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Abstract

Elevated rumination, characterized by repetitive, negative self-focused cognition, is common in 

posttraumatic stress disorder (PTSD) and has been shown to predict the onset and maintenance of 

the disorder. Neuroimaging research has implicated cortical midline brain structures, including the 

rostral anterior cingulate cortex (rACC), posterior cingulate cortex (PCC), and isthmus cingulate 

(IsthCing), in rumination in healthy and depressed populations. While past research has revealed 

dysfunction in cortical midline regions in PTSD, no studies have yet investigated the structural and 

functional neural mechanisms underlying rumination in women with PTSD. In the current study, 

we used structural MRI and resting-state fMRI to examine relationships between rumination and 

brain volume, as well as resting-state functional connectivity (rsFC) of cortical midline structures 

in women with PTSD due to interpersonal trauma (N = 71). We performed multiple linear 

regression analyses to relate brain volume in rACC, PCC, and IsthCing regions to self-reported 

rumination, after controlling for age and total intracranial volume. We also conducted standard 

seed-based voxelwise rsFC analyses for significant regions identified in the structural analysis. We 

found a significant relationship between greater rumination and volume in the left IsthCing (p 
= .025). Results from the rsFC analyses revealed a significant relationship between greater 

rumination and diminished rsFC between the left IsthCing and left precuneus (pFWE < .05). These 

findings provide novel support for alterations in the neural substrates of ruminative thought in 

women with PTSD. More broadly, we discuss clinical implications for targeted interventions to 

reduce rumination through psychotherapy or non-invasive brain stimulation.
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Introduction

Rumination is characterized by recurring negative thoughts about oneself that are focused on 

past events or negative emotions (Brinker and Dozois, 2009; Nolen-Hoeksema et al., 2008; 

Papageorgiou and Wells, 2003). The tendency to ruminate is increasingly recognized as a 

transdiagnostic vulnerability factor in the development of numerous psychiatric disorders, 

including depression and posttraumatic stress disorder (PTSD; Aldao et al., 2010; Arditte 

Hall et al., 2019; Birrer and Michael, 2011; Ehlers et al., 1998; McLaughlin and Nolen-

Hoeksema, 2011; Michael et al., 2007). Several studies have demonstrated positive 

correlations between rumination and PTSD symptoms in trauma-exposed populations 

(Arditte Hall et al., 2019; Seligowski et al., 2015; Steil and Ehlers, 2000; Szabo et al., 2017). 

Longitudinal research further suggests that persistent rumination about the trauma predicts 

PTSD symptom severity and subsequent onset of PTSD (Clohessy and Ehlers, 1999; Ehlers 

et al., 1998; Michael et al., 2007; Murray et al., 2002). Cognitive theories of PTSD have also 

emphasized the influence of rumination and negative self-appraisal in maintaining the 

disorder (Dunmore et al., 1999; Ehlers and Clark, 2000; Foa et al., 1999). Together, this 

clinical and behavioral research has provided strong support for the role of elevated 

rumination in the development and maintenance of PTSD. However, the neural mechanisms 

underlying ruminative thought in PTSD remain unclear.

Several functional and structural neuroimaging studies have characterized the neural systems 

underlying self-reference and rumination in healthy participants and in depression. Cortical 

midline brain structures, including the rostral anterior cingulate cortex (rACC), posterior 

cingulate cortex (PCC), and retrosplenial cortex/isthmus cingulate (IsthCing), have been 

frequently implicated in self-related cognition (Andrews-Hanna et al., 2010; Qin and 

Northoff, 2011; Whitfield-Gabrieli et al., 2011) and rumination (Berman et al., 2011; 

Burkhouse et al., 2017; Cooney et al., 2010; Makovac et al., 2020; Nejad et al., 2013; Zhou 

et al., 2020). For instance, greater activity in the rACC, PCC, and IsthCing during positive 

and negative self-reference has been found across a variety of self-related cognition 

paradigms in healthy participants (Qin and Northoff, 2011). In addition, neuroimaging 

research has shown that ruminative thought is associated with greater activity and 

connectivity of the rACC and PCC across both healthy and depressed populations (Berman 

et al., 2011; Burkhouse et al., 2017; Cooney et al., 2010; Makovac et al., 2020; Nejad et al., 

2013; Satyshur et al., 2018; Zhou et al., 2020). While fewer studies have been conducted, 

existing structural brain imaging research has also revealed correlations between rumination 

and ACC gray matter volume in healthy individuals (Kühn et al., 2012; Sin et al., 2018).

Previous neuroscientific research in PTSD has provided support for dysfunction in cortical 

midline regions during social cognition and at rest. For example, task-based neuroimaging 

studies in individuals with PTSD have reported altered activity within the medial prefrontal 
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cortex and rACC while engaging in self-reference (Bluhm et al., 2012), receiving praise or 

criticism (Frewen et al., 2010), and thinking about others (Frewen et al., 2017). Resting-state 

fMRI research has revealed decreased functional connectivity of rACC, PCC/precuneus, and 

IsthCing regions in PTSD as compared with control participants (Bluhm et al., 2009; Miller 

et al., 2017; Shang et al., 2014; Sripada et al., 2012; Wang et al., 2016). Yet, to our 

knowledge, only one study has directly investigated the neural correlates of rumination in 

PTSD (Buchholz et al., 2016). Buchholz and colleagues (2016) found that trait rumination 

was correlated with greater activity in the orbitofrontal cortex during an emotional 

interference task in women with PTSD. Together, neuroimaging research to date suggests 

that rumination in individuals with PTSD may be associated with alterations in cortical 

midline structures. Yet, no studies have examined the neural substrates of rumination in 

women with PTSD using both structural and resting-state brain imaging.

We sought to address these gaps in the literature in the current study by using structural MRI 

and resting-state fMRI to examine relationships between rumination and brain volume, as 

well as resting-state functional connectivity (rsFC) of cortical midline structures in women 

with PTSD due to interpersonal trauma (N = 71). For the behavioral analysis, we 

hypothesized that rumination would be positively correlated with total PTSD symptom 

severity and PTSD symptom clusters. For the neuroimaging analyses, we hypothesized that 

rumination would be correlated with volume and rsFC of cortical midline brain regions in 

women with PTSD.

Materials and Methods

Participants and Procedure

Participants were women (N = 71) between the ages of 18 and 56, whose target trauma had 

been an interpersonal traumatic event (physical or sexual assault, molestation, or intimate 

partner violence) experienced in childhood or adulthood and who had a primary diagnosis of 

PTSD based on the Diagnostic and Statistical Manual of Mental Disorders (4th ed. text rev.; 

DSM-IV-TR; APA, 2000). Other comorbid conditions were permitted for this study as long 

as the primary diagnosis was PTSD. For all participants, their most recent traumatic event 

had occurred at least 1 month before the time of initial assessment. See Table 1 for 

participant characteristics.

All participants were recruited through a multi-disciplinary center at a large Midwestern 

university that primarily treats adult women who have experienced interpersonal trauma. All 

participants gave informed consent according to a protocol reviewed and approved by the 

institutional review board at the university. At the time of study recruitment and 

participation, all women met the following inclusion criteria: no current use of psychotropic 

prescription or nonprescription medications; no previous trauma-focused therapy; no current 

drug/alcohol dependence or alcohol/substance use disorder; no Axis II disorders; no history 

of any psychotic disorder or bipolar disorder; no history of head trauma, no active suicidal or 

homicidal ideation, no MRI contraindications (e.g., metallic implants, implanted medical 

devices). Participants were also excluded from the sample if they were involved in a 

currently abusive relationship or were being stalked.
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Clinical and Behavioral Assessments

PTSD Symptoms.—Symptoms of PTSD were assessed using the Clinician-Administered 

PTSD Scale (CAPS; Blake et al., 1995), which is a semi-structured 30-item clinically 

administered interview that measures the validity, severity, and improvement of DSM-IV-TR 

PTSD symptoms over a time period of interest (e.g., past month). The CAPS also consists of 

separate ratings for each PTSD symptom based on both frequency and intensity of 

symptoms based on the DSM-IV-TR (APA, 2000). The CAPS has demonstrated high 

internal consistency (Cronbach’s αs=.92–.99) and is an accepted valid measure of PTSD 

symptoms and diagnosis (Blake et al., 1995). The internal consistency of the CAPS in this 

sample was high (Cronbach’s α=.95). We computed the severity of PTSD symptoms over 

the past month for all PTSD symptoms (total PTSD severity) and for the following symptom 

clusters: re-experiencing, avoidance/numbing, and hyperarousal.

Time Since First Trauma.—Time since first trauma (in years) was calculated for each 

participant by subtracting the age of the participant’s first traumatic event from their current 

age. We did not report this variable for participants without exact age of first trauma 

information (n = 6).

Depression Symptoms.—Depression severity was assessed using the Beck Depression 

Inventory-II (BDI-II; Beck, Steer, & Brown, 1996). The BDI-II is 21-item self-report 

inventory used to measure depression-related symptom severity during the past two weeks. 

The BDI-II has good psychometric properties with a Cronbach’s α=.91 and test-retest 

reliability of .93 (Beck, Steer, Ball, & Ranieri, 1996; Beck, Steer, & Brown, 1996). The 

internal consistency of the BDI-II in the current sample was high (Cronbach’s α=.90).

Rumination.—Trait levels of rumination were measured using the Ruminative Thought 

Style Questionnaire (RTS; Brinker and Dozois, 2009), a 20-item questionnaire which 

assesses the tendency toward global rumination or repetitive, intrusive, and uncontrollable 

thoughts, accounting for temporal focus (e.g. past-oriented thoughts) and affective valence 

(e.g. negative thoughts). Example items include: “I find that some thoughts come to mind 

over and over throughout the day” or “I have never been able to distract myself from 

unwanted thoughts.” The RTS has high internal consistency (Cronbach’s αs=.87-.94) and 

good test-retest reliability (Brinker and Dozois, 2009; Tanner et al., 2013). In the present 

study, internal consistency for RTS was high (Cronbach’s α=.94). Total RTS scores were 

used for all analyses.

Structural and Functional MRI Data Acquisition

All structural and functional MRI data were acquired using a Siemens 3T TrioTrim MRI 

scanner (Siemens, Erlangen, Germany). High-resolution T1-weighted structural images and 

two resting-state fMRI scans were acquired. See Supplementary Methods for acquisition 

parameters. During the resting-state scans (~8min), the participants were asked to keep their 

eyes open and fixate on a cross. In the current study, we analyzed the first resting-state scan.
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Processing of Structural Data and Regions of Interest for Volumetric Analysis

The averaged T1-weighted images were processed using FreeSurfer, version 5.1 

(www.nmr.mgh.harvard.edu/freesurfer), as previously described (Fischl and Dale, 2000). 

Briefly, the automated procedure includes skull-stripping, registration, intensity 

normalization, Talairach transformation, tissue segmentation, and surface tessellation. The 

default analysis pipeline in FreeSurfer provides an automatic parcellation of the cortical 

surface in anatomical regions using surface-based anatomical atlases. We used the 

volumetric values for brain regions of interest (ROIs) described below, which were derived 

from cortical thickness and surface area measurements.

Based on our hypothesized interest in brain areas consistently implicated in self-focused 

thought and rumination (Bluhm et al., 2012; Cooney et al., 2010; Murray et al., 2015; Qin 

and Northoff, 2011), we selected the following ROIs for both right and left hemispheres: 

rACC, PCC, and IsthCing from the Desikan-Killany atlas (Desikan et al., 2006). Using these 

3 ROIs (6 including both hemispheres), we examined the relationship between volume in 

these regions and rumination in women with PTSD.

Processing of Functional Data for Resting-State Analysis

Preprocessing.—The resting-state functional data were processed using AFNI, FSL, and 

ANTs (Cox, 1996; FMRIB Software Library; http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/; http://

stnava.github.io/ANTs/). Data were preprocessed using the following initial steps: images 

deobliqued (3dWarp), first three volumes removed (3dcalc), motion corrected by rigid body 

alignment to the first EPI acquisition (3dvolreg), despiked the 3D+time series to remove 

time series outliers (3dDespike), temporally filtered (band-pass: 0.009 Hz < f < 0.08 Hz; 

3dTproject) and spatially smoothed with a 3D 4-mm full-width half-maximum (FWHM) 

Gaussian kernel (3dmerge). Next, the skull-stripped anatomical scan was rigidly 

coregistered with the T1, then with the EPI, and diffeomorphically aligned to Montreal 

Neurological Institute (MNI)-152 template space using a symmetric normalization algorithm 

in ANTs (Avants and Gee, 2004). Normalized T1 anatomical images were also segmented 

into gray matter, white matter, and CSF using FAST in FSL (Zhang et al., 2001). White 

matter and CSF segments were used as masks to extract a representative time series from 

each tissue type.

In the final preprocessing steps we conducted a GLM (3dDeconvolve) to account for motion 

and other typical nuisance variables (Ciric et al., 2017): six motion parameters (three 

translations, three rotations) obtained from the rigid body alignment of EPI volumes and 

their six derivatives, the white matter time series and its derivative, and the ventricular (CSF) 

time series and its derivative. To further control for individual motion within the GLM, 

volumes were censored for excessive motion. These final preprocessed resting-state files 

were used in the functional connectivity analysis detailed below.

Motion Analysis.—Excessive motion was assessed using the following criteria: maximum 

framewise motion displacement > 4 mm, and/or total scan time < 3 min after censoring all 

time points with framewise motion displacement > .2 mm and extreme timeseries 

displacement. Ten participants in the present study were excluded based on these criteria. 
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We selected these motion thresholds based on recommendations from previous research 

(Power et al., 2012; Yan et al., 2013). Average root-mean-squared (RMS) displacement was 

used as a summary measure of individual participant motion (Ciric et al., 2017). Average 

RMS was not correlated with rumination (r = −.05, p = .69), thus it was not included as a 

covariate in the rsFC analyses.

rsFC Analysis.—We performed seed-based voxelwise rsFC analyses (Biswal et al., 1995) 

using only ROIs demonstrating a significant relationship in the volumetric analysis. To 

create the seed ROIs for the rsFC analysis, the transformation matrix from the registration 

procedure was used to align the seed ROIs masks provided in FreeSurfer to MNI-152 

template space. For each participant, the mean resting-state BOLD time series from each 

seed ROI was included in a GLM (3dDeconvolve) to compute the correlation between each 

seed ROI’s time series and all other voxels in the brain. To create the correlation maps for 

each seed ROI, we performed the following steps (as in Philippi et al., 2015): used GLM 

output to convert R2 values to correlation coefficients (r) and used Fisher’s r-to-z transform 

to convert r to z-scores. Resulting z-score maps were then entered into the second-level 

statistical analyses.

Statistical Analysis

Behavioral Data Analysis.—Linear regression analyses were performed to examine the 

relationship between PTSD symptom severity and rumination (version 25; SPSS/IBM, 

Chicago, IL). Four separate regression analyses were conducted for each of the PTSD 

symptom severity scores for the past month as the predictor/independent variable (total 

PTSD severity, re-experiencing, avoidance/numbing, and hyperarousal) and rumination as 

the dependent variable.

Volumetric Analysis.—To investigate the association between self-related brain regions 

and rumination in PTSD, we conducted six separate linear regression analyses with each 

ROI volume (right/left rACC, right/left PCC, right/left IsthCing) as the predictor/

independent variable and rumination as the dependent variable (version 25; SPSS/IBM, 

Chicago, IL). Age and total intracranial volume were also included as covariates in all 

volumetric regression models. Age was included to account for associations between age 

and gray matter volume (Giorgio et al., 2010; Walhovd et al., 2005); intracranial volume was 

included to control for differences in overall brain size across participants (Good et al., 

2001; Murphy et al., 1992).

Resting-State Analysis.—For ROIs that were significant in the volumetric analysis, we 

performed multivariate regression analyses (3dttest++ in AFNI) to further determine 

whether rumination was also related to rsFC of self-related brain regions. This rsFC analysis 

was conducted in 61 of the participants, after excluding those with excessive motion (n = 

10). To correct for multiple comparisons, we implemented a family-wise error (FWE) 

correction approach at the cluster level using a whole-brain mask (3dClustSim in AFNI 

version updated August 2018; Carp, 2012; Forman et al., 1995) and applied cluster-extent 

thresholding. To address the non-Gaussian nature of fMRI data (Eklund et al., 2016), the 

autocorrelation function (−acf) was used to calculate the FWHM for each subject 
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(3dFWHMx in AFNI). Our results were FWE cluster-corrected at the whole brain level, with 

a predefined voxelwise threshold of p < 0.001 (uncorrected) with a cluster-corrected voxel 

size of ≥ 40 voxels significant at pFWE < .05. Regression results were overlaid on the 

normalized mean anatomical image.

Results

Behavioral Data Analysis

Regression analyses (Table 2) revealed a significant relationship between rumination and 

total PTSD symptom severity in individuals with PTSD (t(67) = 4.59, p < .001, f2 = .22). 

Additionally, rumination was significantly associated with all PTSD symptom clusters: re-

experiencing (t(67) = 2.99, p < .01, f2 = .13), avoidance/numbing (t(67) = 2.74, p < 0.01, f2 

= .11), and hyperarousal (t(67) = 3.27, p < .01, f2 = .16). When controlling for depression 

symptoms, results for total PTSD severity (t(64) = 2.32, p = .024, f2 = .47) and re-

experiencing (t(64) = 2.60, p = .011, f2 = .18) remained significant (Table S1). In addition, 

findings for total PTSD severity and PTSD symptom clusters remained significant when 

including time since first trauma as a covariate in the analyses (Table S2).

Volumetric Analysis

We found relationships between rumination and greater volume of self-related brain regions 

(Tables S3-S5). Rumination was significantly associated with increased left IsthCing volume 

(t(66) = 2.29, p = .025, f2 = .54; Figure 1). There were no significant relationships between 

ruminative thought and volume of ACC, PCC, or right IsthCing (ps = .061-.876, 

Supplementary Methods). After controlling for depression symptoms, the significant 

relationship for left IsthCing volume was trend-level (t(62) = 1.94, p = .057). Further, the left 

IsthCing finding did not survive Bonferroni correction (p < .008).

Resting-State Analysis

To follow-up the volumetric finding, we also performed a rsFC analysis to determine 

whether rumination was associated with rsFC of the left IsthCing. Across all participants, 

activity of the left IsthCing was positively correlated with other cortical midline regions 

including the PCC, precuneus, and medial prefrontal cortex (Figure 2A). Regression 

analyses revealed that greater levels of ruminative thought were associated with diminished 

rsFC between the left IsthCing and the left precuneus, extending to lateral parietal cortex 

(pFWE < .05; Figure 2B; Table 3). These rsFC results remained significant after controlling 

for depression symptoms (Table S6).

Discussion

This is the first study, to our knowledge, to use both structural and resting-state imaging to 

investigate the neural correlates of rumination in women with PTSD. In the behavioral 

analysis we found significant positive correlations between rumination and total PTSD 

symptom severity and PTSD symptom clusters. The volumetric and resting-state analyses 

revealed significant relationships between rumination and gray matter volume and rsFC of 
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the left IsthCing. We focus our discussion on the major findings as well as potential clinical 

implications.

Consistent with our hypothesis, we found a significant relationship between elevated 

rumination and total PTSD symptom severity, even after controlling for depressive 

symptoms. These results replicate prior research reporting reliable associations between 

frequent rumination and more severe PTSD symptoms (Arditte Hall et al., 2019; Seligowski 

et al., 2015; Steil and Ehlers, 2000; Szabo et al., 2017). Given that we assessed global 

aspects of ruminative thought, our findings also align with previous meta-analyses indicating 

that trait rumination may yield larger effect sizes than trauma-focused rumination in PTSD 

(Szabo et al., 2017). However, we did not examine trauma-focused rumination in the present 

study. Thus, subsequent research will be needed to determine whether there are differences 

between trait rumination and trauma-focused rumination in relation to gray matter volume 

and rsFC in PTSD.

Our results showing associations between rumination and all three PTSD symptom clusters 

recapitulate the findings of a recent meta-analysis on the topic (Szabo et al., 2017). We also 

found that only re-experiencing symptoms remained significant after controlling for 

depressive symptoms. Although avoidance and hyperarousal have also been associated with 

rumination, there is some evidence that intrusive re-experiencing symptoms may be more 

strongly related to ruminative thought in PTSD (Szabo et al., 2017). From a clinical 

perspective, it has been suggested that rumination may serve as a maladaptive or avoidant 

coping strategy to respond to intrusive memories (Clohessy and Ehlers, 1999; Ehlers and 

Clark, 2000; Steil and Ehlers, 2000). Other experimental research in nonclinical populations 

indicates that engaging in ruminative cognition can contribute directly to enhancing intrusive 

memories and distress. For example, studies in healthy participants have demonstrated that 

rumination induction following a traumatic film was associated with increased intrusive 

memories (Ball and Brewin, 2012; Zetsche et al., 2009) and intrusion-related distress 

(Kubota and Nixon, 2017). However, other research has reported no significant increases in 

intrusive memories following rumination induction (Ehring et al., 2009; Marks et al., 2018; 

Stavropoulos and Berle, 2020), suggesting that other factors (e.g., gender, time after trauma) 

may also contribute to the relationship between rumination and intrusive memories in PTSD. 

For example, given that re-experiencing symptoms can be more severe in women with PTSD 

(Charak et al., 2014; Olff, 2017), sex differences could partially explain the relationships 

rumination and re-experiencing in our study as well as prior research. Though, additional 

research in samples of men and women with PTSD will be required to directly address this 

question. In terms of other factors, in the present study, time since first trauma did not 

appear to have a significant effect on the association between trait rumination and re-

experiencing symptoms.

The results from our volumetric analysis revealed a positive correlation between rumination 

and gray matter volume in the left IsthCing, in line with our hypothesis. These findings 

agree with previous neuroimaging research on self-reference and rumination in healthy and 

depressed participants (Andrews-Hanna et al., 2010; Berman et al., 2011; Burkhouse et al., 

2017; Cooney et al., 2010; Kelley et al., 2002; Makovac et al., 2020; Nejad et al., 2013; Qin 

and Northoff, 2011; Whitfield-Gabrieli et al., 2011; Zhou et al., 2020). Furthermore, the 
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IsthCing/retrosplenial cortex has been implicated in conditioned fear memories in animals 

(Cowansage et al., 2014; Wang et al., 2019), and autobiographical memory and unintentional 

mind-wandering in healthy participants (Christoff et al., 2016; Golchert et al., 2017; Vann et 

al., 2009), which may be relevant to individuals with PTSD. For example, a meta-analysis of 

symptom provocation neuroimaging studies found consistently greater activity in the 

retrosplenial cortex in response to trauma-related stimuli in PTSD patients as compared with 

trauma-exposed controls (Sartory et al., 2013). In another study, individuals with PTSD 

exhibited increased activity in the retrosplenial cortex while retrieving emotionally intense 

autobiographical memories (St. Jacques et al., 2011). Together with our results, we speculate 

that the IsthCing/retrosplenial cortex may contribute to both intrusive memories and 

ruminative thought in PTSD. However, it is also possible that alterations in the IsthCing/

retrosplenial cortex and other DMN regions are associated with a ruminative style of 

thinking or ruminative subtype across both healthy and clinical populations (Zhou et al., 

2020). Future research in individuals with PTSD as well as healthy populations will be 

necessary to establish common patterns of brain activity during rumination and intrusive re-

experiencing.

In our resting-state analyses, we found that greater levels of ruminative thought were 

associated with diminished rsFC between the left IsthCing and the left precuneus, extending 

to lateral parietal cortex. Tracing studies in monkeys indicate that there are bilateral 

structural connections between the isthmus cingulate/retrosplenial cortex and the precuneus 

(Cavanna and Trimble, 2006; Kobayashi and Amaral, 2007, 2003; Morris et al., 1999; 

Parvizi et al., 2006; Van Hoesen et al., 1993). Functionally, in addition to cortical midline 

structures, the IsthCing/retrosplenial cortex and the precuneus are also part of the default 

mode network (DMN), a network consistently implicated in self-referential cognition 

(Andreasen et al., 1995; Andrews-Hanna et al., 2010; Whitfield-Gabrieli et al., 2011). 

Consistent with our resting-state results, previous studies have found reduced DMN activity 

and connectivity in PTSD (Akiki et al., 2017; Bluhm et al., 2009; Koch et al., 2016; Miller et 

al., 2017). Besides the DMN, the cluster we identified in the left precuneus also overlaps 

with other cortical networks involved in executive functions, including the frontoparietal 

network, dorsal attention network, and salience network (Figure 3; Yeo et al., 2011). 

Relatedly, the cluster intersects with sensorimotor and cognitive subdivisions of the 

precuneus, with the central precuneus anatomically and functionally connected with regions 

in the cognitive/associative network (Margulies et al., 2009). Taken together, these results 

indicate that rumination is associated with reduced rsFC between the DMN and executive 

control networks in PTSD. We speculate that such aberrant connectivity in PTSD could 

disrupt the ability to shift attention away from repetitive negative self-focused cognition to 

other thoughts and external information. Consistent with this hypothesis, previous research 

has reported altered rsFC between DMN and executive control network regions in relation to 

negative self-focus (Philippi et al., 2018) and rumination (Jacob et al., 2020; Misaki et al., 

2020; Satyshur et al., 2018) in depression. For example, a recent study reported that higher 

rumination scores were associated with lower connectivity strength in the precuneus in 

patients with major depressive disorder (Jacob et al., 2020). In sum, our findings suggest that 

there may be common neurobiological substrates underlying rumination in PTSD and 

depression.
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The results from the current study could also have important clinical implications for the 

development of targeted treatments aimed at decreasing rumination in PTSD. For instance, 

clinical research indicates that rumination-focused cognitive behavioral therapy is associated 

with positive outcomes for patients with depression (Watkins, 2015). Although no 

randomized control trials have been conducted in PTSD, a preliminary study in adolescent 

Rwandan survivors of genocide further suggests that rumination-focused therapy may be 

effective for treating PTSD symptoms (Sezibera et al., 2009). Moreover, research has shown 

that trauma-focused treatments that target maladaptive cognitions, including rumination, are 

associated with the best treatment outcomes (LoSavio et al., 2017). Additional research is 

warranted to evaluate whether treatments that target ruminative thought can further improve 

symptoms and/or treatment response in PTSD.

Besides psychotherapy, non-invasive brain stimulation could possibly be applied to the 

precuneus to reduce rumination by normalizing connectivity within and between the DMN 

and executive control networks in individuals with PTSD. For example, transcranial direct 

current stimulation and transcranial magnetic stimulation approaches targeting the 

dorsolateral prefrontal cortex have been shown to decrease PTSD symptoms (Ahmadizadeh 

and Rezaei, 2018; Berlim and Van den Eynde, 2014), depressive symptoms (Berlim et al., 

2013; Gaynes et al., 2014; Liston et al., 2014), and rumination in healthy participants 

(Baeken et al., 2017; De Raedt et al., 2017). Further, transcranial magnetic stimulation to the 

precuneus has been found to alter early autobiographical memory retrieval in healthy 

individuals (Hebscher et al., 2020) and improve episodic memory in early Alzheimer’s 

disease (Koch et al., 2018). Future work will be necessary to investigate the effects of 

precuneus stimulation on rumination in individuals with PTSD.

There were several limitations to the present study. First, our study examined the neural 

correlates of a self-report measure of rumination using structural MRI and resting-state 

fMRI. Subsequent research will be necessary to determine whether trauma-focused 

rumination and/or rumination induction paradigms in task-based fMRI are also associated 

with cortical midline structures and connectivity with executive control networks in PTSD. 

Second, the study included women with PTSD due to interpersonal trauma. Considering the 

potential sex differences in PTSD prevalence and symptom severity (Charak et al., 2014; 

Olff, 2017), these results will require replication in male and female participants with PTSD 

and participants exposed to different trauma types. Third, although the effect size was large 

for the left IsthCing in the volumetric analysis (f2 = .54), this finding did not survive 

Bonferroni correction. Therefore, future studies with larger sample sizes will be needed to 

replicate these results.

Conclusion

Our results provide novel support for alterations in the structural and functional neural 

substrates of ruminative thought in women with PTSD. The volumetric and resting-state 

analyses revealed significant relationships between rumination and gray matter volume of 

the left IsthCing and rsFC between the IsthCing and precuneus. Together, these findings 

suggest that aberrant connectivity between cortical midline structures and executive control 
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networks may underlie ruminative cognition in PTSD and other psychiatric disorders, such 

as depression.
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Refer to Web version on PubMed Central for supplementary material.
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• We investigated the neural correlates of ruminative thought in women with 

PTSD

• Greater PTSD symptom severity and symptom clusters were correlated with 

rumination

• Rumination was associated with increased gray matter volume in the IsthCing

• Rumination was also related to reduced connectivity between IsthCing and 

precuneus

• Findings suggest shared neural substrates of rumination in PTSD and 

depression
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Figure 1. Rumination associated with greater left isthmus cingulate volume.
Zero-order correlation plot shows significant positive relationship between left isthmus 

cingulate volume (mm3) and rumination. *Plot line does not depict other covariates included 

in full regression model (age, intracranial volume).
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Figure 2. Rumination associated with reduced left isthmus cingulate-left precuneus connectivity.
A. Top: Left isthmus cingulate seed ROI (red); Bottom: Left isthmus cingulate connectivity 

across the entire sample (p < .001). B. Top: Higher rumination scores were associated with 

reduced connectivity between left isthmus cingulate and left precuneus extending to lateral 

parietal cortex. Bottom: Scatterplot shows the relationship between rumination and left 

isthmus cingulate connectivity values (z-scores). Results survived whole-brain cluster 

correction (pFWE < .05, p = .001 uncorrected). All results are displayed on the group average 

structural MRI in MNI-space. L = left, IsthCing = isthmus cingulate cortex, PreC = 

precuneus.
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Figure 3. Resting-state connectivity results overlap with default mode network and executive 
control networks.
Significant resting-state functional connectivity results from left isthmus cingulate-

precuneus (rsFC; blue) are overlaid on masks of DMN (yellow), FPN (orange), and DAN 

(red) from a resting-state fMRI study of 1000 participants (Yeo et al., 2011). Results and 

network masks are displayed on the group average structural MRI in MNI-space. Default 

mode network = DMN, frontoparietal network = FPN, dorsal attention network = DAN.
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Table 1

Participant Demographics and Study Variables

Variable Mean SD Range

Age 31.93 9.39 18-56

Education
a 14.83 2.49 6.5-20

Total PTSD severity 66.51 16.83 35-104

Re-experiencing 17.65 6.44 3-34

Avoidance/numbing 26.56 7.89 11-48

Hyperarousal 22.20 6.54 6-35

Time since first trauma
a 14.20 10.73 0-39

BDI-II 24.82 10.34 5-46

Rumination 99.97 23.72 41-136

Notes. Posttraumatic Stress Disorder = PTSD; Beck Depression Inventory- Version II = BDI-II; PTSD severity corresponds to the total score within 
the Clinician-Administered PTSD scale (CAPS). Re-experiencing, Avoidance/numbing, & Hyperarousal correspond to clusters within the CAPS. 
Rumination scores correspond to the total score on the ruminative thought style questionnaire (Brinker & Dozois, 2009).

a
Education and time since first trauma are reported in years.
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Table 2

Multiple Linear Regression for Posttraumatic Stress Disorder (PTSD) Symptom Clusters and Rumination

Total PTSD severity Re-experiencing Avoidance/Numbing Hyperarousal

Variable B SE B β B SE B β B SE B β B SE B β

(Constant) 36.64 7.99 8.42 3.17 16.10 3.92 12.05 3.19

Rumination 0.30 0.08 .42** 0.09 0.03 .34* 0.10 0.04 .31* 0.10 0.03 .37*

Notes.

*
p < .01;

**
p < .001
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Table 3

Resting-State Regression Results for Left Isthmus Cingulate Connectivity Related to Rumination

Seed ROI Cluster location
MNI

coordinates
(x, y, z)

Cluster size
(voxels) t-value

Average raw
connectivity

(z-score)

Left
IsthCing Left precuneus extending to lateral parietal cortex −7, −54, 54 108 −4.73 0.29

Notes. ROI = region of interest; IsthCing = isthmus cingulate cortex. Regression results from resting-state analysis were significant at pFWE = 

0.05, p = 0.001 uncorrected.
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