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Abstract
Gender identity is a core aspect of self-identity and is usually congruent with birth-assigned sex and own body
sex-perception. The neuronal circuits underlying gender identity are unknown, but greater awareness of transgenderism
has sparked interest in studying these circuits. We did this by comparing brain activation and connectivity in transgender
individuals (for whom gender identity and birth-assigned sex are incongruent) with that in cisgender controls (for whom
they are congruent) when performing a body self-identification task during functional magnetic resonance imaging. Thirty
transgender and 30 cisgender participants viewed images of their own bodies and bodies morphed in sex toward or
opposite to birth-assigned sex, rating each image to the degree they identified with it. While controls identified with images
of themselves, transgender individuals identified with images morphed “opposite” to their birth-assigned sex. After
covarying out the effect of self-similarity ratings, both groups activated similar self- and body-processing systems when
viewing bodies that aligned with their gender identity rather than birth-assigned sex. Additionally, transgender participants
had greater limbic involvement when viewing ambiguous, androgynous images of themselves morphed toward their
gender identity. These results shed light on underlying self-processing networks specific to gender identity and uncover
additional involvement of emotional processing in transgender individuals.

Key words: body perception, functional magnetic resonance imaging, gender dysphoria, gender identity, gender
incongruence, self-perception

Introduction
Gender identity is a person’s fundamental, inner sense of feeling
male, female, or another gender, but how it is represented in
the brain is not fully understood. In individuals whose gender
identity aligns with their birth-assigned sex, that is, those who
are “cisgender”, disentangling the neuronal circuits involved

in gender identity from those involved in other aspects of
self-identity, including own body recognition, is challenging.
However, studying individuals whose gender identity does not
align with their birth-assigned sex may provide valuable insights
in this regard.

Gender dysphoria (GD) in the DSM-5 (American Psychiatric
Association 2013), or gender incongruence in ICD-11 (World
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Health Organization, 1992), refers to a feeling of distress due to
an incongruence between one’s experienced gender and their
birth-assigned sex. Individuals with GD comprise a subset of
those who identify as “transgender”. GD has been theorized
to be a consequence of different cerebral sexual differentiation
(Dörner 1988; Swaab and Hofman 1995), and many transgender
persons report estrangement from, or at times even disgust
with, their own bodies from an early age (Nieder et al. 2011).
Since perception of one’s own body is tightly connected to
perception of self and one’s gender, studying the neurobiol-
ogy of transgender in relationship to cisgender groups when
viewing own and others’ bodies may prove informative about
the fundamental neurobiology of gender identity and may be
advantageous over studying gender identity in either group
alone.

The perception of one’s body is molded by a reciprocal inter-
action between one’s perception of physical appearance based
on self-observation or the reactions of others (Cash and Pruzin-
sky 2004) and one’s body representation in the brain (Vocks et
al. 2010). We recently published a series of studies suggesting
that cortical thickness and both functional and structural con-
nectivity in regions believed to process own-body perception
differed between transgender and cisgender individuals, inde-
pendent of sex and sexual orientation (Savic and Arver 2011,
2014; Feusner et al. 2016, 2017; Burke et al. 2017, 2018; Manzouri
and Savic 2019). These self-referential regions include medial
prefrontal cortical regions such as the dorsal and pregenual
anterior cingulate cortex (dACC and pACC) (Northoff et al. 2006);
the insular cortex (Craig 2010); the temporo-parietal junction at
the confluence of the angular gyrus, supramarginal gyrus, and
the posterior superior temporal gyrus (Blanke et al. 2005); and
the extrastriate and fusiform body areas (EBA and FBA) (Vocks
et al. 2010). The pACC draws particular interest for its role in
self-conscious emotion (Sturm et al. 2013) and its functional
connection with other regions such as the anterior insula in
facilitating decisions about self-representation, making it an
important component in a conceptual “self”-network (Murray
et al. 2015).

Tentatively, differences in coordinated activation and con-
nections between own-body and self-perception networks could
explain the reported discomfort that individuals with GD feel
with their own bodies. Own-body representation in the brains
of individuals with GD may not incorporate the typical physi-
cal traits of their birth-assigned sex, as suggested by a report
that transgender men with GD (who were assigned female at
birth) showed diminished cerebral homunculus reactivity to
the breast (Case et al. 2017). Alternatively, the representation
may be opposite to one’s physical sex and unintegrated with
the “self-network,” possibly leading to avoidance when view-
ing one’s own body—a core feature of GD (Cohen-Kettenis and
Pfäfflin 2010; Bandini et al. 2013; Case et al. 2017). In the for-
mer example, these networks may be neuroanatomically and/or
functionally different between groups. The latter example, on
the other hand, includes the possibility that cisgender and trans-
gender persons employ similar self- and own-body perception
networks but that they are unintegrated with each other for
transgender individuals. The whole concept of how own-body
networks are related to gender identity among transgender
and cisgender persons is novel and has not previously been
tested.

We thus investigated whether and how the described differ-
ences in gender identity among treatment-naïve transgender
individuals with GD and cisgender persons are related to the

de facto neuronal processing underlying perception of the own
body in relation to self. Undergoing functional magnetic reso-
nance imaging (fMRI), participants viewed photographs of their
own bodies incrementally morphed by different degrees to the
images of other bodies whose sex was aligned or opposite to
participants’ birth-assigned sex. Participants then had to assess
the degree each image represented him/her. We hypothesized
that transgender and cisgender individuals would activate “self-
perception” networks (including the medial prefrontal cortex).
We also anticipated they would demonstrate inter-regional con-
nectivity involving the pACC, a self-network node, when the
morphed image aligned closely with their identified gender. In
keeping with this, we predicted less activity in these networks
in the transgender compared to cisgender group when view-
ing their own unmorphed body as well as when viewing their
body morphed toward bodies of the same birth-assigned sex
(away from transgender individuals’ identified gender). More-
over, we anticipated stronger activation when participants view
images over a longer rather than shorter time period, suggesting
greater reflective (top-down) rather than reflexive (bottom-up)
processing.

Materials and Methods
Participants

Transgender participants and cisgender controls were recruited
by the Gender Team at analysis of variance (ANOVA), Cen-
ter for Andrology, Sexual Medicine and Transgender Medicine
at Karolinska University Hospital (Stockholm, Sweden), a cen-
ter specializing in the evaluation and treatment of individu-
als with GD. All adults aged 18–45 who were diagnosed with
Transsexualism based on ICD-10 diagnostic criteria (F64.0, World
Health Organization, 1992), identified with the gender oppo-
site to their birth-assigned sex, and sought gender affirming
medical interventions at the center between January 2015 and
June 2016 were approached to enter the study with age- and
sex-matched controls. Participants were excluded for previous
or current hormonal treatment, any known chromosomal or
hormonal disorder, any concurrent psychiatric disorder (deter-
mined by the Mini International Neuropsychiatric Interview,
Sheehan et al. 1998), neurological or other medical disorder
including autism spectrum disorder, substance abuse, the use
of psychoactive medications, or any contraindication to under-
going magnetic resonance imaging such as metal or electronic
implants. All participants provided full informed consent in
accordance with the Karolinska Institutet ethical committee
(Application # Dnr 2011/281-31/4). All transgender participants
reported an early (pre-pubescent) awareness of their transgen-
der identity. Sexual orientation was assessed using the self-
report Kinsey scale (from 0 or “exclusively heterosexual” to 6
or “exclusively homosexual”) (Kinsey et al. 2003) in relation
to birth-assigned sex. While data about the cisgender control
group alone were previously presented in Burke et al. 2019,
data about the transgender group have not been previously
presented.

Body Localizer Task

Participants first engaged in a body localizer task in the scanner,
where they viewed images of other human bodies versus inan-
imate chairs. We used the body localizer for a separate analysis
in order to ascertain whether the two study groups used similar
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Figure 1. Examples of a scrambled image and a male’s body image morphed, from left to right, to 20, 40, 60, 80, and 100% to the same (denoted by positive morph
degrees) and the opposite (denoted by negative morph degrees) sex. Note that “100%” photographs were unaltered images of another person.

networks for the general perception of others’ bodies, rather
than to obtain regions of interest for other analyses. This is
similar to what we performed in Burke et al. 2019, where the
body localizer task is described in full.

Body Perception

Details of the Body Perception Task can be found in Burke
et al. 2019. Each participant was photographed while standing
identically before a wall dressed in a skin-colored, skin-tight,
full-body unitard to provide an accurate representation of their
body shape without the discomfort of being nude. Hands, feet,
and head were cropped from the photos. FantaMorph Soft-
ware, version 5.0 (Abrosoft http://www.fantamorph.com/) was
used to morph each participants picture toward those of five
different female and five different male participant targets at
degree intervals of 20%. This led to a total of 11 morph con-
ditions ranging between −100% (morphed completely opposite
to birth-assigned sex) to +100% (morphed completely toward
birth-assigned sex), with 0% referring to the unmorphed original
image. A scrambled control image was created using a Fourier
phase randomization procedure that preserved the luminance,
contrast, color distribution, and special frequency spectrum of
the original image while degrading the shape (Näsänen 1999)
(see Fig. 1).

Fifteen repetitions of each of the 11 body images plus the
scrambled image were presented for two different viewing
conditions (a short 0.5 s and long 2 s duration), totaling 360
trials (15 × 12 × 2). These images were randomized and
presented over three fMRI runs using Presentation version
18.1. Each trial consisted of the image (presented for either 0.5
or 2 s) followed by a 1 s response screen with button press
options, followed by a fixation cross with a jittered inter-trial
interval. Participants were instructed to respond as quickly as

possible to the question “To what degree is this picture you?”
on a 4-point scale (1: 0–25% “me,” 2: 25–50% “me,” 3: 50–75%
“me,” and 4: 75–100% “me”). Before the main runs, participants
engaged in a practice session in the scanner to ensure task
comprehension.

MR Data Acquisition

MRI data were acquired on a 3 Tesla MRI scanner (Discovery 3 T
GE-MR750, General Electric, Milwaukee, Wisconsin). Functional
MRI of both the body perception and body localizer tasks was
performed with a gradient echo pulse sequence using a voxel
size of 3.03 × 3.03 × 3.5 mm (time echo [TE] = 30 ms, time
repetition [TR] = 2000 ms, field of view [FoV] = 23 cm, 41 bottom
up interleaved axial slices, 3 mm thickness, 75◦ flip angle) and
a 32-channel head coil. 3D T1-weighted spoiled gradient echo
pulse sequence images were acquired with 1 mm3 isotropic
voxel size (TE = 3.1 ms, TR = 7.9 ms, TI = 450 ms, FoV = 23 cm, 176
axial slices, 12◦ flip angle) using an 8-channel coil. Each fMRI run
totaled 9.5 min with 280 volumes per run.

Data Analysis

Sample characteristics and behavioral data were analyzed
using SPSS Statistics 21 (SPSS Inc., Chicago, IL). For behavioral
ratings, we used a general linear mixed model with repeated-
measures on image ratings, with two between-subject factors
(group [transgender vs cisgender] and birth-assigned sex)
and two within-subject factors (morph degree and viewing
duration).

MRI analysis was performed using fMRI expert analysis tool
(FEAT) version 5.0.8, part of FMRIB Software Library (FSL) http://
www.fmrib.ox.ac.uk/fsl) (Jenkinson et al. 2012). Blood oxygen
level-dependent sequences were motion-corrected (using the
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FMRIB linear image registration tool, MCFLIRT) and spatially
smoothed (using FEAT) with a smoothing kernel of 5 mm.
Portions of subject runs with notable movement greater than
a maximum displacement of 1.5 mm at either the beginning
or end were truncated to minimize the effect of movement. To
summarize standardized FEAT procedures, functional images
were first registered to the participant’s T1-weighted image
(using the FMRIB non-linear image registration tool, FNIRT)
after brain extraction using the FSL Brain Extraction Tool (BET)
with a fractional intensity threshold of 0.3. Images were then
registered to the MNI-152 brain for group analysis (using FNIRT).
We used FMRIB’s Improved Linear Model (FILM) to apply the
General Linear Model to first-level time-series data. We then
used Fixed Effects Modeling to combine each participant’s three
functional runs into a single statistical map. This was followed
by using the FMRIB’s Local Analysis of Mixed Effects (FLAME
1) tool to create group maps for cross-subject comparisons
(Beckmann et al. 2003; Woolrich et al. 2004, 2009). To provide
family-wise error correction, these were thresholded using
a value of Z > 2.3 to produce a set of contiguous voxels,
or “clusters,” and each cluster’s estimated significance level
(from Gaussian random field theory) was compared to the
cluster probability threshold to exclude all clusters whose sizes
did not fall in the top 5% of the distribution (P < 0.05) (see
Worsley et al. 2002).

To determine significant effects between groups, we used an
ANOVA with two factors: group (cisgender vs transgender) and
birth-assigned sex (female vs male) were used for both the body
perception task and the body localizer task. Since the focus of
this paper was to test our hypotheses about differences between
transgender and cisgender groups rather than sex differences,
and since there were no significant interactions between the
effects of group and birth-assigned sex, significant main effects
of birth-assigned sex are provided in the supplement. For the
body perception task, viewing duration was a “within-subjects”
variable. Therefore, this was not included in the ANOVA, and
instead, trials in the long (2 s) and short (0.5 s) viewing con-
dition were analyzed and compared at the individual subject
level.

Four primary contrasts were determined for comparison with
the scrambled image baseline for both the long and short view-
ing conditions to explore our hypotheses: (1) the own body
(0% morph) condition when viewing the unmorphed image of
self; (2) the other body same as birth-assigned sex (+80% and
+100% morph) condition, (3) the other body opposite to birth-
assigned sex (−80% and −100% morph) condition, and (4) the
androgynous morph (−40% and −60% morph) condition when
viewing images of oneself morphed intermediately to another
body whose sex is “opposite” to one’s birth-assigned sex, creat-
ing an androgynous image. Images morphed −20%, +20%, +40%,
and +60% morphed images were modeled in the general linear
model but not analyzed.

These contrasts were run both with behavioral ratings as
two additional parametric covariates, modeled separately for
responses to images morphed (1) toward and (2) opposite to
birth-assigned sex. This allowed us to isolate the component
of functional activity that was dependent and parametri-
cally scaled with participants’ subjective assessment of self-
similarity when they were viewing images in each of the two
conditions separately. The regression variables were modeled
at the individual level by de-meaning participants’ self-rating
scores, such that significant results indicated regions where
activation scaled with greater “me” rating. Conversely, by using

these parametric covariates as regressors of non-interest,
we sought to characterize participants’ functional responses
to viewing bodies that were independent of their subjective
assessment of the bodies’ similarity to self. An ANOVA with two
factors (group and birth-assigned sex) was used at the whole
brain level.

Functional Connectivity Analysis

Given the pACC’s role in self-processing (Sturm et al. 2013;
Murray et al. 2015), we queried whether its task-dependent
connectivity with other regions differed between groups, which
would suggest distinct coordinated activation. We therefore car-
ried out a psychophysiological interaction (PPI) analysis. A phys-
iological seed was obtained from the intersection of reverse-
inference map derived from Neurosynth.org (search term “self,”
thresholded to Z ≥ 4) and the Harvard-Oxford Cortical Atlas
mask for the anterior cingulate cortex (Desikan et al. 2006). This
provided an unbiased pACC seed region of interest. The mean
time course of this region of interest was obtained for each
participant and an interaction was modeled between this and
each task event, deconvolving with custom tools (see McLaren
et al. 2012 regarding modeling of generalized PPI analysis). Once
again, we compared connectivity during the four viewing cat-
egories of interest (see above) compared to connectivity when
viewing the scrambled images at both long and short viewing
conditions.

Results
Participant Characteristics

Sixty individuals, consisting of 30 transgender (mean age
25.4 ± 5.8 years) and 30 cisgender individuals (mean age
25.8 ± 3.5 years), participated in the study (Table 1). The
transgender group comprised of 14 transgender men (assigned
female at birth) and 16 transgender women (assigned male at
birth), while the cisgender group comprised of 15 cisgender
men and 15 cisgender women (previously described in Burke
et al., 2019). There were no significant group differences
in age, education, or handedness between transgender and
cisgender groups (Table 1). All cisgender controls identified
as heterosexual (Kinsey Score: cisgender women: 0.5 ± 0.6;
cisgender men: 0.4 ± 0.6; n.s.), whereas transgender participants
showed greater inter-individual variance in scores (transgender
men: 3.0 ± 2.0; transgender women: 2.2 ± 2.2; n.s.), as reported
in our earlier studies (e.g., Manzouri and Savic 2019).

Body Localizer Task

There were no significant group differences between transgen-
der and cisgender groups in the body localizer task, suggesting
the two study groups used similar networks for the general
perception of bodies.

Body Perception Task: Behavioral Results

One cisgender man was excluded from the behavioral analysis
on account of being mistakenly presented images of other
individuals in the 0% morph condition only rather than his
own unmorphed body. In the remaining participants, ANOVA
showed no significant four-way interaction between factors,
but there was one significant three-way interaction between

Neurosynth.org
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Table 1 Demography

All
transgender

(n = 30)

Transgender
men (n = 14)

Transgender
women
(n = 16)

All cisgender
(n = 30)

Cisgender
men (n = 15)

Cisgender
women
(n = 15)

Group
T-value

P value

Age 25.4 ± 5.8 22.2 ± 5.8 28.2 ± 4.3 25.8 ± 3.5 26.4 ± 3.4 25.3 ± 3.7 0.35 .73
Education 14.6 ± 2.5 13.9 ± 2.1 15.3 ± 2.7 15.5 ± 2.2 15.3 ± 1.7 15.7 ± 2.6 1.45 .15
Handedness 82.6 ± 26.8 94.1 ± 9.3 82.6 ± 26.8 78.4 ± 48.2 78.4 ± 48.2 62.6 ± 71.2 1.31 .20
Sexual orientation 2.6 ± 2.1 3.0 ± 2.0 2.2 ± 2.2 0.5 ± 0.6 0.4 ± 0.6 0.5 ± 0.6 5.11 <0.0001

Sexual orientation was assessed using the self-report Kinsey scale (Kinsey et al. 2003). Scores range from 0 = “exclusively heterosexual” to 6 = “exclusively homosexual”
in relation to one’s birth-assigned sex; Handedness was assessed according to Oldfield (1971): scores could range from −100 (exclusively left-handed) to +100
(exclusively right-handed)

Figure 2. Participant ratings of self-similarity at each morph degree for the 2 s long (A) and 0.5 s short (B) viewing duration conditions. Participants were asked, “To
what degree is this picture you?” on a scale from 1 to 4, with 1 representing least similarity to self and 4 representing most similarity to self. A morph degree of 0%

represented the participants unmorphed own body. Positive and negative morph degrees represented morphing toward another body with the same and opposite
sex, respectively, as the participant’s birth-assigned sex. Error bars represent standard errors of the mean. There were no significant differences in behavioral scores
between transgender women and transgender men, nor were there significant differences between cisgender men and cisgender women.

morph degree, viewing duration, and group (F(10,46) = 3.535,
P = 0.002). Exploring this further, there were related sig-
nificant two-way interactions of morph degree and group
(F(10,46) = 15.131, P < 0.001) and morph degree and viewing
duration (F(10,46) = 5.081, P < 0.001), but there was no significant
interaction between viewing duration and group (F(1,55) < 1,
P = 0.36). Thus, we sought to characterize these interactions
by investigating (1) differences by group at each image morph
degree and (2) differences by viewing duration at each morph
degree. Regarding differences by group, the transgender group
had greater self-similarity ratings compared to the cisgender
group for images morphed −60%, −80%, and −100% (opposite
to birth-assigned sex), whereas the cisgender group had greater
self-similarity ratings compared to the transgender group for all
morph degrees greater than or equal to −20% for both the short
and long viewing conditions (Fig. 2). Regarding differences by
viewing duration, the long (2 s) viewing condition was associated
with slightly greater self-similarity ratings compared to the
short (0.5 s) viewing condition for images morphed between
−20% and +40%, though individual pair-wise comparisons did
not reach statistical significance.

Short 0.5 s Viewing Condition

There were no significant results for any of the activation or
connectivity analyses for the short 0.5 s viewing condition and

no significant differences found when comparing long and short
viewing conditions. The following results are thus entirely from
the long 2 s viewing condition.

Qualitative Comparison of Groups while Viewing
Morphed Images

We first qualitatively compared within-group activation results
when viewing bodies morphed toward and opposite to birth-
assigned sex. Transgender and cisgender groups showed similar
activation when viewing bodies morphed toward their gender
identity, even though these morphs were opposite to birth-
assigned sex for the transgender group and toward birth-
assigned sex for the cisgender group. This similarity between
cisgender and transgender participants is visualized in Figure 3,
which compares the activation maps of transgender and
cisgender participants viewing both other bodies same as birth-
assigned sex (+80% and +100% morphs) and other bodies
opposite to birth-assigned sex (−80% and −100% morphs)
compared to the scrambled image baseline. Inspecting this
further, when compared to the scrambled image baseline, there
was considerable overlap between activation in transgender
individuals viewing other bodies opposite to birth-assigned
sex (−80% and −100% morphs) and activation in cisgender
individuals viewing other bodies same as birth-assigned sex
(+80% and +100% morphs) (Fig. 4).



2902 Cerebral Cortex, 2020, Vol. 30, No. 5

Figure 3. Comparison of activation maps in both transgender and cisgender groups when viewing other bodies same as birth-assigned sex (+80% and +100% morphs)
vs. other bodies opposite to birth-assigned sex (+80% and +100% morphs) compared to scrambled images in the long viewing condition after covarying out self-
similarity ratings. Here, activation in transgender participants viewing bodies opposite to their birth-assigned sex (and same as their gender identity) is similar to

activation in cisgender participants viewing bodies same as their birth-assigned sex (also same as their gender identity).

Own Body Perception (0% Morph)

One cisgender man was excluded from this analysis on account
of being mistakenly presented images of other individuals rather
than his own unmorphed body. In the remaining participants,
when contrasting perception of the own body (0% morph) to the
scrambled image baseline, there was a significant group effect,
with cisgender participants showing greater activation in the
left postcentral gyrus and left superior parietal lobule, and the
right cerebellum (Fig. 5A, Table 2).

Perception of Other Bodies Same as Birth-Assigned Sex
(+80% and +100% Morphs)

When contrasting perception of bodies same as birth-assigned
sex (+80% and +100% morphs) to the scrambled image baseline,
there was a significant group effect with cisgender controls
showing significantly greater activation in the left postcentral,
superior parietal, and supramarginal gyri, the bilateral thalami,
the right cerebellum, the right superior lateral occipital cortex,
and the dorsomedial prefrontal cortex (dmPFC, including dACC
and paracingulate gyrus) (Fig. 5B, Table 2). Thus, as expected,
cisgender controls appeared to engage own-body perception

networks during this condition, which was not evident among
transgender participants.

Perception of Other Bodies Opposite to Birth-Assigned
Sex (−80% and −100% Morphs)

In contrast to the above findings, when contrasting percep-
tion of bodies opposite to birth-assigned sex (−80% and −100%
morphs) to the scrambled image baseline, there was a signifi-
cant group effect with transgender participants showing signif-
icantly greater activation in the dmPFC (including the dACC and
paracingulate gyrus) (Fig. 5C, Table 2).

Perception of Androgynous Morphs (−40% and −60%
Morphs)

When contrasting perception of androgynous morphs (−40%
and −60% morphs) to the scrambled image baseline, there was a
significant group effect with transgender participants showing
significantly greater activation in the ventromedial prefrontal
cortex (vmPFC, including the pACC and paracingulate gyrus)
(Fig. 5D, Table 2).
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Figure 4. A further elaboration of Figure 3. We overlay (in yellow) activation maps to demonstrate the similarity between transgender participants viewing bodies
opposite to birth-assigned sex (in red) and cisgender participants viewing bodies same as birth-assigned sex (in blue).

Response-Dependent Activation for Images Morphed
Toward, and Opposite to, Birth-Assigned Sex

Although the above results covaried out self-similarity rating,
we also sought to understand the component of functional
activity that was “dependent” and parametrically scaled with
self-similarity rating. This was studied in an analysis with two
parametric regressors of self-perception rating when partici-
pants were viewing any image morphed either (1) toward, or (2)
opposite, to birth-assigned sex.

Qualitative comparisons of within-group parametric results
when viewing bodies morphed toward and opposite to birth-
assigned sex are discussed in the Supplemental Information.
We found no significant effects (whether effects of group or
birth-assigned sex) when viewing images morphed “toward”
birth-assigned sex. By contrast, when viewing images morphed
opposite to birth-assigned sex, there was a significant group
effect with transgender participants showing a significantly
greater association between greater self-perception (“me”) rat-
ing and activation in the dmPFC and the vmPFC (including the
pACC), frontal poles, the posterior cingulate cortex (PCC) and
the precuneus, the left parahippocampal gyrus, hippocampus,
temporal occipital fusiform cortices, and the bilateral lateral
occipital cortices (Fig. 6, Table 2).

Connectivity Analysis

We used a PPI analysis to query whether task-dependent
connectivity between a pACC seed region and other brain
regions differed between groups. There were no significant
ANOVA effects in connectivity for any morph category of

interest except when viewing androgynous morphs (−40% and
−60% morphs). Here, there was a significant group effect with
transgender participants showing greater connectivity than
cisgender controls between the pACC and early visual cortex
(bilateral lateral occipital cortex—adjacent to and partially
overlapping with EBA—extending into the bilateral occipital
fusiform cortices and cerebellum (Fig. 7, Table 2).

Discussion
This study used fMRI in transgender and cisgender persons to
investigate the cerebral processing of self- and gender identity
in the context of own-body perception. Participants were asked
to rate images of themselves, as well as images of their bodies
morphed to either masculine or feminine forms, as to the
degree by which these images represented “me.” Whereas, both
cisgender men and women rated images of their own bodies
as more representative of “me,” with a strong bias away from
images morphed to the opposite sex, both transgender men and
women identified more closely with images morphed opposite
their birth-assigned sex. In line with these behavioral results
were the observed brain activation patterns in transgender and
cisgender groups. Both groups activated self-referential and
body processing regions (Hodzic et al. 2009; Kruse et al. 2016)
when viewing images of bodies morphed toward their gender
identity (whether that be opposite to birth-assigned sex for
transgender individuals or toward birth-assigned sex for cisgen-
der individuals). This activation of self-referential brain regions,
occurring after covarying out participants’ individual responses,
was not associated with participants’ subjective assessments of
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Figure 5. Significant ANOVA group effects when viewing bodies compared to scrambled images in the long viewing condition after covarying out self-similarity
ratings. (A) Cisgender > transgender activation when viewing the own body (0% Morphs). (B) Cisgender > transgender activation when viewing bodies same as birth-
assigned sex (+80% and +100% morphs). (C) Transgender > cisgender activation when viewing bodies opposite to birth-assigned sex (−80% and −100% morphs). (D)
Transgender > cisgender activation when viewing androgynous bodies (−40% and −60% morphs).

self-similarity. The findings suggest the presence of a dis-
tributed network connecting self-referential and visual body
processing regions to assess congruence with self that exists in
both cisgender and transgender individuals. Yet, the stimuli that
activate this distributed network may differ, aligning with each
group’s gender identity rather than their birth-assigned sex.

The implications of these findings are considerable. Trans-
gender and cisgender groups differed when viewing other
bodies same or opposite to their birth-assigned sex. Cisgender
individuals activated the dmPFC and the thalamus more than
transgender individuals when viewing bodies morphed toward
their birth-assigned sex (Fig. 5A). Activation in these regions
has been implicated in self-referential tasks (Johnson et al.
2002; Schmitz et al. 2004; Amodio and Frith 2006; D’Argembeau
et al. 2007, 2014; van der Meer et al. 2010; Denny et al. 2012;
Murray et al. 2015) and is consistent with prior literature
showing involvement in such self-referential processes when
viewing others who look similar to us (Platek et al. 2008; Tsakiris
2017). Yet, if the findings were simply a result of the degree

by which individuals consciously identified with an image, we
would not expect these findings to remain after covarying out
subjective self-similarity scores. Engagement of the dmPFC
and thalamus in cisgender individuals viewing bodies of
the same sex and gender may thus suggest an unconscious
process or an invariable response to the sex and gender of the
stimuli.

Like cisgender individuals, treatment-naïve transgender
individuals showed analogous responses in the dmPFC when
viewing bodies that align with their gender identity (Fig. 5B),
although these bodies did not align with the secondary sex
characteristics of their own bodies. Like cisgender individuals,
this activation would not be expected to remain after covarying
out self-similarity scores if this were simply a function of
conscious volitional identification with bodies aligned with their
gender identity. Again, engagement of the dmPFC in transgender
individuals viewing bodies of the same gender may suggest an
unconscious process or an invariable response to the gender of
the stimuli.
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Table 2 Significant ANOVA group effects

Region Side MNI coordinates Z-max Cluster size (mm3)

Own body (0% morph) condition: cisgender > transgender
Cerebellum R (4, −72, −22) 3.28 1463
Postcentral gyrus L (−46, −28, 58) 3.75 1462
Superior parietal lobule L (−34, −50, 62) 3.72

Bodies same as birth-assigned sex (+80% and +100% morph) condition: cisgender > transgender
Postcentral gyrus L (−48, −30, 48) 3.76 2429
Superior parietal lobule L (−38, −52, 62) 3.50
Supramarginal gyrus L (−50, −38, 46) 3.47
Left thalamus L (−10, −16, 6) 3.59 837
Right thalamus R (14, −10, 12) 3.39
Cerebellum R (28, −52, −26) 3.20 655
Superior lateral occipital cortex R (32, −66, 44) 3.27 578
dACC and paracingulate L (−6, 28, 36) 3.29 526

Bodies opposite to birth-assigned sex (−80% and −100% morph) condition: transgender > cisgender
dACC and paracingulate R (10, 30, 24) 3.84 1141

Androgynous body (−40% and −60% morph) condition: transgender > cisgender
pACC and paracingulate L (−4, 40, −2) 3.53 882

Parametric analysis (regions correlated to greater “me” rating when viewing morphs opposite to birth-assigned sex [−20% to −100% Morph]):
transgender > cisgender
Posterior cingulate gyrus (0, −36, 46) 3.76 8350
Posterior parahippocampus and

hippocampus
L (−24, −40, −12) 3.64

Lateral occipital cortex L (−48, −68, 14) 3.62
Temporal occipital fusiform cortex L (−26, −48, −12) 3.57
Precuneous cortex R (2, −40, 56) 3.53
Superior lateral occipital cortex R (58, −60, 20) 3.41 1257
Inferior lateral occipital cortex R (42, −64, 6) 3.14
Frontal pole L (−18, 72, 4) 3.26 843
Frontal pole R (6, 58, −10) 3.23
pACC L (−2, 44, 2) 3.19
Frontal medial cortex L (−4, 54, −10) 3.16

PPI analysis (regions functionally connected to pACC region of interest during the androgynous body [−40% and −60% morph] condition):
transgender > cisgender
Occipital pole R (24, −96, 2) 3.46 1205
Inferior lateral occipital cortex R (42, −76, −4) 3.10
Occipital fusiform gyrus R (28, −82, −8) 3.03
Lingual gyrus R (2, −72, −12) 3.22 725
Occipital pole L (−28, −96, 0) 3.18
Occipital fusiform gyrus L (−18, −84, −14) 3.05

All findings were in the long 2 s viewing condition. All contrasts except the parametric analysis are in contrast with the scrambled image baseline

Our parametric analysis allowed us to distinguish the compo-
nent of the neural signal that scaled with self-similarity scores
from the component of the neural signal described above that
was an invariable response to the stimuli. Here, we saw that
transgender individuals had greater engagement of amygdala,
hippocampus, dmPFC, vmPFC, precuneus, PCC, and visual cor-
tex (Fig. 6) when deciding that an image morphed opposite to
birth-assigned sex was more reflective of self. Involvement of
the vmPFC (specifically pACC) in such self-referential decision
making is consistent with literature suggesting a ventral-dorsal
gradient in the prefrontal cortex where decisions about “self”
engage more ventral regions than decisions about the “similar
other” (Denny et al. 2012). Ventral prefrontal involvement, as
well as involvement of limbic nodes such as the amygdala,
may also suggest a role of emotional processing in transgender
individuals, consistent with literature suggesting pACC’s role

in processing emotional valence of self (Yu et al. 2011) and
the amygdala’s role in emotional processing, motivation, and
reward (Rolls 2007; Pessoa 2017). This emotional processing may
relate to the emotional significance of body-self alignment in
the transgender individuals in this study and relate to their
motivation toward hormone and/or gender-affirming surgery in
the clinic they were recruited. Also notable is recruitment of
the precuneus and PCC, which has been reported to be involved
in self–other decision making (Ochsner et al. 2004; Cavanna
and Trimble 2006) and autobiographical memory retrieval (Fink
et al. 1996; Summerfield et al. 2009), as well as recruitment
of other regions associated with memory (hippocampus) and
visual attention (occipital cortex).

Particularly interesting is the greater pACC activation in
transgender individuals when viewing images morphed −40%
and −60% (opposite to birth-assigned sex) after covarying
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Figure 6. Significant ANOVA group effect of regions with stronger parametrical correlation to self-similarity scores in transgender > cisgender when viewing any image

morphed opposite to birth-assigned sex (between −20 and −100%) during the long viewing condition.

out self-similarity ratings. These images, morphed approx-
imately half-way between their own bodies and the bodies
of others opposite to their birth-assigned sex, represent
gender ambiguous, androgynous bodies. Consistent with
the ventral-dorsal prefrontal hypothesis of self-processing
discussed above (Denny et al. 2012), transgender individuals
may engage greater self-referential processing when viewing
these androgynous images, but in a way that is invariable and
does not associate parametrically with subjective self-similarity
ratings. Additionally, given the pACC’s involvement in limbic
processing and emotional salience monitoring (Brown et al.
2011; Yu et al. 2011), particularly its associations with positive
reward processing (Liu et al. 2011) and happy emotions (Vogt
2005), transgender individuals may also experience a positive
emotional response or reward from these images, which may
be dissimilar to their own bodies but closer to their “ideal self.”
We further found greater task-dependent connectivity between
the pACC and early (secondary) visual cortical regions in the
transgender group compared to the cisgender group when
viewing these ambiguous images. In transgender individuals,
this connectivity may facilitate transfer of visual information
about “selfness” to the pACC, whereas it may be suppressed in
cisgender individuals when confronted with images which may
be deemed androgynous and sex-discordant.

An interesting but unexpected finding is that individuals
assigned male at birth—cisgender men and transgender
women—had greater activation than individuals assigned
female at birth—cisgender women and transgender men—in

each of the morphed conditions regardless of whether the
body was morphed toward or opposite to birth-assigned
sex. This activation was observed in similar regions in each
condition, including the right angular gyrus and left occipital
pole (see supplemental material). By contrast, groups showed no
differences when viewing the unmorphed self. These findings
are consistent with greater engagement of visual processing
and body space representation when viewing others (regardless
of that body’s sex) (Seghier 2013; Spitoni et al. 2013) and may
suggest a greater general saliency effect for the visual aspects
of bodies in individuals assigned male at birth.

We acknowledge a general limitation in our study based on
group sizes, which included 30 individuals in both cisgender and
transgender groups. Another limitation of the present study is
that we were unable to concurrently query participants’ emo-
tional valence when they engaged in the task, which might have
been useful to better clarify the involvement of limbic regions,
such as the pACC seen here. The role of emotional valence and
motivation in underlying group differences should be further
explored.

Our findings occurred entirely in the long 2 s viewing condi-
tion, with no significant results for the short 0.5 s viewing condi-
tion. We had hypothesized that such a finding could suggest that
participants were engaging in more “reflective” top-down pro-
cessing rather than “reflexive” bottom-up processing. However,
we caution that this interpretation is not conclusive. Though we
did not see significant effects in the short viewing condition,
we also did not see significant differences between the long
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Figure 7. PPI analysis, showing ANOVA group effect of regions of greater functional connectivity with a pACC region of interest (ROI) (defined from neurosynth.org, in

blue) in transgender > cisgender when viewing androgynous bodies (−40 and −60% morph) compared to scrambled images during the long viewing condition.

and short conditions when they were compared directly. The
absence of findings for the short viewing condition may thus be
a result of lower power (given less TRs in the short condition),
and there is no evidence to suggest that reflexive bottom-up
processing is not occurring in the long viewing condition, espe-
cially when participant behavior was similar between the two
conditions.

The behavioral results in this study, where transgender par-
ticipants identified most with images morphed ≥60% opposite
to birth-assigned sex regardless of viewing duration, were not
entirely consistent with those observed in a previous behavioral
study of a different group of transgender men using the body
perception task paradigm. In that study, transgender partici-
pants identified most with images morphed 40% opposite to
birth-assigned sex (Feusner et al. 2016). We speculate this may
be due to differences in the experimental setting. This present
task was conducted in the fMRI scanner, whereas the previous
behavioral task was conducted in a clinical research setting in
the presence of an investigator, raising concerns participants
may have been more self-conscious about their responses. Fur-
thermore, the present fMRI task consisted of more trials, allow-
ing greater sensitivity to detect the behavioral response.

In previous work using a larger transgender study group,
we saw distinct anatomical differences with greater cortical
thickness than cisgender controls in regions of self-perception
independent of sex and sexual orientation (Manzouri et al.
2017; Manzouri and Savic 2019). However, these anatomical dif-
ferences reduced with sex-hormone treatment while concur-
rently increasing transgender individuals’ self-similarity ratings

when viewing their own bodies (Kilpatrick et al. 2019). We thus
hypothesize that hormonal treatment may allow transgender
individuals to have greater congruence between their physical
bodies and their internal body image representation, leading to
greater convergence with the own body-self processing seen in
cisgender people. We plan to test this hypothesis in the near
future.

In conclusion, our observations add new insights to our
understanding of the neurobiology of gender identity in gen-
eral and GD in particular. Transgender and cisgender partic-
ipants, regardless of sex, activate similar self-referential net-
works involving the dmPFC, but the stimuli activating these
networks differ, aligning with gender identity and not birth-
assigned sex. Moreover, this is not simply an effect of subjec-
tive assessments of self-similarity. Treatment-naïve transgen-
der participants may also engage greater emotional processing
when viewing ambiguous, androgynous images of themselves
morphed toward their experienced gender identity and when
making decisions as to the degree images corresponded to their
sense of self. Our findings thus shed light on mechanisms of
gender processing in the brain. They also set the stage for further
exploration of how neural signatures of gender might change
in transgender individuals with hormonal treatment and/or
surgical interventions that allow for their bodies to finally align
with their gender identity.
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