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Introduction

Rumination involves repetitive thoughts about feelings and 
problems.1 It is a common symptom in major depressive dis-
order (MDD), in which the thoughts tend to focus on nega-
tive emotions and life problems. This focus distinguishes de-
pressive rumination from constructive repetitive thought, 
which can be of benefit to an individual.2 The tendency for 
negative rumination in MDD is correlated with the severity 
and duration of depressive episodes (see Nolen-Hoeksema 
and colleagues3 for a review), as well as with suicide risk4 
and the likelihood of relapse in those recovering from 
MDD.5,6 Rumination also appears to be a risk factor for 
developing MDD in healthy people7 and to predict its onset.8 
Investigating the root neural changes leading to maladaptive 
rumination is an important step toward understanding MDD 
and individual differences in vulnerability.

A fundamental feature of rumination is that the thoughts 
involved are self-related. Based on this, a relationship has 
been proposed between the mechanisms of rumination and 

the mechanisms of self-related thought.9 Such a supposition 
is supported by an overlap in the brain regions involved in 
processing each. More specifically, self-related thought has 
been linked to brain regions along the cortical midline, such 
as the medial prefrontal and posterior cingulate cortices.10 
Activity properties in these same regions have been further 
linked to individual differences in general rumination and 
are modulated by a rumination task.11–13 These cortical mid-
line structures have also been linked to depressive symptoms 
and negative self-focused thought.14,15 Finally, activity in cor-
tical midline structures during self-referential thinking ap-
pears to differ between patients with MDD and controls.16–18 
Together, this evidence suggests that investigating changes to 
self-related processing may provide important insights into 
ruminative symptoms in MDD.

Investigating self-related processing in MDD presents a 
methodological challenge, because many of the tasks used in-
volve stimuli that have emotional valence as well as being 
self-related. For example, a commonly used task asks partici-
pants to relate particular positive or negative personal traits 
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Background: Rumination, a tendency to focus on negative self-related thoughts, is a central symptom of depression. Studying the 
self-related aspect of such symptoms is challenging because of the need to distinguish self effects from the emotional content of task 
stimuli. This study employed an emotionally neutral self-related paradigm to investigate possible altered self-processing in depression 
and its link to rumination. Methods: People with major depressive disorder (n = 25) and controls (n = 25) underwent task-based electro-
encephalogram recording. We studied late event-related potentials, along with low-frequency oscillatory power. We compared elec-
troencephalogram metrics between groups and correlated them with depressive symptoms and reported rumination. Results: Partici-
pants with major depressive disorder displayed a difference in late positive potentials across frontocentral electrodes between 
self-related and non-self-related conditions. We found no such difference in controls. The magnitude of this difference was positively 
correlated with depressive symptoms and reported rumination. Participants with major depressive disorder also had elevated theta 
oscillation power at central electrodes in self-related conditions, a finding that we did not see in controls. Limitations: Patients with 
major depressive disorder were medicated at the time of the study. The group studied was primarily female, so the observed effects 
may have been sex-specific. Conclusion: Rumination appears to be linked to altered self-related processing in depression, 
independent of stimuli-related emotional confounds. This connection between self-related processing and depression may point to a 
self disorder as a core component of depression.
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to themselves or to others.17,18 This task induces a late positive 
potential (LPP) — a component linked to motivationally 
salient stimuli19 — over frontocentral regions that differ be-
tween patients with depression and controls.20–22 However, the 
emotional valence of the stimuli used in such tasks may inter-
act with the negative emotional bias found in depression.23 
This means that people with depression tend to focus more on 
negative self-related stimuli and interpret stimuli more nega-
tively in relation to themselves.24–26 With this potential interac-
tion between the self-related stimuli used and an inherent neg-
ative bias, it becomes challenging to parse the contribution to 
brain activity measures of self-related processing in itself from 
the influence of altered emotional processing.

Tasks that use emotionally neutral stimuli may circumvent 
this issue and allow more direct study of self-related process-
ing in MDD. One such task was developed by Johnson and 
colleagues,27 in which sets of 3 coloured patches are used as 
the stimulus. In one task condition, participants are asked to 
judge which set of patches they prefer; in the other, they are 
asked which set is most similar in terms of their relative posi-
tions in colour space. These 2 conditions respectively repre-
sent self-related (subjective: “which do I prefer”) and non–
self-related (objective: “which is most like the other”) 
judgments. An increase in central–frontal activity is observed 
in the self-related condition, in line with the described rela-
tionship between cortical midline structures and self-related 
processing.27–29 These brain responses are likely to be inde-
pendent of task-induced emotional biases and provide a tool 
for investigating the relationship between self-related pro-
cessing and rumination without also probing negative bias.

The present study took advantage of this colour judgment 
task, in conjunction with electroencephalogram (EEG) re-
cordings, to investigate the association between self-related 
processes and rumination in a group of patients with MDD, 
along with age- and sex-matched healthy controls. We as-
sessed ruminative behaviours using the Ruminative Re-
sponses Scale (RRS),30 and we used an ERP approach to ana-
lyze the EEG data, focusing on the LPPs identified in 
previous work. We predicted that self and non-self ERPs 
would differ between patients and controls at central–frontal 
electrodes, and that these differences would be correlated 
with RRS scores. Because LPPs have been linked to theta 
oscillations,19,31 which have in turn been connected to self-
related processing,32 we also investigated changes in this fre-
quency band during the task. Our approach advanced previ-
ous work linking self-related processes and rumination into 
the temporal domain in a manner that may have been less 
biased by differences in emotional processing.

Methods

Participants

We recruited 25 patients diagnosed with MDD (20 female; 
age 38.6 ± 13.5 years [mean ± standard deviation]) at the 
Shuang-Ho Hospital Department of Psychiatry. Diagnosis 
was made according to the DSM-IV. We used a MINI struc-
tured interview33 to confirm diagnosis, detect suicide risk and 

exclude patients with comorbid mental or substance use dis-
orders. Patients with poor visual acuity or a history of neuro-
logic issues were also excluded. The average duration of the 
most recent depressive episode was 4.1 ± 3.15 months. All 
patients but 1 were medicated at the time of testing (see 
Appendix 1, Table S1, available at jpn.ca). Patients had been 
on the same medication schedule for at least 2 weeks before 
participation and were not receiving any nonpharmaco
logical treatment. Twenty-five control participants (21 fe-
males; age 38.2 ± 14.2 years) with no history of neurologic or 
psychiatric disorders, and who were not using any psycho-
tropic medication, were recruited from the community. 
Groups were age- and sex-matched, apart from 1 pair, in 
which the sexes differed. The study was approved by the 
Taipei Medical University Institutional Review Board 
(N201603080). Written consent was obtained from all partici-
pants before participation. Control participants were com-
pensated financially for their time.

Questionnaires

We assessed ruminative behaviours in both patients and con-
trols using the 22-item RRS.30 We administered the 21-item 
Beck Depression Inventory (BDI)34 to both patients and con-
trols to evaluate the presence of general depressive symp-
toms across both groups. Both questionnaires were presented 
in Traditional Chinese.35,36 

Colour judgment task

The general configuration of the task stimuli is illustrated in 
Figure 1. Each trial began with a 1500–2000 ms fixation cross 
(subtending 0.5° × 0.5°). A stimulus array consisting of 3 non-
overlapping, differently coloured squares was then presented 
for 2000 ms. One square was located at the middle top, and 
the remaining 2 were located at the left and right bottom. In 
each trial, the top square was the target to which the other 2 
were compared. Each coloured square subtended a visual 
angle of 1.5° × 1.5°.

We selected 3 colours for each trial from a set of 12 taken 
from the CIELAB colour space at 30° intervals around the 
a*(red–green) − b*(yellow–blue) plane colour wheel. Trial dif-
ficulty was determined by the objective similarity in hue be-
tween the target and the 2 lower squares. In low-difficulty 
trials, the 2 choice colours would be 60° and 150° from the 
target colour. In high-difficulty trials, the relative difference 
in distance would be less (90° and 120°), making it more diffi-
cult to discriminate the degree of similarity to the target. The 
luminance of the 3 squares was equalized by manipulating 
the red, green and blue components of the colours.

The task consisted of 2 different conditions. During the 
colour similarity judgment condition, participants were re-
quired to judge which of the lower squares was most similar 
in hue to the target and then press the corresponding left or 
right mouse button (Figure 1). For the preference judgment 
condition, participants were instructed to choose the colour 
pairing they preferred between the target and either of the 
lower squares. We used the same low- and high-difficulty 
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sets of colours in the preference trials as in the similarity 
trials. After a viewing period, participants had to respond 
within 1000 ms. This response period was indicated by a 
dark grey horizontal line. We used a relatively long decision-
making period and a separate response period to reduce any 
differences in response timing that may have arisen from 
psychomotor symptoms in MDD.37

Participants completed 20 practice trials before performing 
4 blocks of 48 trials. The preference judgment and similarity 
judgment conditions were organized in a block design. Par-
ticipants were told which condition they would perform be-
fore each block. Each block was initiated by the participant, 
allowing for breaks between blocks to reduce fatigue. Partici-
pants were instructed to maintain visual fixation on the cen-
tre of the screen during each trial while avoiding blinks and 
eye movements. The sequence of conditions was counterbal-
anced across participants.

The experiment was programmed in Psychtoolbox 338 run-
ning on MATLAB R2015a (MathWorks). Stimuli were dis-
played on a 24-inch liquid crystal display monitor with a ver-
tical refresh rate of 60 Hz. Participants viewed the stimuli at a 
distance of 57 cm, and a chin rest was used to stabilize their 
head position.

EEG recording and preprocessing

We recorded EEGs with Ag/AgCl electrodes mounted in 
an elastic cap (Easycap; Brain Products GmbH) using a 
30-electrode arrangement following the international 10–
20 system, including monopolar electrodes (FP1/2, 
F7/3/Z/4/8, FC5/3/Z/4/6, T7/8, C3/Z/4, CP5/1/Z/2/6, 
P7/3/Z/4/8, O1/Z/2). We attached an additional 6 channels 

to measure eye movement and to use as references. We re-
corded vertical eye movement with 2 electrodes on the 
supraorbital and infraorbital ridges of the left eye; we re-
corded horizontal eye movement with 2 electrodes on the 
outer canthi of the right and left eyes. The remaining 2 elec-
trodes, attached to mastoid sites, served as references (A1 
and A2). We kept impedances below 10 kΩ for all electrodes. 
We recorded online EEG using BrainAmp with a bandpass 
filter of 0.05–1000 Hz. We recorded data using BrainVision 
Recorder 1.2, with a sampling rate of 1000 Hz.

For offline analysis, we conducted EEG preprocessing 
using the EEGLAB39 (RRID:SCR_007292) and ERPLAB40 
(RRID:SCR_009574) toolboxes in MATLAB. Continuous data 
were first low-pass filtered at a cut-off frequency of 30 Hz. 
After manually excluding noisy periods, we conducted inde-
pendent component analysis on the continuous waveforms 
to identify signals caused by eye movement, blinks and 
changes in muscle tone. We removed the contribution of 
these task-irrelevant signals using independent component 
analysis in EEGLAB. We then segmented continuous data 
into 2200 ms epochs, including 200 ms prestimulus and 
2000  ms poststimulus intervals. Epochs were baseline-
corrected with the prestimulus interval. Finally, epochs that 
contained signals exceeding ± 60 mV in any channel were re-
jected, and the remaining trials averaged into the following 
categories: “similarity-low,” “similarity-high,” “preference-
low” and “preference-high.”

Behavioural data analysis

We compared performance during similarity trials in terms 
of reaction times and accuracy using a 2 (difficulty) × 

Figure 1: At the start of each block, participants were instructed to make a judgment about similarity or preference. Each trial started with a 
fixation period of 1500–2000 ms, followed by the stimulus and response arrays. The stimulus array consisted of 3 colour swatches on which 
participants made their judgment. Then, a dark grey horizontal line appeared to indicate the start of the response period, during which partici-
pants would press the left or right button to indicate their decision.
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2  (group) mixed analysis of variance (ANOVA). Preference 
trials had no objective criteria, so their accuracy could not be 
analyzed. As such, we compared reaction times for prefer-
ence trials between groups through an independent-sample 
t  test. Finally, any interaction between condition and group 
for reaction times was tested using a 2 (condition) × 2 (group) 
mixed ANOVA. Behavioural data were not available for 
1 control participant.

Analysis of task-induced response differences

We analyzed event-related potentials (ERPs) induced by the 
task to identify any overall differences in brain responses be-
tween patients with MDD and controls. We tested the time 
period from 900 to 2000 ms, covering sustained self-related 
components.20,21,41 Responses were averaged within this per
iod at 12 electrodes along the midline and in the left and right 
hemispheres at the frontal (Fz/F3/4), central (Cz/C3/C4), 
parietal (Pz/P3/P4) and occipital (Oz/O1/O2) scalp. We 
compared these using a mixed ANOVA that included a 
between-subject factor of group (control, MDD) and within-
subject factors of condition (similarity, preference), difficulty 
(low, high) and anterior–posterior location (frontal, central, 
parietal, occipital). We used post hoc tests to identify which 
anterior–posterior locations showed a difference between 
conditions in each group. We corrected p values for spher
icity using Greenhouse–Geisser adjustment. We applied 
Holm–Bonferroni adjustment to control the family-wise error 
rate. We conducted statistical analyses using JASP42 
(RRID:SCR_015823).

We further analyzed groups of electrodes where we ob-
served group × condition interactions to establish more pre-
cisely the times and locations at which differences between 
conditions occurred. We compared waveforms from individ-
ual electrodes within the selected electrode groups at each 
time point between conditions using paired t tests. We used 
threshold-free cluster-based thresholding to identify periods of 
time across multiple electrodes in which conditions differed.43

Self versus non-self response differences and depressive 
rumination

Having established the specific time periods and electrodes 
at which activity differed between conditions, we then inves-
tigated the relationship between activity in these periods and 
depressive rumination. We used the time points at specific 
electrodes in which we saw a difference between conditions 
in the MDD group as a mask to extract average activity from 
the MDD and control groups. We then correlated these aver-
aged activity levels with BDI scores separately for each group 

(Spearman correlation). We also tested differences in correla-
tion strength using linear regression. We then conducted a 
similar analysis using RRS scores.

Self-related versus non-self-related processes and midline 
oscillatory power

In a final step, we calculated induced response power at the 
frontocentral midline electrodes with LPP differences (Fz and 
Cz), focusing on the alpha and theta bands. We selected these 
frequency ranges given their suggested connections to self-
related processing.32 We calculated power spectral density for 
the period from stimulus onset to 2000 ms. We separated 
oscillatory power from the 1/f aperiodic component of the 
signal using the Fooof toolbox44 running on Python 3.7.9. 
Theta power was averaged from 4 to 8 Hz and alpha power 
from 8 to 13 Hz. We then used mixed-effect linear regression 
to examine an oscillatory power fixed-effect group × condi-
tion interaction (with subject as a random effect). We used 
Holm–Bonferroni adjustment to correct p values for the 
2 electrodes and 2 frequency bands analyzed.

Results

Questionnaire results

Patients with MDD had significantly higher BDI and RRS 
scores than controls (Table 1). 

Behavioural results

In the similarity task, participants were more accurate in the 
low-difficulty condition than in the high (86.5% v. 60.5%; F1,47 = 
186.04, p < 0.001). Overall accuracy did not differ between 
groups (F1,47 = 2.54, p = 0.12), nor was there a group × difficulty 
interaction (F1,47 = 0.023, p = 0.87). Reaction times in the similar-
ity task were faster in the low-difficulty condition than in the 
high (636 ms v. 655 ms; F1,47 = 16.1, p < 0.001). We found no ef-
fect of group on reaction time (F1,47 = 0.37, p = 0.55), and no 
group × difficulty interaction (F1,47 = 0.038, p = 0.84). Reaction 
times in the preference task did not differ between groups (t47 = 
0.73, p = 0.46). We found no interaction between task and 
group for reaction times (F1,47 = 0.037, p = 0.84). Response accu-
racy and reaction times are given in Table 2.

Task-induced response differences

Task-induced ERP amplitudes during the period from 900 to 
2000 ms are summarized in Figure 2. We observed no diffi-
culty × condition × group × location interaction (F1.51,72.25 = 

Table 1: Beck Depression Inventory and Rumination Response Scale

Scale* Control MDD Comparison

Beck Depression Inventory score 7.8 ± 7.7 28.7 ± 14.4 t = −6.7, p < 0.001

Rumination Response Scale score 40.4 ± 12.5 62.8 ± 14 t = −6.1, p < 0.001

*Values are mean ± standard deviation.
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0.76, p = 0.44). As a result, we collapsed the difficulty factor 
for all subsequent analyses. We then observed an interaction 
between condition, group and location (F1.5, 71.77 = 4.20, p = 
0.03). Follow-up simple main-effect analyses highlighted dif-
ferences at the frontal and central locations. More specifically, 
the MDD group displayed a more negative waveform during 
the similarity condition (compared with the preference con-
dition) at the frontal (p < 0.001) and central (p = 0.001) areas, 
but not the parietal (p = 0.44) or occipital (p = 0.06) areas. In 
contrast, the control group showed no amplitude differences 
between these conditions at any location (frontal p = 0.12; 
central p = 0.17; parietal p = 0.11; occipital p = 0.89).

Investigating the frontal and central locations in more de-
tail, we conducted comparisons between conditions at each 
time point and at each relevant electrode. We observed sig-
nificant differences between preference and similarity 

waveforms for the MDD group, starting at the frontal elec-
trodes around 815 ms and then propagating to the central 
area (Figure 3A). During this period, measured activity be-
came less negative over time for the preference condition 
than for the similarity condition. We observed no differences 
between conditions for the control group (Figure 3B).

Self versus non-self response differences and depressive 
rumination

As shown in Figure 4A, the differences in amplitude between 
similarity and preference conditions were positively correl
ated with BDI scores in the MDD group (r24 = 0.61, p = 0.001), 
but not in the control group (r24 = –0.36, p = 0.08; Figure 4). 
The correlations differed from each other (t46 = 3.01, p = 0.004). 
We found a similar correlation between RRS scores and 

Table 2: Behavioural responses in each task condition for control and MDD groups

Response*

Similarity

PreferenceLow High

Accuracy

    Control 0.89 ± 0.07 0.64 ± 0.11 —

    MDD 0.84 ± 0.15 0.59 ± 0.16 —

Reaction time, ms

    Control 627 ± 107 647 ± 100 637 ± 102

    MDD 646 ± 104 664 ± 97 655 ± 99

MDD = major depressive disorder.
*Values are mean ± standard deviation.

Figure 2: Mean event-related potential amplitudes at different scalp areas, 900–2000 ms after onset of the stimulus array, shown separately 
for (A) the control group and (B) the MDD group. Responses during the similarity condition are shown in blue, and responses during the pref-
erence condition are shown in red. We observed differences between the conditions at frontal and central areas in the MDD group but not in 
the control group. Error bars represent the standard error of the mean. *p < 0.05. MDD = major depressive disorder.
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amplitude differences in the MDD group (r24 = 0.48, p = 0.016) 
but not controls (r24 = –0.13, p = 0.54; Figure 4B). These correla-
tions also differed from each other (t46 = 2.43, p = 0.019).

Self-related versus non-self-related processes and midline 
oscillatory power

Analyzing the interaction between task condition and group, 
we observed no effects at the Fz electrode for oscillatory 
power in either the theta (β = 0.033, z = 0.4, p > 0.99; Appen-
dix 1, Figure S1) or alpha bands (β = –0.023, z = –0.61, p > 
0.99; Appendix 1, Figure S2). In contrast, we did observe an 
interaction between condition and group in the theta band at 

the Cz electrode (β = –0.12, z = 2.92, p = 0.016; Figure 5). We 
found no such effect for alpha power at this electrode (β = 
–0.002, z = –0.054, p > 0.99; Appendix 1, Figure S3). Post hoc 
t tests (Holm–Bonferroni adjusted) showed that patients with 
MDD had higher theta power in the preference condition 
than in the similarity condition (t24 = –2.65, p = 0.038). Theta 
power did not differ between conditions for control partici-
pants (t24 = 1.08, p = 0.6).

Discussion

We investigated the relationship between self-related activity 
and depressive rumination using an emotionally neutral task 

Figure 3: Similarity–preference differences for (A) the MDD group and (B) the control group. The electrodes for which comparisons were done 
are indicated by black dots in the leftmost topographical maps. These maps show similarity–preference differences over time. The waveforms 
represent similarity–preference differences for each selected electrode. Significant differences per electrode are shown in black. Periods in which 
at least 1 difference was found are shaded in grey. Visualizations were created using the EEGVIS toolbox.45 MDD = major depressive disorder.
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in patients with MDD and healthy controls. We observed dif-
ferences between groups in a late ERP component at the fron-
tal and central electrodes. Patients with MDD displayed less 
negative activity than controls during the subjective prefer-
ence condition than during the objective similarity condition. 
This amplitude difference between the similarity and prefer-
ence conditions was positively correlated with BDI and RRS 

scores in the MDD group. Moreover, we found that an in-
crease in central theta power occurred during the preference 
condition in participants with MDD.

In terms of behavioural performance, we observed no dif-
ference between groups in accuracy or reaction times for the 
similarity or preference conditions. Reaction times were 
faster in low-difficulty trials than in high-difficulty ones, 

Figure 4: Differences in the amplitude of sustained responses between preference and similarity conditions were correlated with scores on (A) 
the BDI and (B) the RRS (MDD group, orange; control group, grey). We observed significant relationships between amplitude differences and 
scores for participants with MDD but not for controls. BDI = Beck Depression Inventory; MDD = major depressive disorder; RRS = Rumination 
Response Scale.
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suggesting that participants engaged with the task appropri-
ately. This finding was equally true for patients with MDD 
and controls, as demonstrated by the lack of interaction be-
tween difficulty and group. The lack of differences in reac-
tion times between patients with MDD and controls con-
trasted with other tasks, in which people with MDD tended 
to respond more slowly.46 Our finding can likely be ex-
plained by the experimental design, which gave participants 
a relatively long decision-making period while the target 
array was displayed (2000 ms) and gave no instructions to 
respond as quickly as possible. Taken together, these behav-
ioural measures show that the colour similarity and prefer-
ence task were completed equally well by both patient and 
control groups.

We observed sustained late ERPs at frontocentral elec-
trodes in the present study. Previous ERP studies of self-
related processing have identified similar LPPs. Those 
experiments employed a self-reference task in which par
ticipants attributed positive or negative words to them-
selves.47 In such tasks, patients with depression tended to 
link negative words to themselves and controls selected 
more positive ones.17 At the level of LPPs, patients dis-
played responses of greater amplitude over frontocentral 
regions for negative words than for positive words. This 
was in contrast to controls, in whom positive words in-
duced greater evoked responses.20–22 In patients, the magni-
tude of the difference between LPPs induced by positive 
and negative words appeared to increase with symptom 
severity,48 suggesting that people with depression may se-
lectively elaborate on negative emotional self-related infor-
mation. Notably, and in contrast to these previous studies, 
the task used here did not involve an emotional component. 
The presence of these sustained late ERPs in the context of 
the task used in the present study suggests that LPP-like ef-
fects in general may be driven at least in part by self-related 
processes that are independent of emotional content.

In this study, we found a sustained difference in LPP-like 
activity between self-related and non-self-related stimuli 
until trial end in patients with MDD but not controls. Nota-
bly, the difference in this activity between conditions was 
positively correlated with reported ruminative behaviours 
in the MDD group. The LPP-like reactivity of patients with 
MDD in an emotionally neutral context may mean that 
people with depression are inclined toward engaging in 
continual thought whose nature is fundamentally self-
related. This would be distinct from thought that is primar-
ily emotional in nature and that therefore also has a self-
related aspect as a secondary feature. This is in line with 
previous work linking rumination in depression to activity 
in regions such as the medial prefrontal cortex and posterior 
cingulate cortex,49,50 which are activated by self-related pro-
cesses independent of emotion.51 A connection between ac-
tivity in the medial prefrontal cortex and posterior cingulate 
cortex and this LPP-like activity is further supported by the 
fact that these regions were more active during the prefer-
ence condition in previous work that has employed the task 
in functional MRI.27 These associations may merit further 
research with tools that can better resolve temporal and 

spatial properties, such as magnetoencephalography or 
high-density EEG.

An analysis of oscillatory power at midline frontocentral 
electrodes revealed elevated Cz theta power during the prefer-
ence condition, specifically in the MDD group. A range of pre-
vious work has found associations between theta band activity 
and self-related processing.32 This work also provides evidence 
for a connection between theta activity and cortical midline 
structures. The fact that only patients with MDD demon-
strated an increase in theta power during the self-related pref-
erence condition suggests that people with depression may be 
more sensitive to the subjectivity of experiences, generating a 
response that can be seen only with explicit self-cueing in 
people without depression. This sensitivity may then lead to 
an increased likelihood to engage in self-related thought in a 
manner that leads to ruminative symptoms. However, such a 
suggestion remains speculative and requires further investiga-
tion. Finally, although we found no differences in alpha power 
at the frontocentral electrodes, previous work has drawn con-
nections between hemispheric asymmetries in this band and 
both depressive symptoms52 and LPPs.53 Further work tar-
geted at such asymmetries in the context of self-related pro-
cessing and rumination may therefore be of interest.

Limitations

A number of limitations should be noted. The first of these is 
the medication status of participants: all but 1 were under
going pharmacological treatment. A previous study found 
that selective serotonin reuptake inhibitors influenced self-
reflective activity, but this highlighted subcortical regions 
and revealed no effect on cortical regions such as the medial 
prefrontal cortex or posterior cingulate cortex.54 Antidepres-
sants may also influence EEG measures, but information re-
lating to the ERPs and oscillations highlighted here is incon-
clusive. More work with unmedicated patients is required to 
exclude drug effects entirely. Finally, our participant group 
was primarily female. There is some evidence for sex differ-
ences in the relationship between self-related thought and 
depressive symptoms, in that there may be less of an associa-
tion in men.55 The current results require replication in a 
balanced participant sample.

Conclusion

The current findings suggest that rumination is related to al-
tered self-related processing in depression, and that this can 
be shown independent of potential confounds arising from 
task stimuli with explicit emotional content. The difference 
in neural responses induced by self-related stimuli in pa-
tients with MDD lends weight to a conception of MDD that 
includes self-disorder as a fundamental component. Future 
research may wish to focus on treatment options that engage 
more directly with the self, including both psychotherapeu-
tic and pharmacological interventions.56 Further work inves-
tigating similar processes in other conditions linked to modi-
fications in self-processing or ruminative behaviours, such as 
psychosis or anxiety disorders,57,58 may also be enlightening.
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