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Abstract
Although frequently discussed in terms of sex dimorphism, the neurobiology of sexual orientation and identity is unknown.
We report multimodal magnetic resonance imaging data, including cortical thickness (Cth), subcortical volumes, and resting
state functional magnetic resonance imaging, from 27 transgender women (TrW), 40 transgender men (TrM), and 80
heterosexual (40 men) and 60 homosexual cisgender controls (30 men). These data show that whereas homosexuality is
linked to cerebral sex dimorphism, gender dysphoria primarily involves cerebral networks mediating self–body perception.
Among the homosexual cisgender controls, weaker sex dimorphism was found in white matter connections and a partly
reversed sex dimorphism in Cth. Similar patterns were detected in transgender persons compared with heterosexual
cisgender controls, but the significant clusters disappeared when adding homosexual controls, and correcting for sexual
orientation. Instead, both TrW and TrM displayed singular features, showing greater Cth as well as weaker structural and
functional connections in the anterior cingulate-precuneus and right occipito-parietal cortex, regions known to process own
body perception in the context of self.
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Introduction
Sexual orientation and gender identity are fundamental facets
of human experience. Sexual orientation signifies the sex of the
object of one’s sexual attraction, whereas gender identity
denotes a complex interrelationship among an individual’s
genital sex, one’s internal sense of self, and one’s outward pre-
sentations and behaviors (gender expression). Despite their
existential role, our knowledge about the neurobiological
underpinnings of sexual orientation and gender identity is very
limited. The present study seeks to identify their possible cere-
bral signatures by comparing data from multimodal magnetic
resonance imaging (MRI) measurements among groups com-
prised of transgender males—individuals with male gender
identity, but assigned female at birth (TrM) and transgender
females—individuals with female gender identity, but assigned
male at birth, (TrW), homosexual and heterosexual cisgender

controls. According to recent nomenclature, “cisgender” refers
to, as opposed to transgender, individuals who identify as their
sex assigned at birth [American Psychiatric Association (2013),
Diagnostic and statistical manual of mental disorders: DSM-5,
5th edns.] Sexual orientation among transgender persons is
usually, and also in the present study, operatively defined in
relation to the sex assigned at birth.

The distinction between sexual orientation and gender iden-
tity is particularly important to maintain when trying to under-
stand the biological underpinnings of gender dysphoria (GD)
and its most common form, transgenderism. One reason is that
the prevalence of homosexuality and bisexuality is greater
among populations with GD [about 50% compared with <10%
among cisgender populations (Drummond et al. 2008; Rowniak
and Chesla 2013)]. This aspect is usually neglected. If it is not
taken into consideration, any difference detected between GD
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populations and heterosexual cisgender controls is potentially
biased and could be a mixed effect of homosexuality and GD.
Furthermore, it has been reported that the majority of boys
expressing gender variant behavior in childhood, i.e., cross-
gender (play) behavior, turn out to be cisgender homosexual
men (Zucker and Bradley 1995). Because boys with GD, as
opposed to homosexual men, often receive hormonal treat-
ment, it is important to sharpen the diagnostic tools and find
possible biomarkers of GD irrespective of sexual orientation.
A further reason to distinguish between possible neurobiology
of sexual orientation and gender identity is the notion by
Blanchard, who based on his clinical observations proposed
that homosexual and non-homosexual subjects with GD have
different aetiologies and developmental patterns, and differ-
ences in brain structure (Blanchard 1989a, 1989b, 2008). This
finding has since been supported as well as contradicted, and
further studies based on quantitative experimental data are
needed in order to properly evaluate its relevance.

Differentiating GD phenotypes with regard to sexual orien-
tation was recently reemphasized by Kreukels and Guillamon
(2016) in their review of brain imaging studies of GD. In this
review, they discuss the impact of age at onset of GD in regard
to etiology, and they also propose a cortical development the-
ory (primarily in the early onset GD) where the brain phenotype
of TrM would present a mixture of feminine, masculine, and
defeminized traits, whereas that of TrW would present a mix-
ture of masculine, feminine, and demasculinized traits.

Both the etiology of GD and the factors underlying the devel-
opment of a homosexual, bisexual, or heterosexual orientation
are believed to be linked to prenatal and early post-natal sex
hormone exposure (Swaab and Hofman 1995; Swaab et al. 1995;
Balthazart 2011) and to a less prominent sexual differentiation
of the brain (Hines 2011; Kreukels and Guillamon 2016; Swaab
and Garcia-Falgueras 2009). However, brain imaging studies
employed to test this notion, while being largely consistent in
showing structural and functional differences among cisgender
male and female controls (Filipek et al. 1994; Goldstein et al.
2001; Luders et al. 2006; Savic and Arver 2011, 2014; Bramen
et al. 2012; Lentini et al. 2013), seem rather inconsistent with
respect to the findings among subjects with GD. This especially
applies to TrM, for which some studies have reported a cerebral
pattern congruent with that of cisgender females (Zubiaurre-
Elorza et al. 2013; Hoekzema et al. 2015), while others have
found partly similar structural and functional neural character-
istics as in cisgender males (Simon et al. 2013; Burke et al.
2017), and still others have identified a pattern different from
both cisgender male and cisgender female control groups
(Junger et al. 2014; Kranz et al. 2014; Manzouri et al. 2017).
Corresponding studies of TrW seem more consistent, showing
a “female” pattern both with respect to fractional anisotropy
(FA), reflecting white matter connections, and cortical thickness
(Rametti, Carrillo, Gomez-Gil, Junque, Segovia et al. 2011;
Zubiaurre-Elorza et al. 2014). Some findings, however, diverge
from this pattern, showing, for example, values in between
those of male and female controls regarding white matter
integrity (Hahn et al. 2015) and a thicker mesial frontal lobe cor-
tex compared to cisgender male controls though male and
female cisgender controls did not differ in this region (Luders
et al. 2012). In sum, while it seems that cerebral morphology
and function differ between cisgender and transgender sub-
jects, there has not been consistent evidence for systematical
patterns, possibly because most of the studies compare hetero-
sexual control groups with mixed homo, hetero, and bisexual
transsexual groups. Another reason for the lack of clarity is

that most reports are from investigations based on single
methods measuring either cerebral anatomy or function and
do not take a multifaceted viewpoint on the possible neurobiol-
ogy of GD. Furthermore, the majority of the available brain
imaging studies do not address the principal features of GD—a
strong perception of incongruence between one’s sense of self
and one’s body, a discomfort with one’s own body, and a feel-
ing of estrangement towards one’s physical sex (Cohen-
Kettenis and Pfafflin 2010).

Own body perception is believed to be molded by a reciprocal
interaction between sensory perceptions of one’s physical
appearance, based on self-observation and the reactions of
others (Cash 2002), and one’s own body image representation in
the brain (Vocks et al. 2010). We recently published a series of
studies suggesting that cerebral networks involved in own body
perception in the context of self, [including the pregenual ante-
rior cingulate cortex (pACC), temporo-parietal junction, and fusi-
form body area] are different in individuals with GD compared
with cisgender persons (Savic and Arver 2011, 2014; Feusner
et al. 2016, 2017; Manzouri et al. 2017; Feusner et al. 2017). We
also put forward a hypothesis that the discomfort with their
own bodies reported by individuals with GD is linked to the
nodes of the default mode network (DMN). The DMN is an intrin-
sic connectivity network that previous studies have shown to be
involved in mind-wandering and self-referential thinking
(Mason et al. 2007; Northoff and Panksepp 2008; Christoff et al.
2009). The DMN has been found to overlap with areas involved
in own body perception in the context of self but has received
little attention in studies of GD. One theoretical possibility is
that, for individuals with GD, the typical physical traits of their
sex assigned at birth are not incorporated into their own body
image representation in the brain—and that this is associated
with specific functional and structural cerebral signatures.
Congruent with this notion, a recent MEG and MRI study of
TrM (pre-treatment) showed that the response in the somato-
sensory cortex corresponding to the breast-thorax area of the
homunculus was reduced compared with sex-matched con-
trols (Case et al. 2017).

Contrary to the common notion, the neurobiology of GD may
not necessarily be coupled to sex dimorphism. Sexual orienta-
tion, on the other hand, may well be. Indeed, studies of
homosexual and heterosexual persons utilizing various
measures—including performance on visuospatial and word flu-
ency! tests (Rahman et al. 2011), anthropomorphic measures
such as the right-hand digit2/digit4 ratio (Robinson and
Manning 2000), functional connectivity of the amygdala, percep-
tion of putative pheromones (Savic et al. 2005; Berglund et al.
2008), and the thickness of the cuneus cortex (Abe et al. 2014)—
all point to different, even sex-reversed features among homo-
sexual study groups compared with heterosexual groups. Thus,
the neuronal underpinnings of gender identity and sexual orien-
tation may be different, despite the reported co-occurrence of
homosexuality and GD.

In the present study, we sought to identify possible singular
as well as common cerebral features among homosexual and
GD persons in comparison with both homosexual and hetero-
sexual cisgender controls. Rather than using a single metric, we
employed both functional and anatomical MRI, which enabled
the possible detection of coordinated characteristics in one
group as compared with the other. We expected to find differ-
ent structural and connectivity features among transgender
groups compared with cisgender controls “primarily” within
the circuits mediating own body perception in the context of
self, irrespective of sex assigned at birth. Differences in sex
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dimorphic networks, on the other hand, were expected in rela-
tion to homosexual subjects.

Materials and Methods
The demographical data are presented in Table 1. Forty TrM
(mean age 24, sd 6 years), 27 TrW (mean age 25, sd 5), 40 hetero-
sexual cisgender males (mean age 30, sd 6 years), and 40 het-
erosexual cisgender females (mean age 29, sd 5) participated in
the study, together with 30 homosexual cisgender men (HoM;
mean age 31, sd 6 years) and 30 homosexual cisgender women
(HoW; mean age 28, sd 5 years). The majority of TrW and TrM
reported an early (age 3–4 years) awareness of their transgen-
der identity, with only ~20% reporting an early post-pubertal
onset. None of the transgender persons had received hormone
treatment or sex confirmative surgery. The transgender per-
sons were recruited by the Gender Team of the Center for
Andrology and Sexual Medicine at Karolinska University
Hospital (Stockholm, Sweden), a center specializing in the eval-
uation and treatment of individuals with GD. Between January
2011 and June 2016, all of the adults aged 18–45 who sought
gender confirming medical interventions at the center, and
were diagnosed with GD, more specifically transsexualism
(F64.0), based on the ICD-10 diagnostic criteria, were consecu-
tively approached to enter the study. Exclusion criteria con-
sisted of previous or current hormonal treatment at the time of
the first scanning session, having any known chromosomal or
hormonal disorder, any current psychiatric disorder (as con-
firmed by the Mini International Neuropsychiatric Interview
(MINI; Sheehan et al. 2010)) any neurological or other major
medical disorder, and use of any medications with psychotro-
pic effects (antipsychotic or antiepileptic agents, lithium, ben-
zodiazepines, or opioid analgesics). We specifically excluded
participants with autism spectrum disorder (ASD; diagnosed
before being referred to the team) and participants who showed
clinical signs of ASD when being assessed by the team. The
control group consisted of individuals without GD, a neurologi-
cal or psychiatric condition or family history of one, a sub-
stance abuse problem, and who were not taking ongoing
medication.

Sexual orientation was assessed using the self-report Kinsey
scale (Kegel 1953), a seven-point scale ranging from 0 (hetero-
sexual, i.e., sexually attracted to the opposite sex) to 6 (homo-
sexual, i.e., sexually attracted to the same sex). Sex refers here
to the sex assigned at birth. The approach is described in detail
in previous studies (Berglund et al. 2006; Savic and Lindström
2008). By design, the groups differed in terms of sexual orienta-
tion. The group average Kinsey scale scores are presented in
Table 1. The transgender groups were heterogeneous with
regard to sexual orientation. Among the 40 TrM subjects, 24
scored as gynephilic (scores 4–6), 10 as bisexual (score 3), and 6

as androphilic (scores 0–2). Among the 27 TrW subjects, 16
scored as androphilic (scores 4–6), 10 as gynephilic (scores 0–2),
and 1 as bisexual (score 3).

The study was approved by the ethical committee of the
Karolinska Institute (application number: Dnr 2011/281–31/4)
and each participant provided signed consent before entering
the study.

The serum hormone levels of transgender persons were
assessed through routine clinical checkups, and we used the
assessment closest in time to the MR sessions for the purpose
of this study. No blood samples were collected among controls.

Data acquisition

Magnetic resonance imaging data was acquired on a 3-Tesla
MRI medical scanner (Discovery 3 T GE-MR750, General Electric,
Milwaukee, WI) equipped with a 32-channel /or 8-channel
phased array receiving coil. 3D T1-weighted spoiled gradient
(SPGR) images were acquired with 1mm3 isotropic voxel size
(TE = 3.1ms, TR = 7.9ms, TI = 450ms, FoV = 24 cm, 176 axial
slices, flip angle of 12 deg.). Resting state functional MRI was
performed for 8min with subjects’ eyes closed, with a gradient
echo pulse sequence using a voxel size of 2.25 × 2.25 × 3mm
(TE = 30ms, TR = 2500ms, FoV= 28.8 cm, 45 bottom up inter-
leaved axial slices, 3mm thickness, flip angle of 90 deg.). In
addition, multi-slice DTI was performed using an echo planar
imaging sequence with 1 × 1mm in-plane resolution, [TE =
83ms, TR 8000ms, FoV = 24 cm, 60 interleaved axial slices,
thickness = 2.9mm, 55 diffusion gradient directions (b = 1000),
six B0, flip angle of 90 deg]. Finally, clinical sagittal FLAIR
images were taken (TE/TR = 126.3/6000, TI = 1863, ETL = 140,
ARC acceler. R = 2 × 2 slice, phase, FoV = 24 cm, 512 × 512, slice
thickness = 1.2mm). Images acquired with the 8-channel coil
were used for the FreeSurfer analyses, see below because these
T1 images had better demarcations between white and gray
matter in the occipital cortex than T1 images acquired with the
32-channel coil. Images acquired with the 32-channel coil, were
used for the functional magnetic resonance imaging (fMRI) and
DTI analyses.

Cortical thickness and subcortical volume analyses

Cortical reconstruction and volumetric segmentation were per-
formed using the FreeSurfer image analysis suite, version 5.1
(Fischl and Dale 2000; www.surfer.nmr.mgh.harvard.edu) to
derive measures of cortical thickness, subcortical volumes, and
total intracranial volume (TIV). The T1-weighted images were
processed using the FreeSurfer software (version 5.1), which
included several steps (skull stripping, Talairach transforms,
atlas registration, spherical surface maps, and parcellations).
The resulting images were visually inspected for accuracy for
all participants and were manually edited when needed

Table 1 Demographic data

Unit HeM HeW HoM HoW TrW TrM F-value
(5, 201)

P-value

N = 40 N = 40 N = 30 N = 30 N = 27 N = 40

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age Year 29.5 6.2 29.1 5.2 31.4 6.1 27.9 6.1 24.8 5.4 24.1 5.6 8.1 0.000
Education Year 16.0 2.7 16.8 2.8 15.6 2.6 16.0 2.9 14.0 2.0 13.2 2.5 10.1 0.000
Kinsey score 0.3 0.5 0.5 0.9 5.6 05 5.5 0.5 3.6 2.2 4.5 1.7 146.4 0.000

Note: F-values from group comparisons (one-way ANOVA). For the distribution of Kinsey scores, please see Materials and Methods.
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(primarily to improve skull stripping). Subcortical segmenta-
tions generated with FreeSurfer (Fischl et al. 2002; 2004) were
used to calculate the volumes of five subcortical brain struc-
tures: the amygdala, hippocampus, caudate nucleus, putamen,
and thalamus. These structures were selected because they
usually show sex differences in regard to volume among cis-
gender sexual persons (Lentini et al. 2013; Savic and Arver 2014,
2011). In addition, the putamen is found to be involved in own
body perception (Petkova et al. 2011), allowing us to test our pri-
mary hypotheses also with respect to subcortical volumes.

Fractional anisotropy

Diffusion images were analyzed and (motion) artifacts and
eddy current distortions were corrected for using DTIPrep
(Oguz et al. 2014). Using DTIfit, which is part of the FMRIB’s
Diffusion Toolbox implemented in FSL v5.0 (FMRIB Software
Library, Oxford, http://fsl.fmrib.ox.ac.uk/), images were rea-
ligned to one of the non-weighted images using affine registra-
tion, non-brain tissue removal was done using BET (part of
FMRIB Software Library ), and a tensor model was fitted to the
diffusion data, defining the eigenvalues of the tensor for each
voxel and calculating individual FA maps. Voxel-wise statistical
analyses were performed using tract-based spatial statistics
(TBSS). All of the subject’s FA maps were registered to the
FMRIB58_FA template, and then transformed to MNI152 space.
The normalized individual FA maps were averaged to create a
group-wise mean FA white matter skeleton. A threshold of 0.3
was applied to reduce partial volume effects. The FA skeleton
for subsequent voxel-wise statistical analyses was generated
using the Randomize Tool (part of FSL). Whole-brain voxel-wise
analyses were performed. Using Randomize, permutation-
based non-parametric testing (5000 permutations) was carried
out, applying the Threshold-Free Cluster Enhancement option.
A cluster-forming threshold of P = 0.05 and a minimal cluster
size of 100 voxels were applied. Results were considered signifi-
cant at PFWE < 0.05 (family-wise error corrected). Anatomical
locations were identified using the JHU White Matter
Tractography atlas and JHU ICBM-DTI-81 white matter labels
(Hua et al. 2008; Mori et al. 2008).

Resting state functional MRI

The analysis of resting state functional connectivity, using
model-free independent component analysis (ICA; MELODIC),
focused on possible group differences in relation to the DMN.
The analyses were carried out in FSL v5.0 (FMRIB Software
Library, Oxford, http://fsl.fmrib.ox.ac.uk/), as described in a pre-
vious study from our group (Feusner et al. 2017).

Spatial preprocessing of the functional images was performed
using SPM8 (Welcome Department of Cognitive Neurology)
according to the standardized procedure including fieldmap cor-
rection using B0 images during the warping procedure (applying
VDM’ option in the FieldMap Toolbox).

Movement correction was conducted with 18 movement
regressors (six linear, their squares and cubes, SPM8 software)
and through the use of ICA-AROMA, which automatically iden-
tifies and subsequently removes data-driven derived compo-
nents that represent motion-related artifacts (Pruim et al.
2015). The spatial parameters were then applied to the
slice-timed and realigned functional volumes that were finally
resampled to 2 × 2 × 2mm voxels and smoothed with a 6-mm
full-width at half-maximum kernel.

The data were, then analyzed in FSL software v5.0 (FMRIB
Software Library, Oxford, http://fsl.fmrib.ox.ac.uk/), using a high-
pass filter at 100 s before running individual ICAs (Beckmann
and Smith 2004), (Multivariate Exploratory Linear Decomposition
into Independent Components, Version 3.14), with automatic
determination of dimensionality. The resulting component
maps were then manually classified into components of interest
and nuisance components in accordance with the criteria pro-
posed in (Kelly et al. 2010). The nuisance components were sub-
sequently regressed out of the original dataset using fsl_regfilt.

Group concat-ICA was performed on the entire cleaned
dataset, resulting in 22 components. These components are
usually used to run dual regression analysis, and the resulting
general linear model (GLM) parameter estimate images are fed
into FSL’s Randomize tool for non-parametric permutation
inference in order to test the separate hypotheses about differ-
ences in connectivity among groups (Feusner et al. 2016). In
light of our a priori hypothesis, only the DMN component was
further examined for group comparisons, and the other 21
components were not used in the analysis for the present pub-
lication. The statistical design included using mean DVARS
(Root Mean Square intensity difference of volume N to volume
N + 1; Power et al. 2012) as a nuisance covariate. DVARS repre-
sent an index of the effects of motion.

Statistical analyses, general overview

The statistical analyses were used to test our two principal
hypotheses: (1) that cerebral sex dimorphism would be less
pronounced or even reversed in the homosexual and transgen-
der study groups compared with heterosexual cisgender con-
trols, and (2) that cerebral midline networks processing own
body perception in the context of self would be different in the
transgender groups than among heterosexual and homosexual
cisgender control groups. The analyses were, therefore, focused
on sexually dimorphic structures, and on networks involved in
own body perception in the context of self. Evaluation of sub-
cortical volumes and of rs-fMRI within the DMN as well as of
FA values in specific white matter tracts were, thus, hypothesis
based. The analysis of Cth was explorative, an approach that
was regarded as relevant, considering that male–female differ-
ences in Cth are not regionally delimited according to available
literature, and that FA values have been observed to be gener-
ally rather than regionally higher among men. Explorative anal-
ysis was, also employed for group comparisons of white matter
integrity (in addition to the analysis of specific tracts), as some
previous studies have shown both widespread and more lim-
ited differences between males and females.

Statistical analyses, separate methods

Cortical thickness
Group differences in Cth were calculated with Qdec statistical
tool within the FreeSurfer software, using different slope differ-
ent onset option, and using age and education as the nuisance
covariates (thus, assuming group differences, and effects of age
and education, two factors that differed between the groups,
see Table 1, demographics). We employed a 10mm filter, and a
threshold of P < 0.05 with Monte Carlo correction.

Subcortical structural volumes
We first tested whether there were any group differences within
the same sex for total intracranial volume (ICV) (two separate
one-way ANOVAs, P < 0.025). Then, we examined whether there

Possible Neurobiological Underpinnings of homosexuality and Gender Dysphoria Manzouri and Savic | 2087

http://fsl.fmrib.ox.ac.uk/
http://fsl.fmrib.ox.ac.uk/
http://fsl.fmrib.ox.ac.uk/


were group differences in subcortical volumes, using individual
structural volume/ICV ratios as input values. Possible difference
between cisgender homosexual groups and cisgender hetero-
sexual groups was tested using multivariate (10 subcortical
regions) GLM analysis (P < 0.05) (SPSS, version 24). Sex and sex-
ual orientation were between factors and region the within-
factor. Next, we investigated whether there was any effect of
gender identity on relative structural volumes (Volume/ICV),
using the same method [including all cisgender men (HeM and
HoM), all cisgender women (HeW and HoW), TrW, and TrM]. We
considered an overall 2 × 2 × 2 (sex, sexual orientation, and gen-
der identity) ANOVA or GLM not to be suitable, as the factor of
sexual orientation was not binary (homo or heterosexual) for
the transgender groups.

Finally, we tested whether there were any group differences
within each sex as assigned at birth, thus separately comparing
HoM, HeM, and TrW as well as HoW, HeW, and TrM, again
using region (structural volume) as the dependent variable and
group as the fixed factor (univariate GLM (P < 0.025) due to two
separate comparisons).

FA values
Group differences in FA values were first examined using the
explorative, TBSS statistics. All results, if not specified other-
wise, were considered significant at PFWE < 0.05 (family-wise
error corrected), and a minimal cluster size of k > 100 voxels.
We first used a 2 × 2 (sex by sexual orientation) ANOVA, fol-
lowed by a separate 2 × 2 (sex by gender identity) ANOVA.
Finally, two separate one-way ANOVAs, followed by post hoc
comparisons (Scheffe’s post hoc test, P < 0.05) were conducted

to specifically test the influences of gender identity and sexual
orientation within the groups comprised of persons with the
same sex assigned at birth; specifically, the comparisons were
between TrW, HoM, and HeM and between TrM, HoW, and
HeW, and included age as the covariate of no interest.

Rs-fMRI
Group differences were tested with dual regression analysis,
and the resulting GLM parameter estimate images were fed
into FSL’s randomize tool for non-parametric permutation
inference in order to test the separate hypotheses about differ-
ences in connectivity within the DMN among groups.

The results are reported at a threshold of FWE corrected P <
0.01 (using mask as described by Feusner et al. (2017)). This
more conservative threshold was selected due to the multiple
comparisons involved.

Results
Demographics

Demographic data are presented in Table 1. As the six groups
differed in age and years of education (two separate one-way
ANOVAS, P < 0.05), these categories were used as covariates of
no interest in all further comparisons. Post hoc Scheffe tests
showed no differences between the two transgender groups,
nor between the homosexual and heterosexual cisgender popu-
lations. The cisgender groups were at the two extremes of the
sexual orientation scale, whereas the transgender groups were
heterogeneous in this respect.

Table 2a Clusters showing significant group difference in cortical thickness

Cluster HeW–HeM (positive −log10(P) values) TrW–HeW (positive −log10(P) values) TrW–HeM (positive −log10(P) values)

HeM–HeW (negative −log10(P) values) HeW–TrW (negative −log10(P) values) HeM–TrW (negative −log10(P) values)

Maximum
vertex-wise
−log10(P)

Cluster
size
(cm2)

Talairach
coordinates

Maximum
vertex-wise
−log10(P)

Cluster
size
(cm2)

Talairach
coordinates

Maximum
vertex-wise
−log10(P)

Cluster
size
(cm2)

Talairach
coordinates

L Superior
temporal cortex

−2.7 15.4 −48 −2 −20

L rostral middle
frontal cortex

4.6 23.7 −33 46 15 2.9 1.2 −12 42 15

L post-central +
superior parietal
cortex

4.4 19.9 −41 −44 20

L lateral occipital
cortex

2.3 28.1 −29 −84 2 3.8 23.1 −18 −96 −8 2.7 12.4 −29 −88 16

L insular cortex 3.7 15.2 −37 −24 0
L isthmus
cingulate cortex

2.9 13.4 −7 −45 30

L parietal cortex 2.8 17.5 −51 −43 9
R occipito-
temporal cortex

3.0 14.6 −4 −71 16

R post-central
gyrus

R superior frontal
cortex

3.5 17.5 15 56 13

Note: Statistical threshold is P < 0.05, corrected for multiple comparisons (according to Monte Carlo permutations). Demeaned age and demeaned education were

used as nuisance covariates. These data were generated by contrasts when only using heterosexual cis-sexual controls and are presented to allow comparisons with

our previous publications with similar study groups. The filter was 10mm. The Talairach’s coordinates indicate location of maximum difference; the “Region” column

describes the coverage of the respective cluster.

R = right; L = left.
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Analyses of cortical thickness

We replicated previous findings of significant sex differences
between the two heterosexual cisgender control groups, as
HeW were observed to have thicker parietal, occipital, and sen-
sory motor cortices, while HeM displayed a thicker left superior
temporal cortex (Table 2a, Fig. 1a). TrM showed no significant
difference from HeM in the parietal Cth, and the anterior por-
tion of their left superior temporal cortex was thicker than in
HeW but not HeM. TrM thus displayed a “male pattern”
(Table 2b). However, when including homosexual subjects in
the control group and comparing TrM with all cisgender con-
trols, and using Kinsey scores as the covariate, the cluster
indicating thicker left superior temporal cortex as compared
with HeW was no longer present (Fig. 1b); the parietal cortex,
however, was still not thicker than in HeM. For TrW, on the
other hand, the initial analysis revealed a thicker left parietal
cortex in comparison to HeM but not HeW, and the Cth of their
left superior temporal cortex did not differ significantly from

that of HeW or HeM (Fig. 1c, Table 2b). This partly “female
pattern” among TrW, however, was no longer present after
re-running the comparisons including the homosexual cisgen-
der controls and using Kinsey scores as the covariate. Thus, the
significant “female-typical” cluster in the parietal cortex vis á
vis male controls was no longer present when adding HoM,
whereas Cth in the left superior temporal gyrus continued not
to differ from that of both male and female cisgender controls
(Fig. 1c, Table 2a). Hence, the features suggesting “sex-reversed”
characteristics (in relation to the sex assigned at birth) among
both transgender populations seemed to be attributed to a
higher proportion of homosexual and bisexual persons among
these groups. The non-differing values (ns in relation to cisgen-
der men as well as cisgender women) concerning the left tem-
poral cortex in TrW and the right parietal cortex among
TrM remained, even when correcting for sexual orientation,
whereas the “sex-reversed” patterns were no longer present.

These findings motivated separate investigations of the cor-
responding data from the homosexual groups. We found that

Figure 1. Group differences in cortical thickness. Contrasts calculated at P < 0.05, FWE corrected for multiple comparisons (Monte Carlo permutation). The projection

of cerebral hemispheres (MR images of the FreeSurfer atlas) is standardized. Scale is logarithmic and shows –log10 (P), with cool colors indicating negative contrast,

and warm colors positive contrast. (A) Comparison between cisgender heterosexual men and women. (B) Comparisons between transgender men and controls. (C)

Comparisons between transgender women and controls. The figures illustrate how significant clusters depend on whether the cisgender control groups are com-

prised of homosexual or heterosexual persons, or a mix of both. HoM, homosexual men; HeW, heterosexual women; HoM, homosexual men; HeM, heterosexual men.

TrM, transgender men; TrW, transgender women.
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the Cth value for the left superior temporal cortex among HoW
was in-between that of HeM and HeW. For HoM, the Cth value
for the left parietal cortex was similar to that of HeW and larger
than among HeM (Fig. 2), whereas their Cth value for the left
superior temporal cortex was similar to that of HeM. The data
for the homosexual groups are described in detail in a separate
paper (Manzouri and Savic 2018), and also in Fig. 2 and Table 3.
Notably, the differences between HoM and HeM were pro-
nounced, while no significant clusters were detected when
comparing HoW and HeW. HoM showed significantly greater
Cth in the medial prefrontal and precuneus regions than all
three other cisgender groups.

Another prominent observation, concerning both transgen-
der groups, was that the thickness of the pregenual anterior
cingulate, superior frontal, and occipito-temporal cortices was
significantly greater in TrM as well as in TrW in relation to both
male and female cisgender controls. Furthermore, this differ-
ence between transgender subjects and cisgender controls
remained when including the homosexual controls and
accounting for Kinsey scores (Fig. 1b,c). Thus, these clusters
were independent of sexual orientation. Notably, a direct com-
parison between the two transgender groups revealed no differ-
ences in the Cth of the medial prefrontal frontal lobes,
confirming that the detected frontal lobe thickening was a fea-
ture shared by both transgender populations. The only differ-
ence between TrM and TrW was that the left lateral occipital
cortex and the right lingual cortex (including the extrastriatal
body area (EBA)) was thicker in TrM (−log10(P) = 2.7, size 19.0 cc,
coordinate 10 −95 −5), and thus followed the pattern of the sex
assigned at birth. In the parietal cortex, Cth was sub-
significantly greater in TrM than in TrW, which, again, follows
the pattern of the sex assigned at birth, although less promi-
nently than among heterosexual controls. It is also worth men-
tioning that a direct comparison between all of the transgender
subjects and all of the cisgender controls revealed thicker cortex
among transgender persons, bilaterally in the prefrontal fronto-

polar cortex, the right occipito-temporal cortex, and in the left
temporo-parietal junction and the cuneus (Supplementary,
Fig. 1). There were no regions in which a thinner cortex was
found among transgender subjects as compared with controls.

In summary, transgender subjects showed a pattern of Cth
in sexually dimorphic areas that was more in accordance with
the sex they identify with. However, this pattern was primarily
generated by the data from homosexual transgender subjects.
To the contrary, the singular features shared by both transgen-
der groups, the thickening of the mesial prefrontal cortex, the
temporo-parietal cortex (right > left) and cuneus, were not
associated with sexual orientation. To further test the possible
effects of sexual orientation among transgender populations,
we sub-classified the groups according to sexual orientation
(Kinsey score 0–4 was defined as non-homosexual, 5–6 as
homosexual), In these post hoc analyses of mean Cth, two
interesting features emerged: the mesial prefrontal cortex was
thicker in TrW and TrM than in controls, irrespective of sexual
orientation. In the left superior temporal cortex, which is
usually thicker in males, and in the parietal cortex, which is
usually thicker in females, the non-homosexual transgender
participants tended to follow the pattern for their sex assigned
at birth to a greater extent than homosexual transgender sub-
jects (Supplementary Fig. 2a,b).

In short, with regard to Cth, the pattern of sexual dimor-
phism was less pronounced among the homosexual popula-
tions, both cisgender and transgender. Furthermore, among the
transgender groups (both TrM and TrW, irrespective of sexual
orientation), singular characteristics were detected, however,
not in the typically sexually dimorphic areas but within the
DMN along the cerebral midline.

Subcortical structures and total intracranial volume

The ICV did not differ between the study groups of the same
sex assigned at birth (females: F = 0.1(2.117), P = 0.896; males:

Table 2b Clusters showing significant group difference in cortical thickness

Cluster TrM–TrW (positive −log10(P) values) TrM–HeW (positive −log10(P) values) TrM–HeM (positive −log10(P) values)

TrW–TrM (negative −log10(P) values) HeW–TrM (negative −log10(P) values) HeM–TrM (negative −log10(P) values)

Maximum
vertex-wise
−log10(P)

Cluster
size
(cm2)

Talairach
coordinates

Maximum
vertex-wise
−log10(P)

Cluster
size
(cm2)

Talairach
coordinates

Maximum
vertex-wise
−log10(P)

Cluster
size
(cm2)

Talairach
coordinates

L superior temporal
cortex

1.8 10.5 −45 5 −25

L precentral cortex 3.9 14.3 −38 0 32
L rostral anterior
cingulate cortex

3.4 23.5 −6 33 −5

L lateral occipital +
cuneus cortexa

2.7 19.1 −19 −97 −5 3.6 15.9 −28 −82 6

L entorhinal cortex 4.3 21.5 −29 −12 −26
R lateral occipital cortex 2.6 11.5 25 −91 15
R superior frontal cortex 3.2 10.4 10 43 19 4.3 16.4 12 20 27
R precalcarine cortex 3.3 12.6 4 −71 16
R lingual cortex 5.3 24.1 12 −72 2

Note: Statistical threshold is P < 0.05, corrected for multiple comparisons (according to Monte Carlo permutations). Demeaned age and demeaned education were

used as nuisance covariates. These data were generated by contrasts when only using heterosexual cis-sexual controls and are presented to allow comparisons with

our previous publications with similar study groups. The filter was 10 mm. The Talairach’s coordinates indicate location of maximum difference; the “Region” column

describes the coverage of the respective cluster.
aCovers parts of the right temporal cortex.
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F = 0.3(2.94), P = 0.719); see Table 4. Thus, with regard to ICV,
data from TrM and TrW were in line with their sex assigned at
birth, with higher values among TrW than TrM (Table 4). The
sex (male, female) by sexual orientation (heterosexual, homo-
sexual) GLM showed a significant main effect of sex but not
sexual orientation [Wilk’s lambda for the corrected model =
0.006, F(10, 124) = 2208.8, P < 0.00, with F(10, 124) = 4.78, P < 0.00
for sex, and F(10, 124) = 0.311, P = 0.087 for sexual orientation].
There was no interaction between sex and sexual orientation
F(10, 124) = 1.6, P < 0.099. Likewise, the sex (male and female)
by gender identity (cisgender, transgender) GLM showed an
effect of sex but not gender identity [Wilk’s lambda for the cor-
rected model = 0.107, F(10, 127) = 0.125, P = 0.00; for effect of
sex F(10, 127) = 4.46, P < 0.00 and sexual orientation F(10, 127) =
0.422, P = 0.934]; there was no interaction between sex and gen-
der identity [F(10, 127 = 1.0, P = 0.099]. As shown in Table 4, and
reported earlier, the relative volumes of the hippocampus, cau-
date, and thalamus were greater among the females assigned
at birth, whereas the relative putamen volumes were greater
among the males assigned at birth (Table 4). We also tested
whether there was any effect of gender identity or sexual orien-
tation for each sex as assigned at birth, thus separately com-
paring HoM, HeM, and TrW and HoW, HeW, and TrM. To avoid
0-effect due to opposite dimensionalities linked to sex dimor-
phism, we compared the caudate, thalamus, and hippocampus
(with multivariate GLM) separately from the putamen (with
univariate GLM), using region as the dependent variable and

group as the fixed factor (P < 0.025 due to two comparisons—
male and female sexes). There were no significant group differ-
ences between groups with the male sex [for the caudate,
thalamus, and hippocampus, Wilks’ lambda was 0.805, F(12,
212) = 1.975, P = 0.028; for the putamen, Wilks’ lambda was
0.945, F(4, 220) = 1.569, P = 0.184)]. Nor did we find significant
differences between groups with the female sex [for the cau-
date, thalamus, and hippocampus, Wilks’ lambda was 0.868,
F(6, 92) = 1.124, P = 0.343; for the putamen, Wilks’ lambda was
0.891, F(2, 96) = 2.28, P = 0.065]. Thus, HoW and HoM as well as
TrW and TrM followed the pattern of their sex assigned at
birth.

As there were no significant effects of sexual orientation, no
Kinsey corrected post hoc comparisons were carried out.

Structural connectivity indexed by fractional
anisotropy values

FA voxel-wise statistics, using explorative whole-brain analysis
The results from a sex (male and female) by sexual orientation
(heterosexual and homosexual) ANOVA including the four cis-
gender groups showed a main effect of sex (Fig. 3a and
Supplementary Table 1). Notably, there was no effect of sexual
orientation. Post hoc two-group t-test (P < 0.05) comparisons
with respect to effects of sex revealed highly significant sex dif-
ferences among heterosexual groups, HeM>HeW in almost all
major tracts, even when reducing the amount of data to match
the group size of homosexual subjects (N = 30 in each group;
see Supplementary Table 1). In contrast, the homosexual
groups barely differed from each other, with only a small clus-
ter located in the left corticospinal tract (CST), which showed a
significantly higher FA among HoM than HoW (Fig. 3a).
Comparisons across groups showed significantly higher FA val-
ues among HeM compared with HoW, but the differences were
less extensive than in relation to HeW. Likewise, but less perva-
sively, HoM had significantly higher FA values than HeW
(Supplementary Fig. 3). Thus, the lack of sex difference among
the homosexual groups was not due to one particular homo-
sexual group. There were no tracts whose FA values were high-
er among cisgender women than cisgender men, irrespective of
sexual orientation.

We found no significant (PFWE ≤ 0.05) interaction and no
main effect of gender identity. Again, there was a main effect
of sex, with higher FA for the right inferior fronto-occipital tract
(IFOF) (k = 5802, F = 30.8), left thalamic radiation (k = 1435, F =
42.3), and right splenium of the corpus calosum, (CC) (k = 958,
F = 31.3) among participants assigned as male at birth than
among those assigned as female at birth (see Supplementary
Table 3).

FA tract-wise statistics, and correcting for sexual orientation
Given previous data using tract-wise statistics showing “in-
between” values for transgender populations (Rametti, Carrillo,
Gomez-Gil, Junque, Segovia et al. 2011; Rametti, Carrillo,
Gomez-Gil, Junque, Zubiarre-Elorza 2011), we sought to investi-
gate whether similar results would be reproduced when carry-
ing out tract-wise, and thus more selective, comparisons rather
than explorative TBSS analyses, also taking into account sexual
orientation. The data was therefore re-analyzed, extracting the
mean FA values for those tracts previously found to be sex
dimorphic (Menzler et al. 2011; Rametti, Carrillo, Gomez-Gil,
Junque, Segovia et al. 2011) and comparing them across groups
with and without adding Kinsey scores as the covariate [SPSS
Statistics 21 (SPSS Inc., Chicago, IL)].

Figure 2. Group differences in cortical thickness between homosexual and het-

erosexual cisgender controls. Contrasts calculated at P < 0.05, FWE corrected for

multiple comparisons (Monte Carlo permutation). The projection of cerebral

hemispheres (MR images of the FreeSurfer atlas) is standardized. Scale is loga-

rithmic and shows –log10(P), with cool colors indicating negative contrast, and

warm colors positive contrast. HoM = homosexual men; HeW = heterosexual

women; HoW = homosexual women; HeM = heterosexual men.
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A two (sex) by two (gender identity) multivariate ANOVA,
including Kinsey scores in addition to age as covariates of no
interest, revealed a significant interaction effect of sex and gen-
der identity for the right IFOF (P = 0.046). “Furthermore, there
was a main effect of gender identity bilaterally for the IFOF
(left: P = 0.035; right: P = 0.009)”. The main effect of sex, on the
other hand, was found for the bilateral CST (left: P = 0.004,
right: P = 0.027), superior longitudinal tract (SLF) (left: P = 0.008,
right: P = 0.005), and left ILF (P = 0.039).

Group differences were then investigated separately within
each group with the same sex assigned at birth, and Kinsey
scores were utilized as the covariate of no interest in the one-
way ANOVA.

Among at birth assigned males, a significant group difference
was found for the bilateral IFOF (left: P = 0.022; right: P < 0.001),
right SLF (P = 0.017), left CST (P = 0.039), forceps minor (P = 0.046),
and left ILF (P = 0.048), with lower mean FA for all of these tracts
among TrW compared with HeM, although only in the right IFOF
in relation to HoM (see Fig. 3b). TrW also had significantly lower
mean FA in relation to HoW, but, again, only in the bilateral IFOF
(left: P = 0.020; right: P = 0.032) and the left ILF (P = 0.030). When
comparing TrW to HeW, however, the mean FA was significantly
higher among TrW for the bilateral CST (left: P = 0.017; right: P =
0.010) and the left SLF (P = 0.041). “Thus, in respect to FA values,
TrW showed a sex-typical pattern regarding the CST and SLF, but
a sex-atypical pattern regarding the IFOF and left ILF”.

In contrast, and similar to the results for whole-brain com-
parisons, the one-way ANOVA including the three female (sex

assigned at birth) groups revealed no significant differences
between TrM and HeW or HoW for any tract. A separate com-
parison between HeM and TrM, however, showed widespread
clusters, whereas the contrast HoM–TrW revealed clusters only
in the right IFOF (Fig. 3b), again, suggesting that the difference
compared with cisgender controls, when taking into account
sexual orientation, was confined to the right IFOF.

“Comparisons between TrW and TrM showed higher FA in
TrM for the left ILF (P = 0.031), a finding that is in line with their
gender identity for this particular tract. No differences were
found for any of the other tracts”.

In summary, the findings from the DTI data followed the
patterns of a generally less pronounced sexual differentiation
among homosexual populations, “whereas the signature of
transgender groups was confined to the IFOF”. The group com-
parisons of mean FA in specific tracts, after also accounting for
the mixed sexual orientation among the transgender groups,
confirmed a special role for the right IFOF in GD, as differences
were found between TrW and all cisgender men (HoM and
HeM), as well as between TrM and all cisgender men (Fig. 3b).

Post hoc comparison separating homosexual and
non-homosexual transgender subjects

Given that tract-wise FA analyses showed effects of sexual orien-
tation as well as GD, the character of a possible interaction
between these two factors was explored by conducting tract-wise

Table 3 Differences in cortical thickness between homosexual and heterosexual cisgender controls

Region HoM–HeM HoW–HoM HoW–HeW HoW–HeM

Max,
log10
(P)

Size
(cm2)

Coordinates Max,
log10
(P)

Size
(cm2)

Coordinates Max,
log10
(P)

Size
(cm2)

Coordinate Max,
log10
(P)

Size
(cm2)

Coordinates

L middle temporal
and parietal cortex

L superior frontal
cortex

L pericalcarine cortex
L precuneus 3.6 14.3 −6 −58 18a −4.2 12.7 −6 −66 36
L lateral occipital and
parietal cortex

4.6 14.0 −42 −81 2

L pars triangularis +
prefrontal cortex

−5.3 178.4 −41 30 −2b

R cuneus −3.4 11.6 4 −73 16
R rostral anterior
cingulate cortex

3.5 12.5 11 35 12

R inferior temporal
cortex

R insular, pre-post-
central cortex

−6.0 13.2 56 3 6

R Superior frontal
cortex

−5.5 35 8 51 15

R lateral occipital
cortex

−2.9 17.1 32 −78 7

Note: Negative values denote reverse contrast. The ‘Region’ column describes the coverage of the cluster. R = right; L = left. Clusters are calculated at P 0.05 corrected,

using a 10-mm filter.
aIncludes left inferior and superior parietal lobes.
bLarge cluster including superior frontal and anterior cingulate cortex, left superior temporal gyrus.
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mean FA analyses that differentiated between homosexual and
non-homosexual transgender subgroups.

Comparison between the four male assigned at birth groups
(14 homosexual TrW, 10 non-homosexual TrW, 27 HoM, 37 HeM)
(one-way ANOVA, Scheffe’s post hoc tests, P < 0.05) again only
showed a significantly different mean FA for the IFOF (left: P =
0.023; right: P = 0.001). More specifically, for the “left IFOF, HeM
showed significantly higher mean FA than non-homosexual
TrW” (P = 0.029) and sub-significantly higher FA than homosex-
ual TrW (P = 0.096); Notably, and concurring with the notion that
IFOF has a singular phenotype in GD, HoM had a significantly
higher mean FA for the “left IFOF” as compared with both non-
homosexual (P = 0.005) and homosexual TrW (P = 0.043). For the
right IFOF, both cisgender male groups had significantly higher
mean FA than homosexual TrW (comparison with HeM, P =
0.005; with HoM, P = 0.017) and non-homosexual TrW groups
(comparison with HeM, P = 0.001; with HoM, P = 0.005).

Again, there were no significant tract-wise differences in FA
between the four female assigned at birth groups (24 homosex-
ual TrM, 13 non-homosexual TrM, 27 HoW, 40 HeW). However,
with regard to IFOF, both homosexual and non-homosexual
TrM had similar mean FA values to the cisgender males, thus
showing values in line with those of the gender they identified
with, independent of sexual orientation. In contrast, for the for-
nix, CST, left SLF, and forceps minor, transgender persons fol-
lowed the pattern of their sex assigned at birth, a pattern that
was qualitatively but not significantly more pronounced among
the heterosexual than homosexual transgender subjects. With
the small number of subjects in the groups, the differences
could not qualify as significant.

Group comparisons of functional connectivity within
the DMN

Results from group comparisons of functional connectivity
within the DMN are shown in Fig. 4 and Table 5. As for the
other metrics, we first compared heterosexual cisgender male
and female controls. No significant differences were found at
PFWE < 0.01 corrected; however, when lowering the threshold to
P < 0.05 FWE corrected, a cluster appeared with higher connec-
tivity among HeW in the precuneus/PCC. We then investigated
whether there were any group differences with respect to sex-
ual orientation. As recently reported (Manzouri and Savic 2018),
in both HoW and HoM the functional connectivity in the precu-
neus cortex and the pACC was significantly less pronounced as
compared with both male and female heterosexual cisgender
controls (Table 5). As among the heterosexual groups, there
was no sex difference at PFWE corrected <0.01, but when lower-
ing the threshold to PFWE corrected <0.05, a cluster appeared in
the precuneus revealing less pronounced connections in HeM
compared with HeW.

As for the Cth and FA measures, the most striking effects
were detected with regard to gender identity. Both TrW and
TrM displayed less pronounced functional connectivity within
the pACC of the DMN as well as in the posterior cingulate and
precuneus portion of the DMN. Notably, this was found in rela-
tion to both male and female cisgender controls, and irrespec-
tive of whether the Kinsey scores were used as the nuisance
variable (Table 5a,b). Thus, in both of these nodes of the DMN,
functional connectivity was significantly more prominent in
HoM and HoW than in TrM and in TrW (Table 5). As for

Table 4 Structural volumes

Structural
volumes (cm3)

HeM HeW TrM TrW HoM HoW P and F (3, 36),
sex × sexual
orientation

P and F
(3,143),
sex × gender
identity

N = 40 N = 40 N = 40 N = 27 N = 30 N = 30

L caudate volume 4.2 ± 0.5 3.9 ± 0.4 3.8 ± 0.4 4.0 ± 0.5 4.2 ± 0.6 3.9 ± 0.5 P = 0.008
F = 4.112

P = 0.017
F = 4.172

R caudate volume 4.2 ± 0.6 4.0 ± 0.4 3.9 ± 0.4 4.1 ± 0.5 4.2 ± 0.6 3.9 ± 0.4 P = 0.004
F = 4.725

P = 0.005
F = 5.575

L putamen volume 5.5 ± 0.6 4.9 ± 0.6 5.0 ± 0.4 5.6 ± 0.7 5.3 ± 0.5 5.1 ± 0.7 P = 0.030
F = 3.084

P = 0.062
F = 2.843

R putamen volume 5.3 ± 0.6 4.8 ± 0.6 4.9 ± 0.5 5.5 ± 0.7 5.2 ± 0.6 4.9 ± 0.7 P = 0.094
F = 2.177

P = 0.934
F = 0.069

L hippocampus
volume

4.3 ± 0.4 4.0 ± 0.3 4.0 ± 0.4 4.4 ± 0.5 4.2 ± 0.4 4.2 ± 0.4 P = 0.000
F = 9.988

P = 0.000
F = 13.574

R hippocampus
volume

4.4 ± 0.4 4.1 ± 0.3 4.1 ± 0.4 4.6 ± 0.4 4.3 ± 0.6 4.3 ± 0.5 P = 0.000
F = 10.070

P = 0.000
F = 14.912

L amygdala 1.9 ± 0.2 1.7 ± 0.2 1.7 ± 0.2 1.9 ± 0.3 2.0 ± 0.3 1.8 ± 0.2 P = 0.807
F = 0.325

P = 0.934
F = 0.069

R amygdala 2.0 ± 0.3 1.8 ± 0.2 1.8 ± 0.2 2.0 ± 0.3 2.1 ± 0.4 1.9 ± 0.3 P = 0.163
F = 0.921

P = 0.835
F = 0.181

L thalamus
volume

7.5 ± 0.6 6.8 ± 0.5 6.8 ± 0.7 7.5 ± 0.6 7.1 ± 0.7 6.9 ± 0.5 P = 0.001
F = 5.972

P = 0.001
F = 7.831

R thalamus
volume

7.5 ± 0.7 6.7 ± 0.6 6.8 ± 0.6 7.3 ± 0.6 7.1 ± 0.7 6.8 ± 0.5 P = 0.002
F = 5.268

P = 0.004
F = 5.682

ICV volume 1632.1 ± 130.6 1427.8 ± 118 1403.1 ± 224.2 1618.4 ± 118.1 1618.4 ± 123.1 1420.1 ± 131.1 P = 0.000
F = 32.68

P = 0.000
F = 27.329

Note: ICV, total intracranial volume; The P- and F-values indicate results from multivariate (10 subcortical regions) general linear model (GLM) analysis (P < 0.05),

based on calculations of ratios between the respective structural volume and the ICV. Left column—P- and F-values from GLM analysis using sex and sexual orienta-

tion as between factors and region the within-factor; Right column—P- and F-values from GLM analysis using sex and gender identity as between factors and region

as the within-factor.
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comparisons with heterosexual controls, these differences
were more widespread for TrW than TrM (Table 5).

Discussion
We investigated possible cerebral underpinnings to sexual ori-
entation and gender identity. Specifically, we tested the
hypothesis that GD is associated with variant cerebral anatomy
and function within the circuits mediating self–own body per-
ception, irrespective of birth sex assignment. A further hypoth-
esis was that a different or even sex-reversed cerebral
dimorphism would be found in cisgender homosexual subjects
in comparison to cisgender heterosexual subjects. This is con-
trary to the more traditional hypothesis (which we also tested)
that sex dimorphism would be “sex-reversed” primarily among

transgender subjects (compared with cisgender heterosexual
controls).

The generated data produced five major findings:

• Among persons with GD, the FA values for the right IFOF
were significantly lower than among cisgender controls. This
difference remained when accounting for sexual orientation,
and was most prominent among TrW.

• Among persons with GD (both TrW and TrM), Cth was signifi-
cantly greater compared with controls bilaterally in the
mesial prefrontal cortex, in the cuneus-precuneus, and in the
left lateral occipito-temporal cortex (including the right EBA).
These cortical areas are interconnected via the IFOF, for
which FA was found to be lower than in controls, suggesting
that findings 1 and 2 are coordinated.

• Among both transgender groups, the functional connections
within the pACC and precuneus of the DMN were less pro-
nounced than in both male and female cisgender controls.

These three findings were detected in relation to both
homosexual and heterosexual controls. Thus, irrespective of
the MR metric, group differences were detected in regard to
the neuronal circuits along the cerebral midline, circuits
known to be involved in the processing of own-body percep-
tion in the context of self. Together, these findings seem to
characterize GD and accord with the behavioral hallmark of
GD—the incongruence between perception of own body and
self.

• Among the homosexual groups, we found less pronounced
sex differences than among cisgender heterosexual controls.
This was true for Cth as well as FA and was not restricted to a
particular area of the brain. A lower degree of sexual differen-
tiation with regard to FA values as well as Cth, was detected
among both cisgender and transgender homosexuals.

• The findings among homosexual cisgender controls “were
more pronounced among men”.

Several previous neuroimaging studies have suggested that, in
comparison to heterosexual cisgender controls, sexual differen-
tiation of the brain is less pronounced in transgender, and
homosexual cisgender populations but none have compared
transgender groups with both homosexual and heterosexual
cisgender controls in the same setting. In this respect, the pres-
ent study is unique, and the findings provide a new perspective
on the neurobiology of GD as well as sexual orientation. While
Cth and FA values showed signs of a less pronounced sexual

Figure 3. Group differences in fractional anisotropy (FA). The differences are

illustrated in red–yellow and blue and superimposed on the group skeleton

(green). Clusters calculated at P < 0.05, FWE corrected for multiple comparisons.

(A) HeM–HeW (upper row, indicated in red–yellow) and HoM–HoW (lower row,

indicated in blue). z-Coordinates of the MNI atlas are indicated. R = right side;

L = left side. (B) Group differences between cisgender men (HoM and HeM) and

transgender men (TrM, upper row), cisgender men (HoM and HeM) and trans-

gender women (TrW, lower row). Whole-brain voxel-wise group differences in

FA (P < 0.05, FWE corrected) between homosexual and heterosexual cisgender

men (HoM/HeM) and transgender women (TrW, upper row), and transgender

men (TrM, lower row). Significant clusters are projected on the mean FA skele-

ton (green) using the “tbss fill” procedure in FSL; slice labels indicate MNI

z-coordinates; L = left, R = right. Separate comparisons between cisgender

males, TrW, and TrM were allowed as the overall TBSS analysis showed a sig-

nificant effect of sex. The method allows explorative visualization, which is not

possible with the tract extraction model, and enabled us to observe the effect of

gender identity in the right IFOF.

Figure 4. Group differences in rs-fMRI and in the default mode network (DMN).

Significant group differences in resting state functional connections within the

default mode network. Differences between all of the male cisgender control

groups (both homosexual and heterosexual) are indicated in blue. Differences

between all of the female cisgender control groups (both homosexual and het-

erosexual) are indicated in red. Clusters calculated at P < 0.01, FWE corrected.

The MNI coordinate for the crosshair is indicated.
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dimorphism among both TrW and TrM, this pattern did not
remain when taking into account sexual orientation and com-
paring each of the transgender groups with “all” cisgender con-
trols. There were, however, other differences in FA and Cth
values, which were independent of sexual orientation, and
seem to be singular for GD. These observations suggest that GD
is associated with specific neuroanatomical and connectivity
traits along the cerebral midline. A less pronounced and even
reversed sexual dimorphism, on the other hand, was found to
be associated with homosexuality, including transgender
homosexual persons. Only subtle “undifferentiated” (not differ-
ent from cisgender men or cisgender women) findings in major

sexually dimorphic regions and only in regard to Cth were
detected among transgender groups when correcting for sexual
orientation. These findings may potentially explain some
inconsistencies in earlier reports (see introduction). For exam-
ple, the impression from some previous studies that TrW
would have a sex-reversed pattern of regional Cth, while TrM
would express more sex-typical features may be biased by the
fact that the participants with GD were homosexual and the
controls were heterosexual in these studies (e.g., Zubiaurre-
Elorza et al. 2014) and that differences between HoM and HeM
are more pronounced than those between HoW and HeW, at
least for Cth. Support for this difference can be found in the

Table 5 Group differences in resting state connectivity within the DMN

A. Differences between cis and transgender persons

Region All cisgender men—TrW All cisgender women—TrW

Cluster size (cc) MNI coordinates Cluster size (cc) MNI coordinates

ACC 17.1 −6 51 −18 13.5 −9 51 13
Precuneus (PCC) 1.8 4 −52 16 1.5 −1 −58 18
Right Angular Gyrus, Middle Temporal Gyrus 5.3 64 −51 1 5.8 43 −49 12
Lateral Occipital Cortex, Middle Temporal Gyrus 2.8 −36 −63 13 3.3 −45 −63 9
L Middle Frontal Gyrus, Superior Frontal Gyrus 2.3 −28 33 36 1.7 −27 33 39
R Middle Frontal Gyrus, Superior Frontal Gyrus 2.7 24 27 32 1.4 27 25 40

Region All cisgender men—TrM All cisgender women—TrM

Cluster size (cc) MNI coordinates Cluster size (cc) MNI coordinates

ACC, frontal pole 17.1 −6 52 −13 10.2 −7 61 −10
Precuneus 1.0 6 −57 54 1.8 0 −61 54

B. Group differences between homosexual and heterosexual cisgender controls

Region HeW–HoW HeM–HoM HeW–HoM HeM–HoW

Cluster size
(cm3)

MNI
coordinates

Cluster size
(cm3)

MNI
coordinates

Cluster size
(cm3)

MNI
coordinates

Cluster size
(cm3)

MNI
coordinates

ACC 7.2 −1 50 17 9.9 15 51 3 1.0 −15 56 17 0.5 −15 56 17
Precuneus 2.9 −6 −50 3.0 0.6 11 −48 6

C. Sex differences among cisgender controls

All cisgender women–all
cisgender men

All cisgender men–all
cisgender women

Cluster size (cc) MNI
coordinates

Cluster size (cc) MNI
coordinates

Cuneus, supracalcarine cortex, precuneus
L Frontal pole
R Frontal pole

0.3 16 −66 21

D. Group differences between the two transgender groups

Region TrW–TrM

Cluster size (cc) MNI coordinates

Lingual Gyrus, precuneus 3.5 10 −57 4
Precuneus, PCC 1.8 1 −55 34

Note: Significant clusters calculated at PFWE corrected <0.01, and using Kinsey scores as covariate.

Note: Significant clusters calculated at PFWE corrected <0.05.

Note: Clusters calculated at PFWE <0.01.

Note: ACC, anterior cingulate cortex; PCC, posterior cingulate cortex; HeW, heterosexual women; HeM, heterosexual men; HoW, homosexual women; HoM, homosex-

ual men.

Significant clusters calculated at PFWE corrected <0.05
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present observation that the frontal and lateral occipital-
parietal Cth was greater among HoM but not HoW in compari-
son to heterosexual groups of the respective sexes, implying
that it might also be greater in homosexual TrW but not homo-
sexual TrM. This is based on the notion that androphilic TrW,
having been assigned male sex at birth, can be regarded as
HoM before corrective treatment, whereas gynephilic TrM can
be regarded as HoW.

A possible sexual orientation bias should also be considered
for findings of “in-between” FA values among TrM and TrW.
Rametti and colleagues found such a pattern when comparing
homosexual GD populations with heterosexual male and
female controls (Rametti, Carrillo, Gomez-Gil, Junque, Segovia
et al. 2011; Rametti, Carrillo, Gomez-Gil, Junque, Zubiarre-
Elorza 2011). Kranz and colleagues, when investigating 23 TrM
(19 homosexual), found no FA differences compared with con-
trol groups of mixed, albeit predominantly heterosexual, orien-
tation, but did find significantly lower mean diffusivity
compared with the female controls, indicating a “male-like”
pattern (Kranz et al. 2014). The same research group subse-
quently used a graph theory approach with same study groups
(Hahn et al. 2015), finding decreased intra-hemispheric connec-
tivity ratios among TrM (less of a “male” pattern) and increased
interhemispheric connectivity ratios among TrW (more of a
“female” pattern). Together, these data indicated a less pro-
nounced sexual differentiation among subjects with GD and
were interpreted to reflect a unique “in-between” pattern
among GD.

With regard to the third metric used in the present study,
the rs-fMRI, the data are sparse. Ute Habel’s group, however,
investigated several different networks in a TrW population of
mixed sexual orientation, and found that “untreated” TrW had
a “weaker” functional connectivity not only in the inferior tem-
poral lobe in relation to male (presumably heterosexual) con-
trols but also in the right calcarine gyrus and the left
dorsolateral prefrontal cortex in relation to TrW who had
received cross-sex hormonal treatment (Clemens et al. 2017).
These data concur with the present findings of weaker func-
tional connectivity among TrW and TrM.

In contrast to GD, previous imaging studies regarding homo-
sexuality are rather consistent, showing a sex-reversed cerebral
activation with pheromone like compounds (Savic et al. 2005), a
sex-atypical pattern of resting state amygdala connectivity and
hemispheric asymmetry (Savic and Lindstrom 2008), and, at
least in homosexual men, sex-atypical structural homogeneity
and resting state connectivity in the cuneus and pACC
(Hu et al. 2013; 2014). Interestingly, in these studies, and also in
several investigations of neuropsychological test performance,
the difference in relation to heterosexual controls of the same
sex was more pronounced among homosexual men than
homosexual women (Beek et al. 2017). On the basis of these
data and the present results, one could argue that sex dimor-
phism is associated with homosexual orientation rather than
with GD, and that the hallmark of GD is linked to the own
body-self processing networks. Signs of a different sex dimor-
phism among GD seem to reflect the increased prevalence of
homosexuality and bisexuality among GD, a possibility needing
further evaluation, optimally by direct comparisons between
large groups of homosexual and heterosexual GD persons of
the same sex assigned at birth. Such a comparison would
require large groups of homosexual and heterosexual transgen-
der persons and is also motivated by the present observation of
subtle, yet detectable, signs of defeminization of the right pari-
etal Cth among heterosexual TrM and a demasculinization of

the left superior temporal Cth among heterosexual TrW. These
very preliminary observations are in agreement with the notion
of co-occurrence of transgenderism and homosexuality,

Own body image among persons with GD and its
tentative underlying mechanisms

The emergence of a masculine or feminine identity is held to
be strongly mediated by the early development of a male or
female body-self-perception. Research data suggest that our
brains have an imprinted own-body image, This image is rein-
forced by a multisensory integration of external and internal
stimuli related to own body, as this body image and its congru-
ence with the perception of self finally become permanent
(Tsakiris 2010). Such a scenario requires neuronal processes
involving somato-perception, somato-representation, and the
link between neuronal networks mediating physical and the
psychological self (Hodzic et al. 2009; Longo et al. 2010; Burke
et al. 2017). The body model of identity integrity would involve
neuronal processes in the right fronto-parietal cortex and pos-
sibly also in the insular cortex, which seem altered in persons
with GD (Giummarra et al. 2011; Manzouri et al. 2017; Burke
et al. 2017). One logical assumption is that the incongruence
experienced by persons with GD between their own body image
and perception of self could be due to developmental changes
in the cortical anatomy of regions processing self–own body
perception, which subsequently lead to a weakening of the
structural and functional connections in these networks (as
have been captured by rs-fMRI and DTI studies of GD persons).
An alternative and not mutually exclusive possibility is that
incongruent gender identification might have led to an aver-
sion to sex-specific body parts, which over time might modify
the cerebral processing of own body sex in the context of self.
An additional factor could be rumination about own body-self
incongruence. Given that Cth, white matter integrity (indexed
by FA values), and resting state functional connectivity can
undergo plastic changes, it is difficult to draw definite conclu-
sions as to whether the observed characteristics among per-
sons with GD were innate or acquired. Distinguishing this
would require longitudinal studies, optimally from childhood
onwards, which was beyond the scope of the present research.

Nonetheless, there are reasons to believe that at least some
of our observations reflect underlying factors rather than the
effects of GD. One reason is that other conditions involving
body rumination, such as anorexia nervosa (AN) and body dys-
morphic disorder (BDD), are not associated with similar fronto-
occipital changes. Although BDD, like GD, has an early onset
and is also related to the congruity between body and identity,
persons with BDD have been found to display thinner rather
than thicker frontal and temporal cortices compared with con-
trols (Buchanan et al. 2013). Among subjects with AN, com-
pared with controls, their cortex has been found to be “thinner”
bilaterally in the superior parietal gyrus and in the right inferior
parietal and superior frontal gyri, and their FA values found to
be lower for the left corona radiate, the posterior thalamic radi-
ation, and the left superior longitudinal fasciculus, but not in
the IOF tract, as in the present study (Via et al. 2014; Fuglset
et al. 2016).

Also, providing support for the underlying nature of our
findings is the fact that frontal and parietal cortical thickening
in TrM seems to persist after testosterone treatment, (at least 6
months after testosterone institution; Burke et al. 2017), and
could, thus, be stable, and presumably inherent to the GD con-
dition. Further support is provided by the finding that the
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increased prevalence of homosexuality among GD populations
was associated with less pronounced sexual differentiation.
Although the process underlying sexual attraction might be
more complicated for persons with body-self incongruence,
this by itself is unlikely to lead to a less pronounced sexual dif-
ferentiation of the brain. In addition to having different cerebral
signatures, homosexuality and GD might also share certain
neuroanatomical and functional features (e.g., weaker pACC
and precuneus/PCC connections, and less pronounced sex
dimorphism with regard to Cth in the temporal and parietal
cortex; see Supplementary Fig. 2), possibly underpinning both
phenomena. They could be part of the defeminization and
demasculinization processes as suggested by the cortical devel-
opment theory for GD (Guillamon et al. 2016). In this context, it
is worth considering Blanchard’s theory about homosexuality
and transsexuality. This theory has been adopted by several
researchers and holds that: (1) homosexual TrW are female-like
with respect to several sexually dimorphic behaviors, while
non-homosexual TrW are not (Blanchard 1989; 1989); (2) the
brain of homosexual TrW are more female-typical in respect to
sexually dimorphic structures, while non-homosexual TrW do
not differ from HeM with regard to sexually dimorphic struc-
tures (Blanchard 2008); and (3) homosexual TrW represent an
extreme form of male homosexuality. Our findings largely sup-
port the first two tenets, but deviate from the third, as we
detected qualitatively singular features among TrW, indepen-
dent of sexual orientation, which was not present among
homosexual men. Blanchard does not differentiate between
homosexual and heterosexual TrM. Interestingly, we found
that differences between HoW and HeW regarding some sex
dimorphic measures were less pronounced than those between
HoM and HeM. As already discussed, this can have implications
for the observed degree of sex variant dimorphism among TrM
and TrW, further emphasizing the need for specific compari-
sons between homosexual and non-homosexual transsexual
study groups.

Less pronounced sex dimorphism and its tentative
mechanisms

Data from all three of the metrics employed in the present
study suggested that both sexual orientation and gender iden-
tity are linked to the networks around the cerebral midline. Sex
dimorphism was found to be less pronounced among the two
homosexual control groups, and seemingly also among homo-
sexual transgender persons, although our group sizes were not
large enough to specifically compare homosexual and hetero-
sexual transgender persons of the same sex.

Cth denotes neuronal size and number, dendritic density,
and connections in the cortical columns (Rakic 1988). It is mod-
erated by testosterone, which usually contributes to a thicken-
ing of the left superior temporal cortex, thinning of the parietal
cortex, and, according to some studies, thickening of the
cuneus (Zubiaurre-Elorza et al. 2014). Among male controls, tes-
tosterone levels are found to be inversely correlated to the
thickness of the parietal and superior frontal lobe cortices
(Nopoulos et al. 2000; Bramen et al. 2012; Nguyen et al. 2013;
Savic and Arver 2014) and positively correlated to the thickness
of the left superior temporal and occipital cortices (Herting
et al. 2015). In addition, it has been shown that the possession
of an allele conferring more efficient function of the androgen
receptor (AR) is associated with a relatively thinner Cth specifi-
cally in the inferior parietal cortex in males and the inferior
frontal cortex in females (Raznahan et al. 2010). It is, therefore,

feasible to hypothesize that the greater Cth of the parietal and
frontal cortices, as well as thinner Cth of the left cuneus, found
among our HoM subjects could reflect regional hypoandrogen-
ization (Fernandez et al. 2003; Rasgon et al. 2005). Cth is also
moderated by estrogen, which in women contributes to thick-
ening of the inferior parietal cortex and thinning of the tempo-
ral cortex, and in men to thinning of the frontal cortex (Peper
et al. 2009; Witte et al. 2010; Koolschijn et al. 2014; Herting et al.
2015). As opposed to Cth, FA values are believed to reflect axo-
nal packing and caliber and, perhaps, also the degree of myeli-
nization (Lebel et al. 2008). With regard to sex hormones, FA is
primarily influenced by testosterone and is typically higher in
men (Huster et al. 2009; Menzler et al. 2011; Rametti, Carrillo,
Gomez-Gil, Junque, Zubiarre-Elorza 2011; Rametti, Carrillo,
Gomez-Gil, Junque, Segovia et al. 2011; Inano et al. 2013;
Kanaan et al. 2014).

In sum, it is plausible that both the Cth and FA values among
homosexual men and women (both cisgender and transgender)
are being affected by sex hormonal factors, possibly in tandem
with gene expression produced by some epigenetic process ren-
dering hypoandrogenization among homosexual men and per-
haps combined hyper-androgenization and hypo-estrogenization
among homosexual women.

Why are differences from heterosexual cisgender
controls more pronounced among HoM and TrW than
HoW and TrM?

For cisgender homosexual controls, the differences found
regarding cerebral sex dimorphism were more pronounced in
HoM than HoW. This accords with previous neuropsychological
findings showing that HoM perform similarly to HeW on certain
verbal and mental rotation tasks, while HoW appear to perform
in a more sex-typical manner at least on verbal tasks (Rahman
et al. 2004). One tentative explanation is that behavioral differ-
ences over the course of a lifetime could account for the mor-
phometric differences between HoW and HoM. However, all of
our participants described having an early life (puberty) aware-
ness of their sexual orientation that did not change over time.
Moreover, there was no significant difference in the Kinsey
scores of HoW and HoM (Table 1). An alternative hypothesis is
that the coding of cerebral DMN circuits for sexual response to
body morphology of “the same sex” could be stronger in HoM,
possibly due to more pronounced aberrations in functional
connections and in structural anatomy along the cerebral mid-
line and the EBA, areas known to mediate body perception
(Hodzic et al. 2009). Notably, when lowering the threshold to
PFWE < 0.05, the weaker connection in the precuneus became
more pronounced among HoM than HoW. This neurobiological
explanatory model accords with the general view that female
sexual orientation is more fluid and dynamic than male sexual
orientation (Diamond 2000; Farr et al. 2014). It is also congruent
with certain previous, yet anecdotal, studies suggesting that
the genetic influence is significantly higher in male compared
with female homosexuals (Hu et al. 1995). The present observa-
tions of differences between HoW and HoM should, however,
be interpreted with caution, and any conclusions regarding
underpinnings should await further studies.

Methodological considerations

The group sizes in the present study were sufficient for the
results to be regarded as reliable (Liem et al. 2015) and were, to
the best of our knowledge, larger than in any previous
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publications using brain imaging data among persons with GD.
Due to patient flow during the time of recruitment, the group
sizes differed between TrM and TrW. This was, however, taken
into account in the statistical analyses. We chose to compare
transgender populations with homosexual men and women
rather than homosexual and bisexual persons as this was the
first study to compare homosexuality and transgenderism, and
given the limited group size, it was advisable to investigate the
homosexual subjects who scored at the high end of the Kinsey
scale first.

Unlike many previous studies, we combined anatomical and
functional MRI data, which enabled an examination of the pos-
sible coordinated mechanisms and provided a stronger founda-
tion for the hypothesis about the underlying neurobiology.
Although there is no reason to suspect that sex hormone levels
in HoW would be different from those in HeW, it would, admit-
tedly, have been more optimal if we had collected data on these
levels to verify this. However, given that we only included sub-
jects who did not display any of the likely factors that would
have predisposed them to changes in sex hormone levels, we
did not foresee that collecting sex hormone data could be
worthwhile. Furthermore, sex hormone levels were available
via medical charts (with subject’s permission) for two-thirds of
the HoW group, and these were within the normal range. As for
the GD population, all of the participants were investigated
prior to undergoing hormone replacement therapy, and their
testosterone and estrogen values were within the normal range
(125–1680 μmol /l−1 for estrogen and 1.2–3.5 μmol /l−1 for
testosterone).

Age at onset of GD in our populations was mixed, although
predominantly early. As stated in the introduction, it is
believed that there are two types of GD: early (from 2 to 3 years
old) and late onset (post-puberty); early onset GD has been
reported for androphilic TrW and gynephilic TrW and late
onset for gynephilic TrW and androphilic TrM (Guillamon et al.
2016). This could open us up to the criticism that we investi-
gated mixed phenotypes. To include a further subgrouping
would require much larger study groups—an undertaking that
is hopefully feasible in the near future. It is, nevertheless,
important to emphasize that despite the inhomogeneity, we
clearly detected singular features among our GD populations,
independent of their gender and sexual orientation. Thus, by
taking advantage of the inhomogeneity of this population, we
were able to identify commonalities regarding the involvement
of cerebral networks, which, in addition, process the common
behavioral hallmark of GD. Some of the present observations,
however, also align with Blanchard’s subtyping, and with corti-
cal development theory, such as our observation of less pro-
nounced sex dimorphism among homosexual transgender
subjects as compared with heterosexual transgender subjects.

It should be noted that the observed differences in FA and
Cth between homosexual and heterosexual cisgender groups
and cisgender and transgender groups cannot be attributed to
brain size, as the ICV differed between the groups in accor-
dance with their sex assigned at birth. Another potential issue
worth commenting on is that although FA is a rather unspecific
measure (axial and radial diffusivity (AD, RD) can provide more
specific information), we still chose to limit our DTI analysis to
FA because it regarded as a more stable and sensitive metric
(Winston 2012), and our primary goal was to assess possible
group differences rather than to analyze white matter micro-
structure. Such an effort would require use of advanced multi-
compartment models such as CHARMED, AxCaliber or NODDI,
and was beyond the scope of the present report. Another

rationale was that non-FA diffusion measures are generally
used to further characterize FA, but variations as a function of
sex/gender have primarily been reported for FA. RD and AD will
be elaborated in a separate study.

Finally, it is worth noting that we did not detect the
expected sex difference in regard to amygdala volumes (Savic
and Arver 2011; Lentini et al. 2013). This can be attributed to
the small size of the amygdala and that the FreeSurfer software
is not optimal for amygdala segmentation, something to con-
sider in future studies of sexual dimorphism in relation to GD
(Schoemaker et al. 2016).

Conclusion
Homosexual orientation was found to be associated with less
pronounced cerebral sex dimorphism, a finding that appeared
more prominent among men than women. Although a less pro-
nounced cerebral sex dimorphism was detected in transgender
persons compared with heterosexual cisgender controls, this
seems primarily due to the higher proportion of homosexual
persons in the GD groups, and does not seem to be the signa-
ture of GD. We suggest that GD is, instead, specifically linked to
cerebral networks mediating self–body perception, possibly due
to certain developmental and acquired changes.
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