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ABSTRACT 
 
While there are studies that have investigated resting state functional connectivity 
(RSFC) of the default mode and salience network in PTSD, study samples were small and 
findings not always consistent. Furthermore, not much research in PTSD has focused on 
other brain networks. Therefore, a large PTSD study investigating within and between 
network resting state functional connectivity is needed to better understand the role of 
these networks in the disorder, which may eventually contribute to the development 
new interventions or treatments for PTSD. Here we propose to investigate resting state 
functional connectivity in a large sample of PTSD patients (~1500) and controls (~1500) 
recruited through ENIGMA-PGC PTSD. A standardized seed-based and dual regression 
approach will be used, which allows future cross-disorder analyses 
  



BACKGROUND 
 
Posttraumatic stress disorder (PTSD) is a debilitating psychiatric disorder that one can 
develop after experiencing a traumatic event. In the last two decades, research has 
started to identify brain regions that are implicated in this disorder. Studies have 
revealed structural abnormalities, such as a smaller hippocampus (Logue et al, 2018), as 
well as altered brain activation during task-based fMRI. As it has become clear that brain 
structures operate in networks, neuroimaging studies have started to investigate brain 
functional connectivity, mainly during resting state. Most neuroimaging studies in 
psychiatric disorders have focused on one of three functional networks, the default 
mode network (DMN), the salience network (SN) and the executive control network 
(ECN), as it is suggested that abnormal organization, functioning, and interaction of 
these networks characterize many psychiatric and neurological disorders (Menon, 2011). 
 Resting state functional connectivity (RSFC) studies in PTSD have shown reduced 
functional coupling between different nodes of the DMN, i.e., between 
precuneus/posterior cingulate cortex (PCC) and the medial prefrontal cortex (mPFC), 
middle temporal gyrus (Bluhm et al, 2009) and posterior hippocampus (Chen and Etkin, 
2013), and between the vmPFC and hippocampus (Sripada et al, 2012b). Several studies 
have also demonstrated increased functional connectivity between nodes of the SN, 
mainly the amygdala and insula (Rabinak et al, 2011; Sripada et al, 2012a; Sripada et al, 
2012b). Results for amygdala-dorsal anterior cingulate (dACC) connectivity studies were 
mixed, with one study showing no difference with controls (Rabinak et al, 2011), 
whereas other studies showed increased (Brown et al, 2014) or decreased (Sripada et al, 
2012a) dACC-amygdala connectivity in PTSD. It was suggested that psychiatric disorders 
are not (only) associated with alterations within these networks, but often characterized 
by abnormal interaction between networks. Resting state studies in PTSD demonstrated 
increased coupling between the salience and default mode networks (Jin et al, 2013; 
Sripada et al, 2012b). Altered functional connectivity is thought to result in an imbalance 
between salience detection and internally focused thought in PTSD patients: more intra-
network connectivity and increased activation of the nodes of the SN and reduced 
connectivity and activation of nodes of the DMN (and CEN). Increased processing of 
stimuli that are considered salient by the individual (SN), while self-referential 
processing (DMN) is decreased, is thought to result in attentional bias to and increased 
processing of external threat stimuli. Furthermore, one study investigated connectivity 
between networks related to treatment outcome, and showed that increased 
connectivity between nodes of the CEN and DMN, i.e., the DLFPC and PCC, was related 
to a better treatment response to mindfulness-based exposure therapy (King et al, 
2016).  
 While there are several studies that have investigated resting state functional 
connectivity (RSFC) of the DMN and SN in PTSD, study samples were small and findings 
not always consistent. Furthermore, not much research in PTSD has focused on the 
nodes of the ECN or the connectivity between the ECN nodes, and studies investigating 
functional connectivity of other networks, such as the auditory, visual, sensory motor, 
fronto-parietal or attention networks are lacking. Therefore, a large PTSD study 



investigating RSFC is needed to better understand the role of these networks in the 
disorder, which may eventually contribute to the development new interventions or 
treatments for PTSD. 
 
OBJECTIVE 
 
Investigate RSFC in a large sample of PTSD patients and controls using a standardized 
seed-based and dual regression approach. Within-network RSFC of 8 networks will be 
compared between PTSD patients and controls using FDR-correction for multiple 
comparisons. We expect real findings to survive this strict correction as the study is well 
powered. Exploratory analyses comparing connectivity between whole networks will be 
performed. We will use standardized RSFC analyses (Adhikari et al, 2018), which will 
allow future cross-disorder analyses  within the ENIGMA consortium. 
 
RESEARCH PLAN 
 
Participants: Resting state scans from ~1500 PTSD patients and ~1500 controls will be 
collected through the ENIGMA-PGC PTSD consortium. Written informed consent should 
be available for all participants, and only participants with no contraindication for MRI 
scans are included in the studies. PTSD is assessed with the clinician administered PTSD 
scale (CAPS), the PTSD symptom scale (PSS) or equivalent. Controls with past or current 
Axis I disorders will be excluded from the analyses. PTSD patients with a comorbid 
psychotic disorders or current substance disorder will be excluded from the analyses.  
 
Resting state fMRI  
 
Preprocessing 
Resting state data from the different 
cohorts will be analyzed centrally using the 
ENIGMA resting-state pipeline (Figure 1; 
(Adhikari et al, 2018)). First, Marchenko-
Pastur distribution-based principal 
components analysis (MP-PCA) will be 
applied for denoising (Veraart et al, 2016). 
This will improve signal-to noise ratio (SNR) 
and temporal SNR (tSNR) properties of the 
time series data without loss of spatial 
resolution of the image and the 
introduction of additional partial volume 
effects. Then spatial distortions associated 
with long-TE gradient echo imaging will be 
corrected using the gradient- echo 
‘fieldmap’ or the reversed-gradient 
approach. Subsequently, the time of 

Figure 1 Flowchart 
of ENIGMA rsfMRI 
analysis pipeline, 
previously used in 
(Adhikari et al, 2018)  
	



acquisition of each slice will be corrected. Furthermore, each functional volume will be 
registered to the volume with the minimum outlier fraction to correct for head motion, 
where each transformation is concatenated with the transformation to standard space 
to avoid unnecessary interpolation. Images will be spatially normalized to the ENIGMA 
EPI template in Montreal Neurological Institute (MNI) standard space for group analysis, 
and then smoothed with a 4-mm kernel. The effects of nuisance variables such as the 
linear trend, 6 motion parameters (3 rotational and 3 translational directions), their 6 
temporal derivatives (rate of change in rotational and translational motion) and time 
courses from the local white matter and cerebrospinal fluid (CSF) from lateral ventricles 
will be regressed out. Finally, the time points with excessive motion (> 0.2 mm) 
estimated as the magnitude of displacement from one time point to the next, including 
neighboring time points and outlier voxels fraction (>0.1), will be censored from 
statistical analysis. Outlier images will be created based on the time points with 
excessive motion, and entered into the individual-level general linear model to remove 
the influence of these time points on estimates of functional connectivity while 
maintaining the temporal structure of the data. For more details (Adhikari et al, 2018). 

  

First level analyses  

First level analyses will also be performed using the ENIGMA resting state pipeline 
(Adhikari et al, 2018). Following Adhikari et al., (2018), resting state network template 
ROIs will be based on the BrainMap activation database and resting fMRI dataset (Figure 
2). In prior resting state studies different templates and ROIs have been used and 
sometimes other regions have been included in certain networks, but we will use the 
same template for consistency across ENIGMA studies. Mean time series will be 
extracted from the seed regions of each network and correlated with time series of the 
other regions. To get a normal distribution, fisher's r-to-z transformations will be applied. 
Seed-based functional connectivity values will be calculated between seed regions 
within each network and between networks. Second, dual regression analyses will be 
performed for the different network template ROIs and functional connectivity 
measures will be calculated. For each subject, average single time series will be 
computed from the preprocessed data, and averaged across all participants to calculate 
an average time series representing the group average time trend. Before calculating 
the functional connectivity values for each subject, this group average time trend will be 
regressed out from the data to measure how individual subjects differ within the group. 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The resting state network template ROI are the same as in Adhikari et al., 2018. The 
brain regions in the different networks are: a) a1, left primary auditory cortex, a2, right 
primary auditory cortex b) r1, posterior cingulate cortex, r2, angular gyrus 3, medial 
prefrontal cortex c) f1, left lateral prefrontal cortex, f2, right lateral prefrontal cortex, p1, 
left posterior parietal cortex, p2, right posterior parietal cortex d) m1, left postcentral 
gyrus, m2, supplementary motor area, m3, right postcentral gyrus e) v1, v2, v3, visual 
areas f) r1, anterior cingulate cortex, r2, dorsolateral prefrontal cortex g) r1, dorsal 
anterior cingulate cortex, r2, left insula, r3, right insula h) f1, left middle/inferior frontal 
gyrus, f2, right middle/inferior frontal gyrus, p1, left inferior parietal lobe, p2, right 
inferior parietal lobe 

 

 

Figure 2 Resting state network template ROIs.  

Commented [Sv1]: not	sure	if	all	are	correct.	
Especially:	sensorimotor	and	visual	networks	



Network Regions PTSD vs. Controls p-value 

a. AN a1-a2   

a2-a1   

b. DMN r1-r2   

r2-r3   

r3-r1   

r2-r1   

r3-r2   

r1-r3   

c. FPN f1-p1   

p1-f1   

f2-p2   

p2-f2   

d. SMN m1-m2   

m2-m3   

m3-m1   

m2-m1   

m3-m2   

m1-m3   

e. VN v1-v2   

v2-v3   

v3-v1   

v2-v1   

v3-v2   

v1-v3   

f. ECN r1-r2   

r2-r1   

g. SN r1-r2   

r2-r3   

r3-r1   

r2-r1   

r3-r2   

r1-r3   



Second level analyses  

For the group analyses, functional connectivity measures within networks will be 
compared between the PTSD and control groups. Age, sex, depression (yes/no), 
comorbid anxiety disorder (yes/no), and scanner site will be used as covariates of no 
interest. For group-level effects to be considered significant a height-threshold of 
p<0.001 and a cluster-level false discovery rate (FDR) correction of p<0.05 will be used.  

Exploratory between network analyses will be performed assessing the interaction 
between networks and groups (PTSD/controls) using a whole network approach instead 
of seed-based analyses. 

 

Table 1 Overview of within network comparisons 

 
  

h. AttN f1-p1   

p1-f1   

f2-p2   

p2-f2   
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