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INTRODUCTION

NETWORK TOPOLOGY

The Methodological Question

CONNECTIVITY STRENGTH

Can fMRI-derived restricted-network biomarkers serve as robust marker of PTSD
symptomatology? Can these network-analyses identify abnormalities that can
potentially be targeted using circuit-based therapeutics?

EDGE-WISE ANALYSIS
OVERALL CLUSTERING

GLOBAL EFFICIENCY

r = -0.329
p = 0.0075

r = -0.299
p = 0.0157

r = 0.334
p = 0.0065

Background

Circuit-based abnormalities have long been proposed in posttraumatic stress disorder
(PTSD), and the need for circuit-based treatment is increasingly recognized in the field.
Yet, the majority of the PTSD neuroimaging literature to date consists of region based
evidence. Disruption in the default mode network (DMN) has been implicated in
numerous neuropsychiatric disorders, including PTSD. Furthermore, unlike other
intrinsic connectivity networks, the DMN is active at rest during internally-focused
tasks, and suppressed during goal-directed tasks. This makes the DMN a prime target
for biomarker development, since the resting-state functional paradigm is convenient
to recreate, and consistent, across studies. Despite its apparent importance, the DMN
has not been fully investigated in PTSD, where previous studies are either limited to a
small number of seeds or are not circuit-specific. Recent advances in neuroimaging and
graph theory now permit the systematic exploration of intrinsic brain networks.

METHODS

Sub-network within the DMN negatively associated with PTSD severity. Connections
represent edges that were significant after correction for multiple comparisons using
DMN connectivity strength and network efficiency (integration) are decreased with increasing PTSD network based statistics (NBS). Overall, the results indicate a pattern of prefrontal
symptom severity, while overall clustering (segregation) is increased.
dysconnectivity.

MODULARITY
SPATIAL RESOLUTION VS.
PARTITION STABILITY

ANATOMICAL CONNECTIVITY
CONNECTIVITY MATRIX SORTED
ACCORDING TO COMMUNITY

• We used high-resolution functional and diffusion MRI and graph theory to
examine the relationship between PTSD symptomatology and DMN connectivity,
in a group of combat-exposed US Veterans
• The Clinician Administered PTSD Scale (CAPS) was used to assess PTSD severity
and diagnosis.
• 64 regions of interest (ROI) from a functionally-derived cortical and subcortical
atlas (Power et al., 2011) were found to belong to a validated DMN map (Yeo et
al, 2011) and were adopted to construct a 64-node DMN-specific network.

SAMPLE CHARACTERISTICS

ROBUSTNESS OF BIOMARKERS

IDENTIFICATION OF DMN NODES
CONSENSUS SUB-PARTITIONING OF THE DMN AT THE OPTIMAL SPATIAL RESOLUTION

Mean ± SEM
N
65
Age
34.8 ± 1.2
Sex (% female) 11%
CAPS
43.4 ± 3.7
CES
17.8 ± 1.3
BDI
19.1 ± 1.5
BAI
13.1 ± 1.3
DSM-IV Axis I 69%
PTSD
54%
MDD
20%
SUD
20%
Anxiety
7%
Medication
37%
Mild TBI
63%

Optimal partitioning of the DMN
yielded 4 distinct communities
A predominantly posterior community
(yellow; PCC, precuneus, and left
angular gyrus), a frontal community
(green; vmPFC and dmPFC), and 2
mediotemporal (MT) communities:
MT-parahippocampal (red; middle
temporal
and
parahippocampal
cortex), and an MT-inferior frontal
(MT-IF) community (blue).

COMMUNITIES ARE SELECTIVELY AFFECTED IN PTSD
NETWORK METRICS

Strength

Connectivity in the posterior DMN sub-community (yellow) is selectively spared [corrected p = 0.019; FDR
adjusted for 4 comparisons], despite overall weakening in the remaining communities [ corrected p > 0.6]
with increased PTSD symptom severity.
Efficiency (integration)

Clustering (segregation)

Using diffusion MRI data from the same subjects, anatomical connectivity strength was
not found to be significantly associated with PTSD severity. Edges identified in the
functional NBS analyses were also not found to be associated with PTSD symptom
severity. These findings suggest that the abnormalities may be confined at the functional
level, rather than being due to underlying white matter dysconnectivity (e.g., conditions
such as traumatic brain injury).

We repeated the analyses using a
different parcellation (MMP), edge
definition (signed, thresholded), and in all
cases obtained highly similar results (p <
0.0001). The effect of putative confounds
was also assessed and found not to be
statistically significant.

Covariate
Age & Sex
CES
BDI
BAI
Medication
Mild TBI
SUD
Handedness

S
-0.334
-0.331
-0.235
-0.299
-0.300
-0.333
-0.271
-0.318

E
-0.299
-0.261
-0.217
-0.274
-0.232
-0.269
-0.229
-0.283

C
0.338
0.346
0.171
0.223
0.283
0.312
0.275
0.319

SUMMARY

• DMN overall functional connectivity strength is negatively correlated with symptom
severity. Efficiency and clustering are also disrupted, indicating a loss of optimal
information transfer across the network.
• On the meso-scale level, the abnormalities are predominantly localized to the frontal
DMN, while the posterior DMN is spared.
• The described DMN abnormalities are not mediated by structural dysconnectivity.
• The robustness of these DMN measures was demonstrated using various analyses,
suggesting their potential utility as biomarkers and in the development of circuitbased therapeutics.
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