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The common intersection of autism and transgender identities has been described in clinical and community contexts. This study
investigates autism-related neurophenotypes among transgender youth. Forty-five transgender youth, evenly balanced across non-
autistic, slightly subclinically autistic, and full-criteria autistic subgroupings, completed resting-state functional magnetic resonance
imaging to examine functional connectivity. Results confirmed hypothesized default mode network (DMN) hub hyperconnectivity with
visual and motor networks in autism, partially replicating previous studies comparing cisgender autistic and non-autistic adolescents.
The slightly subclinically autistic group differed from both non-autistic and full-criteria autistic groups in DMN hub connectivity
to ventral attention and sensorimotor networks, falling between non-autistic and full-criteria autistic groups. Autism traits showed
a similar pattern to autism-related group analytics, and also related to hyperconnectivity between DMN hub and dorsal attention
network. Internalizing, gender dysphoria, and gender minority-related stigma did not show connectivity differences. Connectivity
differences within DMN followed previously reported patterns by designated sex at birth (i.e. female birth designation showing greater
within-DMN connectivity). Overall, findings suggest behavioral diagnostics and autism traits in transgender youth correspond to
observable differences in DMN hub connectivity. Further, this study reveals novel neurophenotypic characteristics associated with
slightly subthreshold autism, highlighting the importance of research attention to this group.
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Introduction factors underpinning the common intersection of gender diversity

The common overlap between autism, elevated autistic traits,
and gender identity diversity has been reported in both clinical
(de Vries et al. 2010; Hisle-Gorman et al. 2019) and community
(Strauss et al. 2017; Walsh et al. 2018) samples. In the largest
study to date, the odds of an autism diagnosis were more than
six times greater among transgender (or broadly gender-diverse)
individuals than among those who were cisgender (Warrier et al.
2020). A recent metanalysis of all available studies estimated that
approximately 11% of transgender and gender diverse individuals
are autistic (Kallitsounaki and Williams 2022). Further, up to
13% of autistic adults identify as a gender different than their
designated sex at birth (Walsh et al. 2018). Hypotheses regarding

and autism range from potential prenatal sex hormone pathways
(Bejerot et al. 2012) to autistic thinking styles less swayed by
socialized gender expectations (Furlong 2021). Given the clin-
ical complexity of supporting autistic transgender individuals
(Strang et al. 2016), as well as increased acknowledgment of the
importance of parsing the heterogeneity of autism according to
key subgroups (Eckerd 2020; Strang et al. 2021a), investigations
into autistic transgender phenotypes and endophenotypes are
needed. Initial behavioral work has identified common patterns
of: (1) highly increased mental health risks in autistic transgender
individuals (George and Stokes 2018; Strang et al. 2021a) and
(2) experience of specific, profound and impairing barriers to
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receiving appropriate supports and care (Strang et al. 2018; Strang
et al. 2021a). The research and clinical communities currently
lack any information regarding autistic gender-diverse neurophe-
notypes. Characterizing these neurophenotypes is essential given
that: (1) autism and gender diversity often co-occur, (2) there is
widespread interest in employing neuroimaging approaches to
advance targeted supports for autistic people (Chen and Van Horn
2017; Loth et al. 2017) and (3) appropriate inclusion and modeling
of autistic gender-diverse people in neuroimaging will require
knowledge of autistic transgender neurophenotypes.

In this study, we begin to address this critical gap by exam-
ining neurophenotypic characteristics of autistic transgender
individuals, focusing on functional connectivity (FC) of two
hubs of the default mode network (DMN) in autistic and non-
autistic transgender youth via resting-state functional magnetic
resonance imaging (rsfMRI). Network FC during rsfMRI captures
spontaneous low-frequency (< 0.1 Hz) fluctuations in the
blood-oxygen-level-dependent signal in the absence of a task
(Fox and Raichle 2007). Spatially distributed brain regions that
demonstrate correlated patterns of activity over the fMRI time-
course are considered functionally connected networks (Biswal
et al. 1995). Studies of resting-state FC have identified key brain
networks, where regions that are implicated in related functions
and are active during tasks probing those functions also show co-
activation at rest and are therefore understood to form a network
and represent the intrinsic brain functional architecture (Fox and
Raichle 2007). The default mode network (DMN) is one of the
most prominent of the FC networks (Raichle et al. 2001; Greicius
et al. 2003). The DMN has been referred to as a “task-negative
network,” demonstrating decreased activity during cognitively
demanding tasks, but increased activation in the absence of
a task, where activation at rest is associated with internally-
oriented processing, or the integration of information about the
self with information of stimulus-related or externally-oriented
processing (Yeshurun et al. 2021). Key regions of the DMN include
the medial prefrontal cortex (MPFC; including ventromedial
and dorsomedial PFC) and posterior cortex (including posterior
cingulate cortex [PCC] and lateral parietal cortex) (Buckner and
DiNicola 2019). Importantly, it is not clear whether systematic
differences in DMN-related FC may reflect functionally mean-
ingful and/or experiential differences between minds at rest
(Cole et al. 2010).

Amid the rich and often contradictory literature on FC in
autism, the DMN, internally and as connected to other brain
networks, has been frequently and consistently implicated (e.g.
Haghighat et al. 2021; Monk et al. 2009; Wang et al. 2021; Wang
etal. 2017; Washington et al. 2014; Weng et al. 2010; for review, see
Padmanabhan et al. 2017), although the exact nature of autistic
versus non-autistic group differences in DMN coupling varies
across reports. This variability appears related to demographic,
phenotypic, and developmental factors; for instance, studies at
various developmental stages show a range of specific patterns
(Weng et al. 2010; Washington et al. 2014; Lawrence et al. 2019).
Overall, DMN FC differences by designated sex at birth appear
reduced in studies of autistic people (Ypma et al. 2016; Olson
et al. 2020), though there is evidence that pre-adolescent and
adolescent autistic youth assigned female at birth may demon-
strate stronger FC between DMN and the central executive net-
work than those assigned male at birth (Lawrence et al. 2020a).
Across non-autistic samples, there is also evidence for possible
transgender-specific DMN FC differences (Nota et al. 2017a; Nota
et al. 2017b; Uribe et al. 2020; Skorska et al. 2022). Thus, the DMN
is a promising candidate for a neurofunctional system to help

parse heterogeneity within the autism spectrum, and for autistic
transgender people specifically.

The study has four aims and primary hypotheses driven by
essential research questions related to this population. Specifi-
cally, there is emerging evidence for at least three salient autism-
related classifications within transgender youth: those who are
non-autistic; those who are slightly subclinically autistic (i.e. highly
elevated autistic traits/symptoms, but slightly subthreshold in
terms of autism diagnosis); and those who meet full criteria for
autism (Ruzich et al. 2016; Strang et al. 2021a). Therefore, Aim
1 investigates DMN FC in youth carefully characterized and bal-
anced across these three autism-related statuses. Further, given
evidence of elevations of autism traits, apart from a categorical
autism diagnosis, in transgender populations (Akgtl et al. 2018),
Aim 2 uses a dimensional approach to investigate how DMN FC
relates to individual autistic trait level. In response to previous
postulations that autistic-like traits in transgender people are
driven by underlying internalizing psychopathology or gender
diversity-related stress (Turban and van Schalkwyk 2018; Leef
et al. 2019), Aim 3 explores associations between DMN FC and
internalizing psychopathology, gender dysphoria, and perceived
sexual/gender-minority (SGM)-related stigma. Finally, given pre-
liminary findings of possible differentiation of DMN FC by gender
within transgender youth (Nota et al. 2017b), gender-related DMN
FCis explored in Aim 4. Considering that previous work has found
autism-related differences both in within-network DMN FC, and
between DMN hubs and other FC networks (e.g. Lawrence et al.
2019; Floris et al. 2020; Haghighat et al. 2021), we investigate DMN
hub to whole-brain FC across the four aims:

DMN-to-whole-brain FC by autism diagnostic
status (Aim 1)

Autistic versus non-autistic FC differences have been reported
between DMN hubs and visual, executive control, and motor/sen-
sorimotor networks during mid-late adolescence (Washington
et al. 2014; Abbott et al. 2016; Mash et al. 2019). These FC differ-
ences have been in the direction of hyperconnectivity in autism
compared to neurotypical controls. Some findings of autism-
related hypoconnectivity have also been reported between DMN
hubs and non-DMN regions, but these findings were in a younger
age group (Olson et al. 2020). Therefore, in the present study of
transgender youth, we hypothesize hyperconnectivity in autism
between DMN hubs and regions within the visual, executive
control, and motor/sensorimotor networks. Specifically, we pre-
dict that the full-criteria autistic group will show greater DMN-
based whole-brain FC than the slightly subclinical group, and
the slightly subclinical group will show greater FC than the non-
autistic group.

Although not fully consistent across the literature, a pattern
has emerged suggesting hyperconnectivity within DMN for younger
autistic children followed by a developmental transition away
from hyperconnectivity in autistic adolescents and adults (Nomi
and Uddin 2015; Ypma et al. 2016; Haghighat et al. 2021). There-
fore, given the adolescent to young adult age range of our sample,
we hypothesize no, or relatively few, within-DMN FC differences
based on autism-related status.

Relationships between DMN-to-whole-brain FC
and autism trait level (Aim 2)

To our knowledge, two studies have found relationships between
measures of autism traits and DMN FC (Lynch et al. 2013; Yerys
et al. 2015). Extrapolating from these studies to the current study
presents some challenges, as the existing studies were conducted



with younger samples and only included autism trait analyses for
individuals diagnosed with autism. The current study includes a
sample reflecting a broad range of autistic trait levels (i.e. across
both non-autistic and autistic adolescents). We hypothesize that
in transgender youth, higher autism trait levels will be related
to increased FC between DMN hubs and temporal, occipital, and
parahippocampal regions (based on prior DMN hub-to-whole-
brain findings; Lynch et al. 2013). We also hypothesize overlap
with regions identified in the analyses described above in Aim 1.
Finally, as in Aim 1, we hypothesize no, or relatively few, within-
DMN FC differences based on level of autism traits.

DMN FC by internalizing, gender dysphoria, and
SGM-related stigma (Aim 3—exploratory)

This aim serves as a corollary to Aims 1 and 2. Given the prin-
ciple of equifinality, behavioral autistic-like traits in transgen-
der people could theoretically stem from underlying internal-
izing psychopathology or gender diversity-related stress instead
of autism, per se (Cicchetti and Rogosch 1996; Turban and van
Schalkwyk 2018; Leef et al. 2019). Therefore, this exploratory aim
investigates—in a parallel manner to Aims 1 and 2—DMN hub-to-
whole-brain FC associations with each of the following: emotional
internalizing psychopathology, gender dysphoria, and perceived
SGM-related stigma.

DMN FC by gender identity (Aim 4—exploratory)

If transgender youth follow DMN-related FC patterns typical of
their designated sex, youth assigned female at birth will show
greater within-DMN FC than youth assigned male at birth (Bluhm
et al. 2008; Tomasi and Volkow 2012; Olson et al. 2020). There
is some evidence from studies in younger youth that there may
be greater FC from key DMN regions to primary visual, primary
sensorimotor, and secondary sensorimotor regions in individuals
assigned male at birth (Olson et al. 2020). It is unclear whether
these patterns are present in older adolescent populations or in
transgender youth. One existing resting-state FC study of trans-
gender adolescents (Nota et al. 2017b) reported that transgender
adolescent young women showed lower within-DMN FC than
cisgender adolescent young men. Interestingly, this difference was
not observed in adult transgender women compared to adult
transgender men (Bluhm et al. 2008; Nota et al. 2017a; Uribe et al.
2020). In a different line of research, autism has been associated
with reduced DMN FC sex-based differences compared to non-
autistic samples (Olson et al. 2020; Ypma et al. 2016; though it
must be noted that Lawrence and colleagues found otherwise;
Lawrence et al. 2020b). Thus, accounting for autistic traits may
allow gender-related differences to be more clearly observed.

Given gaps in the literature and the research novelty of this
study population, we make no specific hypothesis regarding
gender-based differences (female versus male) in DMN hub
to whole-brain FC among transgender youth. However, we
hypothesize that including level of autism traits in the model will
reveal greater gender-related differences in DMN FC as compared
to a model not accounting for autism traits.

Materials and methods

Participants and characterization

As is the standard for respectful communication regarding trans-
gender persons, when we use the term gender, we refer to the
participant’s affirmed gender identity, not their designated sex
at birth (American Psychological Association 2015). This was a
two-stage study employing targeted sampling to achieve an even
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distribution of autism symptomatology within the sample ranging
from an absence of autism symptoms to high levels of autism
symptoms. Sixty-six transgender binary youth (i.e. trans young
men or trans young women), aged 13-21 years, were enrolled
through clinic and community recruitments (see Strang et al.
2021a for greater detail). Nonbinary transgender youth were not
included given the limits of sample size for the recruitment;
including a nonbinary comparison group would have required a
significantly larger sample. This study was conducted in accor-
dance with the Declaration of Helsinki. According to the IRB
protocol for the study, approved by Children’s National Hospital,
youth age 13-17 years provided written assent and their par-
ent/guardian provided written consent; youth age 18-21 years
provided written consent. A combination of clinic and community
recruitment approaches aimed to increase sample representative-
ness; previous studies employing gold-standard ASD diagnostics
in gender-diverse youth have been limited to recruitment through
clinic referrals only (Strang et al. 2018; Strang et al. 2020). The age
range was selected in accordance with reports that transgender
youth, and especially autistic transgender youth, often do not
communicate their gender diversity to others until their adoles-
cent years (Grossman and D’Augelli 2006) and often not until their
late adolescent years (Strang et al. 2018). Two separate recruit-
ment criteria were employed to diversify the sample by autism
status: (1) transgender binary youth with no suspected autism and
(2) transgender binary youth with suspected or confirmed autism.
Within this recruitment approach, targeted sampling was used
to recruit equal numbers of youth in each of three categories:
transgender binary youth with confirmed autism, transgender
binary youth with suspected autism, and transgender binary
youth with no suspected autism. Intellectual ability falling in the
range of intellectual disability (ID; i.e. IQ scores falling below 70)
was an exclusion criterion, given that the self-report measures
in the study have been developed for and validated in samples
without an ID. Sixty-six transgender binary youth without ID were
enrolled through the above-described recruitment approach.
Following comprehensive autism clinical assessments, which
included the Autism Diagnostic Observation Schedule 2”4 edition
Module 4 (Lord et al. 2012), the Autism Diagnostic Interview-
Revised (conducted with parents/caregivers) (Lord et al. 1994), and
clinical DSM-5 autism-based interviewing, the 66 enrolled youth
were categorized based on categorical autism status: no autism;
slightly subclinical autism; and full-criteria autism. Importantly,
previous work in the field of intersectional gender diversity and
autism has described the common profile of transgender youth
who are slightly subclinical (i.e. slightly below autism diagnostic
cutoffs) (Strang et al. 2018). The broader literature highlights the
intersection of autism and gender diversity at the continuous
trait level (Nabbijohn et al. 2019; Kallitsounaki and Williams
2020a, 2020b; Kallitsounaki et al. 2021), suggesting that the two
characteristics are linked in the population even for those who do
not meet full diagnostic criteria for ASD. The slightly subclinical
autistic group, hereafter referred to as “subclinically autistic,”
was defined as meeting all of the following conditions: (1) clin-
ically suspected of being autistic but not meeting full DSM-5
ASD criteria (American Psychiatric Association 2022); (2) meeting
criteria for at least two DSM-5 ASD symptoms, including at least
one in the social-communication domain; and (3) current ASD
symptoms were not better explained by another condition.
Following the comprehensive ASD diagnostic procedures, 46
of the youth then completed the neuroimaging protocol. These
youth participated in neuroimaging based on the following
sequence of determinations: (1) exclusion based on presence
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Table 1. Sample characterization.

Non-autistic n=16

Sub-clinical autistic n=14

Autisticn=15 Test of differences

Age (years) M (SD)
1Q estimate (Full scale 1Q) M (SD)
Gender (% female/male)

17.65 (1.97)
115.88 (15.71)
25/75 (n=4/12)

Race (%)

Asian 6.3 (n=1)
Black or African American 0 (n=0)
White 93.8 (n=15)
More than one reported 6.3 (n=1)
Ethnicity (% Hispanic or Latina,o,e) 6.3 (n=1)
Parent education (years) M (SD) 16.41 (2.53)

18.10 (2.20)
119.79 (19.14)
43/57 (n=6/8)

0 (n=0)
7.1(n=1)
92.9 (n=13)
0(n=0)

0 (n=0)
17.46 (2.50)

18.02 (2.13)
116.13 (11.91)
60/40 (n=9/6)

F(2,42)=0.21P=0.81
F(2,42)=0.28P=0.76
x2(2)=3.89 P=0.14

20.0 (n=3) x%(2)=3.79 P=0.15
6.7 (n=1) x%(2)=1.16 P=0.56
86.7 (n=13) x%(2)=0.56 P=0.76
13.3 (n=2) x%(2)=2.03P=0.36
0 (n=0) x%(2)=1.79 P=0.41
16.80 (2.44) F(2,42)=0.68 P=0.51

of dental work or unremovable metal jewelry (n=8 of the 66
clinically assessed); (2) exclusion based on lack of interest in
completing an MRI scan due to personal reasons (e.g. claus-
trophobia; n=3); (3) optimization of imaging sample to balance
gender identity (i.e. as equal as possible numbers of trans young
men and trans young women); and (4) optimization of imaging
sample to balance the three autism-related groupings (i.e. non-
autistic; subclinically autistic; full-criteria autistic). Of the 46
attempted scans, 45 were successfully completed; one participant
(an autistic trans young woman) terminated the scan after
approximately 5 minutes in the scanner due to claustrophobia.
See Table 1 for demographic characteristics of the imaged sample.
See Supplementary Table 1 for diagnostic characteristics: https://
osf.io/tcgex/?view_only=e7330358ecec49e391{3ff28fcd37f4e. The
sample was slightly uneven in its distribution by gender (i.e. more
trans young men than trans young women), a common feature in
transgender youth recruitments (Cooper et al. 2018). It was nearly
even in terms of categorical autism-related groupings.

To reduce recruitment bias, participants were not selected
based on gender-affirming medication status. International guid-
ance recommends a slower, more cautious approach for gender-
related medical decision-making in autistic gender-diverse youth
(Strang et al. 2016); recruitment of a sample based on whether
a young person had been approved for, or was receiving, gender-
affirming hormones (GAH) would likely introduce an age and
developmental bias into the sample (i.e. older autistic transgen-
der youth compared to younger non-autistic transgender youth).
Because the focus of this study was resting-state FC with DMN
hubs, which varies with age (Nomi and Uddin 2015; Ypma et al.
2016; Haghighat et al. 2021), but not by GAH status (Nota et al.
2017b), recruitment was intentionally agnostic to GAH treatment
status. To confirm a lack of FC variation based on GAH treatment
status, testosterone treatment status (for trans young men) and
estrogen treatment status (for trans young women) were com-
pared by FC (see Data analytic plan below).

Measures

This study employed autism diagnostic measures, autism trait-
related measures, and measures of mental health and gender-
related experience. A composite score for overall multi-modal,
multi-informant autistic traits was derived from the autism diag-
nostic and autism trait-related instruments (see Data analytic
plan below).

Autism diagnostic measures

The Autism Diagnostic Observation Schedule 2™ edition (ADOS-
2) is a gold-standard autism diagnostic measure. It includes
semi-structured tasks and interview questions which are coded

across a range of behavioral indicators on a three-point scale.
Employing the algorithm updated by Hus and colleagues, the
measure produces two total severity scores: Social Communica-
tion and Restricted and Repetitive Behaviors and Interests (Lord
et al. 2012; Hus and Lord 2014). In this study, the ADOS-2 was
used as part of the autism-diagnostic procedures, as well as in
the composite autism traits score.

The Autism Diagnostic Interview-Revised (ADI-R; Lord et al. 1994)
is a gold-standard parent/caregiver interview of autism symptoms
and developmental history assessing key autism-related develop-
mental characteristics from childhood, including communication,
social development, and repetitive and restrictive behaviors. In
this study, all ADI-R Domains (i.e. A Domain [Qualitative Abnor-
malities in Reciprocal Social Interaction], B Domain [Qualitative
Abnormalities in Communication], C Domain [Restricted, Repeti-
tive, and Stereotyped Patterns of Behavior], and D Domain [Abnor-
mality of Development Evident at or Before 36 months]) were used
as part of the autism-diagnostic procedures, as well as in the
composite autism traits score.

Autistic trait-related measures

The Social Responsiveness Scale-2 (SRS-2; Constantino and Gru-
ber 2012) is a parent-report scale assessing the severity of cur-
rent real-world autism-related symptoms. Responses are tallied
as a Total Score, where higher scores indicate higher level of
autism characteristics. The SRS-2 calibration reports good relia-
bility, validity, and internal consistency for the Total Score (Con-
stantino and Gruber 2012); the Total Score is strongly correlated
with autism diagnosis. The SRS-2 Total raw score was included
in the composite autism traits score; members of our team have
previously employed the SRS-2 raw score, instead of the standard
score, to avoid the sex-based autism norms which are not vali-
dated in transgender populations (Grannis et al. 2021).

The Broad Autism Phenotype Questionnaire (BAPQ; Hurley et al.
2007) is a self-report scale assessing autism-related traits. The
total BAPQ score is created by summing the scores across all 36
items. The BAPQ has demonstrated good sensitivity and speci-
ficity in detecting broad autism phenotypic characteristics (Hur-
ley et al. 2007). The BAPQ total score was used as part of the
composite autism traits score. The BAPQ has been employed with
children, adolescents, and adults (Hurley et al. 2007; Suh et al.
2016; Sabatino DiCriscio and Troiani 2018).

The Reading the Mind in the Eyes Test (RMET) is a task designed
to assess mental state recognition; the version employed here
was designed for children and adolescents (Baron-Cohen et al.
2001a) and has previously been used in neuroimaging studies
with adolescents (e.g. Baribeau et al. 2019). The participant views
gray-scale photos of the eye region of various people’s faces,
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one face at a time, with each image surrounded by four words
describing mental states; they are asked to select the word that
describes what the person in the photo is thinking or feeling. The
RMET score is computed by calculating the percent correct out
of 28, the total number of questions. A higher score indicates a
greater ability for mental state recognition. RMET scores relate to
categorical autism diagnosis (Baron-Cohen et al. 2001a; Brentet al.
2004) and autistic traits (Baron-Cohen et al. 2001b) and were used
as part of the composite autism trait score.

Emotional internalizing psychopathology measure

The Achenbach System of Empirically Based Assessment (ASEBA) Self
Report (YSR/ASR; Achenbach 2009) is a well-validated standardized
self-report questionnaire that measures broad emotional and
behavioral problems. Summary scores are generated based on
standardization samples, with higher scores representing more
problems. In the current study, we employed the summary score
for Internalizing Problems, reflecting broad experiences of inter-
nalized emotional problems, including symptoms of both anxiety
and depression.

Gender dysphoria measure

The Utrecht Gender Dysphoria Scale (UGDS) assesses the experi-
ence of gender dysphoria (i.e. incongruence and distress regard-
ing an inconsistency between one’s experienced gender iden-
tity and assigned sex at birth), including physical and identity-
related aspects of dysphoria (Cohen-Kettenis and van Goozen
1997). Scores range from 12-60, with higher scores related to
greater gender dysphoria. Using a cut-point of 40, sensitivity is
high for identifying gender-referred youth (88.3%) and differen-
tiating non-referred youth (specificity=99.5%; Steensma et al.
2013).

Sex and gender minority stigma measure

The LGBT Stigma Scale (LGBTSS) is a self-report scale that evaluates
the level of behaviors and interactions involving LGBT rejection
and stigma experienced by an individual at the family and com-
munity levels (Weinhardt et al. 2017). Higher scores on the Per-
ceived Stigma subscale reflect greater perceived stigma, including
perceptions of feeling unsafe due to one’s LGBT identity. The
Perceived Stigma scale has been validated in transgender youth
and demonstrates strong internal reliability (Cronbach’s « =0.84);
specifically, higher scores are strongly related to everyday experi-
ences of gender diversity-related stigma and bias (Weinhardt et al.
2017).

Confirmation of absence of intellectual disability

The Wechsler Abbreviated Scale of Intelligence, Second Edition (WASI-
I), an IQ assessment measure, confirmed the absence of ID
(Wechsler and Zhou 2011). The Vocabulary and Matrix Reasoning
subtests were administered to calculate a two-subtest Full-Scale
IQ (FSIQ) for all participants.

Imaging procedures

Images were acquired using the 3T Magnetom Prisma (Siemens,
Erlangen, Germany) scanner at Georgetown University in Wash-
ington, D.C. Using a gradient echo pulse sequence, 346 volumes
were acquired in a single run with a repetition time (TR) = 1390 ms,
echo time (TE)=30 ms, flip angle=70°, FOV=205 mm, voxel
size 2.5%2.5x2.5 mm, 48 transverse slices and 2.5 mm isotropic
resolution, for a total of 8 minutes. A high-resolution T1-
weighted structural magnetization-prepared rapid-acquisition
gradient echo scan for normalization purposes was also acquired
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(voxel size 1x1x1mm, TR=2530ms, TE=3.34ms, inversion
time=1100ms, flip angle=7°, total scan time 7 min26s). Par-
ticipants were instructed to remain awake and relaxed with their
eyes open and to focus on a white fixation point on a projection
screen. Resting-state fMRI data were preprocessed through
afni_proc.py using a 4 mm full-width-half-maximum smoothing
kernel (Taylor et al. 2018). A seed-based analytic approach was
used with two canonical DMN regions of interest (ROIs) previously
identified as differentiating autistic versus non-autistic youth in
resting-state fMRI (Yerys et al. 2015). Two DMN seeds were defined
(via AFNI's 3dUndump) as 4 mm radius spheres centered around
MNI coordinates identified in a large N study that established
reliability of DMN FC (Van Dijk et al. 2009); specifically, the PCC (0,
—53, 6) and MPFEC (0, 52, —6). The average time course of the seed
was then obtained. Frames with framewise displacement (FD)
>0.5 mm and outliers greater than 5% of the brain mask were
censored (Salek-Haddadi et al. 2006); all participants had at least
310 volumes. Pearson’s correlations were calculated between the
seed time course and the timeseries of other voxels in the brain
in a voxel-wise manner. Seed-based analysis identifies the most
intensely altered FC patterns for each seed (i.e. differences which
survive multiple comparison corrections), and facilitates cross-
study comparison (Yerys et al. 2015).

Data analytic plan

Resting-state data from completed scans (n=45) were analyzed
as follows. For each seed (i.e. MPFC and PCC), whole-brain FC
was computed separately with 3dClustSim correction by AFNI to
account for multiple comparisons (voxel P <0.001, k > 31). GLM-
Flex was used for statistical analyses (Schultz 2020). Schaefer’s
seven network atlas was used to determine network labeling
for each cluster (Schaefer et al. 2018). Aim 1 employed one-way
ANCOVA on whole-brain FC, with age, gender, and head motion
(mean framewise displacement) as covariates; post hoc compar-
isons examined differences in autism-related groupings. Global
signal was not regressed.

Aim 2 employed multiple regression analysis of whole-brain
FC, with FC regressed onto the composite autism trait score; age,
gender, and head motion were included as covariates. A multi-
informant, multi-measure autism trait level composite has been
employed previously in studies of autism to merge complemen-
tary multi-modal measurements of autism into a continuous
gestalt metric (Lopez et al. 2005; Black et al. 2009; Kenworthy
et al. 2009). The composite autism trait score combines the ADI-
R Domain value (i.e. developmental signals of autism), ADOS-2
Severity scores (i.e. in vivo coded behavioral characteristics of
autism), DSM-5 ASD symptom count (i.e. expert clinician global
assessment of autism symptoms based on all available informa-
tion), SRS-2 Total score (i.e. parent report of real-world autism-
related youth behaviors), BAPQ (i.e. self-report of autistic fea-
tures), and RMET child/adolescent scores (i.e. phenotypic social
cognition performance task related to autism) through princi-
pal component factor analytics with mean-centered scores. See
the study’s supplement for details: https://osf.io/9c87e/?view_
only=6250c84e45{6455da2c44253bd5d9663. Prior to running Aim
2 regression analytics, we examined the composite autism trait
score by Aim 1 autism-related grouping with ANOVA and post hoc
probing via Tukey’s honestly significant difference procedure.

Aim 3 mirrored Aim 2 analytics, with multiple regression anal-
ysis of whole-brain FC. Three separate multiple linear regressions
were conducted. FC was regressed onto: (1) self-reported internal-
izing symptoms, (2) gender dysphoria, and (3) SGM-related stigma,
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independently, with age, gender, and head motion included as
covariates for each of the three analyses.

Aim 4 employed multiple regression analysis of whole-brain FC,
with two separate models: (1) FC regressed onto gender (female
vs. male), with age and head motion included as covariates,
but without accounting for autism trait level and (2) the same
analysis, but with autism trait level as an additional covariate.
The interaction of gender and autism trait level was not included
in the data analytics given insufficient sample size to examine
potential interaction effects; power analysis of two predictors with
a sample of n=45 indicated the current study was underpowered
to examine interaction terms, even if interaction effects were of
large effect size (1-beta <.8) (Statistics Kingdom 2017).

To explore potential relationships between GAH treatment sta-
tus and FC findings, a series of analyses were performed. Given: (1)
expected autism-related differences between those receiving and
not receiving GAH (i.e. fewer autism traits among those receiving
treatment; Strang et al. 2016) and (2) possible differences in age by
GAH treatment status (Strang et al. 2021b), analytics began with
t-tests comparing GAH treated and untreated youth by autism
trait level and age. Any resulting differences in composite autism
trait level or age were controlled for in ANCOVAs examining
differences in FC findings based on GAH status. These analyt-
ics were conducted separately for testosterone (in trans young
men) and estrogen (in trans young women). Because gender-
affirming testosterone was only given in trans young men and
gender-affirming estrogen only in trans young women, hormone-
based exploratory analytics (i.e. multiple regression models) were
planned if any significant hormone-based FC differences were
observed by autism status and/or internalizing symptoms, gender
dysphoria, or SGM stigma (Aims 1-3), but not for any FC differ-
ences identified based on binary gender (Aim 4).

Results

Effect sizes for the results are available on the study’s techni-
cal website: https://osf.io/t7jfh/?view_only=863dc720dfc743b4a9
e8e464d8665811. We encourage caution in the interpretation of
the effect sizes, however, given previous evidence of overestima-
tion in neuroimaging studies (Reddan et al. 2017).

Aim 1: Autism diagnostic group-based findings

In MPFC seed to whole-brain analyses, there was a significant
main effect of grouping with increased FC between the MPFC
seed and five regions (see Table 2 and Figs. 1 and 2). The five
regions were, in order of cluster size: 1) a right premotor cluster
in the middle frontal gyrus (MFG) close to the medial eye field
(ventral attention network); 2) a cluster in the right premotor
planning area of the superior frontal gyrus (SFG; sensorimotor
network); 3) a cluster in the cuneus (DMN and visual networks
[V1/V2]); 4) a cluster in the right middle temporal gyrus (MTG)
within the visual cortex (visual network); and 5) a cluster in the
precuneus (salience and ventral attention networks). Post hoc
tests (Fischer’s LSD) showed significant FC differences between all
autism-related groupings (non-autistic vs. subclinically autistic
vs. autistic) for the first two clusters: right MFG and right SFG.
The remaining clusters were significantly different between the
autistic as compared to the subclinically autistic and non-autistic
groups, but not between the subclinically autistic and non-autistic
groups (see Table 2). All differences were in the direction of
greater FC for autistic youth (i.e. autistic > subclincally autistic >
non-autistic for the first two regions and autistic > subclinically
autistic and non-autistic for the remaining regions). As predicted

based on previous studies in this age range, all of these FC
differences were in the direction of hyperconnectivity related
to autism. There were no significant FC findings observed in PCC-
seed analyses. Overall, our predictions regarding FC differences
by autism status between DMN hubs and visual and sensorimotor
networks were supported, though we did not find predicted DMN-
to-executive control network FC differences. We hypothesized
that within-DMN FC differences would not be a primary finding;
however, we did identify one significant cluster of within-DMN
hyperconnectivity for the autistic group (MPFC to cuneus).

Aim 2: Autism trait level findings

In the preliminary ANOVA, composite autism trait level was
different between the three Aim 1 autism-related groupings
(F(2,42)=74.37, P<0.001). Tukey post hoc tests were significant
for every group comparison (all p’s <0.001). See Fig. 3.

For neuroimaging analytics, composite autism trait level was
related to increased FC between the MPFC seed and four regions:
1) a cluster in the MFG (dorsal attention network); 2) a cluster
in the right MTG within the associative visual cortex (visual
network [V3, V4, V5]); 3) a cluster within the PCC extending to
the cuneus/primary visual cortex (visual network [V3, V4, V5]);
and 4) a cluster within the middle right insula (salience and
ventral attention networks). Autism trait level was also related to
increased FC between the PCC seed and a cluster in the left pre-
cuneus (DMN and visual networks). Findings align with our pre-
dictions of autism-trait-related hyperconnectivity between DMN
hubs and occipital/temporal regions. Contrary to our hypothe-
sis, autism traits were not related to FC between DMN seeds
and parahippocampal regions. As with the Aim 1 autism related
grouping-based analyses, we did find evidence for some within-
DMN hyperconnectivity (i.e. PCC to left precuneus) associated
with elevated autistic traits. See Table 2 and Fig. 4.

As predicted, there was overlap between findings generated
using a group-differences approach with categorical autism-
related groupings, and those generated using a dimensional
approach based on autism trait levels. Specifically, asillustrated in
Fig. 5, we find that elevated FC between the MPFC seed and MFG,
PCC/precuneus/cuneus, and MTG clusters is related to autism
status both when modeled categorically and dimensionally.

Aim 3 (exploratory): Internalizing, gender
dysphoria, and sex and gender minority-related
stigma findings

There were no significant DMN hub-to-whole-brain findings by
self-reported internalizing symptoms, gender dysphoria, or SGM-
related stigma.

Aim 4 (exploratory): Gender identity findings

Within-DMN FC was significantly greater in trans young men (i.e.
those designated female at birth) than trans young women (i.e.
those designated male at birth). This pattern of greater FC for
trans males compared to trans females holds true across all of the
following findings. As hypothesized, when accounting for the level
of autism traits, more FC differences by gender were identified
than when not accounting for autism traits. Specifically, when
autism trait level was not included in the model, there were two
significant FC differences by gender from the PCC seed: 1) a cluster
in the right SFG (DMN) and 2) a cluster in the left MPFC/MFG (con-
trol network). For the MPFC analysis not accounting for autism
trait level, one significant FC difference by gender was found, also
in the DMN: a cluster in the left PCC. In contrast, when autism trait
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Table 2. Significant autism-based FC differences.
Region BA Network Side peak MNI V4 k
X y Z
Autism Related Grouping
Autistic > subclinically-autistic > non-autistic

Seed: MPFC
MFG/Premotor region/medial 8 VAN R 50 8.25 43 5.13 140
eye field @
SFG 6 Sensorimotor R 5 10.75 68 6.14 79

Autistic > subclinically autistic and non-autistic
Cuneus ®) 30 DMN/Visual R 5 —66.75 10.5 4.20 48
MTG 19 Visual R 45 -76.75 13 5.18 37
Precuneus 5 Salience/VAN L -15 —36.75 48 5.06 35
Composite Autism Trait Score
Higher composite autism trait score > Lower composite autism trait score

Seed: MPFC
MFG (@ 6 DAN R 37.5 -1.75 53 4.84 109
MTG 19 Visual R 45 -76.75 13 5.33 53
Cuneus/primary visual 31 Visual R 5 —66.75 13 4.74 48
cortex/PCC ®)
Insula 13 Salience/VAN R 37.5 3.25 3 5.40 41

Seed: PCC
Precuneus 31 DMN/Visual L -17.5 —76.75 28 4.48 41

Note: k = Cluster size in voxels; BA=Brodmann Area; L =left; R=right; IH = interhemispheric; DMN = default mode network; VAN =ventral attention network;
DAN =dorsal attention network; PCC = posterior cingulate cortex; MTG = medial temporal gyrus; MFG = medial frontal gyrus; IFG =inferior frontal gyrus;
SFG =superior frontal gyrus; MPFC = medial prefrontal cortex. Superscript letter indicates overlap in regions between analyses. Regions with the same letter

had substantially overlapped regions.

level was included in the model, four regions showed significant
FC differences by gender from the PCC seed and two regions from
the MPEC seed (see Table 3 and Fig. 6).

The four regions of greater FC from the PCC seed were all in the
DMN: In addition to clusters in the right SFG and interhemispheric
MPFC/MFC (which overlapped with results from the analysis that
did not account for autism trait level), two additional clusters
were observed in the left SFG and right inferior frontal gyrus
(IFG), pars triangularis. The two regions of greater FC from the
MPFC seed were also in the DMN: a cluster in the left PCC (which
overlapped with the cluster identified in the analysis that did not
control for autism trait level), and an additional PCC cluster that
extended from the left into the right hemisphere.

Gender affirming hormones relationships with
autism-related functional connectivity findings
As expected based on previous findings suggesting relatively later
referrals for autistic transgender youth for gender affirming care
(Strang et al. 2018) as well as international clinical guidance
recommending a more extended approach for medical gender-
related decision making with autistic adolescents (Strang et al.
2016), there was a significant relationship between GAH treat-
ment status and autism; participants receiving GAH had fewer
autistic traits: t(43) = —2.46, P < 0.018. There were no differences in
age by GAH treatment status (P =0.349). Autism traits were there-
fore controlled for in ANCOVAs examining potential differences
in FC based on GAH treatment status. There were no significant
FC differences based on GAH treatment status for trans young
women or trans young men after controlling for autism trait level
(all p’s > 0.20).

Discussion

This default mode network (DMN) functional connectivity (FC)
study of the autism spectrum among transgender youth is novel

in five ways. (1) It is the first study to present findings of autistic
transgender as compared to non-autistic transgender neurophe-
notypes. (2) It captures through careful gold-standard autism-
related phenotyping three levels of autism-related behavioral
phenotypes and demonstrates their relatedness to DMN FC neu-
rophenotypes. (3) In addition to autism group-based analyses, this
study employs a composite autism trait approach, previously used
in studies of autistic youth alone, and extends this approach to the
broad autism phenotypes present among transgender youth. (4)
This is the first brain-based study to address theoretical contro-
versies regarding whether autistic features in transgender youth
are “true” developmental autism versus a manifestation of sex
and gender minority (SGM) stress. (5) The study investigates DMN
FCby genderidentity in transgender youth to understand whether
FC patterns generally follow those associated with assigned sex at
birth, affirmed gender, or a different pattern. Increasing novelty,
the impact of autistic traits on gender-based analyses is also
investigated.

Previous studies of DMN hub FC have fairly consistently
reported autistic vs. non-autistic differences, though no studies
have focused on autistic transgender individuals. The present
study finds significant DMN hub-based FC differences by
categorical autism diagnostic grouping as well as composite
autism trait level. We did not find DMN hub-based FC differences
by levels of internalizing symptoms, gender dysphoria, or SGM-
related stigma. The autism-based FC differences largely followed
expected patterns based on the extant autism FC research in
this age range, including: (1) direction of FC differences (i.e.
hyperconnectivity in autism) and (2) the specific regions and
networks showing significant FC differences with DMN hubs.
Overall, the autism-related findings from this study suggest that
the autism behavioral phenotype measured in transgender young
people, when obtained through gold-standard ASD diagnostic
procedures, is associated with DMN-based FC patterns that would
be generally expected in comparing autistic vs. non-autistic
cisgender youth.
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Fig. 1. Significance of between-group functional connectivity differences.

Seed: MPFC

Fig. 2. Functional connectivity differences by autism-related grouping.
Note. Circle represents seed region. Heat map represents t values.

As hypothesized, autism status was associated with DMN
seed-based FC differences between DMN hubs and visual and
sensorimotor networks. Relative to their non-autistic transgender

peers, autistic transgender youth showed hyperconnectivity
across all findings, with subclinically autistic youth falling
in between the autistic and non-autistic youth in terms of
hyperconnectivity. Our findings are consistent with previous
literature reporting hyperconnectivity between the DMN and
visual and sensorimotor networks in autistic relative to non-
autistic youth of approximately the same age-range (Washington
et al. 2014; Mash et al. 2019). We did not find hypothesized FC
differences between DMN hubs and the executive control network
but did observe autism-related hyperconnectivity between the
DMN and ventral and dorsal attention networks; one previous
study reported autism-related differences in the ventral attention
network, specifically (Yerys et al. 2015). Only one within-DMN
FC difference was observed by autism status, which accords to
some degree with existing literature suggesting that within-DMN
FC differences by autism status may become less prominent as
young people move toward adulthood (Nomi and Uddin 2015;
Ypma et al. 2016).

Notably, a slightly subclinical autistic phenotype has been
previously described as clinically relevant by specialists in autism
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Fig. 3. Autism trait level by autistic grouping. Note. Tukey’s post hocs indicated by brackets, *P < 0.001.

Seed: MPFC
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Fig. 4. Autism trait level-based findings (higher autism trait level > lower autism trait level). Note. Circles represent seed regions. Heat map represents

t values.

and gender as well as clinician specialists in transgender care
(Eckerd 2020; Strang et al. 2021a). In our sample, this subclinical
autistic subgroup shows a DMN neurophenotype intermediate
to that of the non-autistic and autistic groups, reinforcing the
potential importance of this subgroup, both clinically and in
designing future research. The two ROIs showing the greatest FC
differences with DMN hubs varied in level of FC between all three
autism-related groupings (i.e. non-autistic, subclinically autistic,

autistic), with the autistic group greater than the subclinically
autistic group, and the subclinically autistic group greater than
the non-autistic group. These between-group differences provide
the first evidence of dimensional differences in neurophenotypes
associated with clinically-described transgender autism-based
phenotypes.

Autism trait level FC findings showed considerable overlap
with categorical group-based findings. This provides further
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Fig. 5. Overlap between group-based and composite autism trait score-based findings.

Table 3. Significant gender-based FC differences.

Region BA Network Side Peak MNI z k
X y z
Gender Identity (Not controlling for autism)
Trans young men > Trans young women
Seed: PCC
SFG @) 8/9 DMN R 30 40.75 45.5 480 52
MPFC/MEG (®) 8/9 Control L -2.5 35.75 43 477 33
Seed: MPFC
PCC (left) © 30 DMN L -15 —56.75 13 4.99 122
Gender Identity (Controlling for autism)
Trans young men > Trans young women
Seed: PCC
Left medial frontal gyrus 8/9 DMN L -17.5 28.25 40.5 4.73 73
SFG (@) 8 DMN R 30 40.75 45.5 5.60 55
MPFC/MEG (®) 8/9 DMN IH 0 35.75 43 470 37
IFG (pars triangularis) 45 DMN R 50 28.25 8 4.53 34
Seed: MPFC
PCC (left) © 30 DMN L -15 —-56.75 13 5.13 87
PCC (left extending into right) 30 DMN L -5 —46.75 18 4.96 45

Note: k = Cluster size in voxels; BA=Brodmann Area; L =left; R=right; IH=interhemispheric; DMN = default mode network; MPFC = medial prefrontal cortex;
PCC = posterior cingulate cortex; MFG = medial frontal gyrus; IFG = inferior frontal gyrus. Regions with the same letter had substantially overlapped regions.

support for the use of composite autism metrics for continuous
characterization of autistic traits (Lopez et al. 2005; Black et al.
2009; Kenworthy et al. 2009). As with the group-based findings, all
findings were, as predicted, in the direction of hyperconnectivity
in autism. Differences in DMN hub to whole brain FC were
somewhat consistent with available literature for this age
range (Lynch et al. 2013), with two of three predicted neural
regions (i.e. DMN to temporal and occipital regions) showing
increased FC with greater autism traits. Hypothesized DMN hub-
to-parahippocampal differences were not observed.

Some have suggested that behavioral autism trait elevations
in transgender youth may reflect underlying internalizing symp-
tomatology or gender-related concerns (e.g. gender dysphoria
or SGM-related stigma) instead of “true” developmental autism

(Turban and van Schalkwyk 2018). To explore this speculation,
this study probed DMN hub FC differences by autism diagnostic
grouping and autism trait level and level of emotional internal-
izing, gender dysphoria, and SGM-related stigma. With findings
of significant autism-based DMN FC differences at both the level
of categorical diagnostic autism-related grouping and trait level,
but no significant influence of internalizing symptoms, gender
dysphoria, or SGM-related stigma, this study provides the first
multi-modal support (i.e. autism behavioral diagnostic indicators
linked to autism-associated neurophenotypes) for the presence
of “true” developmental autism among a subset of transgender
youth. Notably, this study employed gold-standard comprehen-
sive ASD assessment approaches, and not simply the autism
screeners that have been used in some studies of the autism and
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Fig. 6. Gender-based findings (trans young men > trans young women). Note. Circles represent seed regions. Heat map represents t values.

gender diversity co-occurrence (VanderLaan et al. 2015; Shumer
et al. 2016).

There is limited available information on FC patterns in trans-
gender individuals. Therefore, this study included analytics by
gender identity in this transgender binary sample and found
substantial evidence for gender-based FC differences within the
DMN, especially when controlling for level of autism traits. Specif-
ically, male gender (i.e. female designation at birth) was associated
with greater within-DMN FC, akin to patterns often observed in
cisgender females vs. cisgender males (Bluhm et al. 2008; Tomasi
and Volkow 2012; Ypma et al. 2016; Olson et al. 2020). In this way,
the current study suggests that within-DMN FC for transgender
young people may follow patterns associated with their desig-
nated sex at birth, which is in-line with recent findings from a

Canadian study of transgender young men, cisgender young men,
and cisgender young women (Skorska et al. 2022).

As hypothesized (in Aim 4), controlling for autism traits
increased observed gender-related differences (i.e. greater
number of significant voxels in DMN, and significant findings with
the IFG). As noted in Aim 4, evidence suggests autism diagnosis is
associated with reduced sex-based DMN connectivity differences
as compared to the sex-based DMN connectivity differences
observed in non-autistic individuals (Ypma et al. 2016). This
study provides further evidence that elevated autistic traits are
associated with attenuated DMN-hub-based FC differences by
gender.

Of note, autism-related FC differences were identified almost
exclusively with the MPFC DMN seed; only one autism trait level
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finding difference was from the PCC DMN seed (i.e. PCC to within-
DMN left precuneus structures). In contrast, most gender-related
findings were from the PCC seed (i.e. 4 of 6). This differentia-
tion of DMN-based hub connectivity where autism differences
are observed primarily in MPFC connectivity and gender differ-
ences observed primarily in PCC connectivity may indicate initial
neurophenotypic markers relevant to transgender and autistic
transgender populations.

Limitations and future directions

Future studies should include larger samples to allow for consid-
eration of potential interaction effects, such as by autism, gender,
and designated sex. Future recruitments will need to dedicate
significant resources to obtain more balanced samples across
gender, given the naturally uneven gender ratios in autism, gender
diversity, and the intersection of autism and gender diversity
(Aitken et al. 2015; Lai and Szatmari 2020; Strang et al. 2021a).
Although we controlled for gender in the analyses, an impor-
tant limitation for generalizability in the current study is the
relatively uneven gender ratio between the three autism-related
subgroupings. The sample size of the current study was too small
to adequately examine potential interactions between autism
trait level and gender, though we were able to compare findings
controlling for, versus not controlling for, autism traits. A critical
next step for this research is including autistic cisgender individ-
uals as an additional comparison group to probe and compare
connectivity differences by autism status, gender diversity status
(cisgender vs. gender-diverse), gender, designated sex, and their
interactions. Due to the decision within this study to recruit binary
transgender youth exclusively—to minimize the number of com-
parison groups and increase power—this study did not include
nonbinary genders. Yet, autism appears to be over-represented
in nonbinary populations as well (Stagg and Vincent 2019), so
future work should intentionally recruit within additional gender
identity categories.

Conclusions

This study provides a first look at aspects of the autistic trans-
gender neurophenotype, key, given the common intersection of
autism and gender diversity. Studies of this kind are needed,
not only to inform the nature of intersecting autism and gender
diversity, but also to provide information for large-scale studies
of autistic people and transgender people independently, where
the overlap of autism and gender diversity may be common, but
not adequately modeled. This study also provides multi-modal
evidence contradicting the supposition that autistic features in
transgender youth are driven primarily by SGM-related stress and
internalizing problems. Finally, the study provides initial neu-
rophenotypic support for a slightly subclinical autism phenotype,
commonly reported by gender development specialists.
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