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INTRODUCTION

Since the 1980s, several cognitive models have been devel-
oped as general models of obsessive-compulsive disorder 
(OCD).1 Many researchers have conducted studies for eluci-
dating cognitive abnormalities concerning the etiology and 
maintenance of OCD.2 Broadly, cognitive models fall into two 
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categories: cognitive deficit models, which propose that OCD 
is characterized by deficits in neuropsychological and infor-
mation-processing functioning; and dysfunctional belief 
models, which postulate that OC symptoms arise from par-
ticular types of dysfunctional beliefs or appraisals.3 However, 
these two approaches have their own way and have hardly 
been reconciled.2

Previous studies on cognitive deficits have demonstrated 
that individuals with OCD show reduced performance on 
cognitive tasks such as executive functioning, cognitive inhi-
bition, attention, and memory.4,5 This line of research relies on 
behavioral measures such as reaction time and neuropsycho-
logical assessment.6 In addition, these cognitive tasks have 
easily been used as cognitive activation paradigms in neuro-
imaging studies, and consequently, have greatly contributed 
to the development of the current neurobiological model of 
OCD.7 However, cognitive deficit models have their own limi-
tations, wherein such impairments in these cognitive func-
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tions do not fully explain clinical symptoms,8 and could be 
caused by the effects of anxiety or fear which characterize OCD. 
They also do not account for the heterogeneity of OCD symp-
toms or their specificity, which differs from many psychiatric 
disorders that present mild cognitive deficits.2

By contrast, cognitive appraisal models propose that obses-
sion and compulsions arise from specific types of dysfunc-
tional beliefs and accordingly, the content of dysfunctional 
beliefs influences the types of OC symptoms.9,10 The Obses-
sive-Compulsive Cognitions Working Group has outlined 
three domains of dysfunctional beliefs including 1) over-esti-
mation of threat and inflated responsibility, 2) importance of 
and need to control thoughts, and 3) perfectionism and intol-
erance of uncertainty.11,12 Unlike cognitive deficits, research on 
dysfunctional beliefs relies on self-reporting.2 As a result, the 
scientific adequacy of the appraisal models has been criticized.6 
In fact, cognitive appraisal models have been developed in a 
way that has largely ignored the mounting body of research 
concerning the importance and role of neurobiological fac-
tors in OCD.1

However, some researchers have argued that cognitive def-
icits, dysfunctional beliefs, and metacognitive beliefs are likely 
interconnected. For instance, certain beliefs, such as thought-
action fusion (TAF) cause people to dwell on potential threats, 
which in turn, could foster attentional biases or memory bias-
es to address threats.2,13 Cognitive appraisals such as self-con-
scious beliefs could interfere with performance on neurocog-
nitive tasks measuring cognitive deficits, thus perhaps leading 
patients with OCD to respond compulsively to achieve certain-
ty.2,6 However, to our knowledge, no studies have specifically 
elucidated that different cognitive biases could affect or inter-
act with one another.2 Getting a better understanding of the 
relationship between these two cognitive areas may help us 
understand how they might complement each other and offer 
a more comprehensive cognitive model of OCD.

The current study aimed to investigate the potential rela-
tionship between cognitive deficits, which were assessed by a 
computerized Wisconsin Card Sorting Test (WCST), and dys-
functional beliefs, which were measured by questionnaires. 
We chose the WCST as a measure of cognitive deficit because 
neural correlates of cognitive inflexibility or executive dys-
function have been well studied and closely relate to the cur-
rent neurobiological model of OCD.7 We hypothesized that 
patients with OCD, relative to healthy controls (HC), would 
show poorer performance on the WCST5 and experience ac-
tivation in additional areas of the brain.4,14 Then, we tested pos-
sible correlations between brain activity in differentially acti-
vated regions and dysfunctional beliefs in patients with OCD.

METHODS

Participants
Thirty patients with OCD (27 male and 3 female) and 30 

healthy volunteers (29 male and 1 female) participated in this 
study. All participants were right-handed and between the 
ages of 18 and 35 years. For determining the presence of OCD 
and other comorbidities, a Structured Clinical Interview for 
DSM-5 Disorders, Clinical Version (SCID-5-CV) was carried 
out. Patients were excluded if they had a current comorbid 
Axis I diagnosis, psychotic symptoms, mental retardation, 
neurological disease, or a history of head injury or medical 
illness with documented cognitive sequelae. For healthy par-
ticipants, psychiatric interviews were conducted for the exclu-
sion of existing psychiatric pathology, psychotic symptoms, 
mental retardation, neurological disease, and history of head 
injury or medical illness. All interviews were completed by two 
experienced psychiatrists (S.W.L. and S.J.L.). All participants 
provided written informed consent according to the proce-
dures approved by the Institutional Review Board of Kyung-
pook National University Hospital (2018-04-029). 

Psychological measures
Clinical symptoms were assessed using the Obsessive-Com-

pulsive Inventory-Revised (OCI-R),15 Dimensional Obsessive-
Compulsive Scale (DOCS),16 and Beck Depression Inventory 
(BDI).17 Dysfunctional beliefs including guilt and importance 
of thoughts and responsibility were measured using the Guilt 
Inventory and Obsessive Beliefs Questionnaire-44 (OBQ-44), 
respectively.18

Computerized Wisconsin Card Sorting Test
All participants performed a modified version of the WCST 

during fMRI scanning. This paradigm was adapted from pre-
vious reports (Supplementary Figure 1 in the online-only Data 
Supplement).19 The task paradigm was a randomized block 
design, composed of the original WCST condition and a base-
line MATCH condition. Instruction words were given for each 
condition: ‘Card’ for the WCST and ‘Identical card’ for MATCH 
condition. After the instruction word, participant performed 
the trial task following the rules of each condition and a feed-
back of response was shown as ‘O’ for a correct response or ‘X’ 
for an incorrect response on the screen. Four reference cards 
and one target card were presented on the screen during the 
trial task. The target card was characterized from the four ref-
erence cards by three categories based on color, shape, and 
number. The participant was asked to find the correct catego-
ry by selecting one of four reference cards according to char-
acteristics of a target card in the WCST condition, and was 
asked to select a card that matches the target card within the 
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four reference cards in the MATCH condition. If the partici-
pant correctly sorts the cards four times in a row in the WCST 
condition, a new category is created without instructions (set 
shifting). In addition, participants were measured based on 
their perseverative error score, which is the number of errors 
that the participant has chosen in the same category as the 
previous choice.

MRI data acquisition and analyses
All structural and functional imaging data was obtained via 

a 3.0 Tesla 750W MRI scanner (GE Healthcare, Milwaukee, 
WI, USA) with a 24 channel head and neck coil. A 3D brain 
volume imaging sequence was used to acquire structural brain 
image data [repetition time (TR)=8.5 ms, echo time (TE)=3.2 
ms, flip angle (FA)=12-degree, matrix size=256×256, and field 
of view (FOV)=25.6 cm2]. The gradient echo planer T2* weight-
ed imaging was used for acquiring functional image data (TR= 
3,000 ms, TE=30 ms, FA=90-degree, matrix size=64×64, and 
FOV=23.0 cm2). All functional image data were analyzed us-
ing a statistical parametric mapping toolbox (SPM12; http://
www.fil.ion.ucl.ac.uk/spm), and statistical package for social 
sciences (SPSS25; http://www.ibm.com/analytics/spss-statis-
tics-software). Preprocessing steps included realignment, slice 
timing, co-registration, normalization to the Montreal Neuro-
logical Institute (MNI) space, and smoothing (FWHM=8 mm). 
The motion parameter and outlier time series were detected 
using the artifact detection tools. The global signal change of 
5 sigma and motion of 9 mm were thresholded for removing 
significant motion effects. The motion parameter and outlier 
effect were included as covariate factor in the first-level anal-
ysis. After first-level analysis was performed on individual im-
ages based on general linear model, full factorial ANOVA anal-
ysis was performed on each condition and group. The main 
effect of conditions was thresholded at p<0.05, false discov-
ery rate (FDR) corrected level across whole brain (Bonferroni 
correction was performed for main effects including WCST-
MATCH or MATCH-WCST). Additional group comparison 
analysis in WCST condition was conducted with thresholded 
at p<0.05, FDR corrected level for multiple comparisons. Re-
gions of interest (ROIs) were created at locations of gray mat-
ter having maximum T-values on the conjunction map between 
main effect of condition and group comparison. After spheres 
(7 mm) were created at the location, the final ROIs were cre-
ated by multiplying between spheres and activated regions on 
the conjunction map. The beta values were extracted using the 
REX toolbox (https://www.nitrc.org/projects/rex) on the con-
junction map. Partial correlation analysis was applied between 
beta values and psychological measures after controlling for 
the effects of depression.

RESULTS

Demographic and psychological information 
The demographic variables for each group are presented in 

Table 1. There were no significant differences between the groups 
in terms of sex or education. However, patients with OCD (25.0± 
5.2) were older than the healthy controls (22.8±2.1). The OCD 
group demonstrated significantly greater scores for symptoms 
of OC, depression, and dysfunctional beliefs such as responsi-
bility, importance of thoughts, feelings of guilt (all p<0.001). 
The OCI revealed mild to moderate levels of severity in the 
OC group. Eleven (37%) patients were drug naïve or had been 
drug-free for three months while 19 (63%) patients were tak-
ing Selective Serotonin Reuptake Inhibitors (SSRIs), mostly es-
citalopram (Supplementary Table 1 in the online-only Data 
Supplement). 

Behavioral data
Patients with OCD exhibited poorer performances than 

healthy individuals in the WCST condition; they had lower 
mean scores in numbers of response accuracy and set shifting 
yet higher perseverative errors in the WCST condition. How-
ever, there were no differences in accuracy in the MATCH 
condition (Figure 1).

Effects of group and WCST condition in ANOVA 
analyses 

Full factorial ANOVA analysis showed there was a signifi-
cant main effect of condition and group but no interaction ef-
fect. Post-hoc analysis revealed that the main effect of condi-
tion was exclusively explained by the contrast of WCST> 
MATCH, in which frontoparietal network, salience network 
(anterior insula, caudate, putamen, and thalamus), occipital 
gyri, lingual gyri, brain stems, and cerebellum (FDR corrected 
p<0.05) (Figure 2, Supplementary Table 2 in the online-on-
ly Data Supplement) were activated. However, there were no 
significant brain regions in contrast of WCST<MATCH. 

Group comparison analyses in WCST condition 
Within the WCST condition, group comparison analysis re-

vealed that patients with OCD showed higher activations mostly 
in frontal and parietal regions, especially a right-side dominant 
pattern compared to the HC group (Figure 3 and Supplemen-
tary Table 3 in the online-only Data Supplement). However, 
the HC group showed no greater brain activations than the 
OCD group. Although statistical power of group differences 
was decreased after controlling for the effect of depression in 
a group comparison analysis (uncorrected p<0.001), the ini-
tial pattern of group differences were still maintained (Supple-
mentary Figure 2 in the online-only Data Supplement).
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Brain activity vs. WCST performance, dysfunctional 
beliefs, and OC symptom dimensions 

Conjunction map was used to select WCST related brain 
ROIs in OCD patients. Conjunction map between WCST> 

MATCH map in ANOVA analyses and OCD>HC map of 
WCST condition in group comparison analyses revealed ac-
tivation in right medial frontal gyrus, bilateral dorsolateral 
prefrontal cortices, right inferior orbito-frontal gyrus, right 

30

20

10

0

6

4

2

0

6

4

2

0

Re
sp

on
se

 ac
cu

ra
cy

Se
t s

hi
fti

ng

Pe
rs

ev
er

at
iv

e e
rr

or

40

30

20

10

0

Re
sp

on
se

 ac
cu

ra
cy

OCD

p=0.027 p=0.047
p=0.004 n.s.

OCD

WCST condition MATCH condition

OCD OCDHC HC HC HC

Figure 1. Performance on the Wisconsin Card Sorting Test (WCST) and MATCH condition. OCD: obsessive-compulsive disorder, HC: healthy 
controls.

Table 1. Demographic and clinical characteristics of patients with obsessive-compulsive disorder and healthy comparison subjects (mean±SD)

Characteristics
OCD
N=30

HC
N=30

Statistics
t p

Age, years 25.0±5.2 22.8±2.1 2.2 0.037
Male/female 27/3 29/1 0.612*
Level of education, years 14.5±1.7 14.6±1.2 -0.3 0.792
Age at onset of OCD, years 18.9±3.4 - - -
Duration of illness, years 5.8±4.2 - - -
Symptom measures

OCI, total 35.1±14.1 11.5±5.5 8.5 <0.001
DOCS

Germs and contamination 6.5±4.9 2.9±1.7 3.7 <0.001
Responsibility for harm 7.5±5.0 2.6±2.6 4.8 <0.001
Unacceptable thoughts 9.5±5.3 3.1±3.0 5.8 <0.001
Symmetry, completeness 5.7±5.7 2.1±2.5 3.3 0.002
Total 29.4±13.0 10.8±8.0 6.7 <0.001

BDI score 19.4±13.4 5.0±4.5 5.6 <0.001
Dysfunctional beliefs measures

OBQ
Responsibility 65.6±23.6 55.6±12.6 2.1 0.011
Importance of thoughts 50.7±19.3 33.6±10.8 4.2 <0.001

GI
Trait 67.5±12.4 56.1±8.7 4.1 <0.001
State 33.5±7.8 25.1±5.9 4.8 <0.001
Moral 43.6±7.2 39.3±5.7 2.5 0.014

*fisher’s exact test. OCD: obsessive-compulsive disorder, HC: healthy controls, OCI: Obsessive-Compulsive Inventory, DOCS: Dimensional 
Obsessive Compulsive Scale, BDI: Beck Depression Inventory, OBQ: Obsessive Beliefs Questionnaire, GI: Guilt Inventory
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insula, and bilateral superior and inferior parietal lobules 
(Figure 4A, Supplementary Table 4 in the online-only Data 
Supplement). 

Among individuals with OCD, three variables of perfor-
mance on the WCST were not correlated with any brain ac-
tivity in ROIs. 

The subscale of importance of thought on OBQ scale had 
significant relationships with the right medial frontal gyrus 
(r=0.37, p=0.04) and anterior insula (r=0.40, p=0.03), respec-
tively. The score of guilt trait subscale was also significantly 
correlated with right medial frontal gyrus (r=0.39, p=0.03) and 
inferior orbito-frontal gyrus (r=0.46, p=0.01), respectively (Fig-
ure 4B). However, no relationship with responsibility subscale 
of OBQ was found.

In terms of OC dimensions, only the unacceptable thought 
(pure obsession) dimension was significantly correlated with 
five out of ten ROIs such as bilateral DLPFC and IPL, and right 
SPL. However, any other relationships with the other three do-
mains were not found (Supplementary Table 5 in the online-
only Data Supplement). 

WCST performance vs. Dysfunctional beliefs and 
OC symptom dimensions 

Within the OCD group, three variables of performance on 
the WCST found no relationships with any dysfunctional be-
lief scales and OC symptom dimensions except the only neg-
ative correlation between score of set shifting and unaccept-
able thought dimension (r=-0.43, p=0.02). 

DISCUSSION

To the best of our knowledge, the current study is the first 
fMRI study to investigate the potential relationship between 
cognitive deficit (measured by WCST) and dysfunctional be-
lief (measured by scales related to dysfunctional beliefs) me-
diated by neural activity in OCD. We found that patients with 
OCD recruited additional frontoparietal regions while per-
forming the WCST task. Several selected ROIs from these ad-
ditionally activated regions had positive relationships exclu-
sively with dysfunctional beliefs such as importance of thoughts 
which included TAF and guilt, and with unacceptable thought 
dimension among four OC symptom dimensions in the OCD 
group. However, no ROIs showed relationships with variables 
of performance on the WCST. 

This study revealed the engagement of additional fronto-
parietal network with poorer performance of WCST during 
MR scan in patients with OCD. First, patients in this study 
showed lower scores on all three variables of the WCST con-
dition. Poorer performance on WCST, especially persevera-
tive errors, has been confirmed in a series of meta-analysis with 
approximately 0.5 of effect size.20 Second, consistent with pre-
vious fMRI studies, our cognitively complex WCST induced 
activation in a distributed network of brain regions, which in-
cludes not only frontoparietal network and posterior multi-
modal association cortices but also subcortical structures 
(Figure 2).21,22 Our between-group comparison showed addi-
tional activation mostly in frontoparietal network in the OCD 
group. The frontoparietal network, one major subsystem of 
the control system, is thought to be particularly involved in 
highly adaptive control processes and has extensive brain-wide 
connectivity.23 Moreover, this system contains flexible hubs, 
which are updated according to current task demands.24 In 
effect, the evidence for control system alterations has been 
identified in OCD25 and compensatory frontoparietal brain 
activity during working memory may constitute a neurocog-
nitive endophenotype for OCD.26

Regarding relationships between differentially activated 
regions and dysfunctional beliefs in patients with OCD, activ-
ity in right medial frontal gyrus (namely, the dorsomedial pre-
frontal cortex; dmPFC) and anterior insula were correlated 
with importance of thoughts. Activation in these two regions 
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Figure 2. Brain activation for post-hoc analysis of the main effect 
of condition (Wisconsin Card Sorting Test>MATCH). The map was 
thresholded at false discovery rate corrected p<0.05 with a mini-
mum cluster size of 5.
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Figure 3. Brain activation for group comparison of the Wisconsin 
Card Sorting Test condition (obsessive-compulsive disorder>healthy 
controls). The map was thresholded at false discovery rate correct-
ed p<0.05 with a minimum cluster size of 5.
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were observed in a recent fMRI study using TAF evoking par-
adigm in healthy participants.27 In particular, the right ante-
rior insula may play a role adjusting the intensity of TAF. The 
anterior insula was, for example, activated more to close per-
son than neutral person in the TAF eliciting statements. An-
other finding is that feelings of guilt were correlated with ac-
tivity in the right dmPFC and inferior orbito-frontal gyrus 
(namely, ventrolateral PFC; vlPFC). Previous studies have re-
vealed guilt-specific activations in the dmPFC and vlPFC.28,29 
The dmPFC plays a crucial role in self-referential processing30 
and mentalizing,31 whereas the vlPFC is concerned with mor-
al decision-making; patients with OCD showed activation of 
this region during moral judgment.32 Conversely, these acti-
vated regions were not correlated with any variables of WCST 
performance. Simply put, added activation of frontoparietal 
regions in patients with OCD while performing WCST did 
not correlate significantly with WCST scores, but rather with 
dysfunctional beliefs. If we did not see the relationships with 
dysfunctional beliefs, this study typically would conclude that 
additional activation of frontoparietal regions might be due to 

“compensation” of their cognitive dysfunction, like previous 
studies on cognitive dysfunction in OCD have suggested.26 
However, these findings were suggestive of another possibili-
ty that additional activation may be related not with perfor-
mance of WCST itself but with dysfunctional beliefs. Patients 
with OCD may recruit these regions to process accessory be-
liefs on the performance of the WCST or the whole experiment 
including the scanning procedures, such that, for example, 
they would feel guilty if they ruined this experiment or per-
formed tasks poorly. In turn, these additional thoughts or feel-
ings may distract their attention from performance of the task 
itself and affect their performance.

Another interesting finding is that, among the four OC 
symptom domains, the unacceptable thoughts domain was 
the only one that correlated with brain activity in several ROIs 
exclusively in this study. Moreover, these ROIs were all lateral 
frontal and parietal cortices, which did not show any correla-
tions with dysfunctional beliefs. In fact, the domain of impor-
tance/control of thought, as measured by OBQ-44, showed 
the greatest correlation with obsessing symptom of OCI,33 and 
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emerged as the only significant predictor for DOCS unaccept-
able thoughts scores.34 In addition, one recent fMRI study us-
ing a TAF induction experiment observed activation in bilat-
eral superior parietal lobules.35 However, dysfunctional beliefs 
can account for all variance in the unacceptable thoughts do-
main (R2=0.14).34 This finding may explain discrepant rela-
tionships of ROIs with dysfunctional beliefs and the unac-
ceptable thoughts domain. 

Taken together, among additionally activated frontoparie-
tal areas, medial and inferior frontal portions were related to 
dysfunctional beliefs while lateral frontal and parietal regions 
were related to the unacceptable thoughts dimension in pa-
tients with OCD. We assumed that the former may produce 
inner thoughts or feelings with prediction while the latter may 
offer a system to operate these contents under the context of 
metacognition (thoughts about thoughts) and self-conscious 
feelings (feelings about feelings). In particular, these respons-
es may be pronounced in the pure obsessional type of OCD.

There are several limitations to our study. First, dysfunc-
tional beliefs which showed relationships with neural activity 
were measured using trait-like questionnaires. We did not as-
sess state-dependent thoughts or feelings during MRI scans. 
Further studies are needed to explore the direct relationship 
with state-dependent beliefs. Second, our study cannot con-
firm the direct relationship between two cognitive models since 
dysfunctional beliefs were only measured by questionnaires, 
and significance of correlation results was relatively low with-
out multiple correction. However, we believe our results might 
be a cornerstone to connect two different models for under-
standing pathophysiology of OCD from an integrative per-
spective. Third, although one-third of the patients were drug-
free during the experiment, the possibility that medication had 
an effect on our results cannot be completely excluded.36 SSRIs 
can have effects on functional connectivity in OCD patients,37 
and SSRI treatment can directly associated with function of 
frontoparietal networks during cognitive task.38 Therefore, 
medication effects can modulate our fMRI results. Fourth, ef-
fects of depressive symptoms were not clearly excluded in our 
results. Although the patterns of group differences were main-
tained at an uncorrected level, several activations of group dif-
ferences were attenuated after adjusting for depressive symp-
toms. Fifth, a male-dominant sample may raise gender issues 
in this study. However, previous literature has found little ev-
idence for differences in obsessive beliefs between the sexes, 
suggesting that these beliefs may not be dependent on demo-
graphic characteristics.39 Lastly, it should be noted that the 
WCST and MATCH condition as a whole was included in 
the analysis whether individual trial was correct or not. This 
is due to several reasons: First, our fMRI task design was block 
design. Second, WCST inevitably has incorrect trials and re-

sponses of incorrect trials can affect followed trials. Third, in-
dividual subjects had different correct and incorrect trials, thus 
amounts of time and data for analysis were inconsistent across 
subjects.

In conclusion, this fMRI study found that additional activa-
tion of frontoparietal regions in patients with OCD while per-
forming the WCST did not correlate with WCST scores, but 
rather with dysfunctional beliefs and the unacceptable thoughts 
domain of OCD. These findings suggest that cognitive errors 
and cognitive deficits may be interrelated in the brain even 
when performing conventional neurocognitive tasks and co-
involvement of cognitive errors may be pronounced in the un-
acceptable thoughts domain-dominant OCD patients. 

Supplementary Materials
The online-only Data Supplement is available with this ar-

ticle at https://doi.org/10.30773/pi.2020.0347.
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Supplementary Table 1. Pharmacological treatment in patients 
with OCD (N=19)

Drug N (%)
Mean daily dosage 

(range) (mg)
Antidepressants 19 (100)

ESC 15 (80) 18.3 (10–40)
SER 1 (5) 150
ESC+PAR 1 (5) 20, 50
ESC+MIR 1 (5) 10, 7.5
BUP+VOR 1 (5) 300, 20

Anxiolytics 14 (74)
ALP 4 (21) 0.5 (0.25–0.75)
CLO 3 (16) 0.58 (0.5–0.75)
BSP 2 (11) 30 (30)
DZP 1 (5) 4
ALP+LRZ 2 (11) 0.5, 1 (0.5, 1)
CLO+DZP 1 (5) 1, 2
ALP+CLO 1 (5) 0.75, 1

Antipsychotics 5 (26)
ARP 3 (16) 3 (2–5)
RIS 1 (5) 0.5
ARP+RIS 1 (5) 10, 1

OCD: obsessive-compulsive disorder, ALP: alprazolam, ARP: ar-
ipiprazole, BSP: buspiron, BUP: bupropion, CLO: clonazepam, DZP: 
diazepam, ESC: escitalopram, LRZ: lorazepam, MIR: mirtazapine, 
RIS: risperidone, SER: sertraline, VOR: vortioxetine



Supplementary Table 2. Brain activation for post-hoc analysis of the main effect of condition (Wisconsin Card Sorting Task>MATCH)

Region Cluster size
Coordinates (mm)

Peak T
x y z

Superior parietal lobule
L 465 -26 -58 44 4.36
R 185 32 -64 50 3.73

Inferior parietal lobule
L 162 -26 -58 42 4.28
R 65 50 -34 50 3.29

Precuneus
L 49 -12 -70 48 3.33

Supplementary motor area
L 299 -8 20 44 4.80
R 53 6 16 50 3.54

Medial frontal gyrus
L/R 187 -6 24 44 4.89

Middle frontal gyrus
L 87 -46 10 36 4.44
R 198 46 36 20 4.70

Inferior frontal gyrus
L 1,017 -46 8 24 5.66
R 508 46 36 24 4.37

Inferior orbito-frontal gyrus
L 28 -34 26 -4 4.09
R 31 32 28 -6 3.92

Anterior cingulate cortex
L 75 -10 28 26 4.14

Precentral gyrus
L 482 -46 6 22 5.25
R 23 44 8 30 3.60

Corpus callosum
L/R 143 0 8 20 4.31

Posterior cingulate cortex
L 57 -20 -68 6 3.70
R 175 20 -64 8 4.54

Putamen
L 402 -16 12 -2 4.91
R 46 18 12 0 3.46

Caudate
L 274 -12 12 0 4.87
R 304 10 16 4 4.79

Lingual gyrus
L 167 -24 -58 -2 3.23
R 411 10 -66 4 4.39

Insula
L 281 -32 28 2 4.56
R 142 32 26 4 4.42

Thalamus
L 100 -4 -20 2 3.72
R 166 6 -18 0 4.26

Medial globus pallidus
R 46 12 2 0 5.30

Superior occipital gyrus
L 299 -16 -90 10 5.06
R 286 28 -72 20 4.62

Middle occipital gyrus
L 671 -18 -90 10 5.38
R 463 32 -82 2 4.68

Inferior occipital gyrus
L 130 -38 -68 -10 4.73
R 53 36 -64 -10 3.95

Hippocampus
R 16 18 -28 -8 3.13

Fusiform
L 334 -30 -50 -18 5.09
R 342 30 -62 -6 6.25

Cerebellum, anterior lobe
L/R 452 -2 -62 -32 5.77

Cerebellum, posterior lobe
L/R 513 -2 -64 -40 5.59

p<0.05, False discovery rate corrected for multiple comparison and minimum cluster size of 5.



Supplementary Table 3. Brain activation for group comparison of the Wisconsin Card Sorting Task condition (obsessive-compulsive disor-
der> healthy controls)

Region Cluster size
Coordinates (mm)

Peak T
x y z

Superior parietal lobule
L 277 -16 -58 54 3.63
R 571 30 -58 54 4.28

Inferior parietal lobule
L 161 -36 -40 52 3.90
R 449 46 -34 52 4.27

Precuneus
L   52 -12 -60 56 3.57
R   39 14 -56 60 3.23

Supplementary motor area
L   60 0 -8 54 3.60
R   96 4 -6 56 3.67

Medial frontal gyrus
L   59 -10 40 32 3.29

Superior frontal gyrus
L 153 -26 -8 62 4.69
R 343 26 0 62 5.09

Middle frontal gyrus
L 217 -32 34 38 3.98
R 884 52 16 40 4.64

Inferior frontal gyrus
L   97 -48 8 38 3.89
R 296 52 18 38 4.94

Inferior orbito-frontal gyrus
R   17 32 22 -12 3.22

Precentral gyrus
L 471 -26 -10 64 4.68
R 568 34 -10 62 4.74

Postcentral gyrus
L 125 -36 -40 54 3.92
R 874 46 -26 54 4.82

Angular gyrus
R 142 30 -50 38 4.11

Supramarginal gyrus
L   24 -50 -22 24 3.82
R   46 52 -16 24 4.07

Corpus callosum
L/R   59 -6 0 26 3.58

Superior temporal gyrus
L   48 -54 -14 0 3.28

Middle temporal gyrus
R 291 48 -70 12 3.79

Insula
R   18 40 18 4 3.04

Superior occipital gyrus
R   95 26 -62 44 3.45

Middle occipital gyrus
L   15 -24 -58 38 3.11
R   80 44 -74 12 3.45

Cerebellum, posterior lobe
L   45 -24 -72 -42 3.29

p<0.05, False discovery rate corrected for multiple comparison and minimum cluster size of 5. 



Supplementary Table 4. Conjunction map between condition effect (WCST>MATCH) and group effect of WCST condition (obsessive-
compulsive disorder>healthy controls)

Region BA Cluster size
Coordinates (mm)

Peak T
x y z

Superior parietal lobule
L BA7 184 -24 -64 50 3.52
R BA7 145 32 -58 54 4.19

Inferior parietal lobule
L BA6     5 -42 -52 48 2.83
R BA7   47 40 -52 52 3.34

Medial frontal gyrus
R BA8   26 10 28 36 3.15

Middle frontal gyrus
R BA6   39 36 2 56 4.24

Inferior frontal gyrus
L BA6   91 -50 8 38 3.81
R BA8 218 50 16 38 4.74

Inferior orbito-frontal gyrus
R BA47   10 36 30 -4 2.84

Insula
R BA13     9 38 20 6 2.98

Minimum cluster size of 5. WCST: Wisconsin Card Sorting Task



Supplementary Table 5. Correlation between WCST-related activated regions and obsessive-compulsive symptom dimensions in the OCD group

Symptom dimension Rt. MeFG Rt. MiFG Lt. IFG Rt. IFG Rt. IOFG Rt. Insula Lt. SPL Rt. SPL Lt. IPL Rt. IPL
Germs and contamination 

r 0.06 -0.03 0.17 -0.04 0.11 -0.13 0.14 -0.04 -0.10 0.01
p 0.74 0.88 0.39 0.83 0.57 0.48 0.48 0.82 0.58 0.97

Responsibility for harm, injury
r 0.19 0.28 0.01 0.22 0.26 0.31 0.24 0.28 0.12 0.31
p 0.32 0.13 0.97 0.24 0.17 0.09 0.20 0.14 0.51 0.10

Unacceptable thoughts
r 0.33 0.30 0.42 0.42 0.19 0.14 0.23 0.46 0.44 0.44
p 0.07 0.11 0.02 0.02 0.32 0.45 0.23 0.01 0.02 0.01

Symmetry, completeness
r -0.07 -0.09 -0.04 -0.11 -0.19 -0.02 -0.13 -0.09 -0.04 0.01
p 0.71 0.62 0.83 0.56 0.32 0.92 0.49 0.63 0.82 0.95

OCD: obsessive-compulsive disorder, MeFG, MiFG and IFG: medial, middle and inferior frontal gyrus, IOFG: inferior orbito-frontal gyrus, SPL and 
IPL: superior and inferior parietal lobule
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Supplementary Figure 1. The fMRI paradigm of Wisconsin Card Sorting Test (WCST).
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Supplementary Figure 2. Brain activation for group comparison of the Wisconsin Card Sorting Test condition (obsessive-compulsive disor-
der >healthy controls) after controlling for depressive symptoms. The map was thresholded at uncorrected p<0.001 with a minimum cluster 
size of 5.


