Op Het Brein

Deel 2.1 – Hypofysehormonen
In hoofdstuk 6 en hoofdstuk 7 hebben we gekeken of de uitscheiding van het hormoon 
prolactine (dat normaal hoger is bij vrouwen dan bij mannen) door de hypofyse ver-
andert tijdens hormoontherapie bij transgender personen. Prolactine wordt regelmatig 
bepaald bij transgender personen omdat gedacht wordt dat ze een hoger risico hebben 
op een prolactine producerende tumor (prolactinoom). We vonden dat bij transvrouwen 
de bloedspiegel van dit hormoon behoorlijk stijgt tijdens hormoontherapie met oestro-
genen en cyproteronacetaat en zelfs regelmatig de vrouwelijke afkapwaarden overstijgt. 
Echter bij de transvrouwen die een zaadbalverwijdering hebben ondergaan en daardoor 
geen cyproteronacetaat meer gebruiken daalden de prolactinewaarden weer. Daardoor 
denken we dat cyproteronacetaat een grote rol speelt in de sterke stijging van prolactine 
bij transvrouwen. Bij transmannen vonden we juist een daling van prolactine tijdens tes-
tosterontherapie. Ondanks dat transvrouwen die geen cyproteronacetaat meer gebruik-
ten een daling lieten zien in prolactinewaarden vonden we in hoofdstuk 8 dat in deze 
groep de prolactinewaarden meer vergelijkbaar zijn met die van cisgender vrouwen dan 
die van cisgender mannen. De waarden van transmannen leken zoals verwacht meer op 
die van cisgender mannen. In hoofdstuk 8 vonden we ook dat hormoonbehandeling 
waarschijnlijk geen klinisch relevant effect heeft op TSH uitscheiding. Samenvattend 
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vonden we aanwijzingen voor effecten van hormoontherapie bij transgender personen 
op prolactine uitscheiding. Toegenomen prolactinespiegels (boven de vrouwelijke 
afkapwaarde) bij transvrouwen die oestrogenen en cyproteronacetaat gebruiken lij-
ken normaal en zullen waarschijnlijk dalen na het stoppen van de cyproteronacetaat. 
Daarom zal aanvullend onderzoek naar een prolactinoom vaak niet nodig zijn bij deze 
groep. Voor geopereerde transvrouwen en transmannen lijkt het juist om voor het inter-
preteren van prolactinespiegels de afkapwaarden van het ervaren geslacht te gebruiken 
in plaats van die van het toegewezen geslacht bij de geboorte.  

Deel 2.2 – Hersenziekten
In hoofdstuk 9 hebben we onderzocht of het risico op goedaardige hersentumoren bij 
transgender personen onder hormoontherapie anders is dan bij cisgender mannen en 
vrouwen. We vonden dat het risico op een prolactine producerende tumor van de hy-
pofyse hoger is bij transvrouwen dan bij cisgender mannen en vrouwen. Transvrouwen 
worden, in tegenstelling tot cisgender vrouwen en mannen, regelmatig gescreend op 
hoge prolactinespiegels tijdens de hormoonbehandeling. Daardoor is de kans groter 
dat een transvrouw een scan van de hersenen krijgt en de diagnose prolactinoom dan 
cisgender mannen en vrouwen. Daarom hebben we ook een analyse gedaan waarin we 
alleen transvrouwen die klachten hadden meenamen en niet de vrouwen die tijdens de 
reguliere controle alleen een hoog prolactine hadden. In deze analyse vonden we dat 
transvrouwen een zelfde risico hebben op een prolactine producerende tumor als cis-
gender vrouwen, maar dat het risico hoger is dan bij cisgender mannen. Het risico op een 
prolactine producerende tumor is dus vergelijkbaar tussen transvrouwen die hormonen 
gebruiken en cisgender vrouwen. We vonden ook dat transvrouwen een viermaal groter 
risico hebben op een tumor van de hersenvliezen (meningeoom) dan cisgender vrouwen 
en een twaalfmaal groter risico dan cisgender mannen. Het was opvallend dat bijna alle 
personen met een prolactine producerende tumor of een hersenvliestumor nog steeds 
cyproteronacetaat gebruikten naast de oestrogenen, ook al waren ze geopereerd. We 
vonden tevens dat transmannen die testosterontherapie krijgen een hoger risico heb-
ben op een groeihormoon (hormoon die groei stimuleert) producerende tumor van de 
hypofyse in vergelijking met zowel cisgender mannen als cisgender vrouwen. Dit was 
onverwacht omdat deze tumor evenveel lijkt voor te komen bij mannen als bij vrouwen. 
Ook is in de literatuur niet eerder een relatie gelegd tussen testosterontherapie en dit 
type tumor. Hoewel we denken dat het mogelijk is dat (hoge doseringen) testosteron-
therapie een relatie zou kunnen hebben met het ontwikkelen van dit type tumor, zou 
onze bevinding ook op toeval kunnen berusten. Samenvattend vonden we aanwijzingen 
dat hormoontherapie bij transvrouwen het risico op hersenvliestumoren en prolactino-
men vergroot en bij transmannen op groeihormoon producerende tumoren. Als zich een 
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tumor voordoet is het belangrijk om te overwegen of een aanpassing van de hormonale 
therapie (bijvoorbeeld het stoppen van cyproteronacetaat) nuttig kan zijn. 

In hoofdstuk 10 hebben we het risico op beroertes bij transgender personen die hor-
moontherapie krijgen vergeleken met het risico op beroertes van cisgender mannen en 
cisgender vrouwen. We vonden dat transvrouwen ongeveer een ruim tweemaal zo groot 
risico hebben op beroertes dan cisgender vrouwen en een bijna tweemaal verhoogd 
risico in vergelijking met cisgender mannen. Transmannen die testosteron kregen leken 
ook een wat hoger risico te hebben op beroertes in vergelijking met cisgender vrouwen 
en mannen, maar deze bevinding was niet significant. We denken dat dit mogelijk komt 
omdat de transmannen in onze studie niet lang genoeg gevolgd zijn om het hogere risico 
te kunnen aantonen. Hoewel we van te voren dachten dat oestrogenen bij transvrouwen 
het risico op beroertes zou verlagen (vrouwen hebben immers een lagere kans op een 
beroerte dan mannen) is het echter mogelijk dat het toedienen van hormonen via tablet-
ten, injecties of pleisters een ander (negatief) effect op het lichaam heeft dan wanneer 
het lichaam zelf de hormonen aanmaakt. Daarnaast is het natuurlijk ook mogelijk dat de 
transgenderpopulatie een hoger risico heeft op beroertes omdat zij meer stress hebben 
dan mensen zonder genderdysforie en mogelijk ook een ongezondere leefstijl hebben 
(bijvoorbeeld meer roken). Het is goed om het risico op hart- en vaatziekten bij trans-
gender personen tijdens de hormoontherapie zo laag mogelijk proberen te houden door 
leefstijladviezen te geven en regelmatig cardiovasculaire risicofactoren zoals bloeddruk 
en de glucosespiegel te monitoren.

Conclusie 
In deel 1 van dit proefschrift vonden we afwezigheid van een aantal sekse-typische en 
de aanwezigheid van een aantal sekse-atypische kenmerken in hersennetwerken in 
mensen met genderdysforie. Deze bevindingen ondersteunen de hypothese dat trans-
gender personen een andere hersenorganisatie hebben doorgemaakt mogelijke door 
veranderde blootstelling aan geslachtshormonen tijdens de foetale ontwikkeling. We 
vonden echter ook een aanwijzing voor de hypothese dat de hersenen van transgender 
personen mogelijk veranderd zijn door subjectieve ervaringen van mensen met gender-
dysforie.  

In deel 2.1 van dit proefschrift vonden we aanwijzingen dat hormoontherapie een 
duidelijk relevant effect heeft op de uitscheiding van het hypofysehormoon prolactine 
maar niet op die van TSH. In deel 2.2 van dit proefschrift vonden we aanwijzingen dat 
hormoontherapie in transgender personen het risico op een goedaardige hersentumor 
of beroerte zou kunnen vergroten. We kunnen de bevindingen uit dit proefschrift gebrui-
ken om transgender personen beter voor te lichten over factoren die mogelijk een rol 
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spelen bij de ontwikkeling van genderdysforie en om de risico’s op mogelijke negatieve 
gevolgen voor de hersenen tijdens hormoontherapie zo laag mogelijk te houden.  
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DANKWOORD

het dankwoord, wat ben ik blij dat ik dit nu schrijf. Met name in de beginperiode heb ik 
regelmatig gedacht dat het misschien niet zou lukken om mijn proefschrift af te ronden. 
Maar met de hulp van verschillende mensen is dat toch gelukt en daarvoor wil ik hen 
graag bedanken. 

Graag wil ik alle patiënten van de genderpoli bedanken. Zonder jullie deelname aan de 
studies was dit proefschrift er nooit gekomen.

Geachte prof. dr. den Heijer, beste Martin, tijdens mijn keuzecoschap endocrinologie 
vroeg je mij of ik wilde blijven om een promotietraject binnen het genderteam te gaan 
doen. Ik greep deze kans met beide handen aan en heb de afgelopen 4,5 jaar met veel 
plezier als arts en onderzoeker bij het genderteam gewerkt. Hoewel ik soms twijfelde 
aan mijn eigen kunnen, gaf jij mij altijd vertrouwen. Jij gaf me de kans om mezelf op 
meerdere vlakken te ontwikkelen zoals in het onderwijs, maar ook bij het maken van 
de kwaliteitsstandaard endocrinologische transgenderzorg. Als het nodig was dacht je 
mee bij het opzetten van studies en statistische vraagstukken, maar je gaf ook altijd de 
ruimte voor eigen ideeën en het zelfstandig nemen van beslissingen. Ik bewonder je 
organisatorische en epidemiologische vaardigheden, ambitie en daadkracht en hoop 
hier wat van mee te nemen in mijn verdere loopbaan. 

Geachte dr. Kreukels, Beste Bau, toen ik je vroeg of je mijn co-promotor wilde worden 
kenden wij elkaar nog amper. Maar wat ben ik blij dat je toen instemde. Je hebt mij 
enorm gesteund in de afgelopen 4,5 jaar! Ik kon je altijd mailen, bellen of appen, zelfs 
’s avonds of in het weekend. Je dacht altijd mee, was echt een luisterend oor en gaf me 
altijd vertrouwen. Als ik weer eens vastliep met mijn MRI studies wist je me met de juiste 
mensen in contact te brengen die mij verder hielpen. Je betrokkenheid, zorgvuldigheid 
en integriteit waren en zijn echt een groot voorbeeld voor mij. Bedankt dat ik zoveel van 
je heb mogen leren op professioneel maar ook op persoonlijk vlak. 

Leden van de leescomissie, bedankt voor de tijd en moeite die jullie hebben genomen 
in het lezen en beoordelen van mijn proefschrift: prof. dr. Madeleine Drent, prof. dr. Guy 
T’sjoen, prof. dr. Peggy Cohen-Kettenis, prof. dr. Cornelis Lambalk, dr. Pim de Ronde en 
dr. Laura de Graaff-Herder.

Geachte dr. Burke, beste Sarah, ook al hebben wij de afgelopen 2 jaar weinig contact 
gehad, ik ben niet vergeten dat je mij in de eerste 2 jaar van promotieperiode enorm 
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hebt gesteund. Jouw hulp bij het analyseren van de MRI data en het schrijven van de MRI 
stukken was onmisbaar. Zonder jou was het een (bijna) onmogelijke opgave geweest.

Geachte prof. dr. Veltman, beste Dick, ook jij stond altijd klaar om te helpen bij MRI 
analyses of het interpreteren van de statistische uitkomsten. Want wat vond ik de MRI 
analyses lastig. Er zijn zoveel keuzes te maken tijdens het analyseren, maar wat is de 
goede? Gelukkig hielp jij mij regelmatig de knoop door te hakken.

Geachte collega’s van het ENIGI project uit Gent, Florence en Oslo, prof. dr. G. T’Sjoen, 
drs. J. Defreyne, dr.A. Fisher en drs. T. Schneider, hartelijk dank voor de fijne samenwer-
king de afgelopen jaren.

Lieve collega’s en secretariaat van het genderteam, wat zijn jullie een geweldig team! 
Ik had eerder nog niet een multidisciplinair team meegemaakt binnen het ziekenhuis 
waarin empathie en laagdrempelige goede samenwerking zo hoog in het vaandel 
stonden. Bedankt dat ik meteen in een warm bad terecht kwam bij jullie. Ik heb de 
samenwerking altijd heel fijn gevonden en kijk op een heel leerzame maar zeker ook 
gezellige tijd met jullie. Ik ga jullie als team ontzettend missen!

Lieve Hanneke, mede door jou voelde ik me meteen welkom in het genderteam. Je 
stond altijd klaar om te helpen, was het niet met het inscannen van vragenlijsten dan 
was het wel met het organiseren van de minor transgender medicine. Dank voor al deze 
hulp maar ook voor alle gesprekken die we hebben gehad de afgelopen jaren.

Ook ben ik mijn mede gender promovendi enorm dankbaar. Maartje, mijn allereerste 
collega. Ik waardeer je vrolijkheid, sociale vaardigheden en optimistische instelling. 
Jij hebt me op weg geholpen tijdens de eerste tijd van mijn promotietraject, bedankt 
daarvoor! 

Mijn roomies en onderzoeksbuddies Chantal en Christel. Wat had ik zonder jullie gemoe-
ten? Dat jullie vlak na mij bij het genderteam kwamen werken was echt een cadeautje! 
Wat hebben we het leuk gehad samen. Gemopperd, gehuild, maar vooral veel gelachen. 
Jullie dachten altijd mee over zo’n beetje alles: nieuwe ideeën voor onderzoek, statis-
tiek, Engelse grammatica etc. Daarnaast waren jullie altijd bereid om op Noud te passen 
zodat ik soms ook nog een vrije avond had! Chantal, ik wil jou speciaal bedanken voor al 
je werk aan de ACOG waardoor ik twee prachtige stukken heb kunnen schrijven. Christel, 
ik wil jou speciaal bedanken voor je eeuwige vertrouwen in mijn kunnen. Naast collega’s 
zijn we inmiddels vrienden geworden en ik ben ervan overtuigd dat we elkaar in de 
toekomst nog veel zullen zien, op werk of privé.
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Mieke, Mariska en Iris. Ook jullie hebben veel voor mij betekent de afgelopen tijd! Mieke, 
je stond altijd klaar om te helpen waardoor je met jouw STATA-kennis mijn leven regel-
matig een stuk makkelijker hebt gemaakt. Mariska, je lach maakte mij altijd vrolijk, je 
bent echt een voorbeeld voor hoe ik hoop specialist te worden! Iris, bedankt voor je 
begrip en altijd luisterend oor. 

Ook wil ik alle andere gender promovendi die er de laatste jaren zijn bijgekomen bedan-
ken, ik vond het super leuk om met jullie te hebben samen gewerkt en hoop dat we dit 
in de toekomst kunnen voortzetten.

Lieve vrienden, dank voor jullie interesse in mijn onderzoek. Lieve Nadine, soulmate, ik 
vind het super fijn dat jij mijn paranimf bent. Joke, zus, dank je voor de vele avonden 
theeleuten en kletsen over het leven. Anna, ik leerde jou pas kennen in mijn promotie-
traject, maar wat heb je veel meegedacht over van alles en nog wat, ik kan je niet meer 
missen. Jocelyne en Margreet, ook wil ik jullie bedanken, dat jullie er zijn en dat het 
altijd goed is. Alle andere vrienden wil ik ook bedanken voor hun liefde, gezelligheid en 
luisterend oor.

Lieve schoonfamilie wat heb ik een geluk gehad met jullie. Jullie voelen als familie voor 
mij.  Ik waardeer het enorm dat jullie mij altijd steunen in alles wat ik doe. Math en Toos, 
ik heb heel veel geleerd van jullie open houding, ik vind het geweldig dat jullie altijd voor 
mij klaar staan.

Lieve familie wat bof ik met jullie. Jullie hebben samen met mij mijn promotietraject 
doorlopen. Alle ups en downs hebben jullie meegemaakt. Papa en mama bedankt voor 
de kans die jullie mij hebben gegeven om geneeskunde te gaan studeren en voor jullie 
support om te gaan promoveren. Bedankt voor jullie luisterend oor en adviezen als ik 
dat nodig had. Malou, ik kan me geen betere zus wensen, bedankt voor je steun als het 
tegen zat en voor alle  goede gesprekken en je gezelligheid. Nick, bedankt voor jouw 
eeuwige nuchterheid, daar kan ik nog een heleboel van leren. 

Lieve Ruud en Noud, wat ben ik blij met jullie. Ruud, lieverd, bedankt dat je in mij gelooft 
als dokter en als mens. Jij gaf me keer op keer vertrouwen en hielp me om af en toe in 
het diepe te springen. Bedankt dat je altijd naast me staat. Noud, dat wij jou in 2018 
mochten verwelkomen zo aan het einde van mijn promotietraject was het grootste 
cadeau dat ik ooit heb gekregen. Jij hebt mij laten zien wat het allerbelangrijkste is in 
het leven. I love you till the moon and back!
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