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Abstract

Introduction - Cortical thickness (CT) and surface area (SA) are established biomarkers of brain pathology in
posttraumatic stress disorder (PTSD). Structural covariance networks (SCN) constructed from CT and SA may
represent developmental associations, or unique interactions between brain regions, possibly influenced by a
common causal antecedent. The ENIGMA-PGC PTSD Working Group aggregated PTSD and control subjects
datafrom 29 cohortsin five countries (n=3439). Methods - Using Destrieux Atlas, we built SCNs and compared
centrality measures between PTSD subjects and controls. Centrality is a graph theory measure derived using
SCN. Results - Notable nodes with higher CT-based centrality in PTSD compared to controls were left fusiform
gyrus, left superior temporal gyrus, and right inferior temporal gyrus. We found sex-based centrality differences
in bilateral frontal lobe regions, left anterior cingulate, left superior occipital cortex and right ventromedial
prefrontal cortex (vmPFC). Comorbid PTSD and MDD showed higher CT-based centrality in the right anterior
cingulate gyrus, right parahippocampal gyrus and lower SA-based centrality in left insular gyrus. Conclusion -
Unlike previous studies with smaller sample sizes (<318), our study found differences in centrality measures
using a sample size of 3439 subjects. This is the first cross-sectional study to examine SCN interactions with
age, sex, and comorbid MDD. Although limited to group level inferences, centrality measures offer insightsinto
a node’s relationship to the entire functional connectome unlike approaches like seed-based connectivity or
independent component analysis. Nodes having higher centrality have greater structural or functional

connections, lending them invaluable for trandational treatments like neuromodulation.
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1. INTRODUCTION

Post-traumatic stress disorder (PTSD) has a lifetime prevalence of 9.4% among adults in the US (Kessler et al.,
2005) and 4% globally (Liu et al., 2017). Cross- sectional and longitudinal studies show structural changes to
specific brain regions and structural and functional connectivity differences between regions in PTSD (Akiki,
Averill, & Abdallah, 2017; Hughes & Shin, 2011; Mueller et al., 2015; Philip, Carpenter, & Sweet, 2014,
Tursich et al., 2015). Cortical thickness (CT) and surface area (SA) are reliable biomarkers of pathology across
psychiatric illnesses including PTSD. Interregional relationships in cortical thickness (Yun et a., 2020) are
referred to as structural covariance networks (SCN). Features of a SCN, such as centrality, may be used to
characterize regional and network pathology associated with neuropsychiatric disorders. Centrality is a concept
from graph theory, which measures the importance of a particular region within a network. In graph theory, a
network is made up of connections (edges) between brain regions (nodes)(Rubinov & Sporns, 2010b). Cortical
volume, CT, and SA have been used to generate centrality measures using all possible pairwise correlations
between cortical regions as edges in a group of subjects (He & Evans, 2010; Rubinov & Sporns, 2010a; Sun,
Haswell, Morey, & De Bellis, 2018; Sun, Peverill, Swanson, McLaughlin, & Morey, 2018). SCNs that
characterize interregiona correlations of CT or SA in group of subjects may represent underlying functional
associations (Gong, He, Chen, & Evans, 2012; He, Chen, & Evans, 2007). Positive interregional correlations
based on CT are consstent with diffusion imaging derived structural connections (Gong et al., 2012) and
genome co-expression (Romero-Garciaet al., 2018).

Studies have investigated PTSD-associated differences in cortical measures (Bromis, Calem, Reinders,
Williams, & Kempton, 2018; Wang et al., 2020) , task-based functional connectivity (Hughes & Shin, 2011),
and resting-state functional connectivity (Koch et al., 2016). Thus far, meta-analyses of structural neuroimaging
in PTSD have applied voxel-based morphometry (VBM) and volume estimates of cortical regions to reveal gray
matter volume differences in anterior cingulate cortex, insula, medial and ventromedial prefrontal cortex,
orbitofrontal cortex, left temporal pole, rostral middle frontal gyrus, and superior frontal gyrus (Kuhn &
Gallinat, 2013; Meng et al., 2016). However, there has been sparse literature on SCN in PTSD, consisting of
two studies in adults with PTSD (Mueller et al., 2015; Sun, Davis, et al., 2018), two studies examining SCN in
children or youth with PTSD (Sun, Haswell, et al., 2018; Sun, Peverill, et a., 2018), one study focused on SCN
derived from diffusion tensor imaging (DTI) measures (Long et al., 2013), and finally one longitudinal study
focused on SCN features predicting symptom onset following acute exposure to trauma (Harnett NG, Available
online 7 August 2020). Findings were not cons stent across studies, areas highlighted included bilateral anterior

cingulate, bilateral superior frontal gyrus, right insula and occipital cortex. The sample sizes of the
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aforementioned studies were relatively small (~300) in relation to the 148 cortical regions under consideration,

which involves 10,878 inter-regional relationships.

High data dimensionality in relation to sample size presents a challenge in controlling Type | error
(Konietschke, Schwab, & Pauly, 2020). Thus, drawing robust inferences from a high-dimensional feature space
containing 148 cortical regions (Destrieux Atlas) requires a sample size that is larger than the number of
features. Furthermore, each of the published studies have focused on specific types of trauma and/or
populations such as military (Mueller et al., 2015), motor vehicle crash (Harnett NG, Available online 7 August
2020), childhood maltreatment (Sun, Haswell, et al., 2018; Sun, Peverill, et al., 2018), but there is lack of SCN
results that capture the heterogeneity of trauma types commonly found in PTSD. Finally, none of these
published reports in adults with PTSD examined cortical surface area derived SCNs. Surface area is of
particular interest given its strong genetic basis in relation to the weaker genetic basis of cortical thickness. A
large GWAS examining the genetic architecture of the human cortex found that surface area was negatively
genetically correlated to cortical thickness (Grashy et al., 2020). Given the divergent genetic architectures of
surface area and cortical thickness coupled with the role of genetics to PTSD (Nievergelt et al., 2019) means it
isessential to dissect the distinct contributions of CT-derived and SA-derived SCNs.

There have been no studies to investigate sex differences in PTSD using SCN. In the present study, we
compared CT- and SA-based network centrality measures in 3439 PTSD and trauma-exposed control subjects
from the Enhancing Neuroimaging Genetics through Meta-Analysis (ENIGMA) - Psychiatric Genomics
Consortium (PGC) Consortium for PTSD. We hypothesized that areas previously implicated in the
pathophysiology of PTSD such as the anterior cingulate, insula, ventromedial prefrontal cortex (VM PFC) and
occipital regions would show differences in network centrality. Given sex-based difference in salience network
connectivity in PTSD, we hypothesized sex-based disruptions in network centrality measures in the salience
network comprising dorsal anterior cingulate (dACC), and insula. Consistent with limited previous literature,
we also hypothesized centrality differences in the parahippocampal gyrus and salience network based on
presence or absence of comorbid major depressive disorder (MDD).

2. SUBJECTSAND METHODS

2.1 Subjects

The ENIGMA-PGC PTSD Working Group aggregated (Table 1) PTSD patients and control subjects data with
varying levels of trauma exposure from 29 cohorts in five countries. We analyzed CT data from 3439 subjects


https://doi.org/10.1101/2021.03.13.432212
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.13.432212; this version posted March 16, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Structural Covariance Networks in Post-Traumatic Stress Disorder: A Multisite ENIGMA-PGC Study
and SA data from 3436 subjects. The vast majority (92% of subjects with PTSD, 85% of control subjects) of

participants were adults, and the remaining sample was a combination of children and adolescents (Table 1).
The sample comprised 1348 PTSD subjects (39%) and 2082 healthy controls (61%). Average age and standard
deviation (SD) of male PTSD subjects was (38+15) years, (37+17.1) years for male control subjects, (34.5&
12.7) years for female PTSD subjects, (32£14.3) years for femal e control subjects. Supplemental table 1 shows
age by diagnoses and sex at each site. Sixteen out of 29 sites had control subjects with trauma exposure (Table
1); the remaining sites had controls who were unexposed to trauma. The percentage of subjects with MDD is

also reported in Table 1.

[Insert Table 1- Demographics Across Sites|

2.2 Methods

Rating scales are described in section 2.2.1 of supplementary material.

[Insert Table 2 — Rating Scales by Site]

Scanner details and acquisition parameters are in Supplementary Table 2. Inclusion and exclusion criteria for
each gte are in Supplementary Table 24. All participating sites obtained approval from local institutional

review boards and ethics committees. All participants provided written informed consent.

2.2.2 Imaging

Structural MRI (T1) data obtained from cross-sectional case-control studies were analyzed at Duke University
with a standardized neuroimaging and QC pipeliine developed by the ENIGMA Consortium
(http://enigma.ini.usc.edu/protocols/imaging-protocols/) (Logue et a., 2018). Cortical parcellation was
performed with FreeSurfer 5.3 on 148 regions (74 per hemisphere) that were labeled with the Destrieux atlas
(Destrieux, Fischl, Dale, & Halgren, 2010).

2.2.3 Network analyses

Figure 1 and itslegend explain the sequential analysis steps of our pipeline.

[Insert figure 1-SCN Analyses Pipeling]


https://doi.org/10.1101/2021.03.13.432212
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.03.13.432212; this version posted March 16, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Structural Covariance Networks in Post-Traumatic Stress Disorder: A Multisite ENIGMA-PGC Study
2.2.6 Centrality measures

We selected network topology measures that would enable direct comparisons of our results with previous
findings (Mueller et al., 2015; Teicher, Anderson, Ohashi, & Polcari, 2014). Using undirected connections for
correlation-derived graphs, four centrality measures were calculated with the Brain Connectivity Toolbox
(BCT) (Rubinov & Sporns, 2010a): degree centrality, betweenness centrality, closeness centrality, and

eigenvector centrality (Supplementary section 2.2.6).

2.2.7 Statistical Analysis

Analyses were performed with MATLAB scripts that we reported previously (Sun, Haswell, et al., 2018; Sun,
Peverill, et a., 2018). Our method is similar to, but far more stringent than, methods for controlling Type 1
error used in earlier reports (Teicher et al., 2014). Further details are available in the Supplementary material
2.2.7.

3. RESULTS

Key demographic and clinical characteristics of each cohort are reported in Table 1. Wiring costs obtained from
CT-based positive correlation coefficients were 0.06 and 0.07 for PTSD and control groups respectively, and
SA-based wiring costs were 0.1 and 0.007 in PTSD and control groups respectively. These minimum wiring
costs were calculated using supra-threshold positive correlation and ensured that nodes in the network were well

connected (Teicher et al., 2014). Table 3 shows wiring costs for each diagnostic group.

[Insert Table 3 - Wiring Costs]

3.1 CT SCN Reaults

3.1.1 Graph Centrality Based on Pearson’s Correlation Coefficients

[Insert Figure 2 - SCN Differences between PTSD and Controls]

[Insert Table4 - CT Positive Correlations]

The PTSD group showed higher centrality compared to controls in the left fusiform gyrus, left precentral gyrus,

lateral aspect of |eft superior temporal gyrus, left inferior frontal sulcus, right paracentral gyrus and sulcus, right
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inferior temporal gyrus. The PTSD group showed lower centrality compared to controls in right posterior

transverse collateral sulcus and right anterior occipital sulcus (Table 4 and figure 2).

Supplemental Table 4 provides comparisons of centrality between PTSD and control groups based on negative

correlation coefficients.
3.1.2 Interactions

Brain regions with a significant interaction of age and diagnosis on centrality that are based on positive
correlation coefficients are displayed in Figure 3 and listed in Supplemental Tables 5 to 12 for age ranges (in
years) <10, 10-15, 15-20, 20-30, 30-40, 40-50, 50-60, and >60 respectively. Supplemental figure 1 shows the

number of subjectsin each age group for PTSD subjects versus controls.
[Insert Figure 3- CT SCN across Age Groupsin PTSD Subjectsand Controlsg|

Regions with significant interactions of diagnoses and sex are listed in Table 5. Table 6 shows the main effect
of sex (males versus females regardless of diagnoses); tables 7 and 8 show how males and females compare in
PTSD subjects and control subjects respectively. Tables 9 and 10 shows results comparing centrality of PTSD

and control groups in males and females respectively. We show all these comparisonsin Figure 4.
[Insert Figure 4- Sex Based Differences across PT SD Subjectsand Controls|
[Insert Table 5 - Diagnoses X Sex I nteractions]

[Insert Table 6 - Main Effect of sex]

[Insert Table 7— PTSD Male versus PTSD Female€]
[Insert Table 8 -Male Controls versus Female Controls]
[Insert Table9 - Male PTSD versus Male Controls|

[Insert Table 10— CT - Female PT SD ver sus Female Controls]
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Nodes that showed a significant interaction of PTSD and MDD are listed in Table 11, while the main effect of

comorbid MDD is provided in Table 12. Table 13 compares PTSD with comorbid MDD to PTSD alone, and
Table 14 compares PTSD with comorbid MDD to controls.

[Insert Table 11 - PTSD Diagnosis X MDD Interaction]

[Insert Table 12 - Main effect of comorbid MDD]

[Insert Table 13 - PTSD and MDD vs PTSD]

[Insert Table14 - PTSD and MDD VS Controls]

3.2 SA SCN Results

3.2.1 Graph Centrality Based on Pearson’s Correlation Coefficients

Compared to control subjects, PTSD subjects showed higher centrality in the left superior temporal sulcus and
middle posterior part of the right cingulate gyrus and sulcus. Compared to PTSD subjects, controls showed
higher centrality in the left pericallosal sulcus (Figure 2 and Table 15).

[Insert Table 15 - SA Positive Correlations)

Supplemental Table 13 provides results comparing centrality measures between PTSD and control subjects
using negative correlation coefficients as connections.

3.2.2 Interactions

Brain regions with significantly different centrality between PTSD subjects and controls are listed in Figure 3
and Supplemental Tables 14 to 21 for age groups <10, 10-15, 15-20, 20-30, 30-40, 40-50, 50-60, and >60
respectively.

Nodes showing a significant interaction between diagnoses and sex are listed in Table 16. Table 17 shows main
effect of sex. Tables 18 and 19 show comparisons between males and females in PTSD and control groups
respectively. Tables 20 and 21 show comparisons between PTSD and control groups in males and females
respectively. We show all of these resultsin Figure 4 as well.
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[Insert Table 16 - Diagnoses X Sex Interactions]

[Insert Table 17 - Main effect of sex]

[Insert Table 18 — PTSD Malevs PTSD Female]
[Insert Table 19 — Male Controls vs Female Controls]
[Insert Table 20 —Male PTSD v Male Controlsg|
[Insert Table 21 — Female PT SD vs Female Controlg|

Nodes with significant centrality interactions of PTSD diagnoses and MDD diagnosis are listed in Table 22.
Table 23 shows the main effect of MDD (i.e. MDD with and without PTSD vs. no MDD with and without
PTSD). Tables 24 and 25 show how subjects with PTSD and comorbid MDD compare to those with only
PTSD aswell as how subjects with PTSD and comorbid MDD compare to controls.

[Insert Table 22 - PTSD Diagnosis X MDD Interactions]
[Insert Table 23 - Main effect of MDD]
[Insert Table 24 - PTSD and MDD vs PTSD]
[Insert Table 25 - PTSD and MDD vs controlg|
4. DISCUSSION

To the best of our knowledge, our study is larger than prior SCN studies of PTSD by an order of magnitude and
is the first cross-sectional study to examine SCN interactions between PTSD diagnosis and age (Figure 3),
diagnosis and sex (Figure 4), and diagnosis and MDD. Although CT and SA revealed contrasting results
(Figure 2), both measures pointed to frontal, temporal and occipital involvement, which falls in line with results
from previous structural neuroimaging studies in PTSD (Akiki et al., 2017; Fenster, Lebois, Ressler, & Suh,
2018). Supplementary Tables 22 and 23 display regions with overlapping results across age bins in the present
study, compared with results from previous studies.
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In our analyses, positive correlations with cortical thickness showed higher centrality in left inferior frontal

gyrus and left fusiform gyrus, both of which are areas that mediate fear conditioning (Fenster et al., 2018;
Morey et al., 2015). This analysis also showed centrality measure differences in anterior occipital sulcus and
posterior transverse collateral sulcus. There is sparse literature on how occipital brain regions are affected in
PTSD, mainly in the context of visual processing (Neumeister et al., 2017) and flashbacks(Whalley et al.,
2013). CT-based SCN showed PTSD to be associated with higher centrality of the right inferior temporal gyrus
and left superior temporal gyrus. These regions form a part of the default network (DMN) dorsomedial
subsystem (Andrews-Hanna, Smallwood, & Spreng, 2014). With SA, the left superior temporal sulcus (parts of
DMN dorsomedial subsystem (Andrews-Hanna et al., 2014)) and right cingulate gyrus and sulcus (part of
salience network) showed increased centrality.

Nodes with significantly higher centrality measures represent focal points of communication and could be
considered overall drivers of brain activity due to their structural and/or functional connectivity (Lerch et al.,
2006; Mechdlli, Friston, Frackowiak, & Price, 2005). Since our results show only positive correlations between
involved regions, discerning whether all the relevant regions are increasing or decreasing in CT/SA would need
further investigation (Zuo et al., 2012). For functional connectivity data, centrality measures offer insightsinto a
given node's relationship to the entire functional connectome unlike other approaches like seed-based
connectivity or independent component analysis(Zuo et al., 2012). Centrality derived from cortical measures
comports with white matter tracts(Gong et al., 2012) as well as with gene expression (Romero-Garcia et a.,

2018), but such converging evidence is not available for other graph theory measures like efficiency.

In a study that used SCN to investigate 300 children with normal development trajectories who were into four
age groups (Zielinski, Gennatas, Zhou, & Seeley, 2010), salience and executive control networks matured
earlier in females across all age groups, these networks were less distributed in the first two age groups
compared to the latter two(Zielinski et al., 2010). At baseline, females have more pronounced amygdala
activation and connectivity to prefrontal cortex compared to males (Helpman et al., 2017). Increased
connectivity in the salience network is seen in males with PTSD, with reversal of this pattern seen in females
with PTSD (Helpman et al., 2017). In our study, males with PTSD showed higher CT-based centrality than
females with PTSD in bilateral central sulci, left temporal 1obe, and right straight gyrus (part of vmPFC) as well
as higher SA-based centrality in left anterior cingulate and left superior occipital gyrus. Maes with PTSD
showed higher CT-based centrality than male controls mainly in bilateral frontal lobes. By contrast, female
subjects with PTSD showed higher centrality than female controls in bilateral frontal and temporal |obes,
including the bilateral insula. Areas like the vmPFC (Kuhn & Gallinat, 2013), anterior cingulate (Clausen et al.,
2020) and superior occipital gyrus (Crombie, Ross, Letkiewicz, Sartin-Tarm, & Cider, 2021) have been
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implicated in pathophysiology of PTSD. However, they have not shown sex differences in previous studies but

showed differences in our SCN analyses. This could be explained by the relatively sparse literature on sex
differences in PTSD. Thus, linking sex-specific structural findings of the vmPFC, anterior cingulate, and

superior occipital gyrusto PTSD represents a unique contribution of the present study to the literature.

To the best of our knowledge, there are no studies that have investigated brain changes in PTSD across the
lifespan. Available evidence in pediatric PTSD points to aberrant activity in hippocampus, amygdala and
vmPFC(Herringa, 2017). In our analyses with CT, we found children (<10 years) and adolescents (10-15 years)
to have centrality differences in frontal, temporal and parietal nodes. Starting with emerging adults (15-20
years and 20-30 years) and other age groups, we saw multiple nodes having centrality differences in all brain
lobes with heavy conglomeration in the occipital regions. This advocates for disrupted frontolimbic circuitry in
pediatric PTSD, consistent with previous studies (Herringa, 2017) and disproportionately heavy occipital
involvement in adult PTSD (Chao, Lenoci, & Neylan, 2012; Crombie et al., 2021).

Despite high comorbidity rate of 48% (Flory & Yehuda, 2015; Kessler, Sonnega, Bromet, Hughes, & Nelson,
1995), there has also been scant literature investigating impact of comorbid MDD on brain changes in PSTD.
Comorbid PTSD and MDD showed higher CT-based centrality in the right anterior cingulate gyrus, right
parahippocampal gyrus, left sulcus intermedius primus, and right anterior transverse tempora gyrus,
corresponding differences were not identified for SA-based centrality. However, the left insular gyrus was
found to have lower SA centrality in subjects with PTSD and comorbid MDD compared to subjects with only
PTSD. Our present results show left insula and right anterior cingulate regions having centrality differences
between comorbid PTSD and MDD versus PTSD alone. This result is consistent with a study that compared
network resting state connectivity between 27 subjects with PTSD and MDD and 23 subjects with only PTSD.
In this study, connectivity between the subgenual ACC and perigenual parts of the ACC wasincreased in PTSD
subjects with comorbid MDD compared to those without. Those with comorbid MDD group showed reduced
functional connectivity between insula and hippocampus compared to the those without (Kennis, Rademaker,
van Rooij, Kahn, & Geuze, 2013).

Strengths and Limitations

This study has several strengths including a large sample size and multiple cohorts representing diverse trauma
types, race, geography, demography, and chronicity by virtue of an extensive network of consortium
contributors. However, this strength also represents an inherent weakness in so far as each site had different

recruitment practices, different methods for clinical assessment even when using the same instruments was
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used, and differing inclusion/exclusion criteria. Another strength was our strategy for addressing scanner-

specific effects on cortical thickness and surface area with ComBat harmonization. ComBat applies empirical
Bayes to improve the estimation of site parameters and has been shown to effectively remove unwanted sources
of scanner and/or site variability (Fortin et a., 2018). We entered PTSD diagnosis, age, and sex as “biological
variables” during ComBat harmonization to preserve their associated variability while removing variability
associated with site and scanner. Among other limitations, firstly, we were not able to examine thickness in
subcortical brain regions. Second, the present method does not allow for examining the effects of individual
differences (e.g. PTSD symptom severity) on network characteristics; only a single network and associated
network features are available for a particular group (e.g. PTSD males). Inter-regional correlations in network
analyses resting-state functional magnetic resonance imaging, provide connectivity information for each
subject, whereas SCN inter-regional relationships are available only at the group-level (Sun, Peverill, et a.,
2018). Third, our study utilized a cross-sectional design, which limits inferences about the causal relationships
between childhood or adult trauma exposure, PTSD status and severity, and CT-based SCN characteristics.
Fourth, we did not include the effects of medication, due to inconsistent methods of collecting this information
at many sites.

Conclusions

We compared SCNs using CT and SA between PTSD subjects and controls, including interactions with age, sex
and comorbid MDD. Compared to previous studies with sample sizes (~300), we had a large sample, and our
study is the first to look at SCN interactions. We demonstrated altered centrality at areas forming parts of
dorsomedial DMN and salience networks. We found sex-based centrality differences in left anterior cingulate,
left superior occipital cortex and right vmPFC and this represents a unique contribution of our study. We also
found comorbid MDD based centrality differences in right anterior cingulate and left insular gyrus. Nodes with
significantly altered centrality measures could be translational targets for precision neuromodulation in PTSD,
based on sex, illness severity and comorbid MDD if present.

Data Availability Statement

Data available on request from the authors
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Figure Legends

Legend for Figurel

We harmonized CT and SA values with ComBat to minimize sources of variance related to study site and
scanner while preserving signal associated with the parameters of interest such as diagnostic grouping and other
clinical covariates of interest (Fortin et al., 2018). as detailed in supplementary section 2.2.4. Subsequently,
age, age’, sex, site and mean whole-brain CT or SA estimates were regressed from the CT and SA estimates
with alinear model (He et al., 2007) as explained in supplementary section 2.2.5. We performed SCN analyses
by representing brain regions as nodes and CT/SA corrélation coefficients as edges (He & Evans, 2010;
Rubinov & Sporns, 2010a; Sun, Haswell, et al., 2018). Positive and negative coefficients were used to generate
separate networks. Wiring cost was used to generate binary graphs for each group and is defined as the number
of edges present divided by maximum possible number of edges (Bassett et al., 2008; Teicher et al., 2014).
Previous publications considered only positive correlations between regions in centrality analyses as
substantiated by evidence that they are largely mediated by direct fiber pathways (Gong et al., 2012). We
focused on positive correlations in this report but results of negative correlations are available in the
Supplementary Material. We assessed the reliability (99% confidence interval) of between-group comparisons
using jackknife resampling. Permutation testing generated the probability of significant between-group
differences in centrality measures based on the between-group difference of nodal centrality based on a
distribution 10,000 random assignments of group. We tested interactions with permutation testing with some
modifications of the procedure.

L egend for Figure2

Figure 2 shows centrality differences between PTSD subjects and controls using networks, created only with
positive correlations as edges. A highlight these differences with cortical thickness (CT) and B highlights these
differences with surface area (SA). For CT, areas corresponding to numbered regions are as follows: - 1- left
inferior frontal sulcus, 2- left precentral gyrus, 3- anterior aspect of superior temporal gyrus, 4- left fusiform
gyrus, 5- right paracentral gyrus and sulcus, 6— right inferior temporal gyrus, 7- right posterior transverse

collateral sulcus, 8- right anterior occipital sulcus. For SA, areas corresponding to numbered regions are as
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follows. - 1- left pericallosal sulcus, 2- left superior temporal sulcus, 3- right middle posterior part of the

cingulate gyrus and sulcus.

Regions colored in red showed higher centrality in PTSD subjects compared to controls. Regions colored in

blue showed higher centrality in controls compared to PTSD subjects.

Legend for Figure3

Figure 3 shows a SCN comparison between PTSD subjects and healthy controls across different age groups. A
is for cortical thickness (CT) and B is for surface area (SA) measures. Various age groups that are compared
include <10 years, 10-15 years, 15-20 years, 20-30 years, 30-40 years, 40-50 years, 50-60 years and > 60 years.
Each age group has a different color code as shown in the box below the figure. Views shown at either ends of
A and B in the top (first) row depict medial views. Views shown at either ends of A and B in the middle

(second) row depict lateral views.

Legend for Figure4

Figure 4 shows diagnoses sex interaction comparisons between PTSD subjects and healthy controls. A is for
cortical thickness and B is for surface area measures. Comparisons highlighted in the figure include the main
effect of sex, male versus female subjects with PTSD, male versus female healthy controls, PTSD subjects
versus healthy controls among males, PTSD subjects versus healthy controls amongst females and then the
interaction effect. For the interaction effect, G1 stands for (male and PTSD or female and no PTSD) and G2

stands for (female & PTSD OR male & no PTSD).
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Figure 1 — SCN Analyses Pipeline
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Figure 2 — SCN Differences between PTSD and Controls
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Figure 3- SCN Across Age Groups in PTSD Subjects and Controls
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Figure 4 — Sex Based SCN Differences Across PTSD Subjects and Controls


https://doi.org/10.1101/2021.03.13.432212
http://creativecommons.org/licenses/by-nc-nd/4.0/

