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Abstract

Analyzing white matter integrity of the basolateral amygdala and subgenual anterior cingulate
cortex and its association with depression in adults with ASD using the Shannon entropy
technique

By Nishant Satapathy

Background: Individuals with ASD are four times more likely to develop depression. Regions of
the brain implicated in depression include the basolateral amygdala (BLA), subgenual anterior
cingulate cortex (sgACC), and associated white matter (WM) tracts, which may also play an
important role in ASD. This study evaluates Shannon entropy (SE) and fractional anisotropy (FA)
as markers of WM integrity in adults with ASD and age-matched controls.

Methods: We analyzed diffusion tensor imaging (DTI) data from the Autism Brain Imaging Data
Exchange 11, consisting of 29 adult males with ASD (mean age = 37.5 years; SD=16.1; range=18-
62) and 29 adult male controls with no diagnosis (CON) (mean age = 39.6 years; SD=15.1;
range=18-64). FSL Version 6 and Tract-Based Spatial Statistics (TBSS) were used for DTI
preprocessing and analyses. Region of interest (ROI) masks were applied to evaluate SE and FA
values. Main effects of age and diagnosis on SE and FA, correlations of SE and FA with measures
of depression and ASD symptom severity, and the performance of SE and FA in predicting
depression were all examined.

Results: There was a main effect of age on SE values in the sgACC, with individuals aged 40 to
64 having lower SE values than individuals aged 18 to 25. The older group had higher FA than
individuals the younger group. SE was positively correlated with ASD symptomatology in the
right amygdala; FA in the right and left amygdala and right BLA was correlated with self-reported
depression scores. Post-hoc analyses identified a main effect of diagnosis for FA in the internal
capsule, with ASD individuals having higher FA values than CON individuals. Planned regression
analyses yielded no significant results.

Conclusions: Primary findings include main effects of age on SE and FA values within the
sgACC. The positive SE correlations with ASD symptomatology in the right amygdala are
consistent with prior findings and may indicate active WM changes such as axonal remodeling,
which has been shown to correlate strongly with SE in animal models (Ding et al., 2017). FA
within the right and left amygdala and right BLA may provide a marker of depression.
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INTRODUCTION

According to the National Institute of Mental Health, in 2020, 8.4% of adults in the US
have experienced a major depressive episode (National Institute of Mental Health, 2022). Prior
meta-analyses have indicated that adults with autism spectrum disorder (ASD) are four times more
likely to develop depression and have a 37% lifetime prevalence of depression (Hollocks et al.,
2018; Hudson et al., 2018).

Depression in ASD is often measured by the Beck Depression Inventory, version two
(BDI-II) (Cassidy et al., 2018). The BDI-II is a 21-item self-report inventory that assesses the
severity of depressive symptoms (Beck et al., 1996). In a sample of 947 adults with ASD, the BDI-
II reliably informed the diagnosis of depression in ASD (Williams et al., 2021). In addition to this
measure, caregiver questionnaires are used in the assessment of depressive symptoms
(Chandrasekhar et al., 2015). However, there are disadvantages in using assessments that rely on
self- and caregiver-reporting. Such measures may be inconsistent due to patients’ varied
interpretation of certain questions or inaccuracy in the caregivers’ recognition of symptoms
(Chandrasekhar et al., 2015). Thus, neuroimaging may provide an adjunct to a behavioral diagnosis
of depression in ASD by improving the accuracy of diagnoses and evaluating the effectiveness of
treatment with changes in imaging markers such as white matter (WM) integrity (Dunlop and
Mayberg, 2017; Wise et al., 2014).

In the general population, neuroimaging studies have found regional changes in individuals
with MDD. Specifically, decreases in fractional anisotropy (FA) as a measure of WM integrity
were found in adults with MDD when compared with controls both widespread and in regions
such as the left anterior limb of the internal capsule, the superior longitudinal fasciculus, inferior
fronto-occipital fasciculus, and corpus callosum (Zou et al., 2008; Ota et al., 2015; van Velzen et
al., 2020). However, beyond these regions, the amygdala and subgenual anterior cingulate cortex
(sgACC) have been involved with symptoms of depression. MRI scans showed reductions in
amygdala nuclei volumes in individuals with depression (Sheline et al., 1999). Moreover,
amygdala hyperactivity has also been significantly associated with symptoms of MDD (Groggans
et al., 2022). Specifically, the basolateral nucleus of the amygdala (BLA) was found to have a
decrease in myelin proteins such as myelin basic protein and myelin oligodendrocyte basic protein
in animal models of depression (Cathomas et al., 2019). Moreover, prior studies have found the

lateral nucleus of the amygdala to be larger in individuals with depression (Rubinow et al., 2016).



In addition, the sgACC is activated to a greater extent in adolescents experiencing
depression (Yang et al., 2009) and a longitudinal fMRI study concluded that increases in
connectivity between the amygdala and sgACC were associated with the onset of depression
(Davey et al., 2014; de Kwaasteniet et al., 2013). Furthermore, despite increases in connectivity
between the amygdala and sgACC, studies have found concurrent decreases in WM integrity in
the uncinate fasciculus (UF), which connects the amygdala with the sgACC (Kwaasteniet et al.,
2013, Kier et al., 2004). Diffusion tensor imaging (DTI) studies have also found lower FA as a
measure of WM integrity in the bilateral UF (Yang, 2020). Given the importance of these regions,
quantifying white matter (WM) in the BLA, sgACC, and UF may serve as an objective indicator
of depression.

ASD has increasingly been classified as a WM disease. For instance, in a study of ASD
individuals, voxel-based analyses found decreased WM volume in the right hemisphere and corpus
callosum, the latter of which has been associated with slower processing (Alexander et al., 2007;
Waiter et al., 2005). In addition, decreased WM in the dorso-lateral prefrontal cortex was
correlated with severity of social impairment in children with ASD (Noriuchi et al., 2010).
Furthermore, shared decreases in WM integrity in ASD and other developmental disorders, such
as ADHD, provide evidence of ASD existing on a spectrum of diseases manifested due to WM
alterations (Aoki et al., 2017).

In ASD, the amygdala has been a hallmark region of interest in studies analyzing changes
in brain structure (Gibbard et al., 2017). For instance, comparative MRI analyses reveal a
significantly larger amygdala in young adults with ASD when compared with controls (Gibbard
et al., 2017). In addition, the enlargement in the amygdala has been seen to begin during the first
few months of life and extend into adolescence (Shen et al., 2022). Moreover, adolescents with
ASD have larger BLA volumes than their control counterparts, which correlates with impairments
in social communication that are characteristic of an ASD diagnosis (Seguin et al., 2021). In terms
of the sgACC, DTI studies looking at the WM integrity of the sgACC in individuals with ASD
found increased mean diffusivity (MD) when compared with controls, which indicates its
relationship with ASD (Nickel et al., 2017). In addition, the resting state amygdala- sgACC
connectivity was concluded to have a negative relationship with the presence of ASD symptoms

in adolescents (Velasquez et al., 2017).



Neuroimaging studies of depression in individuals with ASD are emerging. For instance,
an fMRI study of individuals with ASD and controls aged 14 to 45 showed a significant decrease
in connectivity in the BLA compared in ASD, which associated with comorbid depression
(Kleinhans et al., 2015). Furthermore, a diffusion tensor imaging (DTI) study examining WM
integrity in ASD and comorbid depression identified decreased fractional anisotropy (FA) and
increased mean diffusivity (MD) (Mohajer et al., 2019). The high prevalence of depression in
adults with ASD and involvement of the amygdala and sgACC in both conditions thus
substantiates the continued need for a neuroimaging study of these regions.

While both resting state and fMRI studies have identified regions of interest in ASD and
depression, the study of WM using DTI yields important information regarding physical and
microstructural integrity. DTI has been used to report changes in WM in multiple conditions of
the central nervous system, such as Alzheimer’s disease, multiple sclerosis, or mild traumatic brain
injury (Lerner et al., 2014; Rovaris et al., 2009). DTI, which measures the spatial distribution of
water molecules in the WM tissues in the brain, is highly sensitive to changes at the microstructural
level, particularly myelination-- differences that might not be apparent in classical MR imaging
(Alexander et al., 2007; Grassi et al., 2018). DTI has been used in monitoring the development of
Alzheimer’s disease given its ability to detect subtle changes in WM characteristic of the onset of
the condition (Lerner et al., 2014; Medina and Gaviria, 2008). In addition, post-mortem samples
validated the DTI technique when compared to in vivo DTI data acquisition (Stieltjes et al., 2001).

Currently, FA derived from DTI remains one of the most reported metrics of WM integrity
(Figley et al., 2022). A scalar value that describes the anisotropy, or differences due to direction
of the diffusion tensor in each voxel, FA has been noted to be highly sensitive to WM injury and
is suitable for cross-scanner comparisons (Basser and Pierpaoli, 1996; Luque Laguna et al., 2020;
Tae et al., 2018). However, the measure is unreliable in areas with complex fiber organization or
fiber crossing prevalent in WM, and regions such as the corona radiata and superior longitudinal
fasciculus (Alba-Ferarra et al., 2013; Figley et al., 2022; Kochunov et al., 2022; Lebel et al, 2017;
Luque Laguna et al., 2020; Penke et al.,2010; Madden et al., 2012; Zhao et al., 2022).

To complement FA, researchers have developed new metrics of quantifying WM
microstructure that allow for more precise biological interpretations (Delic et al., 2016; Timmers
et al., 2016). One example, Shannon entropy (SE) in WM, relies on information theory to define

complexity and generate a robust marker of axonal density and remodeling while avoiding the



confounds of FA (Delic et al., 2016; Fozouni et al., 2013). In a rodent model of stroke, SE was
able to detect microstructural changes in the cerebrum (Ding et al., 2017). Furthermore, SE has
successfully been used in studies of depression, identifying increases in complexity of WM in the
left frontoparietal network of individuals with depressive symptoms (Ho et al., 2017). SE can be
used to analyze the complexity of an FA map and prior studies have concluded it to be significantly
correlated with diagnosis as opposed to FA, such as in the case of myelopathy (Cui et al., 2011).
SE can provide a metric that can be obtained at the individual versus group level with clinical
relevance (Delic et al., 2016). Furthermore, converging evidence from autopsy and animal models
reveals strong indication of axonal pathology in ASD, characterized by altered axonal density,
decreased axonal diameter, oligodendroglial alterations, hypomyelination, and microglial changes
(Andica et al., 2021; Graciarena et al., 2019; Wegiel et al., 2018; Zikopoulos et al, 2010). Hence,
given the ability of DTT to record microlevel changes in WM and the ability of SE to quantify WM
integrity without being affected by axonal fibers, unlike FA, DTI analysis using SE may serve as
a valuable method in objectively quantifying WM changes in ASD.

Using DTI scans from the Autism Brain Imaging Data Exchange II (ABIDE II), this
neuroimaging study focuses on younger (18-25) and older (40-64) adults with ASD to analyze the
WM integrities of the BLA and sgACC and whether they are correlated with depression and age
in the population, given that decreases in WM integrity have been associated with increased age
and depression (Liu et al., 2017; Ouyang et al., 2021). In addition, given that prior tractography
studies have concluded that white matter tracts of the UF connect the amygdala with the sgACC
(Kier et al., 2004), we will also analyze the WM integrity of the region.

This study seeks to determine if SE and FA differ in the WM of the BLA, sgACC, and UF
in adults with ASD and age-matched CON individuals, if age has a significant effect on the SE
and FA values in the regions, whether SE and FA values in the BLA, sgACC, and UF correlate
with measures of depression and ASD symptom severity, and if SE predicts depression when
combined with FA and age.

In this study we hypothesize that the SE and FA values of the WM in the BLA and sgACC
are lower in ASD adults compared to CON counterparts, decrease with increasing age, and

associate with clinical symptom severity of depression.



Primary hypotheses are listed below:

1) SE and FA in the BLA, sgACC, and UF is lower in adults with ASD compared to
age-matched CON individuals

2) SE and FA in the BLA, sgACC, and UF is lower in older individuals compared to
younger subjects

3) SE and FA in the BLA, sgACC, and UF correlate with clinical symptom severity
[i.e., Beck Depression Inventory, Second edition (BDI-II), Social Responsiveness
Scale-2 (SRS-2), Kaufman Brief Intelligence Test- 2" Edition (KBIT- 2)]

4) Models with age + FA + SE predict depression

Additional analyses involved:
1) Examination of SE and FA in the bilateral amygdala and whole brain WM skeleton
2) Post-hoc exploratory analysis looking at p<.10 results within whole brain WM

skeleton to identify additional regions of interest



METHODS

Open-source data

DTI scans were retrieved from the web-accessible shared brain imaging database, Autism
Brain Imaging Data Exchange II (ABIDE II). This study used a subset from the ABIDE II database
(i.e., DTI scans; n=58; age range =18-64 years) provided by the Barrow Neurological Institute
(BNI) and Southwest Autism Research and Resource Center (SARRC). ABIDE II is the second
phase to its predecessor, ABIDE I, to investigate core ASD phenotypes and symptoms. ABIDE II
is led by principal investigators Adriana D. Martino, M.D., and Michael P. Milham, M.D., Ph.D.
The BNI/SARRC cohort used for this study was created and led by Leslie C. Baxter, Ph.D.,
Christopher Smith, Ph.D., and B. Blair Braden, Ph.D. More information regarding ABIDE II and
the BNI/SARRC cohort used in this study can be found
at http://fcon_1000.projects.nitrc.org/indi/abide/abide II.html.

DTI scans from the ABIDE II cohort consisted of 29 adult males with ASD and 29 adult

male controls with no diagnosis (CON). The mean age for ASD individuals was 37.5 years
(8SD=16; range=18-62), and the mean age for CON individuals was 39.6 years (SD=15; range=18-
64). Only males were available in the BNI/SARRC cohort used in this study. All subjects were
scanned on a Philips Ingenia 3T scanner with a 15-channel head coil. All scans were obtained
using the echo planar imaging (EPI) fast mode. The scan voxel size was 2.93 mm (right to left
(RL)) x 3mm (anterior to posterior (AP) x 3 mm (slice thickness). The reported reconstructed voxel
size was 1.41 x 1.41 x 3.00. All scans had a 90-degree flip angle, a recorded echo time (TE) of 101
ms, and a recorded repetition time (TR) of 7850 ms. The reported b-value was 2500 s/mm?. See

Appendix I for detailed imaging parameters for the DTI scans in this cohort.

Imaging pre-processing

Using MRIcron, the scans were converted from DICOM to NIfTTI files via the dcm2niix
converter (Li et al., 2016). All further analyses for DTI images were using FSL Version 6.0
developed by the Analysis Group at FMRIB at Oxford, UK (Jenkinson et al., 2012, Smith et al.,
2004, Woolrich et al., 2009).



In the files provided by ABIDE II, 33 files were included with each subject, the last being
a header file. The header file was deleted using the “fslsplit” function and the remaining 32 were
rejoined via “fslmerge” to generate the final composite file for analysis.

Non-zero resonances were corrected for with the FSL software’s “topup” using reverse
phase images provided by the dataset. Consistent with Andersson et al. (2003), induced resonances
were estimated and then the two images were combined into one corrected one to be used for
further analysis (Andersson et al., 2003; Smith et al., 2004). “Eddy” was then used to correct for
eddy current distortion (Andersson et al., 2016; Smith et al., 2004). Extraction of the skull and
white matter skeleton was completed using the dwi2mask commands of MRTrix3, which deletes
any non-brain tissue and generates a binary whole brain mask (Tournier et al., 2019; VanGilder et

al., 2022). A whole brain FA map was then generated using the “dtifit” function.

Tract- Based Spatial Statistics (TBSS)

Tract-based spatial statistics version 1.2 (TBSS) (Smith et al., 2006) in FSL (Smith et al.,
2004) was used to generate a whole brain map of WM tracts to ensure only WM was being
analyzed. TBSS, using the FA maps generated with “dtifit”, aligns all subjects’ FA maps into MNI
space via FSL’s nonlinear registration tool, FNIRT (Andersson et al., 2007a; Andersson et al.,
2007b). Once aligned, TBSS generates a mean FA map based on the data from all subjects
inputted. The software then thins this mean FA maps to create a mean FA skeleton upon which
each subject’s FA data is projected for comparative WM analysis. A threshold of FA >0.2 was
applied to the mean FA skeleton to ensure no extraneous gray matter was included. All
registrations and resulting FA maps and skeleton were visually inspected. In this study, we applied

ROI masks on the whole brain WM FA skeletons as explained below.

Region of Interest (ROI) Analysis

To the extract regions of interest (ROIs) for our analyses, we used the Automated
Anatomical Labelling Atlas 3 (AAL3), JHU ICBM-DTI-81 White-Matter Labels (JHU), Jiilich
Histological Atlas (JHA). All atlases are registered in standard MNI space. Regions included in
the AAL3 atlas relevant for our study was the bilateral amygdala (Rolls et al., 2020). The open-
source atlas was downloaded from https://www.gin.cnrs.fr/en/tools/aal/. The JHU atlas provided

the ROIs for the right and left uncinate fasciculus (Mori et al., 2008). The JHA provided the




basolateral nucleus of the amygdala (BLA) mask relevant for our study and was pre-uploaded in
FSL Version 6.0 (Amunts et al., 2005).

The AAL3 atlas automatically delineates regions based on connectivity and provides
concrete x,y,z MNI coordinates for each region (Rolls et al., 2020) All areas labeled by the AAL3
atlas are on a standard human brain in MNI space and each region is labeled with a single value
between 1 and 170 (Rolls et al., 2020). We used “fslmaths” to generate the amygdala ROIs.

Using the same method, the ROIs for the right and left uncinate fasciculus were extracted from
the “JHU ICBM-DTI-81 White-Matter Labels™ atlas via “fslmaths” (Duan et al., 2015). The JHU
atlas, pre-uploaded in FSL Version 6.0, is a hand-segmented white matter tract atlas in stereotaxic
coordinates created using DTI (Mori et al., 2008).

The JHA is a probabilistic atlas based on the cytoarchitecture of the cortical and subcortical
regions of the brain (Amunts et al., 2005; Amunts et al., 2020). The atlas indicates each region by
a map of 0 — 100% probability of the specific region, allowing for variability when analyzing each
subject (Amunts et al., 2020). The right and left BLA map was downloaded from the atlas and a
threshold of 50-100% probability was set using “fslmaths” to extract the ROI used in the study
followed by visual inspection.

Unlike the bilateral amygdala and BLA ROls, the sgACC ROIs were manually generated
using the MNI and corresponding voxel coordinates from Zhan et al (Zhan et al., 2017). A 10 mm
radius sphere ROI was created using “fslmaths”.

Once the regions were generated, the resulting files were masked with the mean FA
skeleton mask provided by TBSS and then binarized to be applied for SE and mean FA value
extraction. Using “fslstats”, applying the ROIs to the FA skeleton mask of each subject, the
histogram analysis of the FA map was done and a region-specific SE score for the FA map was

generated using the following entropy formula, postulated by Shannon in 1963:

H(x1) = -Z p(xi)log p(xi)
xi ¢ k
where H(x1) represents the SE score generated, x; are the FA values, k is equaled to the number of
bins, and p(x;) represents the probability the FA value is repeated throughout the map (Shannon,
1963; Delic et al., 2016).



Clinical and Symptom Measures

Clinical measures used in this study include the Beck Depression Inventory- II (BDI-II),
Social Responsiveness Scale-Version 2 (SRS-2) and Kaufman Brief Intelligence Test- 2"¢ Edition
(KBIT- 2).

The BDI-II was the main clinical measure of depression used in this study. The BDI-II is
a 21-item self-report inventory that assesses the severity of depressive symptoms. ABIDE-II
provides BDI-II scores for both CON and ASD individuals (Beck et al., 1996; Smarr et al., 2011).

To complement our analyses with an application of ASD symptomatology, the SRS-2 was
used. The SRS-2 measures ASD traits based on a population sample. It contains five subtests,
assessing awareness, motivation, cognition, communication, mannerisms, and overall total
symptoms. A total score of 60-65 is indicative of moderate social deficits and a score of 76 or
above suggests severe clinical social deficits due to an ASD diagnosis. (Constantino and Gruber,
2012; Bruni, 2014). Additionally, the KBIT-2 was used as it provides a composite 1Q score with
an overall score range between 40-160, mean score of 100 with a standard deviation of 15 points

(Kaufman, 2004; Bain et al., 2010).
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RESULTS
All statistics were completed using SPSS version 27.0 (IBM Corp, 2020). Datasets were
examined for any significant outliers for each analysis and reported below. See Table 1 for a

summary of all results.

I. Shannon entropy (SE) results:

SE in the right sgACC

A two-way ANOVA with SE as the dependent variable and age group and diagnosis held
as fixed factors indicated a significant main effect for age group [F(1,55)=13.084, p<.001;
Np>=.192] but not for diagnosis [F(1,55)=.209, p=.866; ny>=.001]. There was no significant
interaction of age group by diagnosis. There was a significant difference (p<.001) in mean SE
values between the older (Meanage»40=.968; Std Err=.000; 95% CI=.969-.971) and younger
(Meanage 18-25=.970; Std Err=.000; 95% CI=.969-.971) groups. There was, however, no significant
difference (p=.866) between CON (Meancon =.969; Std Err=.000; 95% CI=.968-.970) and ASD
groups (Meanasp =.969; Std Err=.000; 95% CI1=.968-.970). See Figures 1 and 2 that illustrate these
findings.

SE in the left sgACC

When repeated for the left sgACC, the two-way ANOV A with SE as the dependent variable
revealed a significant main effect for age group [F(1,55)=15.811, p<.001; n,>=.223] but not for
diagnosis [F(1,55)=.578, p=.450; n,>=.010]. There was no significant interaction of age group by
diagnosis. There was a significant difference (p<.001) in mean SE values between the older
(Meanage=40=.969; Std Err=.000; 95% CI=.969-.970) and younger (Meanace 13-25=.971; Std
Err=.000; 95% CI=.971-.972) groups. There was, however, no significant difference (p=.450)
between CON (Meancon =.971; Std Err=.000; 95% CI=.970-.971) and ASD groups (Meanasp
=.970; Std Err=.000; 95% CI=.969-.971). See Figures 3 and 4 that illustrate these findings.

SE in the right BLA
The two-way ANOVA for the right BLA also did not reveal any significant main effects
for age group [F(1,55)=.621, p=.434; np,>=.011] or diagnosis [F(1,55)=.094, p=.760; n,>=.002] and
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the age group by diagnosis interaction was not significant. The mean SE values in the older
(Meanage=40=.801; Std Err=.001; 95% CI=.799-.803) and younger groups (Meanage 18-25=.800;
Std Err=.001; 95% CI=.797-.802) were not significantly different (p=434) from each other.
Similarly, the CON (Meancon =.800; Std Err=.001; 95% CI=.798-.802) and ASD groups
(Meanasp =.800; Std Err=.001; 95% CI=.798-.803) did not differ signicantly (p=.760) in terms of

their mean SE values as well. See Figures 5 and 6 that illustrate these findings.

SE in the left BLA

For the left BLA, a two-way ANOVA with SE as the dependent variable revealed no
significant main effects for age group [F(1,55)=.493, p=.485; np>=.009] and diagnosis
[F(1,55)=1.083, p=.303, n,>=.019]. The age group by diagnosis interaction was not significant.
There was no significant difference (p=.485) in mean SE values between the older
(Meanage=40=.773; Std Err=.001; 95% CI=.771-.775) and younger groups (Meanage 18-25=.774;
Std Err=.001; 95% CI=.771-.777). In addition, a comparison of the mean SE values of the left
BLA between CON (Meancon =.773; Std Err=.001; 95% CI=.770-.775) and ASD groups
(Meanasp =.775; Std Err=.001; 95% CI=.772-.777) revealed no significant difference (p=.303)

between the two groups. See Figures 7 and 8 that illustrate these findings.

SE in the right amygdala

A two-way ANOVA with SE as the dependent variable revealed no significant main effects
for age group [F(1,55)=.199, p=.657; n,>=.004] and diagnosis [F(1,55)=.164, p=.687, n,>=.003].
The age group by diagnosis interaction was not significant. There was no significant difference
(p=.657) in mean SE values between the older (Meanage>40=.735; Std Err=.001; 95% CI=.734-
.737) and younger groups (Meanage 18-25=.735; Std Err=.001; 95% CI=.733-.737). In addition, a
comparison of the mean SE values between CON (Meancon =.735; Std Err=.001; 95% CI=.733-
.737) and ASD groups (Meanasp =.735; Std Err=.001; 95% CI=.734-.737) revealed no significant
difference (p=.303) between the two groups. See Figures 9 and 10 that illustrate these findings.

SE in the left amygdala
A two-way ANOV A with SE as the dependent variable revealed no significant main effects
for age group [F(1,55)=.076, p=.784; n,>=.001] and diagnosis [F(1,55)=.629, p=.431, n,>=.011].
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The age group by diagnosis interaction was not significant. There was no significant difference
(p=.784) in mean SE values between the older (Meanage>40=.675; Std Err=.001; 95% CI=.672-
.677) and younger groups (Meanage 13-25=.675; Std Err=.002; 95% CI=.672-.678). In addition,
there was no significant difference (p=.431) in the SE values of the left amygdala between CON
(Meancon =.676; Std Err=.001; 95% CI=.673-.679) and ASD groups (Meanasp =.674; Std
Err=.001; 95% CI=.671-.677). See Figures 11 and 12 that illustrate these findings.

SE in the right uncinate fasciculus

An examination of the SE values indicated two outliers (ASD and CON) which needed to
be taken out before further analysis. Following this, a two-way ANOVA with SE as the dependent
variable and age group and diagnosis held as fixed factors revealed no significant main effect for
age group [F(1,55)=.833, p=.366; np>=.015] and diagnosis [F(1,55)=.145, p=.705; n,>=.003]. There
was no significant interaction of age group by diagnosis. There was no significant difference
(p=.366) in mean SE values between the older (Meanage>40=.547; Std Err=.001; 95% CI=.545-
.549) and younger (Meanage 18-25=.545; Std Err=.001; 95% CI=.542-.548) groups. There was no
difference (p=.705) between CON (Meancon =.546; Std Err=.001; 95% CI=.544-.549) and ASD
groups (Meanasp =.546; Std Err=.001; 95% CI=.543-.548). See Figures 13 and 14 that illustrate
these findings.

SE in the left uncinate fasciculus

A two-way ANOVA with SE as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effect for age group [F(1,55)=2.985, p=.090;
Np>=.051] and diagnosis [F(1,55)=2.124, p=.151; np>=.037]. There was no significant interaction
of age group by diagnosis. There was no significant difference (p=.090) in mean SE values
between the older (Meanage>40=.574; Std Err=.001; 95% CI=.571-.576) and younger (Meanage 1s-
25=.571; Std Err=.001; 95% CI=.568-.573) groups. There was no difference (p=.151) between
CON (Meancon =.571; Std Err=.001; 95% CI=.569-.573) and ASD groups (Meanasp =.573; Std
Err=.001; 95% CI=.571-.576). See Figures 15 and 16 that illustrate these findings.
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SE in the whole brain WM skeleton

A two-way ANOVA with SE as the dependent variable revealed a significant main effect
for age group [F(1,55)=17.801, p<.001; np>=.245] but not for diagnosis [F(1,55)=.094, p=.760,
Np>=.002]. The age group by diagnosis interaction was not significant. There was a significant
difference (p<.001) in mean SE values between the older (Meanage>40=.969; Std Err=.000; 95%
CI=.968-.969) and younger groups (Meanace 18-25=.971; Std Err=.000; 95% CI=.970-.972). In
addition, a comparison of the mean SE values between CON (Meancon =.970; Std Err=.000; 95%
CI=.969-.971) and ASD groups (Meanasp =.970; Std Err=.000; 95% CI=.969-.970) revealed no
significant difference (p=.760) between the two groups. See Figures 17 and 18 that illustrate these
findings.

II. Fractional Anisotropy (FA) results:

FA in the right sgACC

A two-way ANOVA with FA as the dependent variable and age group and diagnosis held
as fixed factors indicated a significant main effect for age group [F(1,55)=4.128, p=.047; n,>=.070]
but not for diagnosis [F(1,55)=.941, p=.336; n,>=.017]. There was no significant interaction of age
group by diagnosis. There was a significant difference (p=.047) in mean FA values between the
older (Meanacge>40=.472; Std Err=.003; 95% CI=.467-.478) and younger (Meanacr 15-25=.464; Std
Err=.003; 95% CI=.457-.470) groups. There was, however, no significant difference (p=.336)
between CON (Meancon =.466; Std Err=.003; 95% CI=.460-.472) and ASD groups (Meanasp
=.470; Std Err=.003; 95% CI=.464-.476). See Figures 19 and 20 that illustrate these findings.

FA in the left sgACC

A two-way ANOVA with FA as the dependent variable and age group and diagnosis held
as fixed factors indicated a significant main effect for age group [F(1,55)=4.251, p=.044; np,>=.072]
but not for diagnosis [F(1,55)=.689, p=.410; n,>=.012]. There was no significant interaction of age
group by diagnosis. There was a significant difference (p=.044) in mean FA values between the
older (Meanacge>40=.466; Std Err=.003; 95% CI=.461-.472) and younger (Meanacr 158-25=.457; Std
Err=.003; 95% CI=.450-.464) groups. There was, however, no significant difference (p=.410)
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between CON (Meancon =.460; Std Err=.003; 95% CI=.454-.466) and ASD groups (Meanasp
=.457; Std Err=.003; 95% CI=.457-.469). See Figures 21 and 22 that illustrate these findings.

FA in the right BLA

The two-way ANOVA for the right BLA also did not reveal any significant main effects
for age group [F(1,55)=1.663, p=.203; 1,>=.029] or diagnosis [F(1,55)=.226, p=.636; 1np>=.004]
and the age group by diagnosis interaction was not significant. The mean FA values in the older
(Meanage=40=.336; Std Err=.003; 95% CI=.329-.342) and younger groups (Meanage 18-25=.342;
Std Err=.004; 95% CI=.334-.351) were not significantly different (p=203) from each other.
Similarly, the CON (Meancon =.338; Std Err=.004; 95% CI=.330-.345) and ASD groups
(Meanasp =.340; Std Err=.004; 95% CI=.333-.348) did not differ significantly (p=.636) in terms

of their mean SE values as well. See Figures 23 and 24 that illustrate these findings.

FA in the left BLA

For the left BLA, a two-way ANOVA with FA as the dependent variable revealed no
significant main effects for age group [F(1,55)=.538, p=.466; np,°=.010] and diagnosis
[F(1,55)=.350, p=.556, 1n,°>=.006]. The age group by diagnosis interaction was not significant.
There was no significant difference (p=.466) in mean FA values between the older
(Meanage=40=.265; Std Err=.003; 95% CI=.259-.270) and younger groups (Meanage 18-25=.268;
Std Err=.003; 95% CI=.261-.275). In addition, a comparison of the mean SE values of the left
BLA between CON (Meancon =.265; Std Err=.003; 95% CI=.259-.271) and ASD groups
(Meanasp =.268; Std Err=.003; 95% CI=.262-.274) revealed no significant difference (p=.556)
between the two groups. See Figures 25 and 26 that illustrate these findings.

FA in the right amygdala

A two-way ANOVA with FA as the dependent variable revealed no significant main effects
for age group [F(1,55)=3.134, p=.082; np>=.054] and diagnosis [F(1,55)=.234, p=.630, n,>=.004].
The age group by diagnosis interaction was not significant. There was no significant difference
(p=.657) in mean FA values between the older (Meanage=40=.735; Std Err=.001; 95% CI=.734-
.737) and younger groups (Meanage 18-25=.735; Std Err=.001; 95% CI=.733-.737). In addition, a
comparison of the mean SE values between CON (Meancon =.735; Std Err=.001; 95% CI=.733-
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.737) and ASD groups (Meanasp =.735; Std Err=.001; 95% CI=.734-.737) revealed no significant
difference (p=.303) between the two groups. See Figures 27 and 28 that illustrate these findings.

FA in the left amygdala

A two-way ANOVA with FA as the dependent variable revealed no significant main effects
for age group [F(1,55)=.487, p=.488; n,>=.009] and diagnosis [F(1,55)=.466, p=.498, 1,>=.008].
The age group by diagnosis interaction was not significant. There was no significant difference
(p=.487) in mean FA values between the older (Meanage=40=.277; Std Err=.003; 95% CI=.272-
.283) and younger groups (Meanage 1s-25=.281; Std Err=.004; 95% CI=.273-.288). In addition,
there was no significant difference (p=.498) in the SE values of the left amygdala between CON
(Meancon =.277; Std Err=.003; 95% CI=.271-.284) and ASD groups (Meanasp =.281; Std
Err=.003; 95% CI=.274-.287). See Figures 29 and 30 that illustrate these findings.

FA in the right uncinate fasciculus

A two-way ANOVA with FA as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effect for age group [F(1,55)=.330, p=.568; 1,°=.006]
and diagnosis [F(1,55)=.026, p=.872; n,>=.000]. There was no significant interaction of age group
by diagnosis. There was no significant difference (p=.568) in mean SE values between the older
(Meanage=40=.564; Std Err=.006; 95% CI=.551-.577) and younger (Meanace 158-25=.558; Std
Err=.008; 95% CI=.543-.574) groups. There was no difference (p=.872) between CON (Meancon
=.560; Std Err=.007; 95% CI=.546-.575) and ASD groups (Meanasp =.562; Std Err=.007; 95%
CI=.548-.576). See Figures 31 and 32 that illustrate these findings.

FA in the left uncinate fasciculus

A two-way ANOVA with FA as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effect for age group [F(1,55)=2.706, p=.106;
Np>=.047] and diagnosis [F(1,55)=1.181, p=.282; ny>=.021]. There was no significant interaction
of age group by diagnosis. There was no significant difference (p=.106) in mean SE values
between the older (Meanage>40=.555; Std Err=.009; 95% CI=.538-.573) and younger (Meanage 1s-
25=.532; Std Err=.011; 95% CI=.510-.554) groups. There was no difference (p=.282) between
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CON (Meancon =.536; Std Err=.010; 95% CI=.516-.556) and ASD groups (Meanasp =.551; Std
Err=.010; 95% CI=.532-.571). See Figures 33 and 34 that illustrate these findings.

FA in the whole brain WM skeleton

A two-way ANOVA with FA as the dependent variable revealed a significant main effect
for age group [F(1,55)=4.199, p=.045; n,>=.071] but not for diagnosis [F(1,55)=.759, p=.387,
Np>=.014]. The age group by diagnosis interaction was not significant. There was a significant
difference (p=.045) in mean FA values between the older (Meanage=40=.466; Std Err=.003; 95%
CI=.460-.471) and younger groups (Meanace 18-25=.457; Std Err=.003; 95% CI=.450-.463). In
addition, a comparison of the mean SE values between CON (Meancon =.459; Std Err=.003; 95%
CI=.453-.465) and ASD groups (Meanasp =.463; Std Err=.003; 95% CI=.457-.469) revealed no
significant difference (p=.760) between the two groups. See Figures 35 and 36 that illustrate these
findings.

III.  1-tailed Pearson correlations to identify the association of SE with measures of

depression, IQ, and symptom severity:

SE in the right sgACC

There was no significant correlation between SE and depression (BDI) [#(56) = -.147,
p=.135], 1Q (KBIT-2) [#(56)= -.218, p=.050], awareness (SRS-2 Awareness) [(55)= .093,
p=246], cognition (SRS-2 Cognition) [r(55)= -.008, p=.476], communication (SRS-2
Communication) [#(55)= .054, p=.345], motivation (SRS-2 Motivation) [#(55)= .069, p=.304],
mannerisms (SRS-2 Mannerisms) [#(55)= .053, p=.349], and total symptom severity (SRS-2
Total) [#(55)=.101, p=.228].

SE in the left sgACC

There was no significant correlation between SE and depression (BDI) [#(56) = -.152,
p=.128], 1Q (KBIT-2) [#(56)= -.172, p=.099], awareness (SRS-2 Awareness) [r(55)= .033,
p=.405], cognition (SRS-2 Cognition) [r(55)= -.070, p=.302], communication (SRS-2
Communication) [#(55)= -.025, p=.426], motivation (SRS-2 Motivation) [#(55)= .016, p=.452],
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mannerisms (SRS-2 Mannerisms) [#(55)= -.041, p=.381], and total symptom severity (SRS-2
Total) [#(55)=-.019, p=.445].

SE in the right BLA

There was no significant correlation between SE and depression (BDI) [#(56) = -.010,
p=478], 1Q (KBIT-2) [#(56)= -.002, p=.493], awareness (SRS-2 Awareness) [(55)= .139,
p=.152], cognition (SRS-2 Cognition) [#(55)= .132, p=.163], communication (SRS-2
Communication) [#(55)=.128, p=.172], mannerisms (SRS-2 Mannerisms) [#(55)=.065, p=.315],
and total symptom severity (SRS-2 Total) [#(55)=.080, p=.278]. There was, however, a significant
correlation between SE and motivation (SRS-2 Motivation) [#(55)=.245, p=.033].

SE in the left BLA

There was no significant correlation between SE and depression (BDI) [#(56) = -.017,
p=451], 1Q (KBIT-2) [#(56)= .181, p=.087], awareness (SRS-2 Awareness) [r(55)= -.118,
p=.192], cognition (SRS-2 Cognition) [r(55)= -.154, p=.126], communication (SRS-2
Communication) [#(55)= -.114, p=.199], motivation (SRS-2 Motivation) [#(55)=-.007, p=.481],
mannerisms (SRS-2 Mannerisms) [#(55)= -.155, p=.124], and total symptom severity (SRS-2
Total) [#(55)=-.116, p=.195].

SE in the right amygdala

There was a significant correlation between SE and awareness (SRS-2 Awareness) [#(55)=
347, p=.004], communication (SRS-2 Communication) [#(55)=.254, p=.028], motivation (SRS-
2 Motivation) [r(55)= .222, p=.049], and total symptom severity (SRS-2 Total) [r(55)= .244,
p=.034]. There was no significant correlation between SE and depression (BDI) [#(56) = -.029,
p=414],1Q (KBIT-2) [r(56)=-.047, p=.363], cognition (SRS-2 Cognition) [#(55)=.188, p=.080],
and mannerisms (SRS-2 Mannerisms) [r(55)= .173, p=.098]. See Figures 27-40 that illustrate
these findings.

SE in the left amygdala
There was no significant correlation between SE and depression (BDI) [#(56) = .008,

p=476], 1Q (KBIT-2) [r(56)=.173, p=.097], awareness (SRS-2 Awareness) [r(55)= -.067,
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p=2311], cognition (SRS-2 Cognition) [r(55)= -.138, p=.153], communication (SRS-2
Communication) [#(55)= -.142, p=.146], motivation (SRS-2 Motivation) [#(55)= .011, p=.467],
mannerisms (SRS-2 Mannerisms) [#(55)= -.070, p=.303], and total symptom severity (SRS-2
Total) [#(55)=-.208, p=.060].

SE in the right uncinate fasciculus

There was no significant correlation between SE and depression (BDI) [#(54) = -.086,
p=.263], 1Q (KBIT-2) [#(54)= .012, p=.465], awareness (SRS-2 Awareness) [r(53)= -.204,
p=.067], cognition (SRS-2 Cognition) [r(53)= -.079, p=.282], communication (SRS-2
Communication) [r(53)= -.122, p=.187], mannerisms (SRS-2 Mannerisms) [r(53)= -.141,
p=.152], and total symptom severity (SRS-2 Total) [#(53)=-.208, p=.064]. However, there was a
significant correlation between SE and motivation (SRS-2 Motivation) [#(55)=-.245, p=.036].

SE in the left uncinate fasciculus

There was no significant correlation between SE and depression (BDI) [#(56) = .122,
p=.181], 1Q (KBIT-2) [#(56)= -.077, p=.283], awareness (SRS-2 Awareness) [(55)= .170,
p=.103], communication (SRS-2 Communication) [#(55)= .200, p=.068], motivation (SRS-2
Motivation) [r(55)= .083, p=269], and total symptom severity (SRS-2 Total) [#(55)= .212,
p=.056]. However, there was a significant correlation between SE and cognition (SRS-2

Cognition) [#(55)= .264, p=.024] and mannerisms (SRS-2 Mannerisms) [#(55)=.226, p=.046].

SE in the whole brain WM skeleton

There was no significant correlation between SE and depression (BDI) [#(56) = -.126,
p=.173], 1Q (KBIT-2) [#(56)= -.189, p=.077], awareness (SRS-2 Awareness) [(55)= .081,
p=274], cognition (SRS-2 Cognition) [r(55)= -.028, p=.417], communication (SRS-2
Communication) [#(55)= .025, p=.426], motivation (SRS-2 Motivation) [#(55)= .061, p=.325],
mannerisms (SRS-2 Mannerisms) [#(55)= .045, p=.370], and total symptom severity (SRS-2
Total) [#(55)=.057, p=337].
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IV.  1-tailed Pearson correlations to identify the association of FA with measures of

depression, IQ, and symptom severity:

FA in the right sgACC

There was no significant correlation between FA and depression (BDI) [#(56) = -.181,
p=.087], 1Q (KBIT-2) [#(56)= .113, p=.199], awareness (SRS-2 Awareness) [r(55)= .018,
p=.448], cognition (SRS-2 Cognition) [r(55)= -.001, p=.496], communication (SRS-2
Communication) [#(55)= .033, p=.405], motivation (SRS-2 Motivation) [#(55)= .016, p=.452],
mannerisms (SRS-2 Mannerisms) [#(55)= -.036, p=.396], and total symptom severity (SRS-2
Total) [#(55)=-.100, p=.229].

FA in the left sgACC

There was no significant correlation between FA and depression (BDI) [#(56) = -.190,
p=.076], 1Q (KBIT-2) [#(56)= .124, p=.176], awareness (SRS-2 Awareness) [r(55)= .002,
p=494], cognition (SRS-2 Cognition) [r(55)= -.021, p=.438], communication (SRS-2
Communication) [#(55)= .015, p=.457], motivation (SRS-2 Motivation) [#(55)= .002, p=.494],
mannerisms (SRS-2 Mannerisms) [#(55)= -.060, p=.328], and total symptom severity (SRS-2
Total) [#(55)=-.126, p=.176].

FA in the right BLA

There was a significant correlation between FA and depression (BDI) [#(56) = -.245,
p=.032]. However, there were no significant correlations between FA and 1Q (KBIT-2) [#(56)= -
054, p=.342], awareness (SRS-2 Awareness) [r(55)= -.102, p=225], cognition (SRS-2
Cognition) [r(55)= -.075, p=.289], communication (SRS-2 Communication) [#(55)= .010,
p=469], motivation (SRS-2 Motivation) [r(55)= -.037, p=393], mannerisms (SRS-2
Mannerisms) [#(55)= .008, p=.476], and total symptom severity (SRS-2 Total) [r(55)= -.138,
p=-153].

FA in the left BLA
There was no significant correlation between FA and depression (BDI) [#(56) = -.194,

p=.072], 1Q (KBIT-2) [#(56)= -.013, p=.461], awareness (SRS-2 Awareness) [r(55)= -.028,
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p=419], cognition (SRS-2 Cognition) [r(55)= -.096, p=.239], communication (SRS-2
Communication) [#(55)= .062, p=.323], motivation (SRS-2 Motivation) [#(55)= .015, p=.456],
mannerisms (SRS-2 Mannerisms) [#(55)= .011, p=.469], and total symptom severity (SRS-2
Total) [#(55)=-.099, p=231].

FA in the right amygdala

There was a significant correlation between FA and depression (BDI) [#(56) = -.244,
p=.033]. However, there were no significant correlations between FA and 1Q (KBIT-2) [#(56)= -
161, p=.113], awareness (SRS-2 Awareness) [7(55)=.019, p=.443], cognition (SRS-2 Cognition)
[7(55)= -.022, p=.437], communication (SRS-2 Communication) [r(55)= .050, p=.355],
motivation (SRS-2 Motivation) [#(55)=-.003, p=.492], mannerisms (SRS-2 Mannerisms) [#(55)=
.010, p=.470], and total symptom severity (SRS-2 Total) [#(55)=-.063, p=321]. See Figure 41
that illustrates this finding.

FA in the left amygdala

There was a significant correlation between FA and depression (BDI) [#(56) = -.268,
p=.021]. However, there were no significant correlations between FA and 1Q (KBIT-2) [#(56)= -
103, p=.220], awareness (SRS-2 Awareness) [7(55)=.092, p=.247], cognition (SRS-2 Cognition)
[7(55)=.007, p=.480], communication (SRS-2 Communication) [#(55)=.156, p=.123], motivation
(SRS-2 Motivation) [r(55)= .049, p=.359], mannerisms (SRS-2 Mannerisms) [#(55)= .009
p=.474], and total symptom severity (SRS-2 Total) [#(55)=.043, p=375].

FA in the right uncinate fasciculus

There was no significant correlation between FA and depression (BDI) [#(56) = .089,
p=.252], 1Q (KBIT-2) [#(56)= -.044, p=373], awareness (SRS-2 Awareness) [1(55)= .020,
p=.440], cognition (SRS-2 Cognition) [#(55)= .003, p=.491], communication (SRS-2
Communication) [#(55)= -.022, p=.435], motivation (SRS-2 Motivation) [#(55)= -.088, p=.257],
mannerisms (SRS-2 Mannerisms) [#(55)= -.045, p=.369], and total symptom severity (SRS-2
Total) [#(55)=.072, p=298].
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FA in the left uncinate fasciculus

There was no significant correlation between FA and depression (BDI) [#(56) = .166,
p=.106], 1Q (KBIT-2) [#(56)= -.026, p=.423], awareness (SRS-2 Awareness) [r(55)= .190,
p=.078], communication (SRS-2 Communication) [#(55)= .152, p=.130], motivation (SRS-2
Motivation) [7(55)=.095, p=.241], mannerisms (SRS-2 Mannerisms) [#(55)= .100, p=.230], and
total symptom severity (SRS-2 Total) [#(55)= .207, p=.062]. However, there was a significant
correlation between SE and cognition (SRS-2 Cognition) [#(55)=.243, p=.034].

FA in the whole brain WM skeleton

There was no significant correlation between SE and depression (BDI) [#(56) = -.199,
p=.067], 1Q (KBIT-2) [#(56)= .117, p=.190], awareness (SRS-2 Awareness) [r(55)= -.004,
p=490], cognition (SRS-2 Cognition) [r(55)= -.022, p=.435], communication (SRS-2
Communication) [#(55)= .012, p=.464], motivation (SRS-2 Motivation) [#(55)= -.003, p=.491],
mannerisms (SRS-2 Mannerisms) [#(55)= -.059, p=.332], and total symptom severity (SRS-2
Total) [#(55)=-.128, p=.172].

V. Hierarchical linear regression to examine the relations of SE and FA to measures
of depression:
A series of linear regression analyses were conducted to examine the relation of FA and
SE to depression for each of the regions of interest, as shown in Table 2. Age was included as a
covariate. The results of the analyses indicated no significant result for FA or SE in predicting

depression.

VI.  Post-hoc tract-based spatial statistics (TBSS) voxel wise statistical analyses:
As a post-hoc analysis, we identified regions that approached significance for the ASD vs.
CON analysis of the whole brain WM skeleton (p=.08). We identified three major regions: the left
posterior limb of the internal capsule (PLIC), the right PLIC, and the left anterior limb of the
internal capsule (ALIC). See Figure 42 that illustrates these findings. Smm wide spherical ROIs
were manually generated using “fslmaths” for each of the three regions to examine SE and FA

differences across age and diagnoses.
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SE in the right posterior limb of the internal capsule:

A two-way ANOVA with SE as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effects for age group [F(1,55)=.286, p=.595;
Np>=.005] or diagnosis [F(1,55)=1.073, p=.305; np>=.019]. There was no significant interaction of
age group by diagnosis. There was no significant difference (p=.595) in mean SE values between
the older (Meanage=40=.657; Std Err=.001; 95% CI=.654-.659) and younger (Meanage 18-25=.657;
Std Err=.001; 95% CI=.655-.660) groups. There was also no significant difference (p=.305)
between CON (Meancon =.658; Std Err=.001; 95% CI=.655-.660) and ASD groups (Meanasp
=.656; Std Err=.001; 95% CI=.654-.659). See Figures 43 and 44 that illustrate these findings.

SE in the left posterior limb of the internal capsule:

A two-way ANOVA with SE as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effects for age group [F(1,55)=.398, p=.531;
Np>=.007] or diagnosis [F(1,55)=.126, p=.723; np>=.002]. There was no significant interaction of
age group by diagnosis. There was no significant difference (p=.398) in mean SE values between
the older (Meanage=40=.687; Std Err=.001; 95% CI=.685-.689) and younger (Meanage 18-25=.686;
Std Err=.001; 95% CI=.684-.689) groups. There was also no significant difference (p=.723)
between CON (Meancon =.687; Std Err=.001; 95% CI=.684-.689) and ASD groups (Meanasp
=.687; Std Err=.001; 95% CI=.685-.689). See Figures 45 and 46 that illustrate these findings.

SE in the left anterior limb of the internal capsule:

A two-way ANOVA with SE as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effects for age group [F(1,55)=3.764, p=.057;
Np>=.064] or diagnosis [F(1,55)=.071, p=.790; np>=.001]. There was no significant interaction of
age group by diagnosis. There was no significant difference (p=.057) in mean SE values between
the older (Meanage=40=.668; Std Err=.001; 95% CI=.665-.670) and younger (Meanage 18-25=.672;
Std Err=.002; 95% CI=.669-.675) groups. There was also no significant difference (p=.790)
between CON (Meancon =.670; Std Err=.001; 95% CI=.667-.673) and ASD groups (Meanasp
=.669; Std Err=.001; 95% CI=.667-.672). See Figures 47 and 48 that illustrate these findings.
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FA in the right posterior limb of the internal capsule:

Based on the distribution of the FA data, one outlier (ASD) had to be excluded to ensure
normal distribution of the data. Following this, a two-way ANOVA with FA as the dependent
variable and age group and diagnosis held as fixed factors revealed no significant main effects for
age group [F(1,54)=.002, p=.961; 1p,>=.000] but there was a significant main effect of diagnosis
[F(1,54)= 12.073, p=.001; n,>=.183]. There was no significant interaction of age group by
diagnosis. There was no significant difference (p=.961) in mean FA values between the older
(Meanage=40=.724; Std Err=.005; 95% CI=.715-.734) and younger (Meanace 13-25=.724; Std
Err=.006; 95% CI=.712-.736) groups. There was a significant difference (p=.001) between CON
(Meancon =.711; Std Err=.005; 95% CI=.701-.722) and ASD groups (Meanasp =.737; Std
Err=.005; 95% CI=.727-.748). See Figures 49 and 50 that illustrate these findings.

FA in the left posterior limb of the internal capsule:

A two-way ANOVA with FA as the dependent variable and age group and diagnosis held
as fixed factors revealed no significant main effect for age group [F(1,55)=.344, p=.560;
Np>=.006] but indicated a significant main effect for diagnosis [F(1,55)=17.903, p<.001;
Np>=.246]. There was no significant interaction of age group by diagnosis. There was no
significant difference (p=.560) in mean FA values between the older (Meanage=40=.700; Std
Err=.006; 95% CI=.689-.711) and younger (Meanage 18-25=.705; Std Err=.007; 95% CI=.691-
.719) groups. There was, however, a significant difference (p<.001) between CON (Meancon
=.684; Std Err=.006; 95% CI=.672-.697) and ASD groups (Meanasp =.721; Std Err=.006; 95%
CI=.709-.733). See Figures 51 and 52 that illustrate these findings.

FA in the left anterior limb of the internal capsule:

A two-way ANOVA with SE as the dependent variable and age group and diagnosis held
as fixed factors revealed significant main effects for age group [F(1,55)=7.581, p=.008; n,>=.121]
and diagnosis [F(1,55)=15.027, p<.001; ny>=.215]. There was no significant interaction of age
group by diagnosis. There was a significant difference (p=.008) in mean FA values between the
older (Meanacge>40=.678; Std Err=.005; 95% CI=.669-.687) and younger (Meanacr 15-25=.658; Std
Err=.006; 95% CI=.647-.669) groups. There was also a significant difference (p<.001) between
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CON (Meancon =.654; Std Err=.005; 95% CI=.644-.665) and ASD groups (Meanasp =.682; Std
Err=.005; 95% CI=.672-.692). See Figures 53 and 54 that illustrate these findings.

1-tailed Pearson correlations to identify the association of SE in the bilateral PLIC and left

ALIC with measures of depression, IQ, and symptom severity:

SE in the right posterior limb of the internal capsule:

There was no significant correlation between SE and depression (BDI) [#(56) = .064,
p=2317], 1Q (KBIT-2) [#(56)= -.027, p=.421], awareness (SRS-2 Awareness) [r(55)= .020,
p=.443], cognition (SRS-2 Cognition) [r(55)= -.084, p=.267], communication (SRS-2
Communication) [#(55)= -.033, p=.404], motivation (SRS-2 Motivation) [r(55)= -.033, p=.404],
mannerisms (SRS-2 Mannerisms) [#(55)= -.112, p=.182], and total symptom severity (SRS-2
Total) [#(55)=-.034, p=.400].

SE in the left posterior limb of the internal capsule:

There was no significant correlation between SE and depression (BDI) [#(56) = .066,
p=2313], 1Q (KBIT-2) [#(56)= -.010, p=.470], awareness (SRS-2 Awareness) [r(55)= .178,
p=.092], cognition (SRS-2 Cognition) [#(55)= .042, p=.377], communication (SRS-2
Communication) [#(55)= .094, p=.244], motivation (SRS-2 Motivation) [#(55)= .067, p=2311],
mannerisms (SRS-2 Mannerisms) [#(55)= .042, p=.379], and total symptom severity (SRS-2
Total) [#(55)=.031, p=.408].

SE in the left anterior limb of the internal capsule:

There was no significant correlation between SE and depression (BDI) [#(56) = .019,
p=.445], 1Q (KBIT-2) [#(56)= -.017, p=.449], awareness (SRS-2 Awareness) [r(55)= -.010,
p=A470], cognition (SRS-2 Cognition) [r(55)= -.049, p=.358], communication (SRS-2
Communication) [#(55)= -.067, p=.310], motivation (SRS-2 Motivation) [#(55)= -.069, p=.306],
mannerisms (SRS-2 Mannerisms) [#(55)= -.128, p=.171], and total symptom severity (SRS-2
Total) [1(55)=.084, p=268].
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1-tailed Pearson correlations to identify the association of FA in the bilateral PLIC and left

ALIC with measures of depression, IQ, and symptom severity:

FA in the right posterior limb of the internal capsule:

There was no significant correlation between FA and depression (BDI) [#(55) = .071,
p=2301] and 1Q (KBIT-2) [#(55)=-.160, p=.117]. There was, however, a significant correlation
between FA and awareness (SRS-2 Awareness) [r(54)= .279, p=.019], cognition (SRS-2
Cognition) [7(54)=.303, p=.012], communication (SRS-2 Communication) [r(54)=.428, p<.001],
motivation (SRS-2 Motivation) [#(54)= .325, p=.007], mannerisms (SRS-2 Mannerisms) [7(54)=
357, p=.003], and total symptom severity (SRS-2 Total) [#(54)=.301, p=.012].

FA in the left posterior limb of the internal capsule:

There was no significant correlation between FA and depression (BDI) [#(56) = .169,
p=.102] and 1Q (KBIT-2) [(56)= -.124, p=.176]. There was, however, a significant correlation
between FA and awareness (SRS-2 Awareness) [r(55)= .357, p=.003], cognition (SRS-2
Cognition) [7(55)=.401, p<.001], communication (SRS-2 Communication) [#(55)=.482, p<.001],
motivation (SRS-2 Motivation) [#(55)= .388, p=.001], mannerisms (SRS-2 Mannerisms) [#(55)=
405, p<.001], and total symptom severity (SRS-2 Total) [#(55)=.306, p=.010].

FA in the left anterior limb of the internal capsule:

There was no significant correlation between FA and depression (BDI) [#(56) = .117,
p=.192], 1Q (KBIT-2) [#(56)=-.105, p=.217], and total symptom severity (SRS-2 Total) [#(55)=
191, p=.078]. However, there was a significant correlation between FA and awareness (SRS-2
Awareness) [r(55)= .311, p=.009], cognition (SRS-2 Cognition) [#(55)= .374, p=.002],
communication (SRS-2 Communication) [#(55)=.369 , p=.002], motivation (SRS-2 Motivation)
[7(55)=.273, p=.020], and mannerisms (SRS-2 Mannerisms) [#(55)=.304, p=.011].

Hierarchical linear regression to examine the relations of SE and FA in the bilateral PLIC
and left ALIC to measures of depression:
A series of linear regression analyses were conducted to examine the relation of FA and

SE to depression for each of the regions of interest, as shown in Table 3. Age was included as a
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covariate. The results of the analyses indicated no significant result for FA or SE in predicting

depression.



Table 1. Summary of results of all regions of interest.

27

Region Age main Diagnosis SE FA Clinical correlate
effect main effect
right sgACC + - > 40 e >40 M none
left sgACC + - > 40 Urxx > 40 M* none
right BLA - - - - SE w/ motivation*
FA w/ depression*
left BLA - - - - none
right amygdala - - - - SE w/ awareness**
SE w/ communication*
SE w/ motivation*
SE w/ total ASD symptom*
FA w/ depression*
left amygdala - - - - FA w/ depression*®
right UF - - - - none
left UF - - - - none
whole brain + - > 40 Uk > 40 M none
right PLIC - + - ASD M** FA w/ awareness*
FA w/ cognition*
FA w/ communication***
FA w/ motivation**
FA w/ mannerisms**
FA w/ total ASD symptom*
left PLIC - + - ASD AH** FA w/ awareness**
FA w/ cognition***
FA w/ motivation**
FA w/ mannerisms***
FA w/ total ASD symptom*
left ALIC + + - > 40 MNr* FA w/ awareness**
ASD *** FA w/ cognition**

FA w/ communication**
FA w/ motivation*

FA w/ mannerisms*

Abbreviations: sgACC = subgenual anterior cingulate cortex; BLA = basolateral nucleus of the

amygdala; PLIC = posterior limb of the internal capsule; ALIC = anterior limb of the internal

capsule; UF = uncinate fasciculus; awareness = SRS-2 Awareness; communication = SRS-2

Communication; motivation = SRS-2 Motivation; total ASD symptom = SRS-2 Total;
depression = BDI-II.

+ indicates presence of main effect.

- indicates no presence of main effect

>40 A indicates higher values for group aged > 40 years

>40 V¥ indicates lower values for group aged > 40 years.

<05, **p<.01, **%p<.001
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Figure 1. The main effect of age group on SE in the right sgACC.
SE differed significantly across age groups (p<.001). Error bars indicate 95% confidence

intervals.
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Figure 2. The main effect of diagnosis on SE in the right sgACC.
SE did not differ significantly across diagnosis (p=.866). Error bars indicate 95% confidence

intervals.

28



973

972

.97

.970 —_—

Estimated Marginal Means of SE

.969

18-25 years 240 years

Age Group

Figure 3. The main effect of age group on SE in the left sgACC.
SE differed significantly across age groups (p<.001). Error bars indicate 95% confidence

intervals.
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Figure 4. The main effect of diagnosis on SE in the left sgACC.
SE did not differ significantly across diagnosis (p=.450). Error bars indicate 95% confidence

intervals.
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Figure 5. The main effect of age group on SE in the right BLA.
SE did not differ significantly across age groups (p=.434). Error bars indicate 95% confidence

intervals.
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Figure 6. The main effect of diagnosis on SE in the right BLA.
SE did not differ significantly across diagnosis (p=.760). Error bars indicate 95% confidence

intervals.
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Figure 7. The main effect of age group on SE in the left BLA.
SE did not differ significantly across age groups (p=.485). Error bars indicate 95% confidence

intervals.
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Figure 8. The main effect of diagnosis on SE in the left BLA.
SE did not differ significantly across diagnosis (p=.303). Error bars indicate 95% confidence

intervals.
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Figure 9. The main effect of age group on SE in the right amygdala.
SE did not differ significantly across age groups (p=.657). Error bars indicate 95% confidence

intervals.
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Figure 10. The main effect of diagnosis on SE in the right amygdala.
SE did not differ significantly across diagnosis (p=.687). Error bars indicate 95% confidence

intervals.
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Figure 11. The main effect of age group on SE in the left amygdala.
SE did not differ significantly across age groups (p=.784). Error bars indicate 95% confidence

intervals.
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Figure 12. The main effect of diagnosis on SE in the left amygdala.
SE did not differ significantly across diagnosis (p=.431). Error bars indicate 95% confidence

intervals.
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Figure 13. The main effect of age group on SE in the right uncinate fasciculus.
SE did not differ significantly across age group (p=.366). Error bars indicate 95% confidence

intervals.
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Figure 14. The main effect of diagnosis on SE in the right uncinate fasciculus.
SE did not differ significantly across diagnosis (p=.705). Error bars indicate 95% confidence

intervals.
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Figure 15. The main effect of age group on SE in the left uncinate fasciculus.
SE did not differ significantly across age group (p=.090). Error bars indicate 95% confidence

intervals.
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Figure 16. The main effect of diagnosis on SE in the left uncinate fasciculus.
SE did not differ significantly across diagnosis (p=.151). Error bars indicate 95% confidence

intervals.
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Figure 17. The main effect of age group on SE in the whole brain WM skeleton.
SE differed significantly across age groups (p<.001). Error bars indicate 95% confidence

intervals.
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Figure 18. The main effect of diagnosis on SE in whole brain WM skeleton.
SE did not differ significantly across diagnosis (p=.760). Error bars indicate 95% confidence

intervals.
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Figure 19. The main effect of age group on FA in the right sgACC.

FA differed significantly across age groups (p=.047). Error bars indicate 95% confidence intervals.
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Figure 20. The main effect of diagnosis on FA in the right sgACC.
FA did not differ significantly across diagnosis (p=.336). Error bars indicate 95% confidence

intervals.
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Figure 21. The main effect of age group on FA in the left sgACC.

FA differed significantly across age groups (p=.044). Error bars indicate 95% confidence intervals.
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Figure 22. The main effect of diagnosis on FA in the left sgACC.
FA did not differ significantly across diagnosis (p=.410). Error bars indicate 95% confidence

intervals.
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Figure 23. The main effect of age group on FA in the right BLA.
FA did not differ significantly across age groups (p=.485). Error bars indicate 95% confidence

intervals.
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Figure 24. The main effect of diagnosis on FA in the right BLA.
FA did not differ significantly across diagnosis (p=.303). Error bars indicate 95% confidence

intervals.
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Figure 25. The main effect of age group on FA in the left BLA.
FA did not differ significantly across age groups (p=.466). Error bars indicate 95% confidence

intervals.
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Figure 26. The main effect of diagnosis on FA in the left BLA.

FA did not differ significantly across diagnosis (p=.556). Error bars indicate 95% confidence

intervals.
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Figure 27. The main effect of age group on FA in the right amygdala.
FA did not differ significantly across age groups (p=.082). Error bars indicate 95% confidence

intervals.
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Figure 28. The main effect of diagnosis on FA in the right amygdala.
FA did not differ significantly across diagnosis (p=.630). Error bars indicate 95% confidence

intervals.
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Figure 29. The main effect of age group on FA in the left amygdala.
FA did not differ significantly across age groups (p=.488). Error bars indicate 95% confidence

intervals.
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Figure 30. The main effect of diagnosis on FA in the left amygdala.
FA did not differ significantly across diagnosis (p=.498). Error bars indicate 95% confidence

intervals.
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Figure 31. The main effect of age group on FA in the right uncinate fasciculus.

FA did not differ significantly across age group (p=.568). Error bars indicate 95% confidence

intervals.
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Figure 32. The main effect of diagnosis on FA in the right uncinate fasciculus.
FA did not differ significantly across diagnosis (p=.872). Error bars indicate 95% confidence

intervals.
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Figure 33. The main effect of age group on FA in the left uncinate fasciculus.
FA did not differ significantly across age group (p=.106). Error bars indicate 95% confidence

intervals.
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Figure 34. The main effect of diagnosis on FA in the left uncinate fasciculus.
FA did not differ significantly across diagnosis (p=.282). Error bars indicate 95% confidence

intervals.
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Figure 35. The main effect of age group on FA in the whole brain WM skeleton.

SE differed significantly across age groups (p=.045). Error bars indicate 95% confidence intervals.
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Figure 36. The main effect of diagnosis on FA in the whole brain WM skeleton
SE did not differ significantly across diagnosis (p=.387). Error bars indicate 95% confidence

intervals.
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Figure 37. The correlation of SE in the right amygdala with SRS-2 Awareness scores.
SE significantly correlated with SRS-2 Awareness scores [r(55)= .347, p=.004, R?=.120].
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Figure 38. The correlation of SE in the right amygdala with SRS-2 Communication scores.

SE significantly correlated with SRS-2 Communication scores [r(55)= .254, p=.028, R? =.065].
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Figure 39. The correlation of SE in the right amygdala with SRS-2 Motivation scores.
SE significantly correlated with SRS-2 Motivation scores [1(55)= .222, p=.049, R?=.049].
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Figure 40. The correlation of SE in the right amygdala with SRS-2 Total scores.
SE significantly correlated with SRS-2 Total scores [#(55)=.244, p=.034, R?=.060].
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Figure 41. The correlation of FA in the right amygdala with BDI-II scores.

SE significantly correlated with BDI-II scores [r(56) = -.244, p=.033, R?=.059].
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Table 2. Results of hierarchical regression analyses: Examining age, FA, and SE as predictors of
depression (BDI-II) for each region of interest.

ROI sgACC_R?* sgACC_L® BLA_R® BLA L® amyg_R® amyg_L® UF_R* UF_L® WB?
Step 1:
Age 105 105 105 105 105 105 116 105 105
R? .011 011 .011 .011 .011 011 .014 .011 .01
F .622 622 .622 .622 .622 .622 .739 .622 .622
Step 2:
FA -.221 -.233 -.234 -.185 -.232 -.260 123 151 -.242
AR? .046 .051 .053 .034 .051 .067 .015 .022 .055
AF 2.676 2.960 3.113 1.952 2.971 3.993 .827 1.252 3.215
Step 3:
SE -.101 -.087 -.032 -.029 -.008 .185 -.105 .084  -.063
AR? .008 .051 .001 .001 .000 .033 .011 .007 .003
AF 469 .330 .059 .047 .004 2.008 591 371 170

Standard coefficients from each step of the analysis are reported. Age is a categorical variable,

consisting of two values: 18-25 years or >40 years. Analyses did not yield significant results.

Abbreviations: BDI-II=Beck Depression Inventory, Second edition; sgACC R = right sgACC;
sgACC L =left sgACC; BLA R =right BLA; BLA L =left BLA; amyg R = right amygdala;

amyg L = left amygdala; UF_R = right uncinate fasciculus; UF L = left uncinate fasciculus;

WB = whole brain white matter skeleton

ap=58, bn=56



50

Figure 42. Visualization of tract based spatial statistics (TBSS) results.

Regions (bilateral posterior limb of the internal capsule, right anterior limb of internal capsule)
labeled in red-yellow were identified by TBSS as having difference between ASD and CON
individuals (p=.09).
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Figure 43. The main effect of age group on SE in the right posterior limb of the internal
capsule.
SE did not differ significantly across age group (p=.595). Error bars indicate 95% confidence

intervals.
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Figure 44. The main effect of diagnosis on SE in the right posterior limb of the internal
capsule.
SE did not differ significantly across diagnosis (p=.305). Error bars indicate 95% confidence

intervals.
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Figure 45. The main effect of age group on SE in the left posterior limb of the internal
capsule.
SE did not differ significantly across age group (p=.531). Error bars indicate 95% confidence

intervals.
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Figure 46. The main effect of diagnosis on SE in the left posterior limb of the internal
capsule.
SE did not differ significantly across diagnosis (p=.723). Error bars indicate 95% confidence

intervals.
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Figure 47. The main effect of age group on SE in the left anterior limb of the internal
capsule.
SE did not differ significantly across age group (p=.057). Error bars indicate 95% confidence

intervals.
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Figure 48. The main effect of diagnosis on SE in the left anterior limb of the internal
capsule.
SE did not differ significantly across diagnosis (p=.790). Error bars indicate 95% confidence

intervals.
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Figure 49. The main effect of age group on FA in the right posterior limb of the internal
capsule.
FA did not differ significantly across age group (p=.961). Error bars indicate 95% confidence

intervals.
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Figure 50. The main effect of diagnosis on FA in the right posterior limb of the internal
capsule.

FA differed significantly across diagnosis (p=.001). Error bars indicate 95% confidence intervals.
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Figure 51. The main effect of age group on FA in the left posterior limb of the internal
capsule.
FA did not differ significantly across age group (p=.560). Error bars indicate 95% confidence

intervals.
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Figure 52. The main effect of diagnosis on FA in the left posterior limb of the internal
capsule.

FA differed significantly across diagnosis (p<.001). Error bars indicate 95% confidence intervals.
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Figure 53. The main effect of age group on FA in the left anterior limb of the internal
capsule.
FA differed significantly across age group (p=.008). Error bars indicate 95% confidence

intervals.
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Figure 54. The main effect of diagnosis on FA in the left anterior limb of the internal capsule.

FA differed significantly across diagnosis (p<.001). Error bars indicate 95% confidence intervals.
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Table 3. Results of hierarchical regression analyses: Examining age, FA, and SE as predictors of
depression (BDI-II) in post-hoc regions of interest.

ROI PLIC_ R® PLIC_L® ALIC L°
Step 1: Age
120 105 105
R? .014 .011 .011
F .807 .622 622
Step 2: FA
.074 184 .095
AR? .006 .033 .008
AF .305 1.926 471
Step 3: SE
.080 .056 .068
AR? .006 .003 .004
AF 347 A74 .230

Standard coefficients from each step of the analysis are reported. Age is a categorical variable,
consisting of two values: 18-25 years or >40 years. Analyses did not yield significant results.
Abbreviations: BDI-II=Beck Depression Inventory, Second edition; PLIC R =right posterior limb
of internal capsule; PLIC L = left posterior limb of internal capsule; ALIC L = left anterior limb
of internal capsule.

=58, bn=56
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DISCUSSION

This neuroimaging study examined the use of SE and FA as measures of WM integrity in
various regions of interest in individuals with ASD using DTI data from an ASD database (ABIDE
II). The primary findings revealed main effects of age on measures of WM integrity with medium
to large effect sizes. The study results indicated that there was a significant main effect of age
group on SE in the left [np? = .223] and right [n,? = .192] subgenual anterior cingulate cortices
(sgACC). SE was significantly lower in both left and right sgACC in individuals aged >40 (i.e.,
40-64) years compared to the younger group aged 18-25 years old. There was also a main effect
of age group on FA in the left [n,? = .072] and right [n,> = .070] sgACC. However, the >40 years
group had significantly higher FA values than the younger group. These effects of age on SE [n,?
= .245] and FA [np> = .014] values were also present in the whole brain WM skeleton. There were
no other regions for which there was a significant main effect for either age or diagnosis.

These findings suggest that the WM integrity of the sgACC may be affected by aging in
individuals with ASD. SE being lower in individuals aged greater than 40 goes in line with prior
studies that have found that decreased SE is associated with decreased axonal density that occurs
with aging and is found in individuals with atypical brain development or functioning, such as
multiple sclerosis (Huang et al., 2019).

The result of higher FA in older individuals unexpected. However, this finding may be
because many brain biomarkers follow an inverted U-shaped developmental trajectory (Snook et
al., 2005; Sullivan et al., 2010; Westlye et al., 2010). Prior studies of FA in young adults have
shown that FA increases from childhood through early adulthood, with whole brain FA values
reaching their maximum FA by 29.1 years, followed by decline in FA values, representing strong
quadratic age effects (Snook et al., 2005; Sullivan et al., 2010; Westlye et al., 2010). Given the
mean age for the younger group (i.e., mean age= 20.78; SD=2.32), it is possible that these
individuals had not yet reached their FA peak, accounting for the lower FA score compared to the
older group (i.e., mean age =50.17; SD=6.82). A larger dataset with representation at each age as
well as longitudinal follow-up will be needed to determine if SE and FA changes follow a quadratic
pattern.

With respect to clinical correlations, SE in the right amygdala was significantly associated
with general ASD symptomatology [#(55)= .244], in addition to awareness [r(55)= .347],
communication [r(55)= .254], and motivation [#(55)= .222]. This finding indicates that SE is
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positively correlated with ASD symptomatology, as higher scores of the SRS-2 reveal increase in
severity of ASD symptoms. These results do not support our hypothesis of higher SE being
associated less severe ASD.

Given that we proposed using SE as a measure of WM integrity, we had originally
postulated SE to be lower in individuals with ASD. This was based on Delic et al. (2016), which
had shown individuals with TBI to have lower SE compared to controls. However, the results in
this study indicate that SE is higher in individuals with more severe ASD symptoms in contrast to
prior studies that have concluded that decreased WM in the right amygdala was associated with
severity of ASD (Gibbard et al., 2018). One possible explanation for this could be in axonal
remodeling. A study examining SE in type 2 diabetes rats post stroke concludes that increased
fiber crossing can be found at the site of injury and since SE is more sensitive to microlevel
restructuring in WM, it may cause higher SE values and lower FA values (Ding et al., 2017). In
addition, SE has been shown to detect new axonal remodeling after injury or onset of disease
(Fozouni et al., 2013). Thus, despite these findings contradicting our idea of higher SE associating
with better brain health, in adults with ASD, axonal remodeling may be occurring to a greater
degree as a compensatory mechanism than controls, thereby causing SE to be associated with
increased ASD symptom severity. We are only starting to understand how SE operates as a
measure of WM integrity, and thus these results may provide more insight into the information we
can obtain from SE as a biomarker.

FA in the left [(56) = -.268] and right [#(56) = -.244] amygdala and right BLA [#(56) = -
.245] was significantly associated with depression, thus suggesting an overlap in the role of the
amygdala. OFC-amygdala WM disruption has been linked to the onset of depressive symptoms
and the relationship between decreased FA and increased depression, as found in this study, is
further evidence of such occurrences (Zheng et al., 2018). These results also indicate that SE and
FA may provide different types of information—one more related to axonal integrity in
neurodevelopmental conditions while the other with psychiatric symptoms, respectively.

Post-hoc analyses with TBSS revealed significant main effects of diagnosis on FA in the
left [np>=.246] and right [n,>=.183] posterior limb of the internal capsule and left anterior limb of
the internal capsule [np?=.215]. There was also a main effect for age on FA in the left anterior limb
of the internal capsule [n,>=.121]. Individuals with ASD had higher FA values compared to
controls. These results replicate previously found WM tract differences between ASD and CON
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diagnoses in the left and right posterior and left anterior limbs of the internal capsule (Shukla et
al., 2011). Similar results for FA in the anterior limb of the internal capsule have been found in
individuals with OCD (Lochner et al., 2012).

FA in the right and left posterior limbs of the internal capsule was significantly associated
with awareness [r(54)= .279; r(55)= .357], cognition [#(54)= .303; »(55)= .401], communication
[(54)=.428; r(55)= .482], motivation [#(54)=.325; #(55)=.388], mannerisms [#(54)=.357; r(55)=
405], and total symptomatology scores [7(54)= .301; #(55)=.306]. FA in the anterior limb of the
internal capsule was correlated with awareness [r(55)= .311], cognition [r(55)= .374],
communication [#(55)= .369], motivation [#(55)= .273], and mannerisms [r(55)= .304] scores.
Microstructural and functional alterations in the left posterior limb of the internal capsule have
been shown to associate with ASD symptoms (Ma et al., 2022).

Limitations of this study include the fact that this study is cross-sectional. To truly
investigate the role of aging in WM development in adults, we would need to conduct a
longitudinal study with individuals of each age to better identify trends in aging and WM integrity.
This study also only included 58 individuals and thus replication with a larger sample size is
needed. There were also two age groups in this study (18-25 and 40-64), whereas individuals
between 26 to 39 years old were omitted. Future studies should include this age range to fully
understand aging trajectory in ASD. In addition, only males were available in the cohort which
also prevents understanding sex-specific differences. While some of our results had large effect
sizes (np>=.070 - .246), the relatively small study sample size (N = 58) may have limited the power
for identifying results with small effect sizes.

Furthermore, the technique of TBSS has its own limitations. For instance, the registration
technique of FNIRT in TBSS is not fully error free and the tracts generated may not be completely
at the center of the WM tracts (Eikenes et al., 2023). In addition, the technique is not able to detect
smaller tracts, such the fornix (Bach et al., 2014). However, this did not apply to this study as we
focused on the uncinate fasciculus, which is the largest WM tract (Bhatia et. al., 2014; Von Der
Heide et al., 2013).

From this study, we were able to identify that age affects the WM integrity of regions
involved in depression, specifically the sgACC. However, neither SE nor FA in the sgACC
correlated with the clinical measure of depression, suggesting more studies are needed to

understand the role of the sgACC in depression in ASD. In comparison, there was no main effect
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of age for SE or FA in the right amygdala. However, FA in the right and left amygdala correlated
with depression and the right amygdala correlated with ASD symptom severity, suggesting that
regional FA metrics may be an important psychiatric biomarker. Future studies may also expand
the number of imaging metrics used, such as diffusion kurtosis imaging, which extends the impact
of DTI to analyze axonal water improving the resolution of our results (Henriques et al., 2021). In
addition, given previous studies that have linked grey matter density in the whole brain and in the
amygdala with ASD diagnoses, grey matter ROIs may be of interest in performing SE analysis to
examine how the grey matter complexity is affected by diagnoses of ASD and possible
associations with depression in adults (Arunachalam Chandran et al., 2021; Gennatas et al., 2017;
Sato et al., 2017). Thus, future longitudinal studies could incorporate ASD and depression
measures and a large age range to understand the amygdala-sgACC circuitry and their respective

contributions to symptom presentation.
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*Taken directly from ABIDE II website on February 15, 2023.
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