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Background: Testosterone is thought to play a crucial role in sexual differentiation of the brain, and
sexual orientation is programmed into our brain structures even when we are still fetuses. Although gender
and sexual orientation differences have been shown respectively in many brain structures, the mechanism
underlying the sexual differentiation of the brain is still unknown. The study is to investigate the interactive
effects of gender and sexual orientation on cerebral structures in homosexual and heterosexual people.
Methods: Sexual orientation was evaluated by the Kinsey scale. We collected structural magnetic resonance
image (MRI) data of local cortical thickness, surface area, and gray matter volume in all the subjects (29
homosexual and 29 heterosexual men, 17 homosexual and 17 heterosexual women). Statistical maps were
generated using a general linear model (GLM) using FreeSurfer’s Query, Design, Estimate, Contrast (QDEC)
interface. We had sexual orientation and gender as 2 discrete factors with 2 levels, allowing for the generation
of the interaction between sexual orientation and gender: homosexual women and heterosexual men versus
heterosexual women and homosexual men. Coordinates were in Talairach space. All the cluster sizes were
calculated with a P value of 0.01.

Results: Results revealed interactions concerning the area and gray matter volume between the factors of
sexual orientation and gender. Regarding the thickness, an interaction was not found in any regions of the
clusters. Regarding the area, an interaction was found in region of left middle temporal lobe, inferior temporal
lobe, lateral occipital lobe, fusiform [(-58.1, -38.6, -14.7), maximum vertex-wise (MV) log;o(P) =3.30, cluster
size (CS) =1,286.90 mm’], and left rostral middle frontal lobe, pars opercularis, caudal middle frontal lobe
[(-37.3, 23.6, 24.8), MV log,,(P) =2.92, CS =1,194.40 mm’]. Regarding the gray matter volume, an interaction
was found in the region of the left pars opercularis (inferior frontal gyrus) [(-42.9, 6.3, 18.5), MV log,(P) =1.31,
CS =526.79 mm’].

Conclusions: The present study extends our understandings of how structural features differ in
homosexual men, heterosexual men, homosexual women, and heterosexual women. Furthermore, it
highlights the interactions between sexual orientation and gender in the left inferior frontal gyrus, bilateral
temporal lobe, and the right rostral anterior cingulate cortex, which are suggested to play a critical role in
the sexual differentiation of the human brain.
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Introduction

Testosterone is thought to play a crucial role in the sexual
differentiation of the brain. As previous studies have shown,
a surge of testosterone released in the embryo results in the
brain developing in the male direction, while the absence
of this surge feminizes the fetal brain (1). Testosterone is
also believed to impact gender differences in local brain
structures and some functions (2,3), and also bears a
potential link to sexual orientation (4).

Gender differences were initially found in the
hypothalamus. More precisely, the dimorphic nucleus of
the preoptic area (SDN-POA) was found to be bigger in
males than in females (5). The other 2 important sexually
dimorphic areas are also in the hypothalamus, and called
the anteroventral periventricular nucleus (AVPV) and
the ventromedial nucleus (VMH); the former is larger in
females than in males (6), with the reverse being the case in
the latter (7). Structural differences have also been shown
in other brain structures, including the human anterior
commissure, the interthalamic adhesion, and the corpora
mammillaria (8). Neuroimaging studies have provided
evidence of gender differences in cortical thickness (9),
regional gray and white matter volumes (4), and subcortical
volumes (10). Resting-state functional magnetic resonance
imaging (MRI) and diffusion tensor imaging (D'TT) studies
indicated that white matter microstructure and intrinsic
neural networks differ between genders (11). Furthermore,
in males, the amygdala showed greater activation than
in females when the subjects viewed sexually stimulating
pictures (12).

Sexual orientation related to structural and functional
brain differences has also been reported extensively in
the literature. The suprachiasmatic nucleus (SCN) is
reported to be twice as large in homosexual men than in
heterosexual men (13). Meanwhile, the interstitial nucleus
of the anterior hypothalamus-3 (INAH-3) is considered
to be a dimorphic area in sexual orientation, and is twice
as large in heterosexual men than in homosexual men,
whereas the volume of INAH-3 in heterosexual women
has no difference compared with homosexual men (14).
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Additionally, the anterior commissure and isthmus of the
corpus callosum were reported to be larger in homosexual
men than in heterosexual men (8). Resting-state functional
MRI also demonstrate differences in functional connectivity
(FC), regional homogeneity, and fractional amplitude of
low-frequency fluctuation (fALFF) between homosexual
and heterosexual men (15).

Moreover, an MRI study reported that the perirhinal
cortex of homosexual female participants showed a more
male-like structural pattern of gray matter (16). During
sexual arousal, the hypothalamus is more weakly activated
in homosexual men than in heterosexual men, and similar
to the pattern displayed in heterosexual women (17).
Safron et al. observed that activation of the amygdala was
more pronounced in homosexual men than in heterosexual
men (18), and the patterns of amygdala functional
connection in homosexual men conformed with heterosexual
women, while homosexual women showed more male-like
features (19). What is worth nothing concerning the above
studies is that the structural and functional differences in
the cerebral area between homosexual and heterosexual
men are common; nevertheless, some brain functions and
local structures in homosexual men are always similar to
those in heterosexual women. This point is confirmed by
neurocognitive findings as well, which demonstrate the
feminization of intelligence structures in homosexual men
whose verbal intelligence quotient tests much better than
the performance intelligence quotient in heterosexual men
and shows less asymmetry (20).

These findings imply that gender and sexual orientation
are both critical factors that are programmed into brain
structures and functions along with sexual differentiation.
Although considerable progress has been made in the
understanding of the differences between genders and
between sexual orientations acting on brain morphology
and neural activity during sexual arousal, there have been
only a small number of studies that have investigated the
interaction between gender and sexual orientation. Thus,
the current study aimed to investigate the interaction
between sexual orientation and gender in a series of
structural parameters, including cortical thickness, surface
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Table 1 Demographic and clinical characteristics for all subjects

Men Women
Variable P values
Heterosexual (n=29) Homosexual (n=29) Heterosexual (n=17) Homosexual (n=17)

Age® (mean + SD) 23.17+2.75 22.14+3.24 24.00+2.48 23.24+5.36 0.35
Kinsey scale® (N, %)

Score 0 29 (100) 0 17 (100)

Score 1 0

Score 2 0

Score 3 3(10.34)

Score 4 7 (24.14)

Score 5 11 (37.93) 10 (58.82)

Score 6 8 (27.59) 7(41.18)

2 the P value was calculated using analyses of variance (ANOVAs); °, all heterosexual subjects scored themselves as exclusively
heterosexual, while none of the homosexual participants scored themselves as heterosexual with some scoring as bisexual and some

scoring as homosexual. SD, standard deviation.

area, and gray matter volume.

Methods
Subjects

The present study recruited homosexual subjects from a
local gay bar in Hangzhou, China, and the heterosexual
subjects were recruited via advertisements posted in 2 local
communities and Zhejiang University between 2012 and
2017. All subjects were pre-screened to ensure that they
were between the ages of 18 and 35, right-handed, and had
no earlier history of mental disorder or physical disease. We
administered some routine examinations for the participants
after the recruitment, including routine blood tests,
blood biochemical examination, and electrocardiogram
to guarantee that all subjects were in good condition.
Furthermore, we performed a structured clinical interview,
the Mini-International Neuropsychiatric Interview (MINI),
for all subjects to exclude the possibility for other mental
disorders. The sexuality of the homosexual subjects was
assessed by the Kinsey Heterosexual-Homosexual rating
scale, which ranges from 0 (exclusively heterosexual) to
6 (exclusively homosexual) during the initial interview at
the gay bar, and the heterosexual subjects were assessed
at the institution during the first interview. Scores for all
heterosexual subjects were 0, and those for the subjects with
an originally homosexual orientation ranged from 3 to 6
(Table 1). Participants with a history of sexual dysfunction,
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gender dysphoria, paraphilia, or sexual offenses were
also excluded from the study. Eventually, there remained
29 homosexual men (mean age, 22.14£3.24 years) 29
heterosexual men (mean age, 23.17+2.75 years) groups, 17
heterosexual women (mean age, 24.00+2.48 years), and 17
homosexual women (mean age, 23.24+5.36 years) as study
subjects (Table I1). A previous study suggested that at least
18 subjects for each group are needed to achieve at least
80% power when limitations from budget and values of
the mean and variance are taken into consideration (21).
The small sample sizes of heterosexual and homosexual
women are a limitation of the present study. The study
complied with the Declaration of Helsinki and approved
by the ethics committee of the First Affiliated Hospital,
Zhejiang University School of Medicine, and written
informed consent was received from each participant before
participation in the study.

Image acquisition

MR images were collected on a 3.0-Tesla General Electric
(GE) SIGNA Scanner with a standard GE whole-head
coil. Participants lay on the scanner with foam cushions
under the head to minimize head motion and with earplugs
to reduce the noise. Whole-brain high-resolution 3D
anatomical data were acquired by using a T1-weighted
fast spoiled gradient-echo (Fast SPGR) sequence, with
the following parameters: TR =7 ms, TE =2.9 ms, field
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of view =240x240 mm’, matrix size =256x256, in-plane
resolution =0.9375x0.9375 mm, slice thickness =1 mm,
and 170 interleaved axial slices in total without inter-slice
gap. Imaging data in the study were mostly acquired in
the evening, and all the participants were normally fed
just before the MRI scanning. Participants were asked to
abstain from drinking coffee or any other drink or drug that
could affect brain function. The scanning sessions lasted
4 minutes and 52 seconds, and during the scanning process,
all subjects were asked to keep their eyes closed, but to
avoid falling asleep and thinking systematically.

Image preprocessing

Structural MRI data were analyzed to reconstruct
geometrically accurate surface models using the recon-
all processing in FreeSurfer (22,23) software version 5.3.0
(Massachusetts General Hospital, Harvard Medical School;
(http://www.surfer.nmr.mgh.harvard.edu/). The fully
automated pipeline started with Talairach transformation
to the MNI305 atlas and correction for intensity bias,
contributing to intensity-based segmentation (24). Skull
striping was followed to remove the non-brain parts, and
subcortical structures were labeled. White matter was
isolated using intensity, neighborhood, and smoothness
as constraints and was subsequently separated into 2
hemispheres based on the Voronoi diagram. The original
surface could be created by covering each hemisphere
with triangles, whose intersection points determined the
vertices. After tessellation, topology correction and surface
deformation were performed to optimally create the white
matter surface following the T1 white-gray intensity
gradients and the pial surface following the T1 gray-
cerebro-spinal fluid (CSF) intensity gradients, while vertex
identity was preserved. It laid the basis for anatomical
measurements: the cortical thickness was calculated as the
closest distance between the gray-white matter boundary
surface and pial surface at each voxel on the tessellated
surface (25); the surface area was defined as the average
area of the triangles of which the vertex is a member, and
the gray matter volume (26) was generated by the element-
wise product of surface area and the cortical thickness for
each vertex. Upon completion of the cortical models, the
individual original surface was registered to the manual
labeling spherical atlas based on individual cortical folding
patterns to label appropriate regions on the cortical surface
across subjects. Thus, 3d cortical surface models containing
localization information and corresponding cortical
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thickness, surface area, or gray matter volume measures
existed for both hemispheres of each participant. All the
surface reconstruction results reported in this paper were
generated using the fully automated processing pipeline,
and no manual intervention was involved (27,28).

Statistical analyses

Cortex analyses were conducted to explore local cortical
thickness, surface area, and gray matter volume differences
in homosexual women, heterosexual women, homosexual
men, and heterosexual men. Statistical maps that showed
the distribution of p values were generated by means of a
general linear model (GLM) approach using FreeSurfer’s
Query, Design, Estimate, Contrast (QDEC) interface.
QDEC is a single-binary application that is intended to
calculate the average within a subject or between groups
and make a statistical inference for error variance on the
morphometric data obtained from the reconstruction
Processing stream. It employed the different offsets,
different slopes (DODS) method to automatically create a
design matrix, meaning that each group had its linear model,
which was plausible in this study. This factorial design had
sexual orientation and gender as 2 discrete factors with
2 levels, allowing for the generation of the interaction
between sexual orientation and gender: homosexual
women and heterosexual men versus heterosexual women
and homosexual men. For each hemisphere, analysis of
cortical thickness, surface area, and gray matter volume
were conducted, respectively, accounting for the interaction
effects between sexual orientation and gender. Cortical
maps were spatially smoothed by a 5 mm full width at
half maximum (FWHM) Gaussian kernel. The results of
significant cortical areas were laid on the semi-inflated
cortical surfaces for better visualization. The statistical
threshold was set at P=0.01. Multiple comparisons of
cortical thickness, surface area, and gray matter volume
maps were corrected with a Monte Carlo Null-Z simulation
using a threshold set at P=0.01 and the sign set at positive.

Region of interest

The main analyses were followed up by analyses of
exploring the effects of sexual orientation and gender on
each significant different cluster produced by statistical
analyses. The corresponding mean thickness, area, and
volume data of each preceding statistical cluster were
extracted from each participant and were then averaged
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Figure 1 Brain regions showing statistically significant differences in surface area in the left hemisphere (P<0.05, Monte Carlo Null-Z

simulation corrected). In the left middle and inferior temporal lobe, lateral occipital lobe, fusiform, pars opercularis, caudal and rostral

MFG, and precentral, homosexual women and heterosexual men > heterosexual women and homosexual men. MFG, middle frontal gyrus.

according to grouping. Finally, there was a four-group
average, representative of the 4 combined levels. Line
graphs were used to detect evidence of the interaction
between 2 factors: sexual orientation and gender. Lines that
were not parallel within a graph represented an interaction,
meaning that differences in one factor depended on the
level of the other factor.

Results
Cortical thickness analysis

The statistical cortical thickness maps of both hemispheres
did not have any findings that survived Monte Carlo
Null-Z simulation correction. Homosexual women and
heterosexual men did not show any region of thicker or
thinner cortex than heterosexual women and homosexual
men.

Surface area analysis

Homosexual women and heterosexual men showed
a significantly larger surface area in the left middle
and inferior temporal, lateral occipital, fusiform, pars
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opercularis [inferior frontal gyrus IFG)], caudal and rostral
middle frontal gyrus (MFG), and precentral gyrus (PCG)
when compared with heterosexual women and homosexual
men (Figure 1, Table 2). Additional regions of surface area
increase were identified in the right inferior parietal, lateral
occipital, middle and superior temporal, rostral anterior
cingulate cortex (ACC), superior frontal gyrus (SFG),
and medial orbitofrontal cortex (OFC) (Figure 2, Tuable
2). We then corrected the results listed above, with total
intracranial volume and age as a covariate. The results
suggest that significant interactive effects remained between
gender and sexual orientation in these brain regions (7able
2). Furthermore, an interaction effect on the surface area
of the cluster in the left and right hemispheres between 2
factors, sexual orientation and gender, was spotted by the
intersection in (a-e) graphs of group means (Figure 3). The
effects of sexual orientation in each ROI drawn from the 5
cluster regions (Table 2) measuring corresponding structural
parameters depended on gender and vice versa.

Gray matter volume analysis

Increased gray matter volume was detected in the left pars
opercularis [inferior frontal gyrus (IFG)], and, to some
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Table 2 Brain regions (surface area and gray matter volume) in homosexual women and heterosexual men that are significantly larger than those
in homosexual men and heterosexual women

Maximum Cluster maxima
: . ; Cluster size, : Talairach coordinates® : b
Brain region Hemisphere e vertex-wise, Covariate P values
_|0910(P) X y z
Difference in area Total intracranial
lume,
Middle temporal, inferior temporal, L 128690  3.3010 581 -386 -147 'OUTSA9€  440¢s
lateral occipital, fusiform
Pars opercularis, caudal middle frontal, L 1,194.40 2.9208 -37.3 23.6 248 0.005
rostral middle frontal, precentral
Inferior parietal, lateral occipital R 953.90 2.0177 440 -77.0 18.8 0.005*
Middle temporal, superior temporal R 893.94 1.8297 46.4 -25.6 -10.6 0.002*
Rostral anterior cingulate, superior R 854.28 1.6968 8.3 37.0 -39 0.017
frontal, medial orbitofrontal,
Difference in volume
Pars opercularis (inferior frontal gyrus) L 526.79 1.3080 -429 6.3 18.5 0.001*

*, x increases from left (-) to right (+); and y increases from posterior (-) to anterior (+); and z increases from inferior () to superior (+). °, the
P values were calculated using a general linear model with a 2 (sexual orientation: homosexual vs. heterosexual) x 2 (gender: women vs. men)
comparison, with total intracranial volume and age as a covariate. *, P<0.05. L, left, R, right.

Lateral

-5.00 -2.50 0.00 2.50 5.00

Anterior Posterior Ventral

Figure 2 Brain regions showing statistically significant differences in surface area in the right hemisphere (P<0.05, Monte Carlo Null-Z
simulation corrected). In the right inferior parietal lobe, lateral occipital lobe, middle and superior temporal lobe, rostral ACC, SFG, and
medial OFC, homosexual women and heterosexual men > heterosexual women and homosexual men. ACC, anterior cingulate cortex; SFG,
superior frontal gyrus; OFC, orbitofrontal cortex.
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Figure 3 The intersection in every graph comparing group means among homosexual women, heterosexual women, heterosexual men,

and homosexual men showing an interaction effect between two factors: sexual orientation and gender. The group means were calculated

from the average surface area of (A) the first cluster and (B) the second cluster in the left hemisphere, and the average surface area of (C) the

first cluster, (D) the second cluster, and (E) the third cluster in the right hemisphere, and the average volume of (F) the cluster in the left

hemisphere (7able 2).

extent, aligned with the surface area analysis for the left
hemisphere, in homosexual women and heterosexual men
versus heterosexual women and homosexual men (Figure 4,
Tiable 2). Next, we corrected the result with total intracranial
volume and age as a covariate; significant interactive effects
between gender and sexual orientation remained for the left
pars opercularis (7zble 2). Additionally, an interaction effect
on the volume of the cluster in the left hemisphere between
2 factors, sexual orientation and gender, was spotted by the
intersection in the (f) graph of group means (Figure 3). The
effects of sexual orientation in each ROI drawn from the
cluster region (1zble 2) measuring corresponding structural

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

parameters depended on gender and vice versa. There were
no significant differences in the gray matter volume analysis
of the right hemisphere.

Discussion

To our knowledge, this is the first study to investigate the
interaction between sexual orientation and gender in a
series of structural parameters, including cortical thickness,
surface area, and gray matter volume. Results revealed
interactions in respect to the area and gray matter volume
between the factors of sexual orientation and gender, which
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Figure 4 Brain regions showing statistically significant differences
in gray matter volume in the left hemisphere (P<0.05, Monte
Carlo Null-Z simulation corrected). In the pars opercularis,
Homosexual women and heterosexual men > heterosexual women

and homosexual men.

supported the notion that homosexual men and heterosexual
women display a similar pattern in certain regions of brain
structure. We were able to demonstrate that these brain
structures might be the region with the interaction between
gender and sexual orientation. As listed above, homosexual
men and heterosexual women showed no difference in the
cortical thickness of visual areas (29).

As for our study, homosexual women and heterosexual
men were not significantly different from heterosexual
women and homosexual men regarding cortical thickness.
Further, homosexual women and heterosexual men showed
a markedly larger surface area than heterosexual women
and homosexual men in the left temporal, IFG, MFG,
lateral occipital, fusiform, precentral and right inferior
parietal, lateral occipital, middle and superior temporal,
rostral ACC, SFG, and medial OFC. Regarding gray
matter volume, the left pars opercularis of IFG was found
to be larger in homosexual women and heterosexual men
versus heterosexual women and homosexual men. These
findings imply a within-interaction between gender and
sexual orientation in the function of the frontal, occipital,
parietal, and temporal cortices. The result that homosexual
women and heterosexual men showed larger surface areas in
both hemispheres is consistent with a previous study which
revealed a larger surface area bilaterally in medial occipital
cortices compared with heterosexual women (30), suggesting
a more “male-typical” pattern among homosexual women.
This “male greater than female” pattern of cortical volume
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in medial occipital brain regions has also been reported in
a recent meta-analysis (31). Previous evidence has pointed
out that the intelligence structure of male homosexuals
approached that of female heterosexuals, who performed
much better than heterosexual men in semantic monitoring
tasks, lexical decision-making, and mental rotation (20).
This interaction in the temporal lobe, which is a key region
for memory and semantic judgment (32) is consistent with
our findings. However, the larger surface area in most of
the temporal lobe bilaterally in homosexual women and
heterosexual men of our study disagreed with its inferiority
in the verbal and spatial ability.

Nevertheless, with the neuropsychological tests, other
later studies have revealed that heterosexual men performed
better in visuospatial ability than homosexual men and
heterosexual women, while the performances of the latter 2
did not differ significantly (33). What is more, homosexual
men displayed female-like performance on mental rotation
items, and the performance was worse than that of
heterosexual men (34), which corroborated our findings
from the side. Varying cognitive measures and outcome bias
may account for the discrepant results here.

In contrast, some studies reported that homosexual men
and heterosexual women both outperformed heterosexual
men and homosexual women in category fluency, and
homosexual men outperformed other groups in letter and
synonym fluency (33). The verbal fluency test is a certain
neurocognitive test for executive function (35). The prefrontal
cortex is thought to be a key region for executive function,
which is defined as higher-order cognitive abilities, including
the process of attention and inhibition, task management,
planning, monitoring, and coding (36). Other frontal
clusters, parietal structures, and the anterior cingulate, have
also been reported to be critical to executive function (37).
In particular, research has shown that the MFG is part of
an executive attention network (38), modulates executive
function and attention processes (39), and is further related to
inhibitory control/motor impulsiveness (40). Additionally, the
cortical thickness of the bilateral MFG had been described as
being positively correlated with cognitive manipulation (41).

Moreover, the gray matter volume reduction of the
bilateral OFC was observed in depressive patients with
suicide attempts relating to impulsiveness compared to
controls (42). MFG is the key region for top-down control,
and together with MFG, the OFC and SFG is understood
as involved in several aspects of impulsiveness (37).
The left IFG has been suggested to play a role in
controlling behavioral inhibition, including the tendency
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to inhibit learning from undesirable information (43).
Inconsistent with the evidence mentioned above is that
the present results suggest the superiority of homosexual
women and heterosexual men in the surface area and gray
matter volumes in the cognition-related brain structure.
However, our previous reported a decreased fALFF in the
left IFG in homosexual men compared with heterosexual
participants (15). Furthermore, one of our currently
pending studies showed that homosexual men performed
poorer in the Wisconsin Card Sorting Test (WCST)
and partial CPT measurements than heterosexual
participants, which is considered as a measure of executive
function because of its reported sensitivity to frontal lobe
dysfunction (44). In line with the studies mentioned above,
the present results suggest an interaction in surface area of
the left IFG, right SFG, left MFG, right OFC, parietal and
right ACC, and gray matter volume of the left IFG; larger
surface area and gray matter volumes in the above regions
were displayed in homosexual women and heterosexual
men. The inconsistency with other groups may be ascribed
to 2 mechanisms. One is the deficiency of the studies
related to the sexual orientation difference in cognitive
function, which leads to the great heterogeneity of the
results. Another is the methodological difference between
MRI imaging processing and acquisition parameters. On
the other hand, there is a possibility that there is no specific
functional association with the change of brain structural
parameters of the regional cortex (e.g., cortical thickness,
surface area, gray matter volume), although studies show
a relationship between brain structural parameters and
function theoretically (29). There is still developing yet
conflicting evidence for the influence of sexual orientation
on sexually dimorphic cognitive abilities.

Gender and sexual orientation are both considered
to be shaped into brain structures and functions along
with the sexual differentiation; however, the neural basis
underlying sexual differentiation is still unclear. It is widely
acknowledged that testosterone is capable of mediating
sexual differentiation of brain structures, both during the
prenatal period and in puberty (45), and testosterone-
dependent changes in gray matter and cortical thickness
across puberty in several regions involved in cognitive
control, and emotional regulation have been reported (46).
There is evidence showing that testosterone levels tend
to be negatively correlated with cortical thickness during
adolescence, and that lower testosterone is associated with
neuroprotective effects and increased cortical thickness (47),
with inverse correlations being reported between parietal
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and occipital cortical thickness and testosterone levels (9).
For gray matter volumes, sexually mature boys exhibit a
larger volume of medial temporal lobe structure volume
than sexually mature girls (48), while another study revealed
that testosterone levels were inversely associated with gray
matter volume in the ACC and OFC with sex-specific
differences (49). The theory that male homosexuality
correlates to a lack of testosterone when the embryo is in
utero, while an excess release of testosterone to a female
fetus leads to female homosexuality (50) is not supported by
our findings which show larger surface area and gray matter
volumes in homosexual women and heterosexual men in
the occipital, parietal, ACC, OFC, temporal lobe; a possible
reason for this may be the subsequent postnatal impact
of testosterone particularly across puberty. Another study
explored the influence of two-year testosterone replacement
therapy on cognition and found that androgen treatment
promoted an enhancement in attention and visual scanning
ability, executive function, and psychomotor speed (51)
while other research has demonstrated that testosterone
has an impact on visuospatial processing in humans (52).
Moreover, androgen deprivation in rodents by gonadectomy
was shown to impair learning, memory, and executive
function, while testosterone replacement normalized the
performance (53). The above-mentioned testosterone-
mediated cognition-related regions are areas where an
interaction between gender and sexual orientation exists,
and likely have a critical role in the sexual differentiation of
the human brain.

Conclusions

In conclusion, the present study suggests a larger surface
area and gray matter volume in some specific cerebral
areas in homosexual women and heterosexual men versus
homosexual men and heterosexual women. Our findings
extend our understanding of how structural features differ
between homosexual men, heterosexual men, homosexual
women, and heterosexual women, and highlight the
interaction between sexual orientation and gender in the
left IFG, MFG, and SFG, and the right ACC, bilateral
temporal lobe, bilaterally lateral occipital lobe and other
areas. It appears that they are critically involved in the
sexual differentiation of the human brain. A specific link
between testosterone, gender, and sexual orientation, brain
structure, and function in the developing brain has yet
to be fully explored, and may be the key to revealing the
underlying neural basis of sexual differentiation of the brain.
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