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Abstract 

Recent studies have begun to examine white matter connectivity aberrations in psychiatric 

populations, such as major depressive disorder.  Several studies have found reduced white matter 

integrity (WMI) in depressed samples, though the location of this reduction is not clear. 

Incorporating symptom measures of depression severity and rumination may allow for increased 

identification and localization of aberrant WMI in this heterogeneous disorder. This study 

examined WMI, specifically fractional anisotropy (FA), using diffusion tensor imaging in a 

sample of depressed adult women (N=45). The relationship between depression severity and 

subscales of rumination with fractional anisotropy in six tracts were analyzed, including the 

bilateral superior longitudinal fasciculus, bilateral uncinate fasciculus, and bilateral cingulum 

bundle. Increased reflective rumination was associated with increased FA in the right cingulum 

bundle and left uncinate fasciculus. Additionally, post-hoc analyses considered other measures of 

WMI in those two tracts. Results found that depression rumination and brooding rumination 

were associated with aberrant WMI in the left uncinate fasciculus. Findings from this study offer 

a unique understanding of how white matter integrity in prefrontal, temporal, and limbic regions 

may be associated with different forms of rumination in women diagnosed with major 

depression. 
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Introduction 
 White matter (WM), myelination of the axons of neurons, is essential for effective 

conduction of neural signals. Recent studies have begun to examine WM in psychiatric 

populations and found that it is damaged in major depressive disorder, especially in the 

prefrontal cortex (PFC), at the animal (Liu et al., 2012; Makinodan, Rosen, Ito, & Corfas, 2012), 

genetic, and post-mortem levels (Sokolov, 2007; Tham, Woon, Sum, Lee, & Sim, 2011). The 

most common measure of white matter integrity (WMI) is fractional anisotropy (FA), which is 

measured through diffusion tensor imaging (DTI). Diffusion tensor imaging involved applying 

magnetic gradients at different angles to measure the diffusion of water molecules in 3D space in 

axons of the brain. Fractional anisotropy is a measure of the proportion of water molecule 

movement parallel to an axon fiber (axial diffusivity) compared with movement perpendicular to 

the fiber (radial diffusivity). Thus, FA is a composite measure of integrity of white matter tracts 

and most studies examining WMI in depression analyze this measure. Only a few studies have 

examined other measures of WMI in depression such as axial diffusivity (AD), mean diffusivity 

(MD), and radial diffusivity (RD) (Hayakawa et al., 2014; Ota et al., 2015; Poletti et al., 2018; 

Zhang et al., 2012). Reduced FA is a measure of reduced ineffective communication between 

certain brain regions, whereas increased FA may represent increased focus on specific stimuli 

(Alba-Ferrara & de Erausquin, 2013). White matter integrity changes with age, although the rate 

and age of peak maturation differ by tract and by measure of integrity (Abe et al., 2010; Giorgio 

et al., 2010; Hsu et al., 2008; Lebel, Walker, Leemans, Phillips, & Beaulieu, 2008; Rathee, 

Rallabandi, & Roy, 2016; Yoon, Shim, Lee, Shon, & Yang, 2008). White matter hyperintensities 

are more common in older adults and are associated with cognitive impairments and an increased 



 
 7                                                                                          

	

risk of dementia, stroke, Alzheimer’s disease, and late-onset depression (Herrmann, Le Masurier, 

& Ebmeier, 2008; Kandel et al., 2016; Wardlaw, Valdes Hernandez, & Munoz-Maniega, 2015).  

Environmental factors that can affect WMI in animals and humans are physical exercise, a rich 

social environment, motor training, and cognitive training (Fields, 2010; Wang & Young, 2014). 

 Recent studies indicate that regional FA measures offer an index that improves the 

diagnostic accuracy of major depressive disorder (MDD), even taking into account the clinical 

heterogeneity of depression (Schnyer, Clasen, Gonzalez, & Beevers, 2017). Several larger-scale 

studies find reduced FA in depressed samples, though the location of reduced FA is inconsistent 

(Kieseppa et al., 2010; Liao et al., 2013; Olvet et al., 2016; Shen et al., 2017). Discrepancies in 

the literature and lack of localization of regions may be due to symptom variability in depressed 

participants. Accounting for individual differences in depressive symptom presentation may 

clarify how WMI relates to psychological processes associated with depression (Keedwell et al., 

2012; Olvet et al., 2016; Walther et al., 2012; Zuo et al., 2012).   

 Meta-analytic studies and studies with large sample sizes that examined DTI structural 

integrity have found mixed results in depressed populations (Liao et al., 2013; Murphy & Frodl, 

2011; Olvet et al., 2016; Shen et al., 2017). Two meta-analyses and one brain bank study of 

WMI comparing depressed with healthy participants found that depressed individuals had 

reduced FA in widespread cortical and subcortical regions, without consensus on localization 

(Liao et al., 2013; Murphy & Frodl, 2011; Shen et al., 2017). However, a recent multi-site study 

of participants found no significant differences when implementing multiple methods of WMI 

analyses between healthy and depressed individuals (Olvet et al., 2016). Differences were found 

between healthy and depressed participants in this study when including clinical variables, such 
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as depression severity and age of onset, as covariates in analyses of WMI (Olvet et al., 2016). 

Moreover, increased FA has been found in a few studies of adolescents with high levels of 

anhedonia, adults with early-onset MDD, and adults with MDD and high anxiety (Blood et al., 

2010; Cheng et al., 2014; Henderson et al., 2013). Using a dimensional approach, such as 

incorporating symptom measures of depression severity and specific symptoms, may allow for 

identification and localization of decreased WMI in this heterogeneous disorder.  

 Individuals diagnosed with depression vary by many factors such as age of onset, 

severity, recurrence, and symptom profile of the nine core symptoms. Factor analysis and 

principal component analysis techniques have been used to examine symptom, person, and time 

dimensions that group together, although there are no agreed upon distinct groups of individuals 

with depression in the literature (Goldberg, 2011; Monden, Wardenaar, Stegeman, Conradi, & de 

Jonge, 2015). For example, in research studies, an individual who was diagnosed at 60 with their 

first depressive episode related to a cancer diagnosis is treated the same as an individual who was 

diagnosed as an adolescent and has recurrent depression with several courses of medication and 

psychotherapy treatment. Symptom-specific analysis techniques have been applied to examine 

the symptom of psychomotor retardation correlated with reduced WMI in the motor cortex 

(Bracht et al., 2012; Walther et al., 2012). Also, in samples diagnosed with either a mood or 

anxiety disorder, depressive symptoms have been correlated with reduced WMI in regions of 

several tracts: the uncinate fasciculus, the cingulum bundle, the superior longitudinal fasciculus, 

and the corpus callosum (Charlton et al., 2014; Cole et al., 2012; Dalby et al., 2010; de Diego-

Adelino et al., 2014; Jenkins et al., 2016). Accordingly, incorporating symptom-specific 
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measures will allow for more specificity in localization of compromised WMI and a functional 

understanding of these differences.  

  Women, who experience depression at two times the rate as men, have inherent structural 

and functional brain differences (Substance Abuse and Mental Health Services Administration, 

2017; Zagni, Simoni, & Colombo, 2016). Specifically, women exhibit differing WMI compared 

with men, such as increased FA in the corpus callosum and decreased FA in the cerebellum 

(Chou, Cheng, Chen, Lin, & Chu, 2011; Dunst, Benedek, Koschutnig, Jauk, & Neubauer, 2014; 

Kanaan et al., 2014; Lorenzetti, Allen, Fornito, & Yucel, 2009; Takao, Hayashi, & Ohtomo, 

2014; van Hemmen et al., 2017). However, regional differences in FA between men and women 

differ depending on age (Abe et al., 2010; Hsu et al., 2008; Rathee et al., 2016). Most studies to 

date include both sexes when examining white matter differences in depression. One study found 

no white matter differences in a sample of healthy men and women with varying levels of 

depressive symptoms. But, when men and women were considered separately, a significant 

correlation between WMI in cingulate tracts and depression severity emerged only for women 

(Hayakawa et al., 2014). Moreover, using a sample of only women, and a symptom-specific 

measure (anhedonia), WMI was associated with reduced WMI in cingulate tracts (Keedwell et 

al., 2012). Therefore, examining WMI in a sample of only women, as well as incorporating 

measures of depressive symptomatology, will be advantageous in elucidating the unique brain 

connectivity associated with depression in women.  

Rumination is currently conceptualized as a complex cognitive construct and may 

incorporate both adaptive and maladaptive components. One group of researchers, Martin et al., 

hypothesize that rumination is a strategy for thinking about the pursuit of goals, Goal Progress 
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Theory (Martin, 1996). They argue that rumination about a goal can either lead to future 

problem-focused, or emotion-focused coping.  Problem-focused coping, an adaptive strategy, can 

in turn help an individual change their behavior to effectively attain a goal; conversely, emotion-

focused coping, a maladaptive strategy, causes passive thoughts about a goal without a change in 

behavior. Overall, this theory emphasizes the adaptive aspects of rumination that lead to goal 

accomplishment. A second theory, Self-Regulatory Executive Function (S-REF) developed by 

Matthews and Wells describes rumination as focused on self-discrepancies (Wells & Matthews, 

1996).  This theory proposes that positive meta-cognitions about rumination lead to an increased 

reliance on this coping strategy to reduce self-discrepancies. Rumination is conceptualized as 

maladaptive, as it interferes with more adaptive coping strategies. The most prominent theory 

proposed by Nolen-Hoeksema and her colleagues conceptualizes rumination from response style 

theory (RST) as critical, self-focused, and related to negative affective states. This is the most 

widely accepted and narrowly defined definition of rumination. This theory has been criticized in 

the literature for its overlap with depression, worry, and reflection assessments. However, factor 

analyses have been used to examine this measure and have found distinct components within the 

broad construct of rumination (Smith & Alloy, 2009). 

Rumination is a cognitive process characterized by recurrent and persistent thoughts 

about the self with the goal of alleviating current distress (Nolen-Hoeksema, Wisco, & 

Lyubomirsky, 2008). Although individuals implement rumination as a coping strategy to 

alleviate low mood (Nolen-Hoeksema et al., 2008), in fact, rumination leads to an increased bias 

towards negative information, decreased problem-solving ability, and sustained negative mood 

states (Lyubomirsky, Caldwell, & Nolen-Hoeksema, 1998; Lyubomirsky & Nolen-Hoeksema, 
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1995). Moreover, rumination induction is related to difficulties with inhibition (Philippot & 

Brutoux, 2008; Whitmer & Gotlib, 2012), attention switching (Philippot & Brutoux, 2008), and 

autobiographical memory (Raes et al., 2006; Raes, Schoofs, Griffith, & Hermans, 2012; Watkins 

& Teasdale, 2001). Frequent rumination is associated with increased duration and severity of 

depressive episodes (Abela & Hankin, 2011), as well as an increased risk of developing future 

depressive episodes, especially in women (Abela & Hankin, 2011; Burwell & Shirk, 2007; 

Nolen-Hoeksema, 2000, 2001).  

 Among depressed samples, rumination, conceptualized by the RST, has been found to 

have three distinct components (Nolen-Hoeksema et al., 2008; Treynor, 2003). It is commonly 

measured by self-report, specifically using the Ruminative Response Scale (RRS). The RRS is a 

22-item self-report questionnaire that assessed the frequency of ruminative thinking and behavior 

during periods of depressed mood (Treynor, 2003). Twelve items of this scale were found to be 

redundant with items from the Beck Depression Inventory, termed depression rumination. The 

other ten items were subjected to a principal component analysis and found to separate into two 

distinct factors: brooding (eigenvalue = 3.41) and reflective (eigenvalue = 1.64) that were 

distinct from items assessing depression severity (Treynor, 2003). Self-report measures can 

exhibit reconstruction biases and are dependent on an individual’s awareness of their own 

cognitive processes (Luminet, 2004). As individuals with depression demonstrate attention and 

memory biases for negative stimuli, other types of assessment for rumination, such as 

performance or physiological measures, could be considered in future studies. Some studies 

employ a rumination induction task that involves a negative mood induction and an internal 

focus period where individuals are instructed to think about what and why they are currently 
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feeling a certain way. Participants who engage in the rumination induction task report higher 

levels of depressed mood and higher levels of self-reported rumination (Nolen-Hoeksema & 

Morrow, 1993; Watkins & Brown, 2002; Watkins & Teasdale, 2001). 

 Brooding rumination, involving self-critical judgments, has been uniquely associated 

with a bias towards negative stimuli (Joormann, Dkane, & Gotlib, 2006), difficulty disengaging 

from a negative stimulus (De Lissnyder, Koster, Derakshan, & De Raedt, 2010), and negative 

coping styles (Koster, De Lissnyder, Derakshan, & De Raedt, 2011; Lo, Ho, & Hollon, 2008). 

Also, in adolescents, brooding rumination is predictive of future depressive episodes, especially 

in girls (Abela & Hankin, 2011; Burwell & Shirk, 2007; Raes & Hermans, 2008). Although, 

brooding rumination is found to be a distinct construct from depression severity, when it is 

considered along with other personality factors, such as neuroticism, it explains between 40%-

60% of the variability in depression severity (Hong et al., 2010; Koval, Kuppens, Allen, & 

Sheeber, 2012; Kuyken, Watkins, Holden, & Cook, 2006). These results highlight the 

importance of examining brooding rumination, specifically, in depression in women, as it is a 

core feature associated with depression severity and cognitive biases.  

Functional connectivity (FC) between grey matter regions has been found to correlate 

with WMI in corresponding tracts, such as between nodes of the default mode network (de 

Kwaasteniet et al., 2013; Greicius, Supekar, Menon, & Dougherty, 2009; Steffens, Taylor, 

Denny, Bergman, & Wang, 2011). Some studies have found analogous differences in structural 

and functional connectivity in the default mode network in depressed participants (Greicius et 

al., 2009; Yin et al., 2016). Functional brain connectivity has also been associated specifically 

with rumination, specifically brooding rumination (Berman et al., 2011; Vanderhasselt et al., 
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2013; Vanderhasselt, Kuhn, & De Raedt, 2011; Whiteman & Mangels, 2016). Regions 

associated with emotion processing (amygdala), cognitive control (prefrontal), and coordination 

of bottom-up and top-down signals (cingulate) are implicated in this maladaptive form of 

rumination (Berman et al., 2011; Cooney, Joormann, Eugene, Dennis, & Gotlib, 2010; Hamilton, 

Farmer, Fogelman, & Gotlib, 2015). However, only one previous study has correlated 

rumination and WMI in depressed participants. In this study, depressed participants had 

decreased FA in a left frontal region that correlated with self-reported rumination (Zuo et al., 

2012). Thus, the results from the FC literature and the single WMI study provide a strong basis 

for examining the regions of WMI that are associated with rumination in a sample of women.  

The current study examined WMI associated with depression severity and dimensions of 

rumination in women with depression. Our first aim was to assess the association between and 

depression severity and WMI in six tracts of interest. We hypothesized that depressed 

participants would show an inverse correlation between depressive severity and WMI in these 

tracts. Our next aim was to assess the association between three dimensions of rumination—

depression, brooding, and reflection—and WMI in six tracts of interest. We hypothesized that 

depression and brooding rumination would have a negative correlation with WMI in these same 

tracts. Conversely, we hypothesized that reflection rumination would not be correlated, or would 

have a positive correlation, with WMI in these tracts. The six tracts of interest are the bilateral 

uncinate fasciculus, which connects orbitofrontal, temporal, and limbic regions; the bilateral 

superior longitudinal fasciculus, which connects the frontal, temporal, parietal, and limbic 

regions; and the bilateral cingulum bundle, which connects anterior and posterior components of 

the cingulate in our sample of depressed women (Cole et al., 2012; Dalby et al., 2010; de Diego-
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Adelino et al., 2014; Olvet et al., 2016). We also base our tract of interest on the integrated 

‘impaired disengagement’ model of the biological, neural, and cognitive processes that underlie 

depression proposed by De Raedt and Koster 2010. This model draws a connection between the 

maintenance of a stress response and increased vulnerability to depressive states with rumination 

that is maintained by aberrant, reciprocal prefrontal, cingulate, and amygdala activity, but does 

not draw from studies examining structural connectivity between these regions (i.e. WMI) (De 

Raedt & Koster, 2010). Decreased WMI in these tracts would suggest decreased speed of 

connection between prefrontal to limbic regions associated with emotion dysregulation. 

Increased WMI in these tracts would suggest increased speed and usage of prefrontal to limbic 

connectivity associated with increased focus on emotional stimuli. Attention to rumination, a 

hallmark feature of depression, not just diagnostic status, will advance the study of WMI in 

depression. Indeed, the National Institutes of Health recommend the study of rumination on a 

continuum within the negative valence system to characterize individuals suffering from 

emotional disorders (National Institues of Health, 2011). Furthermore, incorporating depression 

severity or rumination measures into analyses of FA in depression will allow for a more 

mechanistic and localized understanding of the neural correlates of cognitive and affective 

symptoms in this disorder that then may be generalized to other clinical populations. We then 

chose to examine other measures of WMI (AD, RD, and MD) in the tracts with significant 

results to more fully elucidate the microstructural changes that may underlie the relationship 

between rumination and FA. The field has been limited by studies using the coarse measure of 

diagnostic status to examine white matter differences in depression. This work will use a narrow 

symptom-based lens to skirt the issue of clinical heterogeneity in depression while analyzing 
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differences in tracts of interest that have previously been found to be aberrant in depressed 

samples.  

Methods 

Participants 
 Participants were English-speaking women (age range: 17–65 years) who were recruited 

from the Chicago area using online and posted flyers. Interested women, with and without 

depression, were asked to participate in a study approved by the Institutional Review Board 

(IRB) at Northwestern University Feinberg School of Medicine in the Department of Psychiatry 

and Behavioral Sciences. All women were initially screened via telephone interviews. Those 

who were eligible were invited to the Northwestern University Medical School campus in 

Chicago, IL. During their first visit, eligible participants provided written informed consent, 

completed clinician-administered interviews, self-reported questionnaires, and two computer-

based tasks assessing affect and attention processing. Within a week, participants returned for a 

second visit to complete functional and anatomical neuroimaging scans. Participants were 

compensated for their involvement. 

Inclusion and Exclusion Criteria 

 Included participants were English-speaking, right-handed, females with normal or 

corrected-to-normal vision. Depressed participants met criteria for current and primary MDD as 

diagnosed by the Structured Clinical Interview for DSM-IV-TR Axis I Disorders (SCID) (First, 

Spitzer, Gibbon, & Williams, 2002b) and by a score of at least 24 on the Inventory of Depressive 

Symptomatology—Clinician Rated (IDS-C) (moderate depression severity) (Rush, Carmody, & 

Reimitz, 2000). Women who were diagnosed with a co-morbid anxiety disorder were included 
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only if MDD was the primary diagnosis. Healthy controls did not meet criteria for any lifetime or 

current DSM-IV diagnosis and scored less than 11 on the IDS-C (no depression).  

 Participants were excluded if they met criteria for current or history of another DSM-IV 

Axis I disorder (bipolar I and II, schizophrenia or delusional disorder, post traumatic stress 

disorder, obsessive-compulsive disorder, or substance dependence/abuse) or any Axis II disorder 

(American Psychiatric Association, 2000). Depressed participants were excluded if they reported 

current treatment or psychotropic medication use in the past two weeks for MDD symptoms or 

current suicide risk. Other exclusion criteria were tobacco use (>1 pack/week), 

catecholaminergic antihypertensive mediation use, vasovagal syncope, and a history of head 

trauma or a neurological disorder. For scanning safety purposes, participants were also excluded 

if they had metal implants, were claustrophobic, or were currently pregnant or planning on 

becoming pregnant. Finally, participants were excluded for unusable neuroimaging data: no 

resting-state scan, excessive motion during (>2 mm), equipment failure, and irregular brain 

findings.  

 A final sample of participants (N=45) was included in the analyses. The self-reported 

rumination measure was added to the study after running several participants through the 

protocol. Thus, a subset of this sample who completed the behavioral rumination measure 

(N=36) was included in subsequent analyses.  

Measures 
 Structured Clinical Interview for DSM-IV-TR Axis I Disorders (SCID). The SCID is 

a semi-structured clinician-administered interview that assesses for lifetime and current American 

Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders—4th edition (DSM-IV) 
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diagnoses (First, Spitzer, Gibbon, & Williams, 2002a). The SCID is an established clinical 

interview and has moderate to strong inter-rater reliability (Κ=0.70–1.00) (First et al., 1995). 

Research assistants who were graduate students in clinical psychology at Northwestern 

University were trained in administration of the SCID by reviewing training videos and 

supervised practice administration. Fleiss kappa was calculated and the inter-rater reliability was 

found to be strong (κ =0.82–0.88) (Fleiss, 1971; Fleiss & Cohen, 1973; Randolph, 2016). The 

SCID was used to diagnose current primary major depressive disorder for depressed participants 

and lack of diagnoses for healthy controls. 

 Inventory of Depressive Symptomatology—Clinician Rated (IDS-C). The Inventory 

of Depressive Symptomatology—Clinician Rated (IDS-C) is a 30-item clinician-rated 

questionnaire that assess symptoms associated with major depressive disorder as detailed by the 

DSM-IV (Association, 1994; Rush et al., 2000). Clinicians scored participant’s responses using a 

0 – 3 point scale. Then 28 out of 30 questions were summed, with higher scores indicating more 

severe and frequent depressive symptoms during the past week. High convergent validity was 

found between the IDS-C and Beck Depression Inventory and Hamilton Rating Scale for 

Depression (all r’s > 0.85) (Rush, Gullion, Basco, Jarrett, & Trivedi, 1996). MDD participants 

were required to score greater than or equal to 24 (moderate depression), while healthy controls 

scored less than 11 (no depression) on the IDS-C.   

 Ruminative Response Scale (RRS). The Ruminative Response Scale is a 22-item self-

report questionnaire that assesses frequency of ruminative thoughts and behaviors in response to 

sad or depressed mood (Treynor, 2003). Individuals record their responses on a 1–4 point scale, 

with higher scores indicating generally more frequent ruminative thoughts and behaviors. Items 
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are summed to create subscales for divergent types of rumination: depression (12 items), 

brooding (5 items), and reflection (5 items). The RRS has been found to be a valid and reliable 

measure of rumination in healthy and depressed individuals (Luminet, 2004). Only brooding 

rumination is distinct when comparing depressed individuals with individuals with other mental 

disorders and individuals that are healthy (Joormann et al., 2006; Siegle, Moore, & Thase, 2004). 

Rumination is fairly stable across the lifespan, except for reduced rumination in older age 

(Sutterlin, Paap, Babic, Kubler, & Vogele, 2012). Within participants, self-focused rumination 

(“I think, Why do I react this way?), compared with symptom-focused rumination (“Think about 

how hard it is to concentrate.” (Treynor, 2003)) is relatively stable over time in depressed 

populations (Bagby, Rector, Bacchiochi, & McBride, 2004). However, symptom-focused 

rumination varies with changes in depressive symptoms.  

Statistical Analyses 

 Demographic and clinical frequencies of participants were examined using Statistical 

Package for the Social Sciences (SPSS, Version 25). Pearson’s bivariate correlations were 

implemented to examined the relationship between the IDS-C and the subscales of the RRS.  

Imaging Protocol and Preprocessing. Anatomical and diffusion tensor neuroimaging 

data were acquired using a 3-Tesla Tim Trio scanner (Siemens) with a 32-channel head coil. 

Foam inserts and earplugs were implemented to reduce head movement and to decrease scanner 

noise. Whole-brain data was obtained along the anterior-posterior commissure. High-resolution 

T1-weighted magnetization-prepared rapid acquisition gradient echo (MP-RAGE) anatomical 

images were acquired during a 9 minute 50 second scan sequence (repetition time (TR)=2200 

ms, echo time (TE)=2.91 ms, flip angle=9°, field of view (FOV)=256 x 256 mms, voxel 
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dimension=1 mm isotropic). Diffusion weighting was applied along 64 non-collinear directions 

and a single volume was collected with no diffusion gradients applied (b0 = 0 s/mm2 TR=9700 

ms, TE=90 ms, flip angle=90°, FOV=1179 x 1170 mms, voxel resolution=1.97 x 1.97 x 2.00 

mms). 

 DTI Data Processing. Preprocessing of anatomical and diffusion tensor images was 

conducted using a pipeline on the Northwestern University Neuroimaging Data Archive 

(NUNDA) (Alpert, Kogan, Parrish, Marcus, & Wang, 2016). Initially, diffusion tensor images 

were imported and diffusion-encoding b-value and b-vector files were generated. Next, diffusion 

images were denoised using a principal component analysis approach to reduce Rician noise and 

improve the signal-to-noise ratio. A B0 reference image was then created for each participant by 

calculating the mean of the non-diffusion weighted scans and the T1 structural image was skull-

stripped and warped to MNI space using nonlinear warping. A pseudo-T2 image in subject space 

is created from the T1 image by inverting the contrast.  The image is rigidly aligned to the B0 

reference image and the B0 reference image is warped to the pseudo-T2 image and a distortion 

field is calculated. Subsequently, eddy current correction was performed to account for potential 

distortions associated with the fast switching of gradient coils. A nonlinear weighted positive 

definite tensor-fitting algorithm (NLA) was implemented to create the tensors (Cook et al., 

2006).  Tensors at each voxel in the brain were estimated in order to obtain measures of 

fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD) and radial diffusivity 

(RD) for each participant.  Finally, the FA, MD, AD, and RD masks were warped to an MNI 

template. A detailed description of the processing steps in this pipeline is outlined elsewhere 

(Kurani & Parish, 2018).  
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 DTI Group Level Processing. Participant’s FA maps, were concatenated into a single 

file to prepare for group analyses. Region-specific analyses were carried out implementing six 

white-matter tract masks from the John’s Hopkins University ICBM-DTI-81 atlas: left and right 

uncinate fasciculus, left and right superior longitudinal fasciculus, and left and right cingulum 

bundle (Hua et al., 2008; Mori, Wakana, van Zijl, & Nagae-Poetscher, 2005; Wakana et al., 

2007). Each participant’s FA image was masked and an average FA value for each of the six 

tracts was calculated. Then multiple linear regression analyses were implemented with age as a 

covariate in four different general linear models: (1) including IDS-C as a covariate, (2) 

including RRS depression as a covariate, (3) including RRS brooding as a covariate, and (4) 

including RRS reflective as a covariate. Age was incorporated as a covariate, as FA has 

previously been found to decrease linearly with age (after around 20 years) in women (Abe et al., 

2010; Giorgio et al., 2010; Hsu et al., 2008; Lebel et al., 2008; Rathee et al., 2016; Yoon et al., 

2008). 

 F-statistics and p-values for the regression model as well as T-statistics and p-values for 

significant predictors are reported. Additionally, standardized beta (β) and R2 values are 

displayed to help understand the effect size of the results. Finally, post-hoc multiple linear 

regression models were analyzed incorporating other measures of DTI integrity (RD, MD, and 

AD) to more fully examine the tracts with significant results from the initial analyses.  

Results 

Demographic and Clinical  
The final sample consisted of 45 depressed women who were assessed for depression 

severity (IDS-C), with a subset (n=36) who also completed the self-reported rumination measure 
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(RRS). The mean age of the whole sample was found to be 34.02 years (range: 17–59 years). 

Sixty-four percent of the sample was Caucasian, 27% African American, 4% Asian or Alaska 

Native/American Indian, and 4% not reported. The majority of the sample identified as non-

Hispanic white (76%), with 22% identifying as Hispanic, and 2% not reported. Forty percent of 

the sample has a partial college education, 24% were found to have a college degree, 24% have a 

high school degree or less, and 11% have a graduate degree. Half of the sample reported that the 

current depressive episode was their first; the rest of the sample had recurrent MDD (range: two 

episodes to too many to count). The mean age of onset for MDD for the sample was 27.74 

(range: 11-57). Depression severity in the sample ranged from moderate to very severe with 60% 

with moderate depression, 31% with severe depression, and 9% with very severe depression. On 

the RRS (N=36), the mean scores for the subscales was as follows, brooding M=13.42 

(SD=3.08), reflection M=13.31 (SD=2.76), and depression M = 33.44 (SD=6.03). There were no 

significant differences found on the IDS-C or on the three RRS subscales between the MDD and 

comorbid MDD and anxiety groups (all p’s>.05) (see Table 1 and 2).  

Pearson’s bivariate correlations were calculated to determine the association between the 

IDS-C and the three subscales of the RRS. No significant relationship was found between the 

IDS-C and the brooding and reflection subscales (p’s>.05). However, a significant positive 

correlation emerged between the IDS-C score and depression subscale of the RRS (r=.375, 

p=.024). Among the subscales of the RRS, there was a significant positive correlation between 

the depression and the brooding as well as the depression and reflection subscales (r=.465, 

p=.004; r=.368, p=.027). Brooding and reflection subscales were not correlated (p>.05) (see 

Table 2). 
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Quality Assurance 

The IDS-C total score and the two subscales of the RRS (reflective and depression) were 

found to be normally distributed, with non-significant Kolomogorov-Smirnov tests (all p’s>.05) 

however the brooding subscale was significantly non-normal (D=.165, p=.015) (Field, 2009). 

Thus, the log10 of the brooding subscale (logBrooding) was taken and was found to be normally 

distributed (p>.05). Five of the six DTI integrity measures did not significantly deviate from 

normal, with non-significant Kolomogorov-Smirnov tests (p’s>.05); however FA in the left SLF 

was significantly non-normal (D=.177, p=.001). In order to account for this non-normality, the 

left SLF values were trimmed for values +/- 1.5 standard deviations (N=2) (Field, 2009; Ramsey, 

2007). Then the remaining values (N=43) were reverse-scored (1-n) and then the square root was 

taken. The subsequent calculated values (sqrtRevLSLF) did not significantly deviate from 

normal. For the subsequent analyses the logBrooding and sqrtRevLSLF variables were 

implemented. 

 

Fractional Anisotropy  

 Multiple linear regression models were implemented to examine the association between 

(1) depression severity (IDS-C) and FA in six tracts, (2) depression rumination (RRS depression) 

and FA in six tracts, (3) brooding rumination (RRS brooding) and FA in six tracts, and (4) 

reflective rumination (RRS reflective) and FA in six tracts. As this was an exploratory study, 

there were a large number of hypotheses tested, and the hypotheses were highly related, we did 

not implement a Bonferroni multiple comparisons correction (Chen, Feng, & Yi, 2017). Age was 

included as a covariate in the first step of each model in order to account for any potential age-
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related effects. No significant results were obtained when including depression severity, 

depression rumination, or brooding rumination in the analyses (all p’s>.05). Conversely, 

reflective rumination was found to be a significant predictor of FA in the right cingulum bundle 

(rCB) and left uncinate fasciculus (lUF). As age did not significantly add to the model, the 

regression analyses were re-run only including reflective rumination as an independent variable. 

Reflective rumination significantly predicted FA in the rCB (b=.336, t(35)=2.084, p=.045) and 

explained a significant proportion of variation in the FA rCB values with a medium effect size 

(R2=.113, F(1, 34)=4.341, p=.045). Also, reflective rumination significantly predicted FA in the 

lUF (b=.384, t(35)=2.422, p=.021) and explained a significant proportion of variation in the FA 

lUF values with a medium effect size (R2=.147, F(1, 34)=5.868, p=.021). For both of these 

tracts, there was a positive relationship between reflective rumination and FA, higher reflective 

rumination was associated with higher FA (see Table 3 and Figures 1 and 2). When we 

compared the significant results of the MDD only and comorbid MDD groups, no significant 

differences were found. 

 

Post-Hoc Analyses 

 In order to more comprehensively understand the results of the FA analyses, we chose to 

examine other white matter integrity measures (AD, RD, and MD) in the tracts with significant 

results, left uncinate fasciculus and right cingulum bundle. Although FA is the most commonly 

implemented metric, it is a summary value and thus does not allow for interpretation of the 

specific changes in white matter. The mean diffusivity (MD) is the average movement of the 

water in each of the directions and has been found to be aberrant with edema and neoplasia. 
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Axial diffusivity (AD), the rate of water flow parallel to the tract, has been associated with 

axonal degeneration; radial diffusivity (RD), the rate of water flow perpendicular to the tract, has 

been associated with changes in myelin (Alexander, Lee, Lazar, & Field, 2007). As the values of 

three measures are very small, each value was multiplied by 109 to allow for easier 

interpretation. These three other WMI measures, MD, AD, and RD, in the rCB and lUF were 

found to be normally distributed, with non-significant Kolomogorov-Smirnov tests (all p’s>.05) 

 No significant results were obtained for the right cingulum bundle or when including 

depression severity and reflective rumination in the analyses (all p’s>.05). But, we did examine 

the other measures of white matter integrity associated with reflective rumination in the rCB and 

lUF (See Figures 3 and 4). Depression rumination significantly predicted MD (b=-.365, t(35)=-

2.285, p=.029) and AD (b=-.363, t(35)=-2.273, p=.029) in the lUF and explained a significant 

proportion of variation with medium effect sizes in MD (R2=.133, F(1, 34)= 5.220, p=.029) and 

AD (R2=.132, F(1, 34)=5.167, p=.029) (see Table 4 and Figure 5). As MD is a composite of AD 

and RD, the significant result for depression rumination and MD is driven by the significant 

inverse relationship between depression rumination and AD. Additionally, brooding rumination 

significantly predicted MD (b=-.476, t(35)=-3.157, p=.003) and RD (b=-.485, t(35)=-3.235, 

p=.003) in the lUF and explained a significant proportion of variation with large effect sizes in 

MD (R2=.227, F(1, 34)=9.967, p=.003) and RD (R2=.235, F(1, 34)=10.463, p=.003) (see Table 4 

and Figure 6). As MD is a composite of AD and RD values, the significant result for brooding 

rumination and MD is, in fact, driven by the significant inverse relationship between brooding 

rumination and RD. Depression and brooding rumination were negatively associated with MD, 

RD, and AD in the lUF. 
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Discussion 

 This study examined the connection between depression severity and subscales of 

rumination with white matter integrity in depressed women. White matter integrity was 

measured using DTI and assessed multiple measures including FA, RD, AD, and MD. Six tracts 

of interest that have previously been implicated in depression were examined: bilateral uncinate 

fasciculus, bilateral superior longitudinal fasciculus, and bilateral cingulum bundle. Age was also 

incorporated as a covariate in these analyses as white matter integrity has been found relate to 

age. Initially, white-matter integrity measured by FA was examined. When including depression 

severity, depression rumination, or brooding rumination in the analyses, no significant results 

were found in any of the six tracts of interest. However, reflective rumination was found to be a 

significant predictor of FA in two tracts: the right cingulum bundle (rCB) and left uncinate 

fasciculus (lUF). In these two analyses, age did not significantly add to the model, but there was 

a significant positive relationship between reflective rumination and FA in both tracts. Post-hoc 

analyses examined the other measures of white matter integrity, specifically the AD, RD, and 

MD, in these two tracts with significant results. There were no significant results found for the 

right cingulum bundle (rCB). Also, no significant results were obtained for when including 

depression severity or reflective rumination in the analyses of the left uncinate fasciculus (lUF). 

Nonetheless, depressive rumination was a significant predictor of MD and AD in the lUF. 

Additionally, brooding rumination was a significant predictor of MD and RD in the lUF.  

 Many studies focus on areas of decreased FA, as this is proposed to be related to 

decreased speed of communication and thus debilitating symptoms of many neurocognitive and 

psychiatric disorders (Liao et al., 2013). However, increased FA has been found in several 
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studies of early-onset MDD, older participants with MDD who do not remit, adolescents with 

high levels of anhedonia, and in cortico-spinal and reward tracts in MDD with high anxiety 

(Blood et al., 2010; Cheng et al., 2014; Henderson et al., 2013; Sacchet et al., 2014; Taylor et al., 

2008). When examined as a group, depressed participants had decreased FA compared with 

healthy controls, however, when broken down into early onset (ages 18-29 years) and late onset 

(ages 30-45 years) groups, only early onset participants had areas of increased FA (Cheng et al., 

2014). Some studies suggest that individuals with early onset depression have increased 

prevalence of personality disorders, neuroticism, and maladaptive maternal relationships, but 

there is a lack of consistent results when examining studies using a meta-analytic techniques 

(Brodaty et al., 2001; Bukh, Bock, Vinberg, Gether, & Kessing, 2011; Grayson & Thomas, 

2013). Volumetric subcortical brain differences, such as a smaller hippocampus, have been 

associated with an earlier age of onset (Schmaal et al., 2016). Early-onset MDD, however, is 

normally correlated with an higher number of depressive episodes, thus, it is hard to tease apart if 

differences are associated with the age of onset or the cumulative burden of depressive episodes 

(Schmaal et al., 2016; Wilson, Hicks, Foster, McGue, & Iacono, 2015). In our sample 68.89% of 

could be characterized as early-onset MDD, age of onset prior to 30 years. More research is 

needed examining structural connectivity differences between early-onset and late-onset MDD, 

accounting for the cumulative burden of recurrent depressive episodes.  

 Increased FA in MDD participants has also been found in adolescents and older adults 

(Henderson et al., 2013; Taylor et al., 2008). As previously stated, white matter tracts have 

different maturational trajectories and many do not fully reach peak maturation until 20-30 years 

of age. Adolescents and early adults, ages 13-20 years, with increasing anhedonia had increased 
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FA in a region in the posterior cingulate cortex (Henderson et al., 2013). Older adults, ages 

greater than 60 years, with MDD who were treated with sertraline and did not remit had higher 

FA in superior frontal gyrus and anterior cingulate cortex (Taylor et al., 2008). It is likely that 

there is a complicated relationship between age, age of onset, number of episodes, and symptom 

presentation and white matter integrity differences. In our sample we recruited a broad age range 

of women with MDD in order to generalize the results to women across the lifespan, however 

future studies should consider examining subgroups of women at different ages with first episode 

and recurrent depression.  

 Increased FA has also been reported in adults with MDD and a high level of anxiety 

(Blood et al., 2010). The proposed neural underpinnings of this increase in FA are related to 

increased stress response effects on microstructural architecture. Increased attention to threat and 

a history of early life trauma in healthy adults have also been associated with increased FA 

(Carlson, Cha, & Mujica-Parodi, 2013; Frodl et al., 2012). Comorbid psychiatric conditions may 

relate to aberrant white matter integrity. In our study we limited comorbidities by only allowing 

individuals diagnosed with a comorbid anxiety disorder to participate. We had about one third of 

the sample diagnosed with a comorbid anxiety disorder. However, no group differences in the 

significant results were found when comparing the MDD-only and MDD + anxiety disorder 

groups. In schizophrenia, autism, and obsessive-compulsive disorder increased FA in some tracts 

has been reported (Alba-Ferrara & de Erausquin, 2013; Billeci, Calderoni, Tosetti, Catani, & 

Muratori, 2012; Lochner et al., 2012). Increased FA in schizophrenia in certain tracts is 

associated with increased positive symptoms and thought to reflect “excessive salience and or 

focus on irrelevant stimuli as in the case of hallucinations” (Alba-Ferrara & de Erausquin, 2013).   
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These studies finding increased FA in depression and other psychiatric conditions can lend 

support to the interpretation of increased FA in the current study.  

 The cingulum bundle (CB) is a collection of tracts that crosses the cingulate and connects 

to cortical regions in the frontal, parietal, and medial temporal regions of the brain. Although the 

function of the CB is still being examined, it is most likely linked with the roles of cingulate 

gyrus: emotion (including social interactions), motivation, attention, pain, and memory (Bubb, 

Metzler-Baddeley, & Aggleton, 2018). The uncinate fasciculus (UF) connects orbital-frontal to 

temporal regions to the amygdala. This fiber tract is also proposed to have many functions. One 

recent paper suggested that this tract incorporates different information to allow individuals to 

make choices and act, integrating social, emotional, memory, and language information. Thus, 

the function is proposed to be helping individuals learn, and respond to, socially rewarding 

stimuli based on memory and language, especially in the left UF (Von Der Heide, Skipper, 

Klobusicky, & Olson, 2013). Thus, both the UF and CB have been associated with limbic 

functioning and likely help an individual relay and access emotional information stored in 

memory. Additionally, they both are tracts that reach peak maturation later in life, which may 

lead them to be more significantly altered by life experiences, such as depressive episodes. 

 The relationship between FA in the cingulum bundle and depression diagnosis in adults is 

inconclusive. Some studies have found decreased FA in the CB in currently depressed adults 

compared with healthy controls (de Diego-Adelino et al., 2014; Ouyang et al., 2011; Seok et al., 

2013). However, others studies have found no difference in FA in the CB between depressed and 

healthy adults (Carballedo et al., 2012; Zhang et al., 2012). In a sample of participants assessed 

before and after remission from depression, younger participants had increased FA in the right 
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CB but older participants had decreased FA in this same tract (Bracht, Jones, Muller, Wiest, & 

Walther, 2015). Also, one study found a reduced FA of the bilateral CB with anhedonia and a 

family history of depression in a sample of healthy women (Keedwell et al., 2012). So FA in this 

tract appears to change based on depression status and age. In this study, as we only examined 

FA in a sample of depressed women, we cannot directly compare our results with studies 

comparing depressed and healthy participants. No studies to date have found increased FA in the 

CB associated with increased symptoms of depression. The literature examining FA in 

schizophrenia proposes that increased FA is related to persistent attention on stimuli. The 

increased FA associated with increased reflective rumination in the cingulum bundle found in 

this study may relate to the persistent attention on emotional content from memory that is 

associated with ruminative thinking.  

 On the other hand, there is a more consistent relationship between FA in the UF and 

depression. Several studies have found decreased FA in the UF in depressed versus healthy 

adults, suggesting atypical connection in a mood regulating circuit (Bhatia, Henderson, Hsu, & 

Yim, 2018; Carballedo et al., 2012; de Kwaasteniet et al., 2013; Murphy et al., 2012; Zhang et 

al., 2012). In adolescents, however, depressed participants had increased FA (increased AD, 

decreased RD, and preserved MD) compared with healthy participants (Aghajani et al., 2014). 

Additionally, increased FA in the UF has been associated with increased attention to threat and a 

history of early life trauma in healthy adults (Carlson et al., 2013; Frodl et al., 2012). However, 

increased reliance on adaptive emotion regulation strategies, such as cognitive reappraisal and 

mindfulness, is also related to increased FA in the UF in healthy adults (Holzel et al., 2016; 

Zuurbier, Nikolova, Ahs, & Hariri, 2013). As the lUF is hypothesized to allow individuals to 
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learn, and respond to, socially rewarding stimuli based on memory and language, its connection 

to rumination can be hypothesized. Ruminative thinking involves persistent self-focus about 

current distress and is associated with increased negative cognitive biases in depression. 

Additionally, rumination is associated with impaired memory for autobiographical and emotional 

material, impaired reward-learning, and impaired social problem solving (Joormann, Levens, & 

Gotlib, 2011; Raes et al., 2006; Raes et al., 2012; Watkins & Baracaia, 2002; Watkins & 

Teasdale, 2001; Whitmer, Frank, & Gotlib, 2011). The abstract and verbal focus on negative 

qualities of the self in rumination is linked with these autobiographical memories difficulties 

(Raes, Watkins, Williams, & Hermans, 2008). Functional connectivity studies link amygdala—

ventromedial prefrontal cortex (vmPFC) connectivity with structural connectivity of the uncinate 

fasciculus (Steffens et al., 2011; Von Der Heide et al., 2013). Increased verbal worry has been 

associated with increased functional connectivity between the amygdala and prefrontal regions 

and amygdala and temporal regions in participants with generalized anxiety disorder (Makovac 

et al., 2018). Interestingly, in this study, increased verbal worry was also associated with 

increased depressive symptoms and rumination. Moreover, increased functional connectivity 

between the amygdala and vmPFC mediated the relationship between rumination and depressive 

symptoms in adolescent girls (Fowler, Miernicki, Rudolph, & Telzer, 2017). Thus the	increased 

FA associated with increased rumination found in our study may be associated with the 

persistent nature of rumination, increased focus on current distress. Also, increased FA in the 

lUF could be linked with the passive coping style and verbal processing of emotional 

information from memory that is found in rumination.  
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 Although many studies solely examine FA in regards to WMI in depression, examining 

other DTI measures as well may generate a better understanding of the microstructural changes 

that underlie the differences in FA (Alexander et al., 2007). Fractional anisotropy incorporates 

measures of the flow of water parallel (axial diffusivity) and perpendicular (radial diffusivity) to 

the tract. Thus, the specific damage associated with FA changes can further be understood by 

incorporating these other measures. Mean diffusivity can also give a sense of the overall rate of 

flow of water molecules. Axial diffusivity is associated with axonal damage, whereas radial 

diffusivity is associated with demyelination, although these measures both are impacted by 

crossing fibers in the brain (Winklewski et al., 2018). One study that examined these four 

measures found decreased FA, increased MD, and increased RD in the right anterior cingulate 

and lUF associated with depressive symptoms in a healthy population (Hayakawa et al., 2014). 

Another study that compared MDD and HC found decreased FA and increased MD in depressed 

participants (Ota et al., 2015).  Also, decreased FA and increased RD in right UF was reported 

when comparing MDD and HC (Zhang et al., 2012). A recent study found decreased FA, 

increased RD, and decreased AD in several tracts, including the uncinate fasciculus, in MDD 

(Poletti et al., 2018). However, MDD and HC groups were not matched for age or ratio of male 

to female participants, so results should be interpreted with caution. Furthermore in this study, in 

the depressed group only, increased early-life stress was associated with decreased MD and AD. 

In a sample of treatment-naïve adolescents with MDD compared with HC, increased FA values 

in the uncinate fasciculus (UF), coupled with increased AD, decreased RD, and preserved MD 

were found (Aghajani et al 2014). Since our study only examined the white matter integrity in a 

sample of depressed women, the results from these previous studies cannot be directly compared. 
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There are consistent results of increased FA with decreased MD in many studies, however, the 

results for AD and RD appear to be less clear.  

 In our study, the significant results for reflective rumination associated with FA in the 

rCB and lUF guided further analysis of the other three measures of WMI (see Figures 3 and 4). 

The significant results of increased reflective rumination associated with increased FA appears to 

be driven by a positive relationship with AD and negative relationship with RD. Hence, 

increased reflective rumination is associated with increased AD and decreased RD in these tracts. 

Healthy aging in females is associated with increases in both AD and RD, proposed to reflect 

deterioration in axons and myelination with age (Kumar, Chavez, Macey, Woo, & Harper, 

2013). Accordingly, the increased reflective rumination associated with increased FA in these 

tracts may be associated with axonal differences. These results should be interpreted with 

caution, as the results for RD and AD associated with reflective rumination were not significant. 

 Also in the lUF, increased depression rumination was associated with decreased MD, 

driven by decreased AD (see Figure 5). Additionally, increased brooding rumination was 

associated with decreased MD, driven by decreased RD (see Figure 6). Thus, depression 

rumination may be more related to axonal differences, while brooding rumination may be more 

related to myelination differences. Previous studies find increased RD and decreased or no 

relationship with AD in MDD participants (Hayakawa et al., 2014; Ota et al., 2015; Poletti et al., 

2018; Zhang et al., 2012). Interestingly, these post-hoc results show a different pattern of the 

multiple measures of WMI (decreased AD with decreased RD) compared with the findings for 

reflective rumination (increased AD with decreased RD) within the same tract.  
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 There are some limitations of the current study including incorporating masks of whole 

tracts, potential association of depression symptom measures, and the broad age range. This 

study implemented white matter tract masks from the John’s Hopkins University ICBM-DTI-81 

atlas: left and right uncinate fasciculus (UF), left and right superior longitudinal fasciculus 

(SLD), and left and right cingulum bundle (CB) (Hua et al., 2008; Mori et al., 2005; Wakana et 

al., 2007). Then, the mean measure of white matter integrity from the entire tract is calculated. 

However, each of these three tracts can be further broken down into subdivisions based on the 

putative function of the WM in this region (Makris et al., 2005; Von Der Heide et al., 2013; Wu, 

Sun, Wang, Wang, & Ou, 2016). Moreover, a recent study found aberrant FA in only portions of 

the cingulum bundle and uncinate fasciculus in individuals with depression (Bhatia et al., 2018). 

Implementing this course measure of WMI cannot identify differences associated with 

depression symptoms to more localized regions that may be associated with rumination, such as 

the subgenual anterior cingulate cortex. Another limitation is considering the intertwined 

measures of age of onset, number of depressive episodes, depression severity, and rumination. 

Rumination is associated with increased duration and severity of depressive episodes in women 

(Abela & Hankin, 2011; Burwell & Shirk, 2007; Nolen-Hoeksema, 2000, 2001). Additionally, 

number of depressive episodes is associated with brain connectivity differences (Marchetti, 

Koster, Sonuga-Barke, & De Raedt, 2012; Meng et al., 2014). One study found that individuals 

with early onset MDD had increased FA in several tracts, however those with late onset MDD 

had decreased FA in different tracts (Cheng et al., 2014). Thus, the association between 

rumination and these other depression measures cannot be completely disentangled. In our study, 

however, only depression rumination was significantly correlated with depression severity. 
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White-matter integrity of tracts changes as a function of age, although these changes follow 

different maturational trajectories for individual tracts (Abe et al., 2010; Giorgio et al., 2010; Hsu 

et al., 2008; Lebel et al., 2008; Rathee et al., 2016; Yoon et al., 2008). Although we did not find 

any significant linear association of age and white-matter integrity in this study, age may still be 

an important factor. The broad age range in this sample allows the results to be generalized to a 

broader population of women with depression, however it does not fully elucidate the impact of 

age.  

 Future studies should consider a larger sample size of women across the lifespan and 

potentially split the sample into group to further understand the impact of age on WMI. Also, it 

would be important to consider the cumulative effect of recurrent depression as well as the age of 

onset when testing WM brain connectivity differences associated with rumination. Studies 

should continue to employ multiple measures of WMI in order to more fully understand axonal 

or myelination differences associated with rumination in depression. Also, in the future, 

researchers should consider using tract based spatial statistics within the tracts with significant 

results—cingulum bundle and uncinate fasciculus—to localize aberrant WMI in individuals with 

depression. If localized differences are found in rumination in women with depression then other 

clinical groups should be employed to understand if connectivity associated with rumination cuts 

across diagnosis. Finally, studies may consider a longitudinal design to examine changes in 

subtypes of rumination associated with changes in multiple measures of WMI in currently and 

remitted depressed participants. 

 This study contributes to the research about white matter brain connectivity associated 

with subtypes of rumination in depressed women. We did not find support for significant 
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decreased FA in our tracts of interest, as hypothesized. However, we did find increased FA in the 

right cingulum bundle and left uncinate fasciculus associated with reflective rumination. 

Additionally, aberrant WMI in the left uncinate fasciculus was associated with depression and 

brooding rumination. This study is the first study to examine multiple measures of white matter 

integrity associated with subtypes of rumination in a sample of women with depression. The 

findings in the left uncinate fasciculus may point to atypical communication between prefrontal, 

temporal, and limbic regions associated with the persistent past-focused attention on emotional 

stimuli in ruminative processing.  
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       Table 1   

       Demographic frequencies of the full sample (N=45) and subset with 
      the rumination measure (N=36) 

  N=45   

 N(%) 

N=36 

   N(%) 
Education High School or 

Less 
11 (24.4) 9 (25.0) 

Partial College  18 (40.0) 13 (36.1) 

College 
Graduate 

11 (24.4) 10 (27.8) 

Graduate or 
professional 

5 (11.1) 4 (11.1) 

Marital 
Status 

Never married 31 (68.9) 24 (66.7) 

Married 6 (13.3) 4 (11.1) 
Separated 2 (4.4) 2 (5.6) 
Divorced 6 (13.3) 6 (16.7) 

Race American 
Indian/ Alaska 
Native/ Asian 

2 (4.4) 2 (5.6) 

White 29 (64.4) 22 (61.1) 

African 
American 

12 (26.7) 10 (27.8) 

 Not reported  2 (4.4) 2 (5.6) 

Ethnicity Not Hispanic or 
Latino 

34 (75.6) 26 (72.2) 

Hispanic or 
Latino 

10 (22.2) 9 (25.0) 

Not reported 1 (2.2) 1 (2.8) 
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Table 2 
 
Demographic and clinical frequencies of the full sample (N=45) and subset with the rumination 
measure (N=36) 
  N=45 

N(%) 

N=36  

N(%) 

   

Diagnosisa MDD 
Only 

31 
(68.9) 

24 (66.7)    

Comorbid 
MDD  

14 
(31.1) 

12 (33.3)    

Number of MDEb 1 23 
(51.1) 

18 (50)    

> 1 22 
(48.9) 

18 (50)    

Depression 
Severity 

Moderate 27 
(60.0) 

20 (55.6)    

Severe 14 
(31.1) 

12 (33.3)    

Very 
Severe 

4 (8.9) 4 (11.1)    

  Mean 
(Range) 

Mean 
(Range) 

Correlation 
with IDS-C 

(r) 

Correlation 
with 

Brooding 
(r) 

Correlation 
with 

Reflective 
(r) 

Age  

Mean 

AgeAge 

 34.02 
(17-59) 

34.69 
(17-59) 

   

Age of Onset of 
MDD 

 27.74 
(11-57) 

28.24 
(11-57) 

   

IDS-C  35.42 
(24-57) 

36.36 
(24-57) 

   

RRS Brooding   13.42    
(7-19) 

.263   

RRS Reflective    13.31   
(7-18) 

.025 .203  

RRS Depression    33.44 
(20-47) 

.375* .465* .368* 

Note. Inventory of Depressive Symptomatology—Clinician Rated (IDS-C) (Rush et al., 2000), 
Ruminative Response Scale (RRS) (Treynor, 2003) 
aNo differences in clinical variables between the MDD Only and Comorbid MDD groups (all p’s 
>.05) 
bMajor Depressive Episodes (MDE) 
*Significant at p<.05 
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Table 3  
 
Significant results of reflective rumination associated with FA  
 

Tract F df p R2 Standardized 
β 

t p 

Right Cingulum 
Bundle 

4.341 1, 34 .045 .113 .336 2.084 .045 

Left Uncinate 
Fasciculus 

5.868 1, 34 .021 .147 .384 2.422 .021 

Note. Fractional Anisotropy (FA) 
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Table 4  
 
Significant results for multiple measures of white matter integrity within the left uncinate 
fasciculus 
 

DTI 
Measure 

Symptom 
Measure 

F df p R2 Standardized 
β 

t p 

MD Depression 5.220 1, 34 .029 .133 -.365 -2.285 .029 
Brooding 9.967 1, 34 .003 .227 -.476 -3.157 .003 

AD Depression 5.167 1, 34 .029 .132 -.363 -2.273 .029 
RD Brooding 10.463 1, 34 .003 .235 -.485 -3.235 .003 

Note. Mean Diffusivity (MD), Axial Diffusivity (AD), Radial Diffusivity (RD) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 40                                                                                          

	

 

 
 
Figure 1. Reflective rumination associated with fractional anisotropy in the left uncinate 

fasciculus.  
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Figure 2. Reflective rumination associated with fractional anisotropy in the right cingulum 

bundle. 
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Figure 3. Multiple measures of white matter integrity in the left uncinate fasciculus (lUF) 

associated with reflective rumination. Fractional anisotropy is significantly associated with 

reflective rumination.  
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Figure 4. Multiple measures of white matter integrity in the right cingulum bundle (rCB) 

associated with reflective rumination. Fractional anisotropy is significantly associated with 

reflective rumination.  
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Figure 5. Multiple measures of white matter integrity in the left uncinate fasciculus (lUF) 

associated with depression rumination. Axial diffusivity and mean diffusivity are significantly 

associated with depression rumination.  
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Figure 6. Multiple measures of white matter integrity in the left uncinate fasciculus (lUF) 

associated with brooding rumination. Radial diffusivity and mean diffusivity are significantly 

associated with brooding rumination.  

 

 

 

 
	
 

	

y = -0.007x + 0.6321 
R² = 0.23219 

y = -0.006x + 0.8667 
R² = 0.20859 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

5 7 9 11 13 15 17 19 

M
ea

su
re

 o
f W

M
I i

n 
lU

F 

Brooding Rumination  

Radial Diffusivity 
Axial Diffusivity 
Mean Diffusivity 



 
 46                                                                                          

	

References 
Abe, O., Yamasue, H., Yamada, H., Masutani, Y., Kabasawa, H., Sasaki, H., . . . Ohtomo, K. 

(2010). Sex dimorphism in gray/white matter volume and diffusion tensor during normal 
aging. NMR Biomed, 23(5), 446-458. doi:10.1002/nbm.1479 

Abela, J. R., & Hankin, B. L. (2011). Rumination as a vulnerability factor to depression during 
the transition from early to middle adolescence: a multiwave longitudinal study. J 
Abnorm Psychol, 120(2), 259-271. doi:10.1037/a0022796 

Aghajani, M., Veer, I. M., van Lang, N. D., Meens, P. H., van den Bulk, B. G., Rombouts, S. A., 
. . . van der Wee, N. J. (2014). Altered white-matter architecture in treatment-naive 
adolescents with clinical depression. Psychol Med, 44(11), 2287-2298. 
doi:10.1017/S0033291713003000 

Alba-Ferrara, L. M., & de Erausquin, G. A. (2013). What does anisotropy measure? Insights 
from increased and decreased anisotropy in selective fiber tracts in schizophrenia. Front 
Integr Neurosci, 7, 9. doi:10.3389/fnint.2013.00009 

Alexander, A. L., Lee, J. E., Lazar, M., & Field, A. S. (2007). Diffusion tensor imaging of the 
brain. Neurotherapeutics, 4(3), 316-329. doi:10.1016/j.nurt.2007.05.011 

Alpert, K., Kogan, A., Parrish, T., Marcus, D., & Wang, L. (2016). The Northwestern University 
Neuroimaging Data Archive (NUNDA).   

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders 
(DSM IV-TR) (4th ed.). Washington D.C. 

Association, A. P. (1994). Diagnostic and statistical manual of mental disorders (DSM-IV) (4 
ed.). Washington DC. 

Bagby, R. M., Rector, N. A., Bacchiochi, J. R., & McBride, C. (2004). The stability of the 
Response Style Questionnaire Rumination Scale in a sample of patients with major 
depression. Cognitive Therapy and Research, 28(4), 527-538.  

Berman, M. G., Peltier, S., Nee, D. E., Kross, E., Deldin, P. J., & Jonides, J. (2011). Depression, 
rumination and the default network. Soc Cogn Affect Neurosci, 6(5), 548-555. 
doi:10.1093/scan/nsq080 

Bhatia, K. D., Henderson, L. A., Hsu, E., & Yim, M. (2018). Reduced integrity of the uncinate 
fasciculus and cingulum in depression: A stem-by-stem analysis. J Affect Disord, 235, 
220-228. doi:10.1016/j.jad.2018.04.055 

Billeci, L., Calderoni, S., Tosetti, M., Catani, M., & Muratori, F. (2012). White matter 
connectivity in children with autism spectrum disorders: a tract-based spatial statistics 
study. BMC Neurol, 12, 148. doi:10.1186/1471-2377-12-148 

Blood, A. J., Iosifescu, D. V., Makris, N., Perlis, R. H., Kennedy, D. N., Dougherty, D. D., . . . 
Mood, D. (2010). Microstructural abnormalities in subcortical reward circuitry of 
subjects with major depressive disorder. PLoS One, 5(11), e13945. 
doi:10.1371/journal.pone.0013945 

Bracht, T., Federspiel, A., Schnell, S., Horn, H., Hofle, O., Wiest, R., . . . Walther, S. (2012). 
Cortico-cortical white matter motor pathway microstructure is related to psychomotor 
retardation in major depressive disorder. PLoS One, 7(12), e52238. 
doi:10.1371/journal.pone.0052238 



 
 47                                                                                          

	

Bracht, T., Jones, D. K., Muller, T. J., Wiest, R., & Walther, S. (2015). Limbic white matter 
microstructure plasticity reflects recovery from depression. J Affect Disord, 170, 143-
149. doi:10.1016/j.jad.2014.08.031 

Brodaty, H., Luscombe, G., Parker, G., Wilhelm, K., Hickie, I., Austin, M. P., & Mitchell, P. 
(2001). Early and late onset depression in old age: different aetiologies, same 
phenomenology. J Affect Disord, 66(2-3), 225-236.  

Bubb, E. J., Metzler-Baddeley, C., & Aggleton, J. P. (2018). The cingulum bundle: Anatomy, 
function, and dysfunction. Neurosci Biobehav Rev, 92, 104-127. 
doi:10.1016/j.neubiorev.2018.05.008 

Bukh, J. D., Bock, C., Vinberg, M., Gether, U., & Kessing, L. V. (2011). Differences between 
early and late onset adult depression. Clin Pract Epidemiol Ment Health, 7, 140-147. 
doi:10.2174/1745017901107010140 

Burwell, R. A., & Shirk, S. R. (2007). Subtypes of rumination in adolescence: associations 
between brooding, reflection, depressive symptoms, and coping. J Clin Child Adolesc 
Psychol, 36(1), 56-65. doi:10.1080/15374410709336568 

Carballedo, A., Amico, F., Ugwu, I., Fagan, A. J., Fahey, C., Morris, D., . . . Frodl, T. (2012). 
Reduced fractional anisotropy in the uncinate fasciculus in patients with major depression 
carrying the met-allele of the Val66Met brain-derived neurotrophic factor genotype. Am J 
Med Genet B Neuropsychiatr Genet, 159B(5), 537-548. doi:10.1002/ajmg.b.32060 

Carlson, J. M., Cha, J., & Mujica-Parodi, L. R. (2013). Functional and structural amygdala - 
anterior cingulate connectivity correlates with attentional bias to masked fearful faces. 
Cortex, 49(9), 2595-2600. doi:10.1016/j.cortex.2013.07.008 

Charlton, R. A., Lamar, M., Zhang, A., Yang, S., Ajilore, O., & Kumar, A. (2014). White-matter 
tract integrity in late-life depression: associations with severity and cognition. Psychol 
Med, 44(7), 1427-1437. doi:10.1017/S0033291713001980 

Chen, S. Y., Feng, Z., & Yi, X. (2017). A general introduction to adjustment for multiple 
comparisons. J Thorac Dis, 9(6), 1725-1729. doi:10.21037/jtd.2017.05.34 

Cheng, Y., Xu, J., Yu, H., Nie, B., Li, N., Luo, C., . . . Xu, X. (2014). Delineation of early and 
later adult onset depression by diffusion tensor imaging. PLoS One, 9(11), e112307. 
doi:10.1371/journal.pone.0112307 

Chou, K. H., Cheng, Y., Chen, I. Y., Lin, C. P., & Chu, W. C. (2011). Sex-linked white matter 
microstructure of the social and analytic brain. Neuroimage, 54(1), 725-733. 
doi:10.1016/j.neuroimage.2010.07.010 

Cole, J., Chaddock, C. A., Farmer, A. E., Aitchison, K. J., Simmons, A., McGuffin, P., & Fu, C. 
H. (2012). White matter abnormalities and illness severity in major depressive disorder. 
Br J Psychiatry, 201(1), 33-39. doi:10.1192/bjp.bp.111.100594 

Cook, P. A., Bai, Y., Nedjati-Gilani, S., Seunarine, K. K., Hall, M. G., Parker, G. J., & 
Alexander, D. C. (2006). Camino: Open-Source Diffusion-MRI Reconstruction and 
Processing. Paper presented at the 14th Scientific Meeting of the International Society 
for Magnetic Resonance in Medicine, Seattle, WA.  

Cooney, R. E., Joormann, J., Eugene, F., Dennis, E. L., & Gotlib, I. H. (2010). Neural correlates 
of rumination in depression. Cogn Affect Behav Neurosci, 10(4), 470-478. 
doi:10.3758/CABN.10.4.470 



 
 48                                                                                          

	

Dalby, R. B., Frandsen, J., Chakravarty, M. M., Ahdidan, J., Sorensen, L., Rosenberg, R., . . . 
Ostergaard, L. (2010). Depression severity is correlated to the integrity of white matter 
fiber tracts in late-onset major depression. Psychiatry Res, 184(1), 38-48. 
doi:10.1016/j.pscychresns.2010.06.008 

de Diego-Adelino, J., Pires, P., Gomez-Anson, B., Serra-Blasco, M., Vives-Gilabert, Y., 
Puigdemont, D., . . . Portella, M. J. (2014). Microstructural white-matter abnormalities 
associated with treatment resistance, severity and duration of illness in major depression. 
Psychol Med, 44(6), 1171-1182. doi:10.1017/S003329171300158X 

de Kwaasteniet, B., Ruhe, E., Caan, M., Rive, M., Olabarriaga, S., Groefsema, M., . . . Denys, D. 
(2013). Relation between structural and functional connectivity in major depressive 
disorder. Biol Psychiatry, 74(1), 40-47. doi:10.1016/j.biopsych.2012.12.024 

De Lissnyder, E., Koster, H. W., Derakshan, N., & De Raedt, R. (2010). The association between 
depressive symptoms and executive control impairments in response to emotional and 
non-emotional information. Cognition and Emotion, 24(2), 264-280.  

De Raedt, R., & Koster, E. H. (2010). Understanding vulnerability for depression from a 
cognitive neuroscience perspective: A reappraisal of attentional factors and a new 
conceptual framework. Cogn Affect Behav Neurosci, 10(1), 50-70. 
doi:10.3758/CABN.10.1.50 

Dunst, B., Benedek, M., Koschutnig, K., Jauk, E., & Neubauer, A. C. (2014). Sex differences in 
the IQ-white matter microstructure relationship: a DTI study. Brain Cogn, 91, 71-78. 
doi:10.1016/j.bandc.2014.08.006 

Field, A. (2009). Discovering statistics using SPSS. London: SAGE. 
Fields, R. D. (2010). Neuroscience. Change in the brain's white matter. Science, 330(6005), 768-

769. doi:10.1126/science.1199139 
First, M., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (2002a). Structured Clinical Interview 

for Dsm-IV-TR Axis I Disorders, Research Version (SCID-I/P). New York State 
Psychiatric Institute: Biometrics Research. 

First, M., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (2002b). Structured Clinical 
Interview for Dsm-IV-TR Axis I Disorders, Research Version, Patient Edition (SCID-I/P) 
(N. Y. S. P. Institute Ed.). New York: Biometrics Research. 

First, M., Spitzer, R. L., Gibbon, M., Williams, J. B. W., Davies, J., Borus, J., . . . Rounsaville, 
B. (1995). The Structured Clinical Interview for DSM-III-R Personality Disorders 
(SCID-II). Part II: Multi-site Test-retest Reliability Study. Journal of Personality 
Disorders, 9(2), 92-104.  

Fleiss, J. L. (1971). Measuring nominal scale agreement among many raters. Psychological 
Bulletin, 76(5), 378-382.  

Fleiss, J. L., & Cohen, J. (1973). The equivalence of wieghted kappa and the intraclass 
correlation coefficient as measures of reliability. Educational and Psycholgical 
Measurement, 33, 613-619.  

Fowler, C. H., Miernicki, M. E., Rudolph, K. D., & Telzer, E. H. (2017). Disrupted amygdala-
prefrontal connectivity during emotion regulation links stress-reactive rumination and 
adolescent depressive symptoms. Dev Cogn Neurosci, 27, 99-106. 
doi:10.1016/j.dcn.2017.09.002 



 
 49                                                                                          

	

Frodl, T., Carballedo, A., Fagan, A. J., Lisiecka, D., Ferguson, Y., & Meaney, J. F. (2012). 
Effects of early-life adversity on white matter diffusivity changes in patients at risk for 
major depression. J Psychiatry Neurosci, 37(1), 37-45. doi:10.1503/jpn.110028 

Giorgio, A., Santelli, L., Tomassini, V., Bosnell, R., Smith, S., De Stefano, N., & Johansen-Berg, 
H. (2010). Age-related changes in grey and white matter structure throughout adulthood. 
Neuroimage, 51(3), 943-951. doi:10.1016/j.neuroimage.2010.03.004 

Goldberg, D. (2011). The heterogeneity of "major depression". World Psychiatry, 10(3), 226-
228.  

Grayson, L., & Thomas, A. (2013). A systematic review comparing clinical features in early age 
at onset and late age at onset late-life depression. J Affect Disord, 150(2), 161-170. 
doi:10.1016/j.jad.2013.03.021 

Greicius, M. D., Supekar, K., Menon, V., & Dougherty, R. F. (2009). Resting-state functional 
connectivity reflects structural connectivity in the default mode network. Cereb Cortex, 
19(1), 72-78. doi:10.1093/cercor/bhn059 

Hamilton, J. P., Farmer, M., Fogelman, P., & Gotlib, I. H. (2015). Depressive Rumination, the 
Default-Mode Network, and the Dark Matter of Clinical Neuroscience. Biol Psychiatry, 
78(4), 224-230. doi:10.1016/j.biopsych.2015.02.020 

Hayakawa, Y. K., Sasaki, H., Takao, H., Hayashi, N., Kunimatsu, A., Ohtomo, K., & Aoki, S. 
(2014). Depressive symptoms and neuroanatomical structures in community-dwelling 
women: A combined voxel-based morphometry and diffusion tensor imaging study with 
tract-based spatial statistics. Neuroimage Clin, 4, 481-487. 
doi:10.1016/j.nicl.2014.03.002 

Henderson, S. E., Johnson, A. R., Vallejo, A. I., Katz, L., Wong, E., & Gabbay, V. (2013). A 
preliminary study of white matter in adolescent depression: relationships with illness 
severity, anhedonia, and irritability. Front Psychiatry, 4, 152. 
doi:10.3389/fpsyt.2013.00152 

Herrmann, L. L., Le Masurier, M., & Ebmeier, K. P. (2008). White matter hyperintensities in late 
life depression: a systematic review. J Neurol Neurosurg Psychiatry, 79(6), 619-624. 
doi:10.1136/jnnp.2007.124651 

Holzel, B. K., Brunsch, V., Gard, T., Greve, D. N., Koch, K., Sorg, C., . . . Milad, M. R. (2016). 
Mindfulness-Based Stress Reduction, Fear Conditioning, and The Uncinate Fasciculus: A 
Pilot Study. Front Behav Neurosci, 10, 124. doi:10.3389/fnbeh.2016.00124 

Hong, W., Abela, J. R., Cohen, J. R., Sheshko, D. M., Shi, X. T., Hamel, A. V., & Starrs, C. 
(2010). Rumination as a vulnerability factor to depression in adolescents in mainland 
China: lifetime history of clinically significant depressive episodes. J Clin Child Adolesc 
Psychol, 39(6), 849-857. doi:10.1080/15374416.2010.517159 

Hsu, J. L., Leemans, A., Bai, C. H., Lee, C. H., Tsai, Y. F., Chiu, H. C., & Chen, W. H. (2008). 
Gender differences and age-related white matter changes of the human brain: a diffusion 
tensor imaging study. Neuroimage, 39(2), 566-577. 
doi:10.1016/j.neuroimage.2007.09.017 

Hua, K., Zhang, J., Wakana, S., Jiang, H., Li, X., Reich, D. S., . . . Mori, S. (2008). Tract 
probability maps in stereotaxic spaces: analyses of white matter anatomy and tract-
specific quantification. Neuroimage, 39(1), 336-347. 
doi:10.1016/j.neuroimage.2007.07.053 



 
 50                                                                                          

	

Jenkins, L. M., Barba, A., Campbell, M., Lamar, M., Shankman, S. A., Leow, A. D., . . . 
Langenecker, S. A. (2016). Shared white matter alterations across emotional disorders: A 
voxel-based meta-analysis of fractional anisotropy. Neuroimage Clin, 12, 1022-1034. 
doi:10.1016/j.nicl.2016.09.001 

Joormann, J., Dkane, M., & Gotlib, I. H. (2006). Adaptive and maladaptive components of 
rumination? Diagnostic specificity and relation to depressive biases. Behav Ther, 37(3), 
269-280. doi:10.1016/j.beth.2006.01.002 

Joormann, J., Levens, S. M., & Gotlib, I. H. (2011). Sticky thoughts: depression and rumination 
are associated with difficulties manipulating emotional material in working memory. 
Psychol Sci, 22(8), 979-983. doi:10.1177/0956797611415539 

Kanaan, R. A., Chaddock, C., Allin, M., Picchioni, M. M., Daly, E., Shergill, S. S., & McGuire, 
P. K. (2014). Gender influence on white matter microstructure: a tract-based spatial 
statistics analysis. PLoS One, 9(3), e91109. doi:10.1371/journal.pone.0091109 

Kandel, B. M., Avants, B. B., Gee, J. C., McMillan, C. T., Erus, G., Doshi, J., . . . Wolk, D. A. 
(2016). White matter hyperintensities are more highly associated with preclinical 
Alzheimer's disease than imaging and cognitive markers of neurodegeneration. 
Alzheimers Dement (Amst), 4, 18-27. doi:10.1016/j.dadm.2016.03.001 

Keedwell, P. A., Chapman, R., Christiansen, K., Richardson, H., Evans, J., & Jones, D. K. 
(2012). Cingulum white matter in young women at risk of depression: the effect of family 
history and anhedonia. Biol Psychiatry, 72(4), 296-302. 
doi:10.1016/j.biopsych.2012.01.022 

Kieseppa, T., Eerola, M., Mantyla, R., Neuvonen, T., Poutanen, V. P., Luoma, K., . . . Isometsa, 
E. (2010). Major depressive disorder and white matter abnormalities: a diffusion tensor 
imaging study with tract-based spatial statistics. J Affect Disord, 120(1-3), 240-244. 
doi:10.1016/j.jad.2009.04.023 

Koster, E. H., De Lissnyder, E., Derakshan, N., & De Raedt, R. (2011). Understanding 
depressive rumination from a cognitive science perspective: the impaired disengagement 
hypothesis. Clin Psychol Rev, 31(1), 138-145. doi:10.1016/j.cpr.2010.08.005 

Koval, P., Kuppens, P., Allen, N. B., & Sheeber, L. (2012). Getting stuck in depression: the roles 
of rumination and emotional inertia. Cogn Emot, 26(8), 1412-1427. 
doi:10.1080/02699931.2012.667392 

Kumar, R., Chavez, A. S., Macey, P. M., Woo, M. A., & Harper, R. M. (2013). Brain axial and 
radial diffusivity changes with age and gender in healthy adults. Brain Res, 1512, 22-36. 
doi:10.1016/j.brainres.2013.03.028 

Kurani, A. S., & Parish, T. (2018). Advanced Diffusion Tensor Imaging Pipeline.  
Kuyken, W., Watkins, E., Holden, E., & Cook, W. (2006). Rumination in adolescents at risk for 

depression. J Affect Disord, 96(1-2), 39-47. doi:10.1016/j.jad.2006.05.017 
Lebel, C., Walker, L., Leemans, A., Phillips, L., & Beaulieu, C. (2008). Microstructural 

maturation of the human brain from childhood to adulthood. Neuroimage, 40(3), 1044-
1055. doi:10.1016/j.neuroimage.2007.12.053 

Liao, Y., Huang, X., Wu, Q., Yang, C., Kuang, W., Du, M., . . . Gong, Q. (2013). Is depression a 
disconnection syndrome? Meta-analysis of diffusion tensor imaging studies in patients 
with MDD. J Psychiatry Neurosci, 38(1), 49-56. doi:10.1503/jpn.110180 



 
 51                                                                                          

	

Liu, J., Dietz, K., DeLoyht, J. M., Pedre, X., Kelkar, D., Kaur, J., . . . Casaccia, P. (2012). 
Impaired adult myelination in the prefrontal cortex of socially isolated mice. Nat 
Neurosci, 15(12), 1621-1623. doi:10.1038/nn.3263 

Lo, C. S., Ho, S. M., & Hollon, S. D. (2008). The effects of rumination and negative cognitive 
styles on depression: a mediation analysis. Behav Res Ther, 46(4), 487-495. 
doi:10.1016/j.brat.2008.01.013 

Lochner, C., Fouche, J. P., du Plessis, S., Spottiswoode, B., Seedat, S., Fineberg, N., . . . Stein, 
D. J. (2012). Evidence for fractional anisotropy and mean diffusivity white matter 
abnormalities in the internal capsule and cingulum in patients with obsessive-compulsive 
disorder. J Psychiatry Neurosci, 37(3), 193-199. doi:10.1503/jpn.110059 

Lorenzetti, V., Allen, N. B., Fornito, A., & Yucel, M. (2009). Structural brain abnormalities in 
major depressive disorder: a selective review of recent MRI studies. J Affect Disord, 
117(1-2), 1-17. doi:10.1016/j.jad.2008.11.021 

Luminet, O. (2004). Assessment and Measurement of Depressive Rumination. In C. Papgeorglou 
& A. Wells (Eds.), Rumination: Naure, theory, and treatment of negative thinking in 
depression (pp. 187-215). Chichester: Wiley. 

Lyubomirsky, S., Caldwell, N. D., & Nolen-Hoeksema, S. (1998). Effects of ruminative and 
distracting responses to depressed mood on retrieval of autobiographical memories. J 
Pers Soc Psychol, 75(1), 166-177.  

Lyubomirsky, S., & Nolen-Hoeksema, S. (1995). Effects of self-focused rumination on negative 
thinking and interpersonal problem solving. J Pers Soc Psychol, 69(1), 176-190.  

Makinodan, M., Rosen, K. M., Ito, S., & Corfas, G. (2012). A critical period for social 
experience-dependent oligodendrocyte maturation and myelination. Science, 337(6100), 
1357-1360. doi:10.1126/science.1220845 

Makovac, E., Smallwood, J., Watson, D. R., Meeten, F., Critchley, H. D., & Ottaviani, C. 
(2018). The verbal nature of worry in generalized anxiety: Insights from the brain. 
Neuroimage Clin, 17, 882-892. doi:10.1016/j.nicl.2017.12.014 

Makris, N., Kennedy, D. N., McInerney, S., Sorensen, A. G., Wang, R., Caviness, V. S., Jr., & 
Pandya, D. N. (2005). Segmentation of subcomponents within the superior longitudinal 
fascicle in humans: a quantitative, in vivo, DT-MRI study. Cereb Cortex, 15(6), 854-869. 
doi:10.1093/cercor/bhh186 

Marchetti, I., Koster, E. H., Sonuga-Barke, E. J., & De Raedt, R. (2012). The default mode 
network and recurrent depression: a neurobiological model of cognitive risk factors. 
Neuropsychol Rev, 22(3), 229-251. doi:10.1007/s11065-012-9199-9 

Martin, L. L., Tesser, A. (1996). Ruminative thoughts. In R. S. Wyer (Ed.), Advances in Social 
Cognition (Vol. 9, pp. 1-47). Hillsdale, NJ: Lawrence Erlbaum Associates. 

Meng, C., Brandl, F., Tahmasian, M., Shao, J., Manoliu, A., Scherr, M., . . . Sorg, C. (2014). 
Aberrant topology of striatum's connectivity is associated with the number of episodes in 
depression. Brain, 137(Pt 2), 598-609. doi:10.1093/brain/awt290 

Monden, R., Wardenaar, K. J., Stegeman, A., Conradi, H. J., & de Jonge, P. (2015). 
Simultaneous Decomposition of Depression Heterogeneity on the Person-, Symptom- and 
Time-Level: The Use of Three-Mode Principal Component Analysis. PLoS One, 10(7), 
e0132765. doi:10.1371/journal.pone.0132765 



 
 52                                                                                          

	

Mori, S., Wakana, S., van Zijl, P. C. M., & Nagae-Poetscher, L. M. (2005). MRI Atlas of Human 
White Matter. Amsterdam, The Netherlands: Elsevier. 

Murphy, M. L., Carballedo, A., Fagan, A. J., Morris, D., Fahey, C., Meaney, J., & Frodl, T. 
(2012). Neurotrophic tyrosine kinase polymorphism impacts white matter connections in 
patients with major depressive disorder. Biol Psychiatry, 72(8), 663-670. 
doi:10.1016/j.biopsych.2012.04.015 

Murphy, M. L., & Frodl, T. (2011). Meta-analysis of diffusion tensor imaging studies shows 
altered fractional anisotropy occurring in distinct brain areas in association with 
depression. Biol Mood Anxiety Disord, 1(1), 3. doi:10.1186/2045-5380-1-3 

National Institues of Health. (2011). Negative Valence Systems.   Retrieved from 
https://www.nimh.nih.gov/research-priorities/rdoc/constructs/negative-valence-
systems.shtml 

Nolen-Hoeksema, S. (2000). The role of rumination in depressive disorders and mixed 
anxiety/depressive symptoms. J Abnorm Psychol, 109(3), 504-511.  

Nolen-Hoeksema, S. (2001). Gender differences in depression. Current Directions in 
Psychological Science, 173-176.  

Nolen-Hoeksema, S., & Morrow, J. (1993). Effects of rumination and distraction on naturally 
occuring depressed mood. Cognition and Emotion, 7(6).  

Nolen-Hoeksema, S., Wisco, B. E., & Lyubomirsky, S. (2008). Rethinking Rumination. Perspect 
Psychol Sci, 3(5), 400-424. doi:10.1111/j.1745-6924.2008.00088.x 

Olvet, D. M., Delaparte, L., Yeh, F. C., DeLorenzo, C., McGrath, P. J., Weissman, M. M., . . . 
Parsey, R. V. (2016). A Comprehensive Examination of White Matter Tracts and 
Connectometry in Major Depressive Disorder. Depress Anxiety, 33(1), 56-65. 
doi:10.1002/da.22445 

Ota, M., Noda, T., Sato, N., Hattori, K., Hori, H., Sasayama, D., . . . Kunugi, H. (2015). White 
matter abnormalities in major depressive disorder with melancholic and atypical features: 
A diffusion tensor imaging study. Psychiatry Clin Neurosci, 69(6), 360-368. 
doi:10.1111/pcn.12255 

Ouyang, X., Tao, H. J., Liu, H. H., Deng, Q. J., Sun, Z. H., Xu, L., . . . Xue, Z. M. (2011). White 
matter integrity deficit in treatment-naive adult patients with major depressive disorder. 
East Asian Arch Psychiatry, 21(1), 5-9.  

Philippot, P., & Brutoux, F. (2008). Induced rumination dampens executive processes in 
dysphoric young adults. J Behav Ther Exp Psychiatry, 39(3), 219-227. 
doi:10.1016/j.jbtep.2007.07.001 

Poletti, S., Aggio, V., Brioschi, S., Bollettini, I., Falini, A., Colombo, C., & Benedetti, F. (2018). 
Impact of early and recent stress on white matter microstructure in major depressive 
disorder. J Affect Disord, 225, 289-297. doi:10.1016/j.jad.2017.08.017 

Raes, F., & Hermans, D. (2008). On the mediating role of subtypes of rumination in the 
relationship between childhood emotional abuse and depressed mood: brooding versus 
reflection. Depress Anxiety, 25(12), 1067-1070. doi:10.1002/da.20447 

Raes, F., Hermans, D., Williams, J. M., Beyers, W., Brunfaut, E., & Eelen, P. (2006). Reduced 
autobiographical memory specificity and rumination in predicting the course of 
depression. J Abnorm Psychol, 115(4), 699-704. doi:10.1037/0021-843X.115.4.699 



 
 53                                                                                          

	

Raes, F., Schoofs, H., Griffith, J. W., & Hermans, D. (2012). Rumination relates to reduced 
autobiographical memory specificity in formerly depressed patients following a self-
discrepancy challenge: the case of autobiographical memory specificity reactivity. J 
Behav Ther Exp Psychiatry, 43(4), 1002-1007. doi:10.1016/j.jbtep.2012.03.003 

Raes, F., Watkins, E. R., Williams, J. M., & Hermans, D. (2008). Non-ruminative processing 
reduces overgeneral autobiographical memory retrieval in students. Behav Res Ther, 
46(6), 748-756. doi:10.1016/j.brat.2008.03.003 

Ramsey, P. P. (2007). Optimal Trimming and Outlier Elimination. Journal of Modern Applied 
Statistical Methods, 6(2).  

Randolph, J. (2016). Online Kappa Calculator. Retrieved from 
http://justus.randolph.name/kappa 

Rathee, R., Rallabandi, V. P., & Roy, P. K. (2016). Age-Related Differences in White Matter 
Integrity in Healthy Human Brain: Evidence from Structural MRI and Diffusion Tensor 
Imaging. Magn Reson Insights, 9, 9-20. doi:10.4137/MRI.S39666 

Rush, A. J., Carmody, T., & Reimitz, P. E. (2000). The Inventory of Depressive 
Sypmtomatology (IDS): Clinician (IDS-C) and self-report (IDS-SR) ratings of depressive 
symptoms. . International Journal of Methods in Psychiatric Research, 9, 45-59.  

Rush, A. J., Gullion, C. M., Basco, M. R., Jarrett, R. B., & Trivedi, M. H. (1996). The Inventory 
of Depressive Symptomatology (IDS): psychometric properties. Psychol Med, 26(3), 
477-486.  

Sacchet, M. D., Prasad, G., Foland-Ross, L. C., Joshi, S. H., Hamilton, J. P., Thompson, P. M., 
& Gotlib, I. H. (2014). Structural abnormality of the corticospinal tract in major 
depressive disorder. Biol Mood Anxiety Disord, 4, 8. doi:10.1186/2045-5380-4-8 

Schmaal, L., Veltman, D. J., van Erp, T. G., Samann, P. G., Frodl, T., Jahanshad, N., . . . Hibar, 
D. P. (2016). Subcortical brain alterations in major depressive disorder: findings from the 
ENIGMA Major Depressive Disorder working group. Mol Psychiatry, 21(6), 806-812. 
doi:10.1038/mp.2015.69 

Schnyer, D. M., Clasen, P. C., Gonzalez, C., & Beevers, C. G. (2017). Evaluating the diagnostic 
utility of applying a machine learning algorithm to diffusion tensor MRI measures in 
individuals with major depressive disorder. Psychiatry Res, 264, 1-9. 
doi:10.1016/j.pscychresns.2017.03.003 

Seok, J. H., Choi, S., Lim, H. K., Lee, S. H., Kim, I., & Ham, B. J. (2013). Effect of the COMT 
val158met polymorphism on white matter connectivity in patients with major depressive 
disorder. Neurosci Lett, 545, 35-39. doi:10.1016/j.neulet.2013.04.012 

Shen, X., Reus, L. M., Cox, S. R., Adams, M. J., Liewald, D. C., Bastin, M. E., . . . McIntosh, A. 
M. (2017). Subcortical volume and white matter integrity abnormalities in major 
depressive disorder: findings from UK Biobank imaging data. Sci Rep, 7(1), 5547. 
doi:10.1038/s41598-017-05507-6 

Siegle, G. J., Moore, P., & Thase, M. (2004). Rumination: One construct, many feaures in 
healthy individuals, depressed individuals, and individuals with lupus. Cognitive Therapy 
and Research, 28(5), 645-668.  

Smith, J. M., & Alloy, L. B. (2009). A roadmap to rumination: a review of the definition, 
assessment, and conceptualization of this multifaceted construct. Clin Psychol Rev, 29(2), 
116-128. doi:10.1016/j.cpr.2008.10.003 



 
 54                                                                                          

	

Sokolov, B. P. (2007). Oligodendroglial abnormalities in schizophrenia, mood disorders and 
substance abuse. Comorbidity, shared traits, or molecular phenocopies? Int J 
Neuropsychopharmacol, 10(4), 547-555. doi:10.1017/S1461145706007322 

Steffens, D. C., Taylor, W. D., Denny, K. L., Bergman, S. R., & Wang, L. (2011). Structural 
integrity of the uncinate fasciculus and resting state functional connectivity of the ventral 
prefrontal cortex in late life depression. PLoS One, 6(7), e22697. 
doi:10.1371/journal.pone.0022697 

Substance Abuse and Mental Health Services Administration. (2017). Key substance use and 
mental health indicators in the United States: Results from the 2016 National Survey on 
Drug Use and Health. .   Retrieved from https://www.samhsa.gov/data/ 

Sutterlin, S., Paap, M. C., Babic, S., Kubler, A., & Vogele, C. (2012). Rumination and age: some 
things get better. J Aging Res, 2012, 267327. doi:10.1155/2012/267327 

Takao, H., Hayashi, N., & Ohtomo, K. (2014). Sex dimorphism in the white matter: fractional 
anisotropy and brain size. J Magn Reson Imaging, 39(4), 917-923. 
doi:10.1002/jmri.24225 

Taylor, W. D., Kuchibhatla, M., Payne, M. E., Macfall, J. R., Sheline, Y. I., Krishnan, K. R., & 
Doraiswamy, P. M. (2008). Frontal white matter anisotropy and antidepressant remission 
in late-life depression. PLoS One, 3(9), e3267. doi:10.1371/journal.pone.0003267 

Tham, M. W., Woon, P. S., Sum, M. Y., Lee, T. S., & Sim, K. (2011). White matter 
abnormalities in major depression: evidence from post-mortem, neuroimaging and 
genetic studies. J Affect Disord, 132(1-2), 26-36. doi:10.1016/j.jad.2010.09.013 

Treynor, W., Gonzalez, R., Nolen-Hoeksema, S. (2003). Rumination reconsidered: A 
psychometric analysis. Cognitive Therapy and Research, 27(3), 247-259.  

van Hemmen, J., Saris, I. M. J., Cohen-Kettenis, P. T., Veltman, D. J., Pouwels, P. J. W., & 
Bakker, J. (2017). Sex Differences in White Matter Microstructure in the Human Brain 
Predominantly Reflect Differences in Sex Hormone Exposure. Cereb Cortex, 27(5), 
2994-3001. doi:10.1093/cercor/bhw156 

Vanderhasselt, M. A., Baeken, C., Van Schuerbeek, P., Luypaert, R., De Mey, J., & De Raedt, R. 
(2013). How brooding minds inhibit negative material: an event-related fMRI study. 
Brain Cogn, 81(3), 352-359. doi:10.1016/j.bandc.2013.01.007 

Vanderhasselt, M. A., Kuhn, S., & De Raedt, R. (2011). Healthy brooders employ more 
attentional resources when disengaging from the negative: an event-related fMRI study. 
Cogn Affect Behav Neurosci, 11(2), 207-216. doi:10.3758/s13415-011-0022-5 

Von Der Heide, R. J., Skipper, L. M., Klobusicky, E., & Olson, I. R. (2013). Dissecting the 
uncinate fasciculus: disorders, controversies and a hypothesis. Brain, 136(Pt 6), 1692-
1707. doi:10.1093/brain/awt094 

Wakana, S., Caprihan, A., Panzenboeck, M. M., Fallon, J. H., Perry, M., Gollub, R. L., . . . Mori, 
S. (2007). Reproducibility of quantitative tractography methods applied to cerebral white 
matter. Neuroimage, 36(3), 630-644. doi:10.1016/j.neuroimage.2007.02.049 

Walther, S., Hugli, S., Hofle, O., Federspiel, A., Horn, H., Bracht, T., . . . Muller, T. J. (2012). 
Frontal white matter integrity is related to psychomotor retardation in major depression. 
Neurobiol Dis, 47(1), 13-19. doi:10.1016/j.nbd.2012.03.019 

Wang, S., & Young, K. M. (2014). White matter plasticity in adulthood. Neuroscience, 276, 148-
160. doi:10.1016/j.neuroscience.2013.10.018 



 
 55                                                                                          

	

Wardlaw, J. M., Valdes Hernandez, M. C., & Munoz-Maniega, S. (2015). What are white matter 
hyperintensities made of? Relevance to vascular cognitive impairment. J Am Heart 
Assoc, 4(6), 001140. doi:10.1161/JAHA.114.001140 

Watkins, E., & Baracaia, S. (2002). Rumination and social problem-solving in depression. Behav 
Res Ther, 40(10), 1179-1189.  

Watkins, E., & Brown, R. G. (2002). Rumination and executive function in depression: an 
experimental study. J Neurol Neurosurg Psychiatry, 72(3), 400-402.  

Watkins, E., & Teasdale, J. D. (2001). Rumination and overgeneral memory in depression: 
effects of self-focus and analytic thinking. J Abnorm Psychol, 110(2), 353-357.  

Wells, A., & Matthews, G. (1996). Modelling cognition in emotional disorder: the S-REF model. 
Behav Res Ther, 34(11-12), 881-888.  

Whiteman, R. C., & Mangels, J. A. (2016). Rumination and rebound from failure as a function of 
gender and time on task. Brain Sci, 6(1). doi:10.3390/brainsci6010007 

Whitmer, A. J., Frank, M. J., & Gotlib, I. H. (2011). Sensitivity to reward and punishment in 
major depressive disorder: Effects of rumination and of single versus multiple 
experiences. Cognition and Emotion, 26(8).  

Whitmer, A. J., & Gotlib, I. H. (2012). Switching and backward inhibition in major depressive 
disorder: the role of rumination. J Abnorm Psychol, 121(3), 570-578. 
doi:10.1037/a0027474 

Wilson, S., Hicks, B. M., Foster, K. T., McGue, M., & Iacono, W. G. (2015). Age of onset and 
course of major depressive disorder: associations with psychosocial functioning 
outcomes in adulthood. Psychol Med, 45(3), 505-514. doi:10.1017/S0033291714001640 

Winklewski, P. J., Sabisz, A., Naumczyk, P., Jodzio, K., Szurowska, E., & Szarmach, A. (2018). 
Understanding the Physiopathology Behind Axial and Radial Diffusivity Changes-What 
Do We Know? Front Neurol, 9, 92. doi:10.3389/fneur.2018.00092 

Wu, Y., Sun, D., Wang, Y., Wang, Y., & Ou, S. (2016). Segmentation of the Cingulum Bundle 
in the Human Brain: A New Perspective Based on DSI Tractography and Fiber 
Dissection Study. Front Neuroanat, 10, 84. doi:10.3389/fnana.2016.00084 

Yin, Y., He, X., Xu, M., Hou, Z., Song, X., Sui, Y., . . . Yuan, Y. (2016). Structural and 
Functional Connectivity of Default Mode Network underlying the Cognitive Impairment 
in Late-onset Depression. Sci Rep, 6, 37617. doi:10.1038/srep37617 

Yoon, B., Shim, Y. S., Lee, K. S., Shon, Y. M., & Yang, D. W. (2008). Region-specific changes 
of cerebral white matter during normal aging: a diffusion-tensor analysis. Arch Gerontol 
Geriatr, 47(1), 129-138. doi:10.1016/j.archger.2007.07.004 

Zagni, E., Simoni, L., & Colombo, D. (2016). Sex and Gender Differences in Central Nervous 
System-Related Disorders. Neurosci J, 2016, 2827090. doi:10.1155/2016/2827090 

Zhang, A., Leow, A., Ajilore, O., Lamar, M., Yang, S., Joseph, J., . . . Kumar, A. (2012). 
Quantitative tract-specific measures of uncinate and cingulum in major depression using 
diffusion tensor imaging. Neuropsychopharmacology, 37(4), 959-967. 
doi:10.1038/npp.2011.279 

Zuo, N., Fang, J., Lv, X., Zhou, Y., Hong, Y., Li, T., . . . Jiang, T. (2012). White matter 
abnormalities in major depression: a tract-based spatial statistics and rumination study. 
PLoS One, 7(5), e37561. doi:10.1371/journal.pone.0037561 



 
 56                                                                                          

	

Zuurbier, L. A., Nikolova, Y. S., Ahs, F., & Hariri, A. R. (2013). Uncinate fasciculus fractional 
anisotropy correlates with typical use of reappraisal in women but not men. Emotion, 
13(3), 385-390. doi:10.1037/a0031163 

	

	

 

 

 

 

 

 


