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Abstract
Background Obsessive-compulsive disorder (OCD) is related to working memory impairment. Since patients with 
OCD have difficulty controlling their obsessive thoughts, removal of irrelevant information might be important in 
the pathophysiology of OCD. However, little is known about brain activity during the removal of information from 
working memory in patients with OCD. Our goal was to explore potential deficits in inhibitory function related to 
working memory processes in patients with OCD.

Methods Sixteen OCD patients and 20 healthy controls (HCs) were recruited. We compared in prefrontal alpha 
and beta band activity derived from magnetoencephalography (MEG) between patients with OCD and HCs during 
multiple phases of information processing associated with working memory, especially in post-trial period of the 
visuospatial working memory task (the delayed matching-to‐sample task), which is presumed to be related to the 
information removal process of working memory.

Results Prefrontal post-trial beta power change (presumed to occur at high levels during the post-trial period) 
exhibited significant reductions in patients with OCD compared to HCs. In addition, the post-trial beta power change 
was negatively correlated with Obsessive-Compulsive Inventory–Revised total scores in patients with OCD.

Conclusions These findings suggest that impairment in the removal of information from working memory might be 
a key mechanism underlying the inability of OCD patients to rid themselves of their obsessions.

Keywords Obsessive-compulsive disorder, Working memory, Removal of information, Delayed matching-to-sample 
task, Beta oscillations, Magnetoencephalography
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Background
Obsessive-compulsive disorder (OCD) is characterized 
by recurrent intrusive thoughts that are hard to ignore or 
suppress (obsessions) and repetitive behaviors employed 
to resist or eliminate these obsessive thoughts (compul-
sions) [1]. A fundamental deficit in inhibitory control, 
which is critically dependent on the prefrontal cortex, 
has been implicated in these clinical features of OCD [2]. 
Substantial evidence from neuroimaging and neuropsy-
chological studies suggests that functional abnormalities 
in fronto-striatal brain circuits [3–5] and that impair-
ments in neurocognitive functions subserved by the 
fronto-striatal circuits are key psychopathological mech-
anisms underlying OCD [6, 7].

Despite mixed and inconsistent findings across stud-
ies and neuropsychological domains, accumulating evi-
dence suggests the presence of neurocognitive deficits 
in OCD patients. A meta-analysis highlighted reduced 
performance in all domains of attention, executive func-
tion, memory, processing speed, visuospatial abilities, 
and working memory in people with OCD, compared to 
healthy controls (HCs), with various effect sizes of the 
between-group differences across domains: a large effect 
size was found for the nonverbal memory domain, with 
medium effect sizes for attention, executive functions, 
and processing speed and small effect sizes for working 
memory [8]. Another meta-analysis indicated broad-
ranging neuropsychological deficits, except in attentional 
ability, in people with OCD compared to HCs: the larg-
est effect size was found for visuospatial memory, and 
small-to-medium effect sizes were found for executive 
function, processing speed, verbal fluency, and verbal 
memory [9]. A meta-analysis on executive function in 
OCD patients showed that people with OCD exhibited 
impaired performance in most domains of executive 
functions with small-to-medium effect sizes [6]. Despite 
inconsistent evidence, visuospatial memory impairment 
has been relatively consistently reported in OCD patients 
and is proposed to be secondary to impaired executive 
control, such as strategy failures [8]. However, the precise 
nature of cognitive deficits, including visuospatial mem-
ory impairments, in OCD, is still poorly understood. 
Decades of research into neural activities associated with 
these neurocognitive deficits has provided evidence sup-
porting impaired frontal inhibition, such as reduced task-
related frontal alpha activity, in OCD patients, but the 
results are highly inconsistent and heterogeneous across 
studies [10].

Working memory, the ability to actively hold, manipu-
late, and update information in one’s mind over a short 
period, is one of the main executive functions supported 
by the prefrontal cortex [11, 12]. Due to its limited capac-
ity, the removal of irrelevant information is essential 
to making room for new information and maintaining 

prioritized content [13, 14]. Recent behavioral and neu-
rophysiological evidence supports the existence of an 
information removal process in working memory [15]. 
A recent experimental study using a visuospatial work-
ing memory task revealed that working memory is suc-
cessfully updated by reallocating resources from previous 
obsolete memories to new information [16]. In addition, 
brain activity patterns involved in removing information 
from working memory were reported [14]. Research on 
removing and updating working memory is important 
to understanding the symptoms and etiology of neuro-
psychiatric disorders related to disengaging from infor-
mation in working memory. To date, the removal of 
no-longer-relevant information from working memory 
has received little attention in clinical research.

Deficits in the removal of no-longer-relevant informa-
tion from working memory may play a critical role in 
OCD, as OCD patients experience difficulties in con-
trolling unwanted intrusive thoughts. To understand 
the characteristics and the underpinning neural activity 
in OCD, we recorded prefrontal activity using magne-
toencephalography (MEG), which has high spatial and 
temporal resolution [17], during a visuospatial delayed 
matching-to-sample task (DMST). The DMST has been 
commonly used to examine temporal properties and the 
neural basis of working memory, and the prefrontal cor-
tex has been shown to be a key component for attending 
to an appropriate stimulus and inhibiting any irrelevant 
information during the task [18]. The DMST includes 
sample/encoding, delay/retention, and choice/retrieval 
phases in each trial and requires top-down inhibitory 
control of irrelevant information to clear the memory 
buffer after each single trial [19]. In the post-trial period, 
an animal experiment on time-varying signals in work-
ing memory delay activity showed increased beta bursts 
in the post-trial epoch when encoded information was no 
longer needed after the behavioral response [20]. While 
both alpha and beta oscillations are known to be linked 
to inhibitory processes in working memory, prefrontal 
beta oscillations occurring at high levels at the end of the 
trial may be related to the removal of irrelevant informa-
tion, a mechanism for working memory reallocation [20, 
21]. The excellent temporal resolution of MEG enables 
the measurement of cortical activity in different fre-
quency bands within the same time frame over the dis-
tinct consecutive phases of a working memory task [17, 
19]. Using MEG recordings during the DMST, Ciesielski 
et al. showed enhanced activation within the prefrontal 
network [22] and a reduction in frontal alpha modula-
tion in OCD patients, particularly during the retention 
and retrieval phases of the DMST containing distrac-
tors, suggesting impaired inhibition and abnormal allo-
cation of cognitive resources during working memory 
maintenance in OCD patients [23]. However, they did 
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not analyze the post-trial period. To our knowledge, no 
neurophysiological studies have examined the removal of 
information from working memory in OCD patients.

The present study aimed to examine prefrontal alpha 
and beta band activity from MEG signals during multiple 
phases of information processing associated with work-
ing memory using a case-control design and enrolling 
OCD patients. In particular, we analyzed data from the 
post-trial period, which could represent the removal of 
information from working memory, in addition to three 
distinct phases (encoding, retention, and retrieval) in a 
visuospatial DMST. We expected to observe task-phase 
specific alterations of prefrontal alpha and beta oscilla-
tions engaging the visuospatial working memory in OCD 
patients. In particular, we hypothesized that prefrontal 
beta oscillations (presumed to occur at high levels during 
the post-trial period) would be reduced in patients with 
OCD compared to HCs.

Materials and methods
Participants
The present study included 16 patients with OCD (mean 
age = 23.56 years, SD = 2.37 years, 16 men) and 20 HCs 
(mean age = 22.50 years, SD = 2.40 years, 20 men). Only 
young male participants aged between 20 and 29 years 
were included to control for any effects due to sex and 
age. In addition, for inclusion in the study, subjects had 
to have an intelligence quotient higher than 85 based on 
scores obtained with the short form [24] of the Korean 
version of the Wechsler Adult Intelligence Scale–IV 
[25]. All participants were right-handed. Participants 
were assessed by a trained psychiatrist using the Struc-
tured Clinical Interview for the Diagnostic and Statistical 
Manual of Mental Disorders, fourth edition (DSM-IV) 
[26], to evaluate the presence of current or past psychi-
atric disorders. Demographic and clinical information 
was also assessed. The patients with OCD were recruited 
from an outpatient clinic specializing in OCD at Sever-
ance Hospital of Yonsei University Health System (Seoul, 
South Korea), a tertiary hospital. For inclusion in the 
OCD group, individuals had to have a primary diag-
nosis of OCD and no lifetime history of other anxiety 
disorders, schizophrenia spectrum disorders, bipolar dis-
order, or substance dependence, as defined by the DSM-
IV. In addition, those with a history of head trauma and 
severe organic or neurologic disorders were excluded. 
All patients with OCD received pharmacotherapy and 
brief cognitive-behavioral therapy in routine outpatient 
care. For inclusion in the control group, healthy recruited 
through internet advertisements had to have no lifetime 
history of any psychiatric disorders according to the 
DSM-IV diagnostic criteria.

All subjects included in the study provided written 
informed consent prior to participation. The present 

study protocol was approved by the Institutional Review 
Board of Yonsei University (IRB number: 1-2011-0088), 
and the study was conducted in accordance with the 
Declaration of Helsinki.

Measurements
Montgomery-Åsberg Depression Rating Scale (MADRS)
We used the Korean validated version of the Mont-
gomery-Åsberg Depression Rating Scale (MADRS) to 
assess the severity of depressive symptoms in all of the 
participants [27, 28]. The MADRS consists of 10 clini-
cian-administered diagnostic items, including various 
depressive symptoms.

Yale-Brown Obsessive compulsive scale (Y-BOCS) and Y-BOCS 
Symptom Checklist
The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) 
has been used to evaluate obsessive-compulsive symp-
toms in patients with OCD [29]. The Y-BOCS is a vali-
dated clinician-administered scale that consists of 10 
items used to assess the severity of obsessive and com-
pulsive symptoms. In addition, the 58-item Y-BOCS 
Symptom Checklist was employed to identify the symp-
tom dimensions of OCD. Based on a previous meta-anal-
ysis of the dimensional structure of OCD [30], symptom 
dimensions were classified into four categories: symme-
try (symmetry obsessions and repeating, ordering, and 
counting compulsions), forbidden thoughts (aggressive, 
sexual, religious, and somatic obsessions and checking 
compulsions), cleaning (contamination obsessions and 
cleaning compulsions), and hoarding (hoarding obses-
sions and compulsions). The presence of a symptom 
dimension was determined according to a lifetime his-
tory of one or more symptoms in the respective category 
[Table 1].

Korean version of the obsessive-compulsive inventory–
revised (OCI-R-K)
We used the Korean version of the Obsessive-Compul-
sive Inventory–Revised to evaluate obsessive-compulsive 
symptoms in patients with OCD and HC [31]. This self-
report scale includes 18 items to assess distress related to 
obsessions and compulsions, with higher scores indicat-
ing more severe symptoms of OCD.

Delayed matching-to-sample task (DMST)
The visuospatial DMST, a working memory task, was 
selected for this study [Fig. 1]. It is useful for evaluating 
brain activity during working memory processes since 
working memory processes, including encoding, reten-
tion, and retrieval, can be differentiated in the task [20]. 
The task involves presenting two sets of objects sepa-
rately, and subjects are asked to respond whether the 
later (delayed) presented object matches the previously 
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presented object [32]. As reported in a previous elec-
troencephalography (EEG) study [20], data from the 
post-trial period of the DMST can indicate removal of 
no-longer-needed information from working memory 
after retrieval.

The design of task cues was based on a previous 
OCD study in which visuospatial working memory was 
explored using MEG [22, 23]. The task consisted of 120 
pseudorandomly presented trials. Each trial started with 
a small red cross presented for 2,000 ms. Afterward, a 
5 × 5 square with 3 black-colored squares was shown for 
1,000 ms. This was followed by a 3,000 ms delay. Then, 
the probe consonant was shown for 2,000 ms. Partici-
pants were asked to respond as quickly and accurately as 
possible and indicate if the probe showed one of the black 
squares previously shown. Feedback on the answer and 

the accuracy rate were presented for 1,000 ms at the end 
of each trial. The participants performed 10 practice tri-
als before the task.

Accuracy and reaction time on the DMST were 
obtained to evaluate the behavioral performances of the 
participants.

MEG data
MEG recordings
A 152-channel whole-head MEG device (Korea Institute 
of Standards and Science; KRISS, Daejeon, Korea) was 
used to record magnetic fields induced by brain electrical 
activity. Participants were asked to sit in a magnetically 
shielded room (Yonsei University Health System, Seoul, 
Korea). Resting-state recordings were recorded for 3 min 
each with the eyes closed and with the eyes open. After-
ward, all participants were asked to perform the DMST 
while MEG data were recorded. Magnetic fields were 
recorded at a sampling rate of 1,000 Hz with a bandpass 
filter between 0.1 and 100 Hz.

MEG data preprocessing
Resting-state recordings were collected only to confirm 
the reliability of the data and were not used in further 
analysis. All preprocessing procedures were performed 
with CURRY 8 (Compumedics, Charlotte, NC, USA) 
software. First, baseline correction was achieved by sub-
tracting the overall mean of each channel from every 
point. Gross-movement artifacts and other muscle 
related noises were identified by a trained specialist and 
rejected from further analysis. Epochs were extracted 
in the period of -300 ~ 1,500 ms from each sample cue 
and testing cue. Only trials with correct answers were 
included in the analysis.

MEG data analysis
Spectral analysis To measure the spectral power, an 
event-related spectral perturbation (ERSP) analysis was 
applied to the recorded MEG signals. ERSP was calculated 
using functions implemented in EEGLAB [33]. Spectral 
power was calculated using the short-time Fourier trans-
form every 5 ms with a Hanning window size of 250 ms 
for each trial. No smoothing or filtering process was 
applied when generating the resultant ERSP maps. The 
power spectrum of each trial was then normalized against 
the average power of the partial baseline period (-300 to 
-100 ms before the sample cue and test cue) to probe for 
changes in the spectral power values after the onset of the 
sample cue and test cue. The normalized spectral power 
was then averaged over the trials, and baseline-normal-

Table 1 Demographic and clinical characteristics of patients 
with OCD and healthy controls

OCD (n = 16) HC (n = 20) t (z) p
Age (years) 23.56 ± 2.37 22.50 ± 2.40 1.330a 0.192
MADRS 14.56 ± 8.97 2.95 ± 4.12 4.055b < 0.001***
OCI-R-K 38.50 ± 18.63 16.85 ± 12.09 4.213a < 0.001***
Y-BOCS 17.69 ± 7.85
Symptom dimen-
sion, present, n (%)
     Symmetry 12 (75.0%)
     Forbidden 
thoughts

12 (75.0%)

     Cleaning 11 (68.8%)
     Hoarding 10 (62.5%)
Use of SSRI, n (%) 15/16 (93.8%)
Use of Benzodiaz-
epine, n (%)

8/16 (50.0%)

OCD, obsessive-compulsive disorder; HC, healthy control; MADRS, 
Montgomery-Åsberg depression rating scale; OCI-R-K, Korean version of 
obsessive-compulsive inventory-revised; Y-BOCS, Yale-Brown obsessive 
compulsive scale; SSRI, selective serotonin reuptake inhibitor
a t of independent sample t-tests, b z of Mann-Whitney U test

* significant at p < 0.05, ** significant at p < 0.01, *** significant at p < 0.001

Fig. 1 Delayed matching-to-sample task used in the study. The boxes 
indicate the time window of interest related to each period of working 
memory processes (E, encoding period; R, retention period; Rt, retrieval 
period; and Post, post-trial period)
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ized ERSP maps for each group of participants were cre-
ated.

Determination of oscillations of interest Alpha power 
values for each condition were estimated in a frequency 
range of 8 to 13  Hz based on previous studies on the 
encoding, retention, and retrieval processes of working 
memory in patients with OCD [23, 34]. Beta power values 
for each condition were estimated in a frequency range of 
20 to 35 Hz based on a previous report of the removal of 
information from working memory in DMST [20].

Determination of the time window of interest The time 
window in the post-trial period was selected based on the 
response time of the participants [Table 2]. In a study on 
brain activity during working memory processes, beta 
bursts related to the removal of information from work-
ing memory started to increase around the participant 
response time [20]. Other periods besides the post-trial 

period were analyzed to confirm their consistency with a 
previous study on brain activity during working memory 
processes.

Based on the sample cue, the encoding period 
(300 ~ 600 ms) and retention period (650 ~ 1,500 ms) were 
established. Based on the test cue, the retrieval period 
(300 ~ 600 ms) was established. We defined 650 ~ 1,500 
ms after the test cue as the post-trial period [Fig. 1].

Determination of the regions of interest
We included 20 sensors each in the bilateral prefrontal 
area and set the left/right prefrontal cortex as the region 
of interest (ROI) [Fig. 2]. Since beta oscillation is related 
to motor planning extinction in the motor cortex, we 
attempted to avoid including sensors near the premotor 
area [21]. Among the sensors in the left prefrontal ROI, 2 
were highly affected by eye movements, and 1 was defec-
tive. Among the sensors in the right prefrontal ROI, 3 
were highly affected by eye movements. These sensors 
were excluded from the analysis.

Statistical analysis
All statistical analyses were performed with Statisti-
cal Package for the Social Sciences version 26 (SPSS 
Inc., Chicago, IL, USA). Demographic and clinical data, 
including age, Y-BOCS scores and MADRS scores, were 
compared with independent-sample t tests between 
patients with OCD and HCs. The behavioral perfor-
mance on the DMST, including the accuracy of the 
response and the reaction time, were also compared with 

Table 2 Behavioral performance in the delayed matching-to-
sample task

OCD HC t(z) p
Accuracy (%) 91.81 ± 4.69 94.00 ± 3.36 − 1.571b 0.200
Reaction time 
(ms)

765.91 ± 154.66 662.03 ± 95.66 2.351a 0.027*

OCD, obsessive-compulsive disorder; HC, healthy control
a t of independent sample t-test, b z of Mann-Whitney U test

* significant at p < 0.05

Fig. 2 Channel locations and regions of interest (the left/right prefrontal cortex). ROI, region of interest
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independent-sample t tests between patients with OCD 
and HCs. If the demographic, clinical, or behavioral per-
formance variables were not normally distributed, demo-
graphic and clinical variables of patients with OCD and 
HCs were compared using a two-tailed Mann‒Whitney 
U test. The statistical significance threshold was set at 
p < 0.05.

For spectral analysis, to compare the mean power 
changes in decibels (dB) between the two groups, 
repeated-measures multivariate analysis of covariance 
(MANCOVA) was performed, with the group (OCD vs. 
HC) as the between-subject factor, hemisphere (left pre-
frontal ROI vs. right prefrontal ROI) as the repeated fac-
tor, and the MADRS score as a covariate. The MADRS 
score was included as a covariate in the analyses to con-
trol for the effects of depressive symptoms. The MAN-
COVA included 8 dependent variables reflecting the 
mean power changes: alpha and beta oscillations during 
4 periods (E, encoding; R, retention; Rt, retrieval; and 
Post, post-trial). Post hoc univariate analysis of covari-
ance (ANCOVA) was run to identify the dependent vari-
ables with significant difference between the two groups 
if the initial MANCOVA results were statistically signif-
icant (with a cutoff of 𝛼 = 0.05). For post hoc tests, we 
adjusted the significance threshold with Bonferroni cor-
rection to p < 0.00625 (i.e., 0.05/8 for alpha and beta oscil-
lations in 4 periods). We calculated values of partial eta 
squared as the effect size, and the values were interpreted 
according to Cohen’s guidelines of effect sizes: small 
(ηp

2 = 0.01), medium (ηp
2 = 0.06), or large (ηp

2 = 0.14) [35]. 
In addition, partial correlation coefficients (r), controlling 

for MADRS scores, were calculated between significant 
results from the post hoc ANCOVA and obsessive-com-
pulsive symptom severity scores (Y-BOCS and OCI-R-K 
scores) in patients with OCD. Scatter plots of partial cor-
relation analysis were created.

Results
Demographic and behavioral data
The demographic data are presented in Table 1. Age dif-
ferences between the OCD and HC groups were not 
statistically significant (OCD = 23.56 vs. HC = 22.50; 
p = 0.192). The MADRS score was significantly higher in 
patients with OCD (OCD = 14.56 vs. HC = 2.95; p < 0.001).

The results of behavioral performance on the DMST 
are presented in Table 2. The accuracy rate was not differ-
ent between the OCD and HC groups (OCD = 91.81 vs. 
HC = 94.00; p = 0.128). The reaction time was significantly 
longer in patients with OCD than in HCs (OCD = 765.91 
vs. HC = 662.03; p = 0.027).

Spectral-power analysis of alpha and beta oscillations in 
the prefrontal cortex
The ERSP map during the delayed matching-to-sample 
task is shown in Fig.  3. The repeated-measures MAN-
COVA with group (OCD, HC) as the between-subject 
factor, hemisphere (left, right) as the repeated factor, 
and alpha and beta oscillations during 4 task periods as 
the dependent variables showed a significant main effect 
of group (F8,26 = 2.509; p = 0.036; ηp

2 = 0.463). There was 
no significant main effect of hemisphere (F8,26 = 2.309; 
p = 0.051). No significant effects of the interactions 

Fig. 3 Event-related spectral perturbation (ERSP) map during the delayed matching-to-sample task for prefrontal regions of interest. Red indicates an 
increase in power, and blue indicates a decrease in power. (a) Left prefrontal sample cue, (b) left prefrontal test cue, (c) right prefrontal sample cue, and 
(d) right prefrontal test cue. Red squares indicate the time windows of interest. ROI, region of interest; OCD, obsessive-compulsive disorder; HC, healthy 
control; E, encoding period; R, retention period; Rt, retrieval period; and Post, post-trial period
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between group and hemisphere (F8,26 = 0.797; p = 0.611) 
or between the MADRS score and hemisphere (F8,26 
= 0.222; p = 0.984) were found. Post hoc tests were run 
to delineate the nature of the significant finding of the 
between-subject factor diagnosis. The values acquired 
from the post hoc tests are presented in Table 3. In the 
follow-up analyses, for alpha oscillations, no significant 
between-group differences were found during the encod-
ing (F1 = 0.299; p = 0.588), retention (F1 = 0.846; p = 0.364), 
retrieval (F1 = 4.717; p = 0.037), or post-trial periods 
(F1 = 1.149; p = 0.292) [Fig.  4a]. For the retrieval phase, 
the alpha power change was higher in patients with 
OCD than in HCs (p = 0.037) at the nominal level, but the 
between-group difference did not reach the significance 
threshold with Bonferroni correction of p < 0.00625. On 
the other hand, for beta oscillations, patients with OCD 
showed a significant reduction in the increase in beta 
band activity during the post-trial period, with a large 
effect size (F1 = 10.178; p = 0.003; ηp

2 = 0.236). No sig-
nificant between-group differences in the changes in 
beta band activity were observed during other phases 
of encoding (F1 = 0.378; p = 0.543), retention (F1 = 0.856; 
p = 0.359), or retrieval (F1 = 0.147; p = 0.704) [Fig. 4b].

Partial correlation between prefrontal beta power change 
during the post-trial period and obsessive-compulsive 
symptom severity score
In patients with OCD, partial correlation analyses 
controlling for depressive symptoms were conducted 
between the obsessive-compulsive symptom severity 
score and prefrontal beta power change in the post-trial 
period, which significantly differed according to post 
hoc ANCOVA. The prefrontal post-trial beta power 
change was significantly negatively correlated with the 
OCI-R-K total score in patients with OCD (r = -0.521; 
p = 0.046). No association was found between the pre-
frontal beta power change and Y-BOCS scores (r = 
-0.108; p = 0.701) [Table  4]. Scatter plots of partial cor-
relations between the post-trial beta power change and 

each obsessive-compulsive symptom severity score are 
presented in Fig. 5.

Discussion
This study examined changes in prefrontal alpha and beta 
activity during multiple phases of information processing 
associated with visuospatial working memory between 
patients with OCD and HCs using the MEG technique. 
The main finding of the present study is that the increase 
in prefrontal beta power during the post-trial period of 
the working memory task was significantly reduced in 
patients with OCD compared to HCs. No between-group 
difference in prefrontal alpha and beta band activity was 
found in the encoding, retention, and retrieval phases 
of the working memory task. These results suggest that 
the post-trial period of the working memory task may be 
more strongly linked to OCD pathophysiology than the 
other phases associated with working memory.

To our knowledge, the present MEG study is the first 
to demonstrate altered neural activity regarding the 
removal of no-longer-relevant information from working 
memory in OCD patients. Although removal of informa-
tion from working memory is proposed to play a cru-
cial role in successful updating of working memory [15], 
little is known about its roles and neural basis in clini-
cal research. Recently, a “clearing” function of beta band 
activity has been proposed to halt actions or thoughts 
during cognitive, perceptual, and motor processes; nota-
bly, increased prefrontal beta band activity played a role 
in maintaining and clearing working memory [21]. An 
electrophysiological study in monkeys showed increased 
prefrontal beta bursts at the end of the trial (i.e., after 
the behavioral response) during a visuospatial working 
memory task, suggesting that successful inhibitory con-
trol through increased prefrontal beta activity may be 
involved in the removal of no-longer-relevant informa-
tion from working memory [20]. Based on these obser-
vations, the current finding of a significant reduction in 
the increased prefrontal beta power during the post-trial 

Table 3 Group differences in prefrontal alpha and beta oscillations during a visuospatial DMST †
Oscillation Periods OCD (n = 16) HC (n = 20) F p ηp

2

Left Right Left Right
Alpha Encoding -0.032 ± 0.520 -0.058 ± 0.508 0.008 ± 0.425 0.113 ± 0.481 0.299 0.588 0.009

Retention -0.002 ± 0.561 -0.093 ± 0.555 0.254 ± 0.573 0.182 ± 0.574 0.846 0.364 0.025
Retrieval 0.272 ± 0.472 0.184 ± 0.549 0.030 ± 0.369 0.025 ± 0.541 4.717 0.037 0.125
Post-trial -0.274 ± 0.677 -0.602 ± 0.564 0.188 ± 0.656 -0.340 ± 0.701 1.149 0.292 0.034

Beta Encoding -0.437 ± 0.311 -0.359 ± 0.287 -0.264 ± 0.300 -0.315 ± 0.274 0.378 0.543 0.011
Retention -0.311 ± 0.322 -0.296 ± 0.271 -0.156 ± 0.236 -0.204 ± 0.333 0.867 0.359 0.026
Retrieval -0.457 ± 0.391 -0.311 ± 0.209 -0.341 ± 0.293 -0.349 ± 0.256 0.147 0.704 0.004
Post-trial 0.041 ± 0.397 -0.051 ± 0.302 0.447 ± 0.486 0.332 ± 0.477 10.178 0.003* 0.236

Values represent means ± standard deviations

DMST, delayed matching-to‐sample task; OCD, obsessive-compulsive disorder; HC, healthy control

† This post hoc test is based on a previous repeated-measures multivariate analysis of covariance; * significant at p < 0.00625
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Fig. 4 Results from spectral-power analysis of alpha (a) and beta (b) oscillations in the prefrontal cortex. The graphs represent the mean values of 
changes in power (dB) in the 16 patients with obsessive-compulsive disorder (OCD) and the 20 control subjects. The error bar shows ± 1 standard error of 
the mean value. OCD, obsessive-compulsive disorder; HC, healthy control
‡ significant at p < 0.00625
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period in the OCD group suggests failures of inhibitory 
control to increase beta power when information is no 
longer needed in OCD patients. In addition, the beta 
power changes observed during the post-trial period in 
OCD patients in the present study were inversely corre-
lated with symptom severity assessed by the OCI-R-K, 
indicating greater reductions in prefrontal beta increases 

accompanied more severe OCD symptoms. Impairments 
in prefrontal beta-related inhibitory control during the 
removal process may be related to the inability to clear 
unwanted thoughts from working memory and may be a 
crucial mechanism underlying the symptoms and etiol-
ogy of OCD.

On the other hand, in the other periods (encoding, 
retention, and retrieval), no significant differences in pre-
frontal beta power changes were found between patients 
with OCD and HCs. Beta activity in the prefrontal cor-
tex has been proposed to play a role in inhibitory control 
during working memory processes in previous EEG stud-
ies, in which beta power was reported to decrease dur-
ing the encoding phase to enable the encoding of working 
memory, then slightly increase in the retention phase 
(compared to the encoding phase) to inhibit irrelevant 
information from being encoded in working memory, 
and finally decrease during the retrieval phase to permit 
the retrieval of information encoded in working memory 
[20, 21]. Visual inspection of phase-specific increased or 
reduced patterns of beta band activity (Fig.  3) revealed 
similar patterns in both the OCD and HC groups in the 
present study. The findings indicate that OCD patients 
exhibit impairments of prefrontal beta power (inhibitory 
control) only in the removal period, not in the encod-
ing, retention, and retrieval phases. In behavioral per-
formance analysis, significantly longer reaction time in 
patients with OCD, with high accuracy over 90% com-
parable to HCs, might be associated with compensatory 
effortful inhibition before the choice response to over-
come impaired inhibitory control of the removal pro-
cess. The assumption of effortful inhibition is supported 
by the finding that prefrontal alpha power during the 
retrieval phase was higher in OCD patients than in HCs 
(p = 0.037), although the significance level did not sur-
vive Bonferroni correction (significance threshold set at 
p < 0.00625).

Regarding prefrontal alpha power, contrary to our 
expectations, no significant differences were found 
between patients with OCD and HCs in any of the peri-
ods (encoding, retention, retrieval, or post-trial). The lim-
ited sample size in the present study may make it difficult 
to interpret the negative findings regarding alpha power. 
Alpha oscillations are known to play a role in gating by 
inhibiting sensory information, inhibiting task-irrelevant 
information, and protecting working memory from dis-
tractors [11, 36, 37]. Although abnormalities in the alpha 
band in OCD patients have been observed during spe-
cific phases of working memory or in resting-state EEG 
data by several studies [10, 23, 34], findings have been 
mixed. The inconsistent findings in OCD patients could 
be attributed to several factors, including task charac-
teristics (e.g., executive demands of the distractor, cog-
nitive load, and complexity), target brain regions, and 

Table 4 Partial correlation between the prefrontal post-trial beta 
power change and obsessive-compulsive symptom severity 
scores in patients with OCD (n = 16)
Control factor Symptom se-

verity scores
Beta power 
change (dB)
r p

MADRS Y-BOCS − 0.108 0.701
OCI-R-K − 0.521 0.046*

OCD, Obsessive-compulsive disorder; MADRS, Montgomery-Åsberg depression 
rating scale; Y-BOCS, Yale-Brown obsessive compulsive scale; OCI-R-K, Korean 
version of obsessive-compulsive inventory-revised. * significant at p < 0.05

Fig. 5 Scatter plots of partial correlations between the post-trial beta 
power change and obsessive-compulsive symptom severity scores in 
patients with OCD after controlling for depressive symptoms. The x-axis 
and y-axis indicate unstandardized residual values from a linear regres-
sion analysis of obsessive-compulsive symptom scores and the prefrontal 
beta power change during the post-trial period after adjusting for MADRS 
scores, respectively. (a) The post-trial prefrontal beta power change and 
OCI-R-K scores, (b) the post-trial prefrontal beta power change and Y-BOCS 
scores. MADRS, Montgomery-Åsberg Depression Rating Scale; Y-BOCS, 
Yale-Brown Obsessive Compulsive Scale; OCI-R-K, Korean version of the 
Obsessive-Compulsive Inventory–Revised.
* significant at p < 0.05
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heterogeneous subject characteristics (e.g., symptom 
profiles and treatment response) [38]. Regarding task 
characteristics, the visuospatial DMST in the present 
study seems to impose few executive demands because it 
did not involve distractors, and high accuracy was shown 
in both the OCD and HC groups. An MEG study using 
the DMST showed reduced frontal alpha modulation 
during the retention and retrieval phases on the DMST 
with distractors, while no significant findings regarding 
alpha power were observed during the task without dis-
tractors, in line with our negative results regarding alpha 
oscillations [23]. Findings of alpha alterations depend-
ing on high executive demands, such as the presence of 
distractors in tasks performed by OCD patients, could 
suggest that prefrontal alpha alterations in OCD patients 
may be involved in executive inhibition of task-irrelevant 
distractions during memory maintenance rather than the 
removal of no-longer-needed information. Regarding 
brain region, the present study targeted only the prefron-
tal cortex. As the inhibitory function of alpha oscillations 
is responsible for the active inhibition of sensory regions, 
including the occipital area, during working memory 
maintenance, the brain regions encompassing sensory 
cortex and their connectivity should be considered [11, 
36]. In addition, regarding subject characteristics, hetero-
geneous phenotypic and biological characteristics among 
individuals with OCD such as symptom dimensions, 
clinical course, comorbidities, and underlying neural 
substrates might lead to inconsistent results. The present 
patients with OCD who were recruited from a tertiary 
hospital (referred from a primary hospital) had relatively 
severe symptoms and had one or more symptom dimen-
sions. Stratifying patients with OCD into more homoge-
neous subtypes was not applied to the current study due 
to the small sample size. Further research using working 
memory paradigms and manipulating cognitive load in 
a larger homogeneous sample is needed to more clearly 
determine if there are phase-specific alterations of neu-
ral oscillations in OCD patients during working memory 
processes.

Taken together, these findings suggest impaired pre-
frontal beta-related inhibitory control of the removal of 
no-longer-relevant information from working memory 
in patients with OCD. It may explain why people suf-
fering from unwanted intrusive thoughts are unable to 
clear their obsessions from working memory. A recent 
multilevel meta-analysis proposed a model of memory 
deficits in OCD, with maintenance and updating (top-
down) and perceptual integration (bottom-up) predict-
ing the memory performance of OCD patients [39]. The 
present findings of impaired inhibitory control (through 
prefrontal beta power) of no-longer-relevant information 
in OCD patients support the top-down framework of the 
model. Further research is needed to confirm the role 

of task-phase-specific beta oscillations in OCD and elu-
cidate how inhibitory control related to the information 
removal process contributes to symptom manifestations 
and etiology of OCD.

There are several limitations of this study. First, the 
sample size was relatively small. In this study, the esti-
mated effect size (using G*Power version 3.1.9.7 [40], 
with the following parameters: 36 participants, a 
power of 0.8, and 4 response variables) was f2(V) = 0.39. 
Although the assumption of the effect size was consis-
tent with the results of previous MEG and EEG studies 
in which the effect sizes f2 generally ranged from 0.31 to 
0.48 [34, 41, 42], the sample size may not be enough to 
detect differences in some variables with a small effect 
size. Therefore, the results of the present study need to 
be replicated with a study with a larger sample size. Sec-
ond, we could not entirely exclude the possible effects 
of psychotropic medication on neural oscillations. Most 
patients in the present study were taking selective sero-
tonin reuptake inhibitors, and nearly half of them were 
also taking benzodiazepines. Alterations in neural oscil-
lations induced by psychotropic medication are report-
edly complex and depend on the drug class, individual 
drugs, and duration of treatment [43–46]. Although the 
between-group difference in the post-trial prefrontal beta 
power change remained significant with a large effect 
size when the use of benzodiazepines was included in the 
analysis as a covariate (F1 = 6.961; p = 0.013; ηp

2 = 0.179), 
the present findings need to be confirmed in further 
studies of drug-naïve patients. Third, our analyses were 
based on the sensor level; therefore, the specific brain 
regions with differences could not be identified. Further 
source analysis can provide brain region-based informa-
tion about the pathophysiology of OCD. Fourth, anticipa-
tion of feedback might have affected brain activity during 
the post-trial period. However, brain electrical activity 
related to anticipation of feedback represented by the 
prefeedback stimulus preceding negativity (SPN) was not 
high in the prefrontal area [47]. Since both groups exhib-
ited high accuracy (more than 90%) in the task used in 
the present study and only correct trials were included in 
the analysis, the present results are unlikely to be affected 
by feedback. Finally, since we included only young men 
to reduce heterogeneity among participants, these results 
might not be applicable to women or other age groups.

Conclusions
In this study, the beta power increase during the post-
trial period of the DMST in patients with OCD was 
reduced compared to that in HCs in the prefrontal 
region. In addition, the greater reduction in the pre-
frontal beta power increase in patients with OCD was 
related to more severe OCD symptoms. As beta oscilla-
tions occurring at high levels at the end of a trial during 
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working memory tasks are implicated in the removal of 
information from working memory, the present find-
ings suggest that OCD patients may exhibit impairments 
in prefrontal beta-related inhibition of the removal of 
no-longer-relevant information. This could explain why 
OCD patients suffering from intrusive thoughts fail to 
expel their obsessions. Additional studies are required to 
explore how impairments in the removal of information 
from working memory are associated with the patho-
physiology of OCD.
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