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Background: Although the use of brain imaging techniques has greatly improved our knowledge of the psycho-
physiological underpinnings of rumination, the number of studies investigating brooding and reflective rumi-
nation as separate dimensions within the Triple Network (TN) perspective is still limited. The main purpose of
this study was to examine the relationship between resting-state electroencephalography (EEG) TN functional

Psychopathol
E;}g cziieciisi}; connectivity, rumination, and psychopathology in a sample of young adults.
eLORETA Method: One hundred and twenty-seven individuals (95 females; mean age: 21.62 + 2.53 years) were admin-

istered self-report measures assessing rumination and psychopathology and underwent a resting-state EEG
recording with eyes closed. All EEG analyses were performed using the exact low-resolution electromagnetic
tomography software (eLORETA).

Results: Our results showed that higher brooding rumination, but not reflection, was associated with increased
beta connectivity (r = 0.308; adjusted-p = .043) between default mode network (DMN) and central executive
network (CEN). This connectivity pattern was also positively correlated with the general level of psychopa-
thology (rho = 0.254; p = .004). Lastly, a mediational model revealed that brooding rumination plays a sig-
nificant role in the relationship between DMN-CEN beta connectivity and psychopathology and fully mediates
this relationship.

Limitations: The cross-sectional design of the study and the retrospective self-reported data should be considered.
Conclusion: Our findings may reflect the neurophysiological pattern underlying the difficulty and/or attempt to
disengage from internal/self-related negative thoughts and highlight the role of maladaptive rumination in
mediating the relationship between DMN-CEN connectivity and psychopathology.

1. Introduction Grierson et al., 2016; Luca, 2019; Rood et al., 2009; Snyder et al., 2019;

Wong et al., 2023).

Maladaptive rumination (i.e., rigid, repetitive and negative self-
focused thoughts in response to stressful life events or feelings) is
considered a transdiagnostic process involved in the development and
maintenance of psychopathology in both clinical and non-clinical in-
dividuals (Cano-Lopez et al., 2022; Clancy et al., 2020; Ehring, 2021;
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Empirical and theoretical studies on this construct have often
distinguished two subtypes of rumination: ruminative reflection and
brooding (Nolen-Hoeksema, 1991; Satyshur et al., 2018; Treynor et al.,
2003). While reflection is conceptualized as the tendency to engage in
contemplative and intentional problem solving to alleviate one’s
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negative mood, brooding is viewed as passive and self-critical pondering
on the stressful effects of a current situation and/or negative feelings
without planning a constructive solution (Treynor et al., 2003).

Although brooding and reflective rumination share some character-
istics (e.g., the repetitive, self-focused thinking style), these two forms of
rumination are considered distinct constructs on both a psychopatho-
logical and neurophysiological level. From a clinical perspective, despite
some controversial data (e.g., Junkins and Haeffel, 2017; Miranda and
Nolen-Hoeksema, 2007), compared to reflection, brooding is generally
considered a dysfunctional form of rumination that is more strongly and
reliably associated with depressive symptoms (e.g., Farina et al., 2025;
Junkins and Haeffel, 2017; Moretta and Messerotti Benvenuti, 2022;
Rogers and Joiner, 2017) as well as with general psychopathology
(Selby et al., 2016; Shaw et al., 2021; Wang et al., 2017). On a neuro-
physiological level, neuroscientific reports also seem to suggest different
neural patterns associated with these two subtypes of rumination (Misir
et al.,, 2023). In particular, a recent systematic review of functional
magnetic resonance imaging (fMRI) connectivity data reports that,
compared to reflection, brooding rumination appears to be linked to a
diminished top-down modulation (Misir et al., 2023).

More specifically, neuroscientific studies have shown that the triple
network (TN) model (Menon, 2011) is a valid framework for under-
standing rumination (Misir et al., 2023) according to the modern
conceptualization of the brain as a highly interconnected and dynamic
system. This approach focuses on the relationship between three main
large-scale networks, namely the default mode network (DMN), the
salience network (SN), and the central executive network (CEN). These
neural systems are closely interconnected not only during various
cognitive and emotional tasks, but also in the resting-state (RS), a con-
dition that highlights the intrinsic organization of the brain (Anderson
and Perone, 2018; Blanken et al., 2021; Menon, 2011). According to this
model, the efficient interaction between these networks is responsible
for efficient cognitive control and adaptive behavior. Instead, imbal-
anced communication within and/or between these neural circuits is
responsible for various psychopathological manifestations, and for
various mental disorders (Menon, 2019; Menon, 2011, 2018, 2020).
Indeed, these networks are dynamically involved in numerous basic and
higher-order cognitive and emotional processes, including arousal
modulation, self-referential thoughts, and top-down control (Bressler
and Menon, 2010; Menon and Uddin, 2010).

Several studies have shown that rumination is associated with
various connectivity alterations of these neural systems at both inter-
and intra-network levels (Misir et al., 2023). For example, despite some
mixed results (e.g., Jacob et al., 2020), several fMRI and electroen-
cephalogram (EEG) studies have found a positive association between
increased DMN synchronization and rumination scores in patients with
depression and healthy individuals (Benschop et al., 2021; Bocharov
et al., 2021; Ho et al., 2024; Misir et al., 2023). At the inter-network
level, investigations in patients with depression also showed that the
total rumination score and the brooding severity were positively
correlated, respectively, with DMN-CEN-SN functional connectivity
(Bessette et al., 2018), and with the inverse correlation between the CEN
and the DMN (Pisner et al., 2019). More recently, a functional near-
infrared spectroscopy (fNIRS) study (Wei et al., 2024) found the asso-
ciation between increased DMN-CEN connectivity and reflective rumi-
nation scores in a sample of healthy participants.

Although the use of brain imaging techniques has greatly improved
our knowledge of the psychophysiological underpinnings of rumination
(Benschop et al., 2021), the number of studies investigating brooding
and reflective rumination as separate dimensions within the TN
perspective, especially in non-clinical samples, is still limited (Misir
et al., 2023). Furthermore, while the relationship between altered TN
connectivity and psychopathology has been extensively documented
(Menon, 2019), the potential role of rumination in mediating this rela-
tionship remains relatively understudied (Ordaz et al., 2017).

Identifying the neural mechanisms underlying maladaptive
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rumination is crucial not only to understand the pathogenic processes
related to the onset and development of several psychiatric disorders,
but also to more effectively address this maladaptive thinking style in
treatment (Hsu et al., 2015). Moreover, it is known that focusing on non-
clinical individuals can provide valuable information about the poten-
tial etiological processes underlying psychopathology by shifting from a
categorical to a dimensional perspective on mental disorders
(Imperatori et al., 2025; Lawn et al., 2022; Maj, 2016; Marques et al.,
2021).

Given these premises, the main purpose of this study was to inves-
tigate the complex relationship between RS-TN dynamics, brooding and
reflective rumination, and their role in psychopathological symptoms in
a non-clinical sample of young adults using EEG connectivity. This
approach is not only a suitable method to evaluate and understand the
neurophysiological features underlying rumination-related phenomena
(Benschop et al., 2021; Bocharov et al., 2021), but also for to assess the
specific electrophysiological signature that characterizes neural net-
works interactions (Liu et al., 2018; Mantini et al., 2007; Whitton et al.,
2018).

Specifically, the current study aimed to (i) investigate the relation-
ship between RS-TN connectivity and brooding and ruminative reflec-
tion, and (ii) test the mediating role of rumination in the relationship
between TN connectivity and general psychopathology. In line with
previous RS brain imaging studies (Benschop et al., 2021; Ho et al,,
2024; Misir et al., 2023; Zhou et al., 2020), it was hypothesized that
higher levels of brooding and ruminative reflection would be correlated
with increased inter-network and intra-network TN connectivity,
particularly in the alpha and beta frequency bands, and especially be-
tween DMN hubs. Furthermore, it was expected that brooding rumina-
tion, but not ruminative reflection, would mediate the association
between TN connectivity and general psychopathology.

2. Method
2.1. Participants and procedure

The required sample size for this report was determined based on the
correlation and the mediation analysis (i.e. the analyses required to
achieve the study aims) using G*Power 3.1 software (Faul et al., 2009)
and according to the guidelines for mediation studies (Fritz and Mack-
innon, 2007). In relation to the correlation analysis, the G*Power 3.1
software showed that at a probability level of 0.05, a sample size of 91 is
required to achieve acceptable statistical power (1-f = 80 %) to detect a
medium effect size (i.e., r = 0.285%) in a two-tailed test. With regards to
the mediational analysis, following the recommendation of Fritz and
Mackinnon (2007), and assuming a small/moderate effect size for path
“a” (i.e., TN connectivity on rumination) and, according to the literature
(Rickerby et al., 2024), a medium effect size for path “b” (i.e., rumina-
tion on general psychopathology), a sample of 126 participants was
required to achieve a statistical power of 0.80 using a mediational model
performed with the percentile bootstrap procedure.

Participants were enrolled through an online survey distributed via
web-based tools (e.g., social media) that assessed inclusion/exclusion
study criteria, socio-demographic data (e.g., biological sex, chronolog-
ical age, and educational attainment), and the main study variables (see
Psychological measures section). Subjects responded by opening a QR
code or the internet link to the survey form on their preferred device (e.
g., smartphone, tablet or PC). All participants participated anonymously
and voluntarily in the research (i.e., without any form of compensation)
after giving written informed consent.

2 This effect size was estimated following two recent RS-EEG studies (i.e.,
Benschop et al., 2021; Ho et al., 2024) reporting positive significant correla-
tions between EEG connectivity data and rumination ranging from r = 0.19 tor
= 0.54 (mean r = 0.285).
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Recruitment lasted from April 2024 to January 2025. Inclusion
criteria were: age between 18 and 34 years [i.e., an age group vulnerable
to the onset of various forms of psychopathology (Solmi et al., 2022)],
both sexes, right-handedness (i.e., Laterality Quotient >50 (Oldfield,
1971)), native Italian speakers. The following exclusion criteria applied:
i) current and/or past self-reported neuropsychiatric diagnoses; ii) self-
declared consumption of psychoactive drugs and/or illicit substances in
the 14 days prior to EEG recording.

One hundred and seventy respondents were assessed for eligibility.
One hundred and twenty-seven individuals (95 females and 32 males;
age range: 18-34 years; mean age: 21.62 + 2.53 years) met the inclusion
criteria and participated in the present study. The data were collected as
part of a larger project investigating the endophenotypes and risk factors
of depression (PRIN Project 20228P4H2K supported by the MUR of
Italy). This study was approved by the Ethics Review Committee of the
European University of Rome (Prot. n. 12/2023) in accordance with the
principles of the Declaration of Helsinki.

2.2. Psychological measures

The psychological study variables (i.e., rumination and general
psychopathology) were assessed with the short version of the Rumina-
tive Responses Scale (RRS-10; Treynor et al., 2003) and the Brief
Symptom Inventory (BSI; Derogatis and Melisaratos, 1983). Tobacco
consumption and the frequency of alcohol consumption, which was
determined using the first item of the Alcohol Use Disorders Identifi-
cation Test (AUDIT#1; Babor et al., 2001), were also recorded.

The RRS-10 is a self-report questionnaire that separately (i.e., five
items for each dimension) assesses ruminative reflection (RRS-10-R; e.
g., “Analyze recent events to try to understand why you are depressed”) and
brooding rumination (RRS-10-B; e.g., “What am I doing to deserve this™).
Each item is rated on a 4-point Likert scale (from 1 = “never” to 4 =
“always”), with greater scores reflecting higher brooding and/or
reflective tendencies. The RRS-10 showed satisfactory psychometric
properties, including good reliability and validity (He et al., 2021;
Lucena-Santos et al., 2018; Thanoi and Klainin-Yobas, 2015). In the
present report, the Italian translation of the RRS-10 (Macchia et al.,
2012) was used, with an internal consistency of 0.74 for both RRS-10-R
and RRS-10-B subscales.

The BSI is a 53-item self-report questionnaire widely used to assess
the general level of psychopathology (Derogatis, 2017). The scale is
designed to investigate nine principal clinical dimensions: somatization,
obsessive-compulsive tendencies, interpersonal sensitivity, depressive
symptoms, hostility, paranoid ideation, psychoticism, anxiety and
phobic anxiety. The global severity index (GSI), the most sensitive single
quantitative indicator of general psychopathology (Derogatis, 2017), is
also calculated as the mean of all items. Participants rate each item using
a 5-point Likert scale (from 0= “not at all” to 4 = “extremely”), with
greater scores reflecting higher psychopathological symptoms. Several
studies showed that the BSI is characterized by adequate psychometric
properties (Derogatis, 2017). In the current study, the Italian version
(Adawi et al., 2019) of the scale was used, and Cronbach’s alpha was
excellent (i.e., 0.96) for the BSI total score.

2.3. EEG recordings, processing and analysis

In the week after enrolment, study participants were asked to
perform a RS-EEG recording in an EEG laboratory with their eyes closed.
They were asked to refrain from alcohol and/or caffeine for at least 4 h
prior to the EEG recording. Each EEG recording lasted at least 5 min and
was performed in a silent room using multi-channel amplifiers (Brai-
nAmp, BrainProducts GmbH, Gilching Germany) with 64 passive elec-
trodes located according to the international 10-10 system. Ground and
reference electrode were respectively located at Fpz and FCz scalp sites.
During the recordings impedances were kept below 20 kQ. The online
sampling frequency was 500 Hz.
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A qualitative visual assessment of the EEG raw data revealed no
significant mark of abnormal neurophysiological activity or signs of
drowsiness during the recordings. Offline EEG processing was per-
formed by means of EEGLAB toolbox for MATLAB (version 2022.1;
Delorme and Makeig, 2004). The EEG raw data was down-sampled to
256 Hz. The band-pass filtered between 1 Hz and 40 Hz and average re-
reference was also applied. After a preliminary visual examination and
the removal of the main marked artifacts (e.g., muscle activity), the
Independent Component Analysis (ICA) was run using the infomax
decomposition algorithm in order to remove other artifacts. More spe-
cifically, in accordance with previous EEG connectivity studies (e.g.,
Assenza et al., 2024; Chang et al., 2024; Lanzone et al., 2022), compo-
nents were first classified and ranked using the ICLabel algorithm (Pion-
Tonachini et al., 2019; Pontifex et al., 2017), which evaluates their
contribution to the overall variance and provides probabilistic labels (e.
g., brain, muscle, eye, heart, line noise, channel noise, or other). Noisy
components were then removed after careful visual inspection (quali-
tative spectral and topographical features), preserving as much physi-
ological variance as possible for each individual.

Artifacts-free EEG data were then analyzed by means of the Exact
Low-Resolution Electromagnetic Tomography software (eLORETA;
Pascual-Marqui et al., 2011). This software is a well-recognized device
for localizing electrophysiological activity (Asadzadeh et al., 2020; Jatoi
et al., 2014) as well as for the analysis of brain networks connectivity
(Liu et al., 2018). In fact, despite its low spatial resolution, this software
ensures an accurate reconstruction of the electrocortical activity,
applying a three-dimensional (3D), linear, distributed non-inverse norm
solution (Canuet et al., 2012).

According to previous eLORETA reports (Carbone et al., 2024; Car-
bone et al., 2022; Filosa et al., 2024; Imperatori et al., 2020; Massullo
et al., 2022), EEG-TN connectivity was investigated identifying nine
regions of interest (ROIs; Table 1). More specifically, ROIs were recon-
structed selecting the “ROI-maker#1” option (i.e., using the Montreal
Neurological Institute coordinates) in the eLORETA package. Further-
more, according with previous reports (e.g., Canuet et al., 2011; de la
Salle et al., 2016; Kitaura et al., 2017), the “single nearest voxel” method
was selected (i.e., each ROI made up of a single voxel, the nearest to each
TN node).

Following the recommendation suggested by Miljevic et al. (2022),
artifacts-free EEG data were divided into 4-seconds epochs (considering
a minimum of 50 epochs for each participant). In the present research,
the mean EEG epochs analyzed were 67.03 + 6.57. Thus, the lagged
phase synchronization (LPS) index (Pascual-Marqui et al., 2011) was
applied to compute the functional connectivity in TN. Removing the
instantaneous zero-lag contribution and minimizing the impact of non-
physiological artifacts, this measure is one of the most used for the
assessment of EEG connectivity (Hata et al., 2016; Olbrich et al., 2014).

Table 1
eLORETA reconstruction of the triple network according to MNI space co-
ordinates (x, y, 2)°.

Salience network ROIs Default monde Central executive network

network ROIs ROIs
dACC (x =0,y = 20, 2 = 35) MPFC (x =0,y =55, Left DLPFC (x = —45,y =
z = 25) 20, z = 35)
Left anterior insula (x = —45, PCC(x=0,y=-55, Right DLPFC (x = 40,y =
y=15,2=-5) z = 20) 25, z = 50)
Right anterior insula (x = 50, Left PPC (x = —40,y =
y=15,z=-5) —70, 2 = 45)
Right PPC (x = 50, y =
—60, z = 40)

Abbreviation: eLORETA = exact Low Resolution Electromagnetic Tomography
software; MNI = Montreal Neurological Institute; ROI = Region of Interest;
dACC = dorsal anterior cingulate cortex; MPFC = medial prefrontal cortex; PCC
= DLPFC = dorsolateral prefrontal cortex; PPC = posterior parietal cortex.

# Coordinates referred to the ROI centroid.
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By applying the normalized Fourier transform, this connectivity index
estimates the similarity of EEG patterns in the frequency domain, with
scores between O (i.e., no synchrony between two ROIs) to 1 (i.e.,
maximum synchrony between two ROIs). In the present report, the LPS
was calculated in the following frequency: delta (1-4 Hz), theta
(4.5-7.5 Hz), alpha (8-13 Hz), beta (13.5-30 Hz).

2.4. Statistical analysis

To investigate the relationship between the TN connectivity values
and the RRS-10 scores, the eLORETA regression analysis option was
used (i.e., the connectivity data between each TN hub at each frequency
considered were correlated with the RRS-10-B and RRS-10-R total
scores). The statistical non-parametric mapping approach (Nichols and
Holmes, 2002) was used to perform this analysis. This procedure in-
volves the calculation of 5000 randomizations with the aim of deter-
mining r-values and the equivalent statistically adjusted p-values (i.e.,
corrected for multiple comparisons among all connections, in each fre-
quency band, without the need to rely on Gaussianity). This methodol-
ogy is widely used in the eLORETA studies and is considered an effective
approach for resolving the multiple testing problem (see Hata et al.,
2016 for technical details).

As an exploratory analysis, the association between GSI and each
significant TN connectivity pattern detected in the previous analysis was
assessed by Spearman’s rho correlation coefficient. Lastly, as specificity
analysis, each significant association detected by the eLORETA software
(i.e., between connectivity values and the RRS-10 scores) was also
investigated using partial correlations (rp), controlling for depressive
symptoms (i.e., the BSI depression subscale).

Lastly, to investigate whether the association between TN connec-
tivity and general psychopathology was mediated by rumination, a
single mediation analysis was performed by means of the “Model 4
method of SPSS Macro Process v3.5 (Hayes, 2012) using 5000 bootstrap
samples. Based on the previous analyses, each significant TN connec-
tivity pattern detected with the eLORETA was set as the independent
variable, GSI as the dependent variable, and rumination (i.e., RRS-10-B
and/or RRS-10-R scores) as the mediator. Potential confounding vari-
ables (i.e., sex, age, education level, frequency of alcohol use, tobacco
use, and RRS-10-B or RRS-10-R scores) were included as covariates due
to their known relationship with rumination, GSI and/or EEG coherence
data (Jausovec and Jausovec, 2010; Knott and Harr, 1997; Liu et al.,
2022; Markman Geisner et al., 2004; Michel et al., 2024). Following
Baron and Kenny (1986), three separate paths were reported: i) path a (i.
e., the direct effect of TN connectivity on rumination), ii) path ¢’ (i.e.,
the direct effect of TN connectivity on GSI), iii) path c (i.e., the total
effect of TN on GSI, summing the direct and indirect effect). Path b (i.e.,
the association of rumination with GSI) and path ab (i.e., the indirect
effect of TN connectivity on GSI through rumination) are also shown
graphically.

Spearman’s rho correlation, partial correlation and the mediation
analysis were performed using the SPSS 20.0 software (IBM, Armonk,
NY, USA).

3. Results
3.1. Rumination and general psychopathology

The descriptive statistics of the current sample are shown in Table 2.
The RRS-10-B and RRS-10-R scores were significantly correlated with
GSI scores (rtho = 0.637, p < .001 and rho = 0.465, p < .001, respec-
tively). Brooding scores were also positively correlated with ruminative
reflection scores (rho = 0.504, p < .001).

3.2. EEG connectivity and rumination

The eLORETA detected a significant positive correlation between the
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Table 2

Descriptive statistics of the sample (N = 127).
Age - M £ SD 21.62 + 2.53
Females — N (%) 95 (74.8)
Students — N (%) 116 (91.3)
University degree or higher — N (%) 35 (27.6)
Tobacco use in the last 12 months — N (%) 44 (34.6)
AUDIT #1 -M + SD 1.69 + 0.78
RRS-10-Brooding — M =+ SD 9.91 + 2.85
RRS-10-Reflection — M + SD 9.08 + 3.15
BSI-GSI - M + SD 0.83 £ 0.56
SOM - M =+ SD 0.67 + 0.66
O-C-M +£SD 1.13 £ 0.86
I-S-M £ SD 1.01 £ 0.95
DEP - M + SD 0.99 £+ 0.74
AXN -M £ SD 0.98 +0.73
HOST - M + SD 0.70 £ 0.67
PHOB - M + SD 0.37 £ 0.53
ID-M + SD 0.87 £ 0.76
PSYC-M + SD 0.67 £ 0.65

Abbreviation: mean; SD = standard deviation; AUDIT = Alcohol Use Disorders
Identification Test; RRS-10 = 10-item version of the Ruminative Responses
Scale; BSI = Brief Symptom Inventory; GSI = Global Severity Index; SOM =
somatization; O-C = obsessive-compulsive symptoms; I-S = interpersonal
sensitivity; DEP = depression; ANX = anxiety; HOS = hostility; PHOB = phobic
anxiety; PAR = paranoid ideation; PSY = psychoticism.

RRS-10-B total score and DMN-CEN connectivity in the beta frequency
band (r = 0.308; adjusted-p = .043). More specifically, higher levels of
brooding rumination were correlated with increased beta LPS values
between the medial prefrontal cortex (MPFC) and the right dorsolateral
prefrontal cortex (DLPFC; Fig. 1). No other significant associations were
detected by the eLORETA software. The correlation coefficients between
the RRS-10 brooding total score and the connectivity values in all
interconnected TN-ROIs, in all frequency bands, are reported in Sup-
plementary Fig. 1. The eLORETA did not detect significant correlations
between the RRS-10-R total score and TN the connectivity values. The
strongest association was observed in the alpha frequency between the
MPEC and the right anterior insula (r = —0.247; adjusted-p = .351). The

EEG beta connectivity (13.5-30 Hz)

MPEC

N

=.308; adjusted-p=.043

Fig. 1. Significant correlation between right DLPFC-MPFC connectivity and
RRS-10-B total score in the beta frequency band. Red line indicates a positive
correlation between the severity of brooding rumination and the strength of
connections between two interconnected ROIs. Blue lines (not present) would
indicate a negative correlation between the severity of anhedonia and the
strength of connections between two interconnected ROIs.

Abbreviations: DLPFC = dorsolateral prefrontal cortex; MPFC = medial pre-
frontal cortex; ROIs = Regions of Interest. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of
this article.)
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full correlation matrix between RRS-10-R scores and connectivity values
in all interconnected TN-ROIs, in all frequency bands, is reported in
Supplementary Fig. 2. An exploratory analysis (see Supplementary
Table 1) showed that beta DMN-CEN connectivity values were positively
and significantly correlated with GSI scores (rho = 0.254: p = .004) and
with all BSI subscales (rho > 0.183; p = .039) except somatization (rho =
0.093; p = .297). Lastly, a specificity analysis showed that the associa-
tion between the RRS-10-B total score and DMN-CEN beta connectivity
remained significant when depressive symptoms were controlled for (r,
= 0.256; p = .004).

3.3. EEG connectivity, brooding and psychopathology

The results of mediational model (i.e., DMN-CEN beta connectivity
values as the independent variable, GSI scores as the dependent vari-
able, and the RRS-10-B total score as the mediator) are shown graphi-
cally in Fig. 2 and fully reported in Supplementary Table 2. The
statistical factor of tolerance and Variance Inflation Factor (VIF) showed
that there were no interfering interactions between the variables (i.e.,
tolerance values >0.10 and VIF < 5). The total effect was positive and
significant [B = 0.136, SE = 0.045 (95 % CI: 0.046; 0.226), p = .003],
suggesting that higher DMN-CEN beta connectivity was associated with
higher psychopathological symptoms. Moreover, the effect of DMN-CEN
beta connectivity was positive and significant on brooding rumination
[B = 0.647, SE = 0.222 (95 % CI: 0.208; 1.087), p = .004]. In turn,
brooding rumination was positively associated with GSI scores [B =
0.093, SE = 0.017 (95 % CI: 0.060; 0.127), p < .001]. The direct effect of
DMN-CEN beta connectivity on psychopathology was not significant [B
= 0.075, SE = 0.042 (95 % CI: —0.008; 0.158), p = .076], while the
indirect effect via the RSS-10-B total score was significant [B = 0.060,
BootSE = 0.021 (95 % CI: 0.020; 0.103) p = .004]. This latter result
suggests that the totality of the effect of DMN-CEN beta connectivity on
general psychopathology was via brooding rumination.
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4. Discussion

The main aim of this study was to investigate the complex relation-
ship between RS-TN connectivity, brooding/reflective rumination, and
psychopathology in a non-clinical sample of young adults. Our data
indicated that higher brooding rumination, but not reflective rumina-
tion, was associated with increased DMN-CEN connectivity. Specifically,
the RRS-10-B total score was positively correlated with increased EEG
beta connectivity between the MPFC (i.e., a DMN hub) and the right
DLPFC (i.e., a CEN hub). This connectivity pattern was also positively
associated with the general level of psychopathology. Lastly, as hy-
pothesized, the results of the mediational model showed that brooding
rumination plays an important role in the relationship between DMN-
CEN beta connectivity and psychopathology and fully mediates this
relationship. Remarkably, this latter result was statistically significant
even when controlling for potential confounding factors (i.e., sex,
chronological age, educational attainment, frequency of alcohol and
tobacco use, and RRS-10-R total score).

These findings are in line with previous studies reporting an associ-
ation between altered connectivity between RS networks and both
rumination and psychopathology (Menon, 2019; Misir et al., 2023). In
particular, our data highlighted the role of increased RS synchronization
between the DMN and CEN in brooding rumination. In fact, increased
beta coherence has been theorized as a neurophysiological marker of
hyperexcitability (Lee et al., 2021; Park et al., 2018), and previous
studies have linked enhanced RS beta coherence to high-level mental
processing (Basharpoor et al., 2021; Fleck et al., 2016) and to phe-
nomena associated with rumination (Benschop et al., 2021; Ho et al.,
2024).

Previous neuroimaging reports have also recognized the link be-
tween DMN hyper-synchronization/hyper-activation and brooding
(Benschop et al., 2021; Ho et al., 2024; Misir et al., 2023; Zhou et al.,
2020). In particular, given their crucial role in self-referential

RRS-10
brooding

ab = .060**; [.020;.103]

a=.647** [208;1.087]

DMN-CEN
beta connectivity*

¢ =.136%* [.046;.226] o
--------------------------- > .

b= .093*** [.060;.127]

¢’=.075 [-.008;.158]

R2=297; F, o =7.184%%%

Fig. 2. Graphical representation of the mediational model.

Abbreviation: DMN = Default Mode Network; CEN = Central Executive Network; RRS-10 = The 10-item ruminative response scale; BSI-GSI = global severity index of

the Brief Symptom Inventory.

Note: The reported estimates were obtained controlling for potentially competing factors (i.e., sex, age, educational level; frequency of alcohol use, tobacco use, and

RRS-10 reflection total score).
* = connectivity data are expressed as standardized values.
** =p < 0.01; *** =p < 0.001.
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processing, the midline hubs of the DMN, and especially the MPFC, are
thought to be crucially involved in rumination by promoting the indi-
vidual tendency “to repetitively and passively recall personal past events,
simulate assumed future events related to themselves and also introspect
about personally relevant attributes and the related emotions” (Zhou et al.,
2020 page 6). Similarly, the involvement of the right DLPFC in rumi-
nation has been consistently documented (Ferdek et al., 2016; Int-Veen
et al., 2023; Kuhn et al., 2014; Vanderhasselt et al., 2011; Vanderhasselt
et al., 2017). For example, Vanderhasselt et al. (2011) reported that
healthy individuals with high levels of brooding tendencies showed
increased activity in this brain area during the disengagement from a
series of negative stimuli.

The right DLPFC is a crucial node of the CEN that supports cognitive
control processes involved in the allocation of top-down attentional
resources (Fassbender et al., 2006; Pulopulos et al., 2022), especially
during conflict-driven conditions (Vanderhasselt et al., 2009). Accord-
ing to the impaired disengagement model, abnormal recruitment of
attentional control is considered critical in explaining maladaptive
rumination (De Raedt and Koster, 2010; Koster et al., 2011). More
specifically, according to this perspective, the persistent processing of
self-referential negative thoughts is strongly related to the difficulty of
successfully disengaging from negative thoughts and feelings (De Raedt
and Koster, 2010; Koster et al., 2011). In this context, behavioral data
have recently supported a bidirectional influence between impaired
attentional control and maladaptive rumination (Sanchez-Lopez et al.,
2019). On the one hand, impaired attentional disengagement from
negative information increases brooding in response to stress. On the
other hand, the habitual use of brooding increases the impairment of
attentional disengagement from negative information in stressful situ-
ations (Sanchez-Lopez et al., 2019).

Given this background, the positive association between brooding
rumination and the increased DMN-CEN beta connectivity reported in
the present research may reflect the neurophysiological pattern under-
lying the difficulty and/or the attempt to disengage from internal/self-
related negative thoughts. In other words, the RS DMN-CEN hyper-
synchronization may reflect the tendency of individuals with high levels
of maladaptive rumination to control and regulate their brooding re-
sponses. This interpretation also appears to be consistent with a recent
fMRI study that found a link between increased DMN-CEN connectivity
and maladaptive repetitive thinking in response to negative feelings
(Lydon-Staley et al., 2019).

In a healthy brain, the DMN and the CEN dynamically alternate their
synchronization in an anti-correlated and organized manner that sup-
port efficient cognitive control and adaptive behavior (Fox et al., 2005).
Conversely, increased connectivity between the DMN and CEN during
RS as well as during tasks is thought to interfere with higher-order
cognitive processes involving both networks, mainly hampering goal-
directed behavior and promoting a cognitive style characterized by in-
ternal, self-referential negative thoughts (Whitton et al., 2018). Inter-
estingly, the hyper-synchronization between the DMN and the CEN has
also been found to be associated with psychopathology, at the trans-
diagnostic level (Dotterer et al., 2020; Hu et al., 2017; Jones et al., 202.3;
Young et al., 2023). This latter data, as well as the evidence for mal-
adaptive rumination in the development and/or maintenance of various
mental disorders (Ehring, 2021; Grierson et al., 2016; Luca, 2019;
Snyder et al., 2019; Wong et al., 2023) appear to support the result of
our mediational model, which suggests a pathway leading from DMN-
CEN beta hyper-connectivity via brooding rumination to psychopatho-
logical vulnerability.

Our findings could have several important clinical and therapeutic
implications, including therapeutic ones. Investigating the relationship
between DMN-CEN connectivity, rumination and psychopathology in
non-clinical populations can provide valuable information about the
neurophysio-pathogenic processes involved in the onset and develop-
ment of several psychiatric disorders by moving from a categorical to a
dimensional perspective on mental disorders (Imperatori et al., 2025;
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Lawn et al., 2022; Maj, 2016; Marques et al., 2021). This approach also
has important therapeutic implications, including the use of neuro-
modulation techniques for those clinical pictures characterized by high
levels of maladaptive ruminations. More specifically, DMN and CEN
hubs could serve as target areas for the application of non-invasive brain
stimulation methods such as transcranial Direct Current Stimulation
(tDCS) and repetitive Transcranial Magnetic Stimulation (rTMS) for
rumination. Similarly, EEG and/or real-time fMRI neurofeedback
training may be used to reduce the hyperconnectivity pattern between
RS networks. In this regard, our findings are consistent with previous
studies indicating the usefulness of these techniques in reducing mal-
adaptive rumination through neuromodulation of the main DMN and
CEN nodes (Hoebeke et al., 2021; Kazemi et al., 2022; Taylor et al.,
2022; Tsuchiyagaito et al., 2023).

Of note, in the current report, we did not find significant associations
between brooding tendencies and SN nodes and between ruminative
reflection score and TN hubs that have been previously reported (e.g.,
Ordaz et al., 2017; Wei et al., 2024). The discrepancies between these
previous studies and the current research may be explained by various
differences in study designs (e.g., young adults vs early pubertal youth)
and/or methods (e.g., EEG connectivity vs fNIRS connectivity).

Although our results may be of interest, some limits should be noted.
First, as a cross-sectional study, it is not possible to establish the cause-
effect relationship between the study variables, which should be inves-
tigated in future longitudinal reports. Second, although participants
with self-reported past and/or current psychiatric diagnoses were
excluded from the current study, a full structured clinical interview was
not conducted. Similarly, psychopathology and rumination have been
assessed only via self-report measures, which may be subject to various
biases (e.g., social desirability). Third, the current sample consisted
mainly of university students and female participants, which limits the
generalizability of our results. Furthermore, although the eLORETA is a
suitable tool for the assessment of large-scale brain networks (Liu et al.,
2018) and for localizing paralimbic/limbic areas (e.g., insula) (Mulert
et al., 2004), it has an intrinsic low spatial resolution limit in detecting
subcortical structures (e.g., the ventral striatum) that are known to be
involved in rumination-related processes (Erdman et al., 2020). For this
reason, the simultaneous combination of EEG and fMRI data could
provide a better understanding of the spatiotemporal network dynamics
of rumination-related phenomena. Finally, the present investigation is
focused on the trait rumination and on the RS condition. Thus, TN
connectivity patterns were not examined in relation to the state rumi-
nation and during the induction of negative feelings, so our findings are
specific to the eyes-closed RS condition. Given these limitations, future
studies should extend our data by examining both the trait and the state
rumination, combining multimodal brain imaging techniques, and
investigating TN synchronization also during rumination-related tasks.

Notwithstanding the limitations of the study, our data lend more
specificity to this research area as we investigated the relationship be-
tween psychopathology, brooding and reflective rumination from the
TN perspective in a non-clinical sample of young adults. Overall, our
results suggest that high levels of maladaptive rumination are related
with increased DMN-CEN beta synchronization and that the relationship
between this connectivity pattern and psychopathology is mediated by
trait brooding tendencies.

CRediT authorship contribution statement

Claudio Imperatori: Writing — original draft, Project administra-
tion, Methodology, Investigation, Funding acquisition, Formal analysis,
Data curation, Conceptualization. Elena De Rossi: Writing — original
draft, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. Giorgia Allegrini: Writing — review & editing,
Methodology, Formal analysis, Data curation, Conceptualization. Giu-
seppe Alessio Carbone: Writing — review & editing, Methodology,
Investigation, Conceptualization. Simone Messerotti Benvenuti:



C. Imperatori et al.

Writing — review & editing, Methodology, Investigation, Funding
acquisition, Conceptualization. Mauro Adenzato: Writing — review &
editing, Methodology, Investigation, Conceptualization. Carola Del-
I’Acqua: Writing — review & editing, Methodology, Investigation,
Conceptualization. Aurelia Lo Presti: Writing — review & editing,
Methodology, Investigation, Conceptualization. Rita B. Ardito: Writing
- review & editing, Methodology, Investigation, Funding acquisition,
Conceptualization. Benedetto Farina: Writing — original draft, Super-
vision, Methodology, Conceptualization.

Funding sources

Finanziato dall’Unione Europea - Next Generation EU, Missione 4
Componente 1 CUP H53D23004150008. PRIN Project 20228P4H2K.

Declaration of competing interest

The authors declare no conflicts of interest.
Acknowledgement

None.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jad.2025.120535.

Data availability
Data are available from the first author upon request.

References

Adawi, M., Zerbetto, R., Re, T.S., Bisharat, B., Mahamid, M., Amital, H., Del Puente, G.,
Bragazzi, N.L., 2019. Psychometric properties of the Brief Symptom Inventory in
nomophobic subjects: insights from preliminary confirmatory factor, exploratory
factor, and clustering analyses in a sample of healthy Italian volunteers. Psychol.
Res. Behav. Manag. 12, 145-154.

Anderson, A.J., Perone, S., 2018. Developmental change in the resting state
electroencephalogram: insights into cognition and the brain. Brain Cogn. 126,
40-52.

Asadzadeh, S., Yousefi Rezaii, T., Beheshti, S., Delpak, A., Meshgini, S., 2020.

A systematic review of EEG source localization techniques and their applications on
diagnosis of brain abnormalities. J. Neurosci. Methods 339, 108740.

Assenza, G., Sancetta, B., Ricci, L., Vico, C., Narducci, F., Boscarino, M., Lanzone, J.,
Menna, P., Liguori, C., Izzi, F., Mercuri, N.B., Di Lazzaro, V., Tombini, M., 2024.
Cenobamate modulates EEG cortical activity and connectivity in individuals with
drug-resistant epilepsy: a pharmaco-EEG study. Front. Neurol. 15, 1502668.

Babor, T.F., Higgins-Biddle, J.C., Saunders, J.B., Monteiro, M.G., 2001. The Alcohol Use
Disorders Identification Test (AUDIT): Guidelines for Use in Primary Care, Second
Edition ed. World Health Organization, Geneva.

Baron, R.M., Kenny, D.A., 1986. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J. Pers.
Soc. Psychol. 51, 1173-1182.

Basharpoor, S., Heidari, F., Molavi, P., 2021. EEG coherence in theta, alpha, and beta
bands in frontal regions and executive functions. Appl. Neuropsychol. Adult 28,
310-317.

Benschop, L., Poppa, T., Medani, T., Shahabi, H., Baeken, C., Leahy, R.M., Pizzagalli, D.
A., Vanderhasselt, M.A., 2021. Electrophysiological scarring in remitted depressed
patients: elevated EEG functional connectivity between the posterior cingulate
cortex and the subgenual prefrontal cortex as a neural marker for rumination.

J. Affect. Disord. 281, 493-501.

Bessette, K.L., Jenkins, L.M., Skerrett, K.A., Gowins, J.R., DelDonno, S.R., Zubieta, J.K.,
Mclnnis, M.G., Jacobs, R.H., Ajilore, O., Langenecker, S.A., 2018. Reliability,
convergent validity and time invariance of default mode network deviations in early
adult major depressive disorder. Front Psychiatry 9, 244.

Blanken, T.F., Bathelt, J., Deserno, M.K., Voge, L., Borsboom, D., Douw, L., 2021.
Connecting brain and behavior in clinical neuroscience: a network approach.
Neurosci. Biobehav. Rev. 130, 81-90.

Bocharov, A.V., Knyazev, G.G., Savostyanov, A.N., Saprygin, A.E., Proshina, E.A.,
Tamozhnikov, S.S., 2021. Relationship of depression, anxiety, and rumination scores
with EEG connectivity of resting state networks. Hum. Physiol. 47, 123-127.

Bressler, S.L., Menon, V., 2010. Large-scale brain networks in cognition: emerging
methods and principles. Trends Cogn. Sci. 14, 277-290.

Journal of Affective Disorders 394 (2026) 120535

Cano-Lopez, J.B., Garcia-Sancho, E., Fernandez-Castilla, B., Salguero, J.M., 2022.
Empirical evidence of the metacognitive model of rumination and depression in
clinical and nonclinical samples: a systematic review and meta-analysis. Cogn. Ther.
Res. 46, 1-26.

Canuet, L., Ishii, R., Pascual-Marqui, R.D., Iwase, M., Kurimoto, R., Aoki, Y., Ikeda, S.,
Takahashi, H., Nakahachi, T., Takeda, M., 2011. Resting-state EEG source
localization and functional connectivity in schizophrenia-like psychosis of epilepsy.
PLoS One 6, e27863.

Canuet, L., Tellado, I., Couceiro, V., Fraile, C., Fernandez-Novoa, L., Ishii, R., Takeda, M.,
Cacabelos, R., 2012. Resting-state network disruption and APOE genotype in
Alzheimer’s disease: a lagged functional connectivity study. PLoS One 7, e46289.

Carbone, G.A., Imperatori, C., Bersani, F.S., Massullo, C., Orlando, E.M., Farina, B., 2022.
Dissociative-traumatic dimension and triple network: an EEG functional connectivity
study in a sample of university students. Psychopathology 55, 28-36.

Carbone, G.A., Imperatori, C., Adenzato, M., Presti, A.L., Farina, B., Ardito, R.B., 2024. Is
parental overcontrol a specific form of child maltreatment? Insights from a resting
state EEG connectivity study. Child Abuse Negl. 155, 106962.

Chang, Y., Wang, X., Liao, J., Chen, S., Liu, X., Liu, S., Ming, D., 2024. Temporal hyper-
connectivity and frontal hypo-connectivity within gamma band in schizophrenia: a
resting state EEG study. Schizophr. Res. 264, 220-230.

Clancy, F., Prestwich, A., Caperon, L., Tsipa, A., O’Connor, D.B., 2020. The association
between worry and rumination with sleep in non-clinical populations: a systematic
review and meta-analysis. Health Psychol. Rev. 14, 427-448.

de la Salle, S., Choueiry, J., Shah, D., Bowers, H., McIntosh, J., Ilivitsky, V., Knott, V.,
2016. Effects of ketamine on resting-state EEG activity and their relationship to
perceptual/dissociative symptoms in healthy humans. Front. Pharmacol. 7, 348.

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, 50-70.

Delorme, A., Makeig, S., 2004. EEGLAB: an open source toolbox for analysis of single-
trial EEG dynamics including independent component analysis. J. Neurosci. Methods
134, 9-21.

Derogatis, L.R., 2017. Symptom Checklist-90-Revised, Brief Symptom Inventory, and
BSI-18. In: Maruish, M.E. (Ed.), Handbook of Psychological Assessment in Primary
Care Settings, 2 ed. Routledge, New York, pp. 599-629.

Derogatis, L.R., Melisaratos, N., 1983. The Brief Symptom Inventory: an introductory
report. Psychol. Med. 13, 595-605.

Dotterer, H.L., Hyde, L.W., Shaw, D.S., Rodgers, E.L., Forbes, E.E., Beltz, A.M., 2020.
Connections that characterize callousness: affective features of psychopathy are
associated with personalized patterns of resting-state network connectivity.
Neuroimage Clin. 28, 102402.

Ehring, T., 2021. Thinking too much: rumination and psychopathology. World
Psychiatry 20, 441-442.

Erdman, A., Abend, R., Jalon, 1., Artzi, M., Gazit, T., Avirame, K., Ais, E.D.,
Levokovitz, H., Gilboa-Schechtman, E., Hendler, T., Harel, E.V., 2020. Ruminative
tendency relates to ventral striatum functionality: evidence from task and resting-
state fMRI. Front. Psychiatry 11, 67.

Farina, B., Messerotti Benvenuti, S., Ardito, R.B., Genova, F., Dell’Acqua, C., Lo Presti, A.,
De Rossi, E., Carbone, G.A., Imperatori, C., 2025. Depressive symptoms in
individuals experiencing maternal overcontrol: the specific mediating role of
brooding rumination. Pers. Individ. Differ. 236, 112995.

Fassbender, C., Simoes-Franklin, C., Murphy, K., Hester, R., Meaney, J., Robertson, I.H.,
Garavan, H., 2006. The role of a right fronto-parietal network in cognitive control.
J. Psychophysiol. 20, 286-296.

Faul, F., Erdfelder, E., Buchner, A., Lang, A.G., 2009. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41,
1149-1160.

Ferdek, M.A., van Rijn, C.M., Wyczesany, M., 2016. Depressive rumination and the
emotional control circuit: an EEG localization and effective connectivity study. Cogn.
Affect. Behav. Neurosci. 16, 1099-1113.

Filosa, M., De Rossi, E., Carbone, G.A., Farina, B., Massullo, C., Panno, A., Adenzato, M.,
Ardito, R.B., Imperatori, C., 2024. Altered connectivity between the central
executive network and the salience network in delusion-prone individuals: a resting
state eLORETA report. Neurosci. Lett. 825, 137686.

Fleck, J.I., Kuti, J., Brown, J., Mahon, J.R., Gayda-Chelder, C., 2016. Frontal-posterior
coherence and cognitive function in older adults. Int. J. Psychophysiol. 110,
217-230.

Fox, M.D., Snyder, A.Z., Vincent, J.L., Corbetta, M., Van Essen, D.C., Raichle, M.E., 2005.
The human brain is intrinsically organized into dynamic, anticorrelated functional
networks. Proc. Natl. Acad. Sci. U. S. A. 102, 9673-9678.

Fritz, M.S., Mackinnon, D.P., 2007. Required sample size to detect the mediated effect.
Psychol. Sci. 18, 233-239.

Grierson, A.B., Hickie, I.B., Naismith, S.L., Scott, J., 2016. The role of rumination in
illness trajectories in youth: linking trans-diagnostic processes with clinical staging
models. Psychol. Med. 46, 2467-2484.

Hata, M., Kazui, H., Tanaka, T., Ishii, R., Canuet, L., Pascual-Marqui, R.D., Aoki, Y.,
Ikeda, S., Kanemoto, H., Yoshiyama, K., 2016. Functional connectivity assessed by
resting state EEG correlates with cognitive decline of Alzheimer’s disease-an
eLORETA study. Clin. Neurophysiol. 127, 1269-1278.

Hayes, A.F., 2012. Process: A Versatile Computational Tool for Observed Variable
Mediation, Moderation, and Conditional Process Modeling.

He, J., Liy, Y., Cheng, C., Fang, S., Wang, X., Yao, S., 2021. Psychometric properties of
the Chinese version of the 10-item ruminative response scale among undergraduates
and depressive patients. Front. Psychiatry 12, 626859.


https://doi.org/10.1016/j.jad.2025.120535
https://doi.org/10.1016/j.jad.2025.120535
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0005
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0005
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0005
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0005
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0005
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0010
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0010
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0010
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0015
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0015
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0015
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0020
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0020
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0020
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0020
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0025
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0025
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0025
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0030
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0030
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0030
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0035
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0035
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0035
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0040
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0040
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0040
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0040
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0040
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0045
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0045
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0045
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0045
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0050
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0050
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0050
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0055
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0055
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0055
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0060
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0060
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0065
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0065
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0065
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0065
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0070
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0070
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0070
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0070
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0075
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0075
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0075
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0080
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0080
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0080
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0085
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0085
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0085
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0090
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0090
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0090
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0095
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0095
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0095
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0100
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0100
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0100
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0105
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0105
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0105
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0110
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0110
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0110
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0115
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0115
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0115
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0120
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0120
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0125
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0125
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0125
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0125
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0130
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0130
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0135
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0135
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0135
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0135
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0140
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0140
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0140
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0140
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0145
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0145
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0145
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0150
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0150
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0150
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0155
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0155
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0155
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0160
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0160
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0160
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0160
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0165
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0165
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0165
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0170
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0170
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0170
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0175
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0175
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0180
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0180
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0180
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0190
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0190
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0190
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0190
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0195
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0195
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0200
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0200
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0200

C. Imperatori et al.

Ho, S.I., Lin, .M., Hsieh, J.C., Yen, C.F., 2024. EEG coherences of the default mode
network among patients comorbid with major depressive disorder and anxiety
symptoms. J. Affect. Disord. 361, 728-738.

Hoebeke, Y., Desmedt, O., Ozcimen, B., Heeren, A., 2021. The impact of transcranial
direct current stimulation on rumination: a systematic review of the sham-controlled
studies in healthy and clinical samples. Compr. Psychiatry 106, 152226.

Hsu, K.J., Beard, C., Rifkin, L., Dillon, D.G., Pizzagalli, D.A., Bjorgvinsson, T., 2015.
Transdiagnostic mechanisms in depression and anxiety: the role of rumination and
attentional control. J. Affect. Disord. 188, 22-27.

Hu, M.L., Zong, X.F., Mann, J.J., Zheng, J.J., Liao, Y.H., Li, Z.C., He, Y., Chen, X.G.,
Tang, J.S., 2017. A review of the functional and anatomical default mode network in
schizophrenia. Neurosci. Bull. 33, 73-84.

Imperatori, C., Allegrini, G., Lo Presti, A., Carbone, G.A., Adenzato, M., Farina, B.,
Ardito, R.B., 2025. Severity of anhedonia is associated with hyper-synchronization of
the salience-default mode network in non-clinical individuals: A resting state EEG
connectivity study. J. Neural Transm. 132, 731-741.

Imperatori, C., Massullo, C., Carbone, G.A., Panno, A., Giacchini, M., Capriotti, C.,
Lucarini, E., Ramella Zampa, B., Murillo-Rodriguez, E., Machado, S., Farina, B.,
2020. Increased resting state triple network functional connectivity in
undergraduate problematic Cannabis users: a preliminary EEG coherence study.
Brain Sci. 10.

Int-Veen, L., Fallgatter, A.J., Ehlis, A.C., Rosenbaum, D., 2023. Prefrontal hypoactivation
induced via social stress is more strongly associated with state rumination than
depressive symptomatology. Sci. Rep. 13, 15147.

Jacob, Y., Morris, L.S., Huang, K.H., Schneider, M., Rutter, S., Verma, G., Murrough, J.
W., Balchandani, P., 2020. Neural correlates of rumination in major depressive
disorder: a brain network analysis. Neuroimage Clin. 25, 102142.

Jatoi, M.A., Kamel, N., Malik, A.S., Faye, I., 2014. EEG based brain source localization
comparison of SLORETA and eLORETA. Australas. Phys. Eng. Sci. Med. 37, 713-721.

Jausovec, N., Jausovec, K., 2010. Resting brain activity: differences between genders.
Neuropsychologia 48, 3918-3925.

Jones, J.S., Monaghan, A., Leyland-Craggs, A., Astle, D.E., 2023. Testing the triple
network model of psychopathology in a transdiagnostic neurodevelopmental cohort.
Neurolmage: Clin. 40, 103539.

Junkins, M.B., Haeffel, G.J., 2017. Rumination: reflection can amplify the depressogenic
effects of brooding. Int. J. Cogn. Ther. 10, 34-46.

Kazemi, R., Rostami, R., Nasiri, Z., Hadipour, A.L., Kiaee, N., Coetzee, J.P., Philips, A.,
Brown, R., Seenivasan, S., Adamson, M.M., 2022. Electrophysiological and
behavioral effects of unilateral and bilateral rTMS; a randomized clinical trial on
rumination and depression. J. Affect. Disord. 317, 360-372.

Kitaura, Y., Nishida, K., Yoshimura, M., Mii, H., Katsura, K., Ueda, S., Ikeda, S., Pascual-
Marqui, R.D., Ishii, R., Kinoshita, T., 2017. Functional localization and effective
connectivity of cortical theta and alpha oscillatory activity during an attention task.
Clin. Neurophysiol. Pract. 2, 193-200.

Knott, V.J., Harr, A., 1997. Aging, smoking and EEG coherence: a preliminary study.
Clin. Electroencephalogr. 28, 236-244.

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, 138-145.

Kuhn, S., Vanderhasselt, M.A., De Raedt, R., Gallinat, J., 2014. The neural basis of
unwanted thoughts during resting state. Soc. Cogn. Affect. Neurosci. 9, 1320-1324.

Lanzone, J., Boscarino, M., Tufo, T., Di Lorenzo, G., Ricci, L., Colicchio, G., Di
Lazzaro, V., Tombini, M., Assenza, G., 2022. Vagal nerve stimulation cycles alter
EEG connectivity in drug-resistant epileptic patients: a study with graph theory
metrics. Clin. Neurophysiol. 142, 59-67.

Lawn, S., Brooks, H., Sutton, K., Vicary, E., Isaacs, A.N., 2022. Editorial: non-clinical
approaches to improve outcomes in persons with mental disorders. Front. Sociol. 7,
967508.

Lee, J.Y., Jang, J.H., Choi, A.R., Chung, S.J., Kim, B., Park, M., Oh, S., Jung, M.H.,
Choi, J.S., 2021. Neuromodulatory effect of transcranial direct current stimulation
on resting-state EEG activity in internet gaming disorder: a randomized, double-
blind, sham-controlled parallel group trial. Cereb. Cortex Commun. 2, tgaa095.

Liu, Q., Ganzetti, M., Wenderoth, N., Mantini, D., 2018. Detecting large-scale brain
networks using EEG: impact of electrode density, head modeling and source
localization. Front. Neuroinform. 12, 4.

Liu, Y., Chen, Y., Fraga-Gonzalez, G., Szpak, V., Laverman, J., Wiers, R.W., Richard
Ridderinkhof, K., 2022. Resting-state EEG, substance use and abstinence after
chronic use: a systematic review. Clin. EEG Neurosci. 53, 344-366.

Luca, M., 2019. Maladaptive rumination as a transdiagnostic mediator of vulnerability
and outcome in psychopathology. J. Clin. Med. 8.

Lucena-Santos, P., Pinto-Gouveia, J., Carvalho, S.A., Oliveira, M.D.S., 2018. Is the widely
used two-factor structure of the ruminative responses scale invariant across different
samples of women? Psychol. Psychother. 91, 398-416.

Lydon-Staley, D.M., Kuehner, C., Zamoscik, V., Huffziger, S., Kirsch, P., Bassett, D.S.,
2019. Repetitive negative thinking in daily life and functional connectivity among
default mode, fronto-parietal, and salience networks. Transl. Psychiatry 9, 234.

Macchia, A., Balsamo, M., Romanelli, R., Saggino, A., 2012. Sottocomponenti della
ruminazione: analisi fattoriale confermativa della versione italiana del Ruminative
Response Scale. XVIII Congresso Nazionale AIP-Sezione di Psicologia Sperimentale,
Chieti.

Maj, M., 2016. The need for a conceptual framework in psychiatry acknowledging
complexity while avoiding defeatism. World Psychiatry 15, 1-2.

Mantini, D., Perrucci, M.G., Del Gratta, C., Romani, G.L., Corbetta, M., 2007.
Electrophysiological signatures of resting state networks in the human brain. Proc.
Natl. Acad. Sci. U. S. A. 104, 13170-13175.

Journal of Affective Disorders 394 (2026) 120535

Markman Geisner, 1., Larimer, M.E., Neighbors, C., 2004. The relationship among alcohol
use, related problems, and symptoms of psychological distress: gender as a
moderator in a college sample. Addict. Behav. 29, 843-848.

Marques, D.R., Gomes, A.A., de Azevedo, M.H.P., 2021. Utility of studies in community-
based populations. Sleep Vigil 5, 161-162.

Massullo, C., Bersani, F.S., Carbone, G.A., Panno, A., Farina, B., Murillo-Rodriguez, E.,
Yamamoto, T., Machado, S., Budde, H., Imperatori, C., 2022. Decreased resting state
inter- and intra-network functional connectivity is associated with perceived stress in
a sample of university students: an eLORETA study. Neuropsychobiology 81,
286-295.

Menon, V., 2011. Large-scale brain networks and psychopathology: a unifying triple
network model. Trends Cogn. Sci. 15, 483-506.

Menon, V., 2018. The triple network model, insight, and large-scale brain organization in
autism. Biol. Psychiatry 84, 236-238.

Menon, B., 2019. Towards a new model of understanding - the triple network,
psychopathology and the structure of the mind. Med. Hypotheses 133, 109385.

Menon, V., 2020. Brain networks and cognitive impairment in psychiatric disorders.
World Psychiatry 19, 309-310.

Menon, V., Uddin, L.Q., 2010. Saliency, switching, attention and control: a network
model of insula function. Brain Struct. Funct. 214, 655-667.

Michel, G., Baenziger, J., Brodbeck, J., Mader, L., Kuehni, C.E., Roser, K., 2024. The brief
symptom inventory in the Swiss general population: presentation of norm scores and
predictors of psychological distress. PLoS One 19, e0305192.

Miljevic, A., Bailey, N.W., Vila-Rodriguez, F., Herring, S.E., Fitzgerald, P.B., 2022.
Electroencephalographic connectivity: a fundamental guide and checklist for
optimal study design and evaluation. Biol. Psychiatry: Cogn. Neurosci.
Neuroimaging 7, 546-554.

Miranda, R., Nolen-Hoeksema, S., 2007. Brooding and reflection: rumination predicts
suicidal ideation at 1-year follow-up in a community sample. Behav. Res. Ther. 45,
3088-3095.

Misir, E., Alici, Y.H., Kocak, O.M., 2023. Functional connectivity in rumination: a
systematic review of magnetic resonance imaging studies. J. Clin. Exp.
Neuropsychol. 45, 928-955.

Moretta, T., Messerotti Benvenuti, S., 2022. Early indicators of vulnerability to
depression: the role of rumination and heart rate variability. J. Affect. Disord. 312,
217-224.

Mulert, C., Jager, L., Schmitt, R., Bussfeld, P., Pogarell, O., Moller, H.J., Juckel, G.,
Hegerl, U., 2004. Integration of fMRI and simultaneous EEG: towards a
comprehensive understanding of localization and time-course of brain activity in
target detection. Neuroimage 22, 83-94.

Nichols, T.E., Holmes, A.P., 2002. Nonparametric permutation tests for functional
neuroimaging: a primer with examples. Hum. Brain Mapp. 15, 1-25.

Nolen-Hoeksema, S., 1991. Responses to depression and their effects on the duration of
depressive episodes. J. Abnorm. Psychol. 100, 569-582.

Olbrich, S., Trankner, A., Chittka, T., Hegerl, U., Schonknecht, P., 2014. Functional
connectivity in major depression: increased phase synchronization between frontal
cortical EEG-source estimates. Psychiatry Res. 222, 91-99.

Oldfield, R.C., 1971. The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia 9, 97-113.

Ordaz, S.J., LeMoult, J., Colich, N.L., Prasad, G., Pollak, M., Popolizio, M., Price, A.,
Greicius, M., Gotlib, I.H., 2017. Ruminative brooding is associated with salience
network coherence in early pubertal youth. Soc. Cogn. Affect. Neurosci. 12,
298-310.

Park, S., Ryu, H., Lee, J.Y., Choi, A., Kim, D.J., Kim, S.N., Choi, J.S., 2018. Longitudinal
changes in neural connectivity in patients with internet gaming disorder: a resting-
state EEG coherence study. Front. Psychiatry 9, 252.

Pascual-Marqui, R.D., Lehmann, D., Koukkou, M., Kochi, K., Anderer, P., Saletu, B.,
Tanaka, H., Hirata, K., John, E.R., Prichep, L., 2011. Assessing interactions in the
brain with exact low-resolution electromagnetic tomography. Philos. Trans. A. Math.
Phys. Eng. Sci. 369, 3768-3784.

Pion-Tonachini, L., Kreutz-Delgado, K., Makeig, S., 2019. ICLabel: an automated
electroencephalographic independent component classifier, dataset, and website.
NeuroImage 198, 181-197.

Pisner, D.A., Shumake, J., Beevers, C.G., Schnyer, D.M., 2019. The superior longitudinal
fasciculus and its functional triple-network mechanisms in brooding. Neuroimage
Clin. 24, 101935.

Pontifex, M.B., Miskovic, V., Laszlo, S., 2017. Evaluating the efficacy of fully automated
approaches for the selection of eyeblink ICA components. Psychophysiology 54,
780-791.

Pulopulos, M.M., Allaert, J., Vanderhasselt, M.A., Sanchez-Lopez, A., De Witte, S.,
Baeken, C., De Raedt, R., 2022. Effects of HF-rTMS over the left and right DLPFC on
proactive and reactive cognitive control. Soc. Cogn. Affect. Neurosci. 17, 109-119.

Rickerby, N., Krug, 1., Fuller-Tyszkiewicz, M., Forte, E., Davenport, R., Chayadi, E.,
Kiropoulos, L., 2024. Rumination across depression, anxiety, and eating disorders in
adults: a meta-analytic review. Clin. Psychol. Sci. Pract. 31, 251-268.

Rogers, M.L., Joiner, T.E., 2017. Rumination, suicidal ideation, and suicide attempts: a
meta-analytic review. Rev. Gen. Psychol. 21, 132-142.

Rood, L., Roelofs, J., Bogels, S.M., Nolen-Hoeksema, S., Schouten, E., 2009. The influence
of emotion-focused rumination and distraction on depressive symptoms in non-
clinical youth: a meta-analytic review. Clin. Psychol. Rev. 29, 607-616.

Sanchez-Lopez, A., Koster, E.H.W., Van Put, J., De Raedt, R., 2019. Attentional
disengagement from emotional information predicts future depression via changes in
ruminative brooding: a five-month longitudinal eye-tracking study. Behav. Res.
Ther. 118, 30-42.


http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0205
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0205
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0205
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0210
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0210
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0210
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0215
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0215
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0215
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0220
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0220
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0220
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf2000
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf2000
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf2000
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf2000
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0225
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0225
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0225
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0225
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0225
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0230
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0230
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0230
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0235
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0235
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0235
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0240
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0240
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0245
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0245
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0250
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0250
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0250
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0255
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0255
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0260
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0260
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0260
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0260
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0265
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0265
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0265
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0265
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0270
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0270
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0275
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0275
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0275
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0280
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0280
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0285
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0285
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0285
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0285
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0290
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0290
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0290
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0295
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0295
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0295
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0295
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0300
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0300
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0300
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0305
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0305
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0305
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0310
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0310
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0315
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0315
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0315
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0320
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0320
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0320
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0325
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0325
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0325
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0325
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0330
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0330
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0335
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0335
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0335
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0340
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0340
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0340
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0345
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0345
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0350
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0350
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0350
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0350
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0350
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0355
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0355
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0360
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0360
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0365
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0365
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0370
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0370
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0375
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0375
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0380
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0380
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0380
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0385
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0385
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0385
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0385
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0390
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0390
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0390
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0395
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0395
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0395
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0400
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0400
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0400
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0405
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0405
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0405
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0405
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0410
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0410
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0415
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0415
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0420
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0420
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0420
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0425
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0425
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0430
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0430
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0430
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0430
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0435
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0435
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0435
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0440
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0440
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0440
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0440
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0445
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0445
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0445
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0450
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0450
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0450
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0455
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0455
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0455
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0460
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0460
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0460
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0465
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0465
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0465
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0470
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0470
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0475
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0475
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0475
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0480
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0480
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0480
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0480

C. Imperatori et al.

Satyshur, M.D., Layden, E.A., Gowins, J.R., Buchanan, A., Gollan, J.K., 2018. Functional
connectivity of reflective and brooding rumination in depressed and healthy women.
Cogn. Affect. Behav. Neurosci. 18, 884-901.

Selby, E.A., Fehling, K.B., Panza, E.A., Kranzler, A., 2016. Rumination, mindfulness, and
borderline personality disorder symptoms. Mindfulness 7, 228-235.

Shaw, Z.A., Conway, C.C., Starr, L.R., 2021. Distinguishing transdiagnostic versus
disorder-specific pathways between ruminative brooding and internalizing
psychopathology in adolescents: a latent variable modeling approach. Res. Child
Adolesc. Psychopathol. 49, 1319-1331.

Snyder, H.R., Friedman, N.P., Hankin, B.L., 2019. Transdiagnostic mechanisms of
psychopathology in youth: executive functions, dependent stress, and rumination.
Cognit. Ther. Res. 43, 834-851.

Solmi, M., Radua, J., Olivola, M., Croce, E., Soardo, L., Salazar de Pablo, G., Il Shin, J.,
Kirkbride, J.B., Jones, P., Kim, J.H., Kim, J.Y., Carvalho, A.F., Seeman, M.V.,
Correll, C.U., Fusar-Poli, P., 2022. Age at onset of mental disorders worldwide: large-
scale meta-analysis of 192 epidemiological studies. Mol. Psychiatry 27, 281-295.

Taylor, J.E., Yamada, T., Kawashima, T., Kobayashi, Y., Yoshihara, Y., Miyata, J.,
Murai, T., Kawato, M., Motegi, T., 2022. Depressive symptoms reduce when
dorsolateral prefrontal cortex-precuneus connectivity normalizes after functional
connectivity neurofeedback. Sci. Rep. 12, 2581.

Thanoi, W., Klainin-Yobas, P., 2015. Assessing rumination response style among
undergraduate nursing students: a construct validation study. Nurse Educ. Today 35,
641-646.

Treynor, W., Gonzalez, R., Nolen-Hoeksema, S., 2003. Rumination reconsidered: a
psychometric analysis. Cognit. Ther. Res. 27, 247-259.

Tsuchiyagaito, A., Misaki, M., Kirlic, N., Yu, X., Sanchez, S.M., Cochran, G., Stewart, J.L.,
Smith, R., Fitzgerald, K.D., Rohan, M.L., Paulus, M.P., Guinjoan, S.M., 2023. Real-
time fMRI functional connectivity neurofeedback reducing repetitive negative
thinking in depression: a double-blind, randomized, sham-controlled proof-of-
concept trial. Psychother. Psychosom. 92, 87-100.

Journal of Affective Disorders 394 (2026) 120535

Vanderhasselt, M.A., De Raedt, R., Baeken, C., 2009. Dorsolateral prefrontal cortex and
Stroop performance: tackling the lateralization. Psychon. Bull. Rev. 16, 609-612.

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, 207-216.

Vanderhasselt, M.A., Sanchez, A., Josephy, H., Baeken, C., Brunoni, A.R., De Raedt, R.,
2017. Anodal tDCS over the right dorsolateral prefrontal cortex modulates cognitive
processing of emotional information as a function of trait rumination in healthy
volunteers. Biol. Psychol. 123, 111-118.

Wang, S.B., Lydecker, J.A., Grilo, C.M., 2017. Rumination in patients with binge-eating
disorder and obesity: associations with eating-disorder psychopathology and weight-
bias internalization. Eur. Eat. Disord. Rev. 25, 98-103.

Wei, L., Dong, H., Zhang, Z., Baeken, C., Wang, Y., Wu, G.R., 2024. Decoding ruminative
reflection in healthy individuals: the role of triple network connectivity. Int. J. Clin.
Health Psychol. 24, 100508.

Whitton, A.E., Deccy, S., Ironside, M.L., Kumar, P., Beltzer, M., Pizzagalli, D.A., 2018.
Electroencephalography source functional connectivity reveals abnormal high-
frequency communication among large-scale functional networks in depression.
Biol. Psychiatry: Cogn. Neurosci. Neuroimaging 3, 50-58.

Wong, S.M.Y., Chen, E.Y.H., Lee, M.C.Y., Suen, Y.N., Hui, C.L.M., 2023. Rumination as a
transdiagnostic phenomenon in the 21st century: the flow model of rumination.
Brain Sci. 13.

Young, I.M., Dadario, N.B., Tanglay, O., Chen, E., Cook, B., Taylor, H.M., Crawford, L.,
Yeung, J.T., Nicholas, P.J., Doyen, S., Sughrue, M.E., 2023. Connectivity model of
the anatomic substrates and network abnormalities in major depressive disorder: a
coordinate meta-analysis of resting-state functional connectivity. J. Affect. Disord.
Rep. 11, 100478.

Zhou, H.X., Chen, X., Shen, Y.Q., Li, L., Chen, N.X., Zhu, Z.C., Castellanos, F.X., Yan, C.G.,
2020. Rumination and the default mode network: meta-analysis of brain imaging
studies and implications for depression. Neuroimage 206, 116287.


http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0485
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0485
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0485
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0490
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0490
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0495
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0495
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0495
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0495
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0500
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0500
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0500
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0505
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0505
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0505
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0505
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0510
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0510
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0510
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0510
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0515
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0515
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0515
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0520
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0520
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0525
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0525
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0525
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0525
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0525
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0530
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0530
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0535
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0535
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0535
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0540
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0540
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0540
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0540
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0545
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0545
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0545
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0550
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0550
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0550
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0555
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0555
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0555
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0555
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0560
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0560
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0560
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0565
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0565
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0565
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0565
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0565
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0570
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0570
http://refhub.elsevier.com/S0165-0327(25)01977-9/rf0570

	Brooding rumination as a mediator of the association between default mode and central executive network connectivity and ge ...
	1 Introduction
	2 Method
	2.1 Participants and procedure
	2.2 Psychological measures
	2.3 EEG recordings, processing and analysis
	2.4 Statistical analysis

	3 Results
	3.1 Rumination and general psychopathology
	3.2 EEG connectivity and rumination
	3.3 EEG connectivity, brooding and psychopathology

	4 Discussion
	CRediT authorship contribution statement
	Funding sources
	Declaration of competing interest
	Acknowledgement
	Appendix A Supplementary data
	Data availability
	References


