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ABSTRACT 

Background: Obsessive-Compulsive Disorder (OCD) is a psychiatric condition leading to 

significant distress and poor quality of life. Successful treatment of OCD is restricted by the 

limited knowledge about its pathophysiology. This study aimed to investigate the 

pathophysiology of OCD using electroencephalographic (EEG) event related potentials (ERP), 

elicited from multiple tasks to characterise disorder-related differences in underlying brain 

activity across multiple neural processes.  

Methods: ERP data were obtained from 25 OCD patients and 27 age- and sex-matched 

healthy controls (HC) by recording EEG during Flanker and Go/Nogo tasks. Error-related 

negativity (ERN) was elicited by the Flanker task, while N200 and P300 were generated using 

the Go/Nogo task. Primary comparisons of the neural response amplitudes and the 

topographical distribution of neural activity were conducted using scalp field differences across 

all time points and electrodes.  

Results: Compared to HC, the OCD group showed altered ERP distributions. Contrasting with 

the previous literature on ERN and N200 topographies in OCD where fronto-central negative 

voltages were reported, we detected positive voltages. Additionally, the P300 was found to be 

less negative in the frontal regions. None of these ERP findings were associated with OCD 

symptom severity. 

Conclusions: These results indicate that individuals with OCD show altered frontal neural 

activity across multiple executive function related processes, supporting the frontal 

dysfunction theory of OCD. Furthermore, due to the lack of association between altered ERPs 

and OCD symptom severity, they may be considered potential candidate endophenotypes for 

OCD.  

Keywords: Obsessive-compulsive disorder; Electroencephalography; Event Related 

Potentials; Error Related Negativity; N200. 
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1. INTRODUCTION 

Obsessive-compulsive disorder (OCD) is a mental health condition with a lifetime prevalence 

of 2-3% that causes significant impact on the quality of life of sufferers [1, 2]. OCD is 

characterised by recurrent, intrusive thoughts (obsessions), often accompanied by repetitive 

behaviours or mental rituals (compulsions) [3]. The pathophysiology of OCD is poorly 

understood to date, which has led to poor response to many of the first line treatments [4], and 

significantly limits the development of more effective novel treatments. Therefore, further 

research to identify the underlying pathophysiological basis of OCD is crucial.  

Electroencephalography (EEG) is an affordable and effective tool to explore the 

electrophysiology of the brain, and many studies have discovered differences in EEG 

measures in OCD groups when compared to healthy controls (HC) [5]. Event related potentials 

(ERP) are voltage changes detected in the EEG that occur as a result of the brain’s time-

locked response to a stimulus [6]. Several ERPs are known to be altered in OCD groups 

compared to HC.  

The error related negativity (ERN) is conventionally defined as a negative deflection of the 

EEG that occurs approximately 100-150 ms following an erroneous response [7] and is most 

commonly measured with executive function and inhibition tasks such as the Eriksen Flanker 

task [8]. Studies have reported that the ERN amplitude is significantly greater in OCD groups 

when compared to HC [9-11]. In fact, several studies have proposed ERN as a potential 

candidate endophenotype for OCD as the ERN enhancement was uncorrelated to symptom 

severity, and no changes were noted with successful treatment, [12, 13]. However, at least 

one study has reported no significant difference in the ERN amplitude between OCD and HC 

groups [14]. 

Additionally, the ERN is thought to reflect performance and conflict monitoring, where clashes 

between multiple simultaneously active response tendencies exist, rather than simply a 

response to having made an error [15]. In fact, previous research has found that the ERN 

activity starts slightly before the response [16]. Hyperactive behavioural aspects of OCD, 
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including the feeling of incompleteness, doubt and repetitive behaviours may reflect overactive 

performance monitoring [17]. Furthermore, neuroimaging studies have identified that OCD 

patients exhibit excessive activity in brain regions that are thought to be associated with 

performance monitoring, such as the anterior cingulate cortex, orbitofrontal cortex and the 

dorsolateral prefrontal cortex (DLPFC) [18, 19].  

Two other ERPs that are commonly associated with OCD are the N200 and P300, which are 

both elicited using response inhibition tasks, such as the Go/Nogo task. The N200 is thought 

to be an ERP that signals the necessity to increase cognitive control to avoid erroneous 

responses [15], and the P300 is thought to be involved in focusing attention when performing 

a broad range of cognitive processes [20]. Significantly enhanced N200 amplitudes have been 

reported in OCD [21, 22]. Compared to HC, the P300 results have been inconsistent with 

reports of both higher [23, 24] and lower [25, 26] amplitudes in OCD, although overfocused 

attention has been reported [27]. 

In the context of these inconsistencies, it is worth noting that previous research on ERP 

differences in OCD have focused on single electrode analyses and have used inconsistent 

time windows and tasks [5].  This may have resulted in both inflated false positives and in an 

inability to detect significant results in alternative time windows [28]. Single electrode analyses 

are also unable to differentiate between actual neural activity in the observed region, and 

apparent signal generated by interference patterns between interacting brain regions. This 

could be theoretically important, as characterising OCD as showing “overactive” error 

monitoring is based on the perspective that OCD shows enhanced reactions to errors (e.g., 

larger ERNs), while an altered distribution of activity would suggest qualitative differences in 

error processing. This difference could have treatment implications, with an increased overall 

response suggesting treatments to reduce error processing reactions would be valuable, while 

an altered distribution of activity would suggest treatments that target specific brain regions 

could be beneficial, and psychological treatments might be optimised by addressing qualitative 

aspects of error processing rather than the size of the reaction to the errors.  
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The current study was designed to address the shortcomings of the previous literature by 

analysing ERP data using an assumption-free technique that encompasses all electrodes and 

time windows to [29]. The primary aim of the current study was to investigate whether 

individuals with OCD showed differences in neural activity related to conflict monitoring and 

inhibitory control when compared to HC. The primary hypothesis was that, compared to HC, 

the OCD group will show neural alterations in the ERN, N200 and P300 time-windows. 

Additionally, exploratory analyses were performed to assess for altered distribution of ERP 

activity in OCD, differences in the P300 amplitude and the relationship between these ERPs 

and symptom severity. To our knowledge, this is the first study to use analysis techniques that 

separately tested the overall amplitude differences of neural responses and the topographical 

distribution of neural activity, while incorporating all electrodes and time windows without a 

priori assumptions.  

2. METHODS 

2.1. Participants 

Male and female participants aged between 18 and 65 years were recruited from the state of 

Victoria, Australia. Written and verbal descriptions of the procedures involved were conveyed 

to the participants prior to obtaining informed written consent. All participants received a 

reimbursement for participation. The trial received ethics approval from the Monash Health 

Human Research Ethics Committee and was conducted under the Good Clinical Practice 

guidelines [30]. The study was registered in the Australian New Zealand Clinical Trials 

Registry (ANZCTR; Trial ID: ACTRN12620000748910).  

Twenty five Individuals with an OCD diagnosis according to the International Classification of 

Diseases – 10th revision [31] or DSM-IV/V [3] were included in the OCD group. The Yale-

Brown Obsessive Compulsive Scale (YBOCS) [32] was used to assess symptom severity, 

while the Beck Anxiety Inventory (BAI) [33] and the Quick Inventory for Depressive Symptoms 

– Self Report (QIDS-SR) [34] were used to assess the level of anxiety and concurrent 

depression, respectively. Exclusion criteria for the OCD group were: (1) presence of an 
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unstable medical/neurological disorder; (2) being diagnosed with another psychiatric condition 

other than depression/anxiety and (3) scoring <17 on the YBOCS. Participants were recruited 

regardless of their medication status but were required to be on a stable dose for at least 6 

weeks prior to the EEG session. Clinical data recorded from the OCD group included age of 

onset, duration of illness, presence of comorbidities and medication history.  

The HC group included 27 individuals who have never been diagnosed with a psychiatric or 

neurological illness. HC participants who were currently on psychoactive medications or 

consuming >2 standard drinks of alcohol per day were excluded. 

2.2. Tasks and Stimuli 

Participants performed two tasks while EEG was recorded: the Go/Nogo task and the Flanker 

task (Figure 1). Stimuli were presented using Inquisit [35] and on a computer screen situated 

75-85 cm from the participants’ eyes. All participants were administered a short practice 

session with 20 trials before performing each task.  

In the Go/Nogo task, participants were requested to respond (Go) to the green rectangle and 

withhold (Nogo) to the blue. For Go trials, participants were instructed to press the green 

button with the index finger of the dominant hand as fast as possible. The task included two 

blocks, each with 250 trials and a break of 1 minute between blocks to avoid fatigue (12 

minutes in total). Out of the 250 trials in each block, 20% were Nogo. In each trial, the stimulus 

was presented for 250 ms with an intertrial interval randomly varying between 1000 and 1400 

ms.  

In the Flanker task, participants were presented a row of 5 arrows, the middle arrow being the 

target and the surrounding arrows, flankers. Congruent trials had all five arrows facing the 

same direction, while incongruent trials had the target arrow facing the opposite direction of 

the flankers. Participants were instructed to press the right or left button to indicate the 

direction of the target arrow, while ignoring the flankers. Instructions were also given to 

respond as quickly and accurately as possible. This task also consisted of two blocks, each 

with 250 trials and a break of 1 minute between the blocks (12 minutes in total). In each trial, 

there were equal numbers of left and right targets and equal numbers of congruent and 
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incongruent trials. In each trial, the stimulus was presented for 250 ms with an intertrial interval 

randomly varying between 1300 and 1500 ms. 

 

2.3. EEG recording and Pre-processing 

EEG recording was conducted in a laboratory with constant levels of lighting and background 

noise from air conditioning. Prior to recording, participants were instructed to minimise eye 

and muscle movements that may affect the EEG recording. Participants were seated upright 

on a comfortable, padded chair and were requested to stay relaxed during the recording.  

EEG was recorded using an actiCHamp amplifier (Brain Products GmbH, Munich, Germany) 

with BrainVision (version 1.21.0303). The EEG cap included 64 Ag/AgCl electrodes 

embedded within an EasyCap (Herrsching, Germany) based on the international 10-20 

Figure 1 

Go/Nogo and Flanker task designs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. All participants performed two blocks of both tasks, each consisting of 250 trials. Stimuli 
were presented for 250 ms and the intertrial interval for Go/Nogo and Flanker tasks were 
1000-1400 ms and 1300-1500 ms, respectively. 

250 ms 
1000-1400 ms 

Go/Nogo Task 

Flanker Task 

250 ms 
1300-1500 ms 
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system, out of which 63 electrodes were used for analysis (reference electrode – CPz, ground 

- AFz). The sampling rate was set at 1000 Hz. A transparent electro-gel was applied onto the 

scalp at the electrode sites to reduce impedance, which was maintained below 5 kW. No online 

band-pass or notch filtering was applied during the recording.  

The recorded, continuous EEG data were pre-processed using the automated RELAX pipeline 

[36], which was implemented on MATLAB [37] and utilised functions from EEGLAB [38] and 

fieldtrip [39]. Initially, a 4th order acausal Butterworth bandpass filter from 0.25 to 80 Hz and a 

2nd order acausal Butterworth notch filter from 47 to 53 Hz were applied. Subsequently, several 

measures were taken to detect and reject bad electrodes. The “findNoisyChannels” function 

of the PREP pipeline was utilised for preliminary removal of noisy channels [40]. Thereafter, 

marking of electrodes for rejection occurred based on 1) excessive muscle activity [41]; 2) 

extreme kurtosis; 3) extreme drift; 4) extremely improbable voltage distributions; and 5) 

extreme outlying amplitudes [42]. Rejection of a maximum of 20% of electrodes was allowed 

and if >20% were marked for removal, only the worst 20% were removed. The same extreme 

artifact identification criteria were used after extremely bad electrodes were removed to also 

mark extreme outlying periods for exclusion from further analysis. Thereafter, three types of 

artifacts were addressed using Multi-channel Wiener filter (MWF) [43] steps: 1) Muscle activity: 

epochs affected by muscle activity were identified by low-power log-frequency slopes of >-

0.59; 2) Blink artifacts: pre-specified blink affected channels were selected and voltages were 

averaged within 1 s epochs after bandpass filtering using a 4th order Butterworth filter from 1 

to 25 Hz. Time points where the averaged voltage exceeded the upper quartile from all data, 

plus thrice the inter-quartile range of all voltages were flagged as blinks. An 800 ms window 

surrounding each blink was marked as an artifact for cleaning with the MWF; 3) Horizontal eye 

movements and drift: horizontal eye movements were classified as periods where selected 

lateral electrodes showed voltages greater than twice the median absolute deviation (MAD) 

from the median of their overall amplitude, with the same criteria but applied for the opposite 

voltage polarity in the electrodes on the opposite side of the head [44]. EEG data were 
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considered to be affected by drift if the amplitude was > 10 times MAD from the median of all 

electrodes [45].  

After the MWF cleaning, data were average re-referenced using the PREP method [40], and 

then subjected to Independent Component Analysis (ICA) using fastICA [46]. Artifactual ICA 

components were detected using ICLabel [47] and these were cleaned with wavelet enhanced 

ICA (wICA) [48]. Continuous data were then reconstructed into the scalp space and rejected 

electrodes were spherically interpolated to obtain a full set of electrodes for all participants. 

The data were baseline corrected to the -400 to -100 ms period for the Flanker task and from 

-100 to 0 ms for the Go/Nogo task using the regression baseline correction method [49], 

applied using an algorithm within the RELAX pipeline [42]. Data were epoched based on the 

task: 1) for Go/Nogo task, -100 to 500 ms surrounding the onset of the stimulus; 2) for Flanker 

task, -200 to 400ms surrounding the onset of incorrect responses. Epochs were rejected if the 

max-min voltage >60 𝜇V or kurtosis/improbable data occurred >3 overall or >5 at any 

electrode. Each participant was required to have at least 30 epochs in the Go/Nogo task and 

6 epochs with errors in the Flanker task to be included in the ERP analysis. One HC and one 

OCD participant were excluded from the Flanker analysis due to the available epochs with 

errors being <6. The final sample size for the Flanker analysis was 50 (24 OCD and 26 HC), 

while all participants were included in the Go/Nogo analysis.  

2.4. Statistical Comparisons 

Behavioural and self-report data were compared using robust tests [50, 51]. An independent 

sample t-test was used to compare between-group ages and chi-squared tests were used to 

compare gender, handedness, and marital status. Between-group behavioural performance 

measures of percentage correct and reaction times were compared using t-tests. 

2.5. Primary Analysis 

The primary statistical comparisons of the ERP data were conducted using the Randomised 

Graphical User Interface (RAGU), which compares scalp field differences across all time 

points and electrodes using randomisation statistics [29]. This tool allows comparison of scalp 
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field differences using powerful, assumption-free randomisation statistics between groups and 

conditions. RAGU controls for experiment-wise multiple comparisons by computing a global 

duration threshold, which is the 95th percentile of null significant effects, and only real effects 

with durations longer than this threshold are deemed significant.  

Task related data were first imported to RAGU and between- and within-group designs were 

defined. For both tasks, independent comparisons of the overall strength of scalp field 

differences and the distribution of neural activity were computed using the global field power 

(GFP) test and the topographical analysis of variance (TANOVA), respectively. Prior to 

conducting TANOVA, a topographical consistency test (TCT) was carried out to confirm that 

scalp activity was distributed consistently within each group and condition. The TCT checks 

for patterns of consistency in the active sources between the subjects of each tested group 

and condition [29]. In regions with non-significant TCT results, potential between-group 

differences can be due to a lack of consistent activation in one or both groups, rather than due 

to genuine differences. Therefore, significant TCT results provide validity to between-group 

analyses. 

GFP and TANOVA tests were conducted for the Go/Nogo task data as a 2 group (OCD and 

HC) x 2 condition (Go and Nogo) comparison and as a between-group analysis for the Flanker 

task data. The number of iterations was set at 5000 with an alpha of 𝑝	 = 	0.05. The global 

count p-value examines the likelihood of the overall count of significant time points (at alpha 

= 0.05) being observed by chance. The global count p-values of all primary and exploratory 

tests were corrected for experiment-wise multiple comparisons using the Benjamini and 

Hochberg false discovery rate (FDR) method [52]. Overall p-values for significant periods that 

passed the global duration threshold were obtained by averaging the p-values of individual 

time points of that region. Furthermore, p-values were computed averaged across the typical 

ERN (100 – 150 ms following an erroneous response), N200 (180 – 230 ms post-stimulus) 

and P300 (250 – 400 ms post-stimulus) windows as defined in the previous literature [7, 53, 

54].  
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To compare with the previous research, average ERP waveforms from the FCz and Pz 

electrodes were extracted for the ERN/N200 and P300, respectively. Using conventional 

definitions for each of these ERPs, comparisons were performed using t-tests (supplementary 

material S1). 

2.6. TANCOVA 

Using data from the OCD group, exploratory analyses were performed to assess the 

relationship between OCD symptom severity and neural activity findings. The identified 

significant periods from the TANOVA analysis were averaged and compared using 

topographical analysis of covariance (TANCOVA). 

3. RESULTS 

3.1. Demographic and Behavioural Data 

No significant differences were observed in demographic and clinical data between the OCD 

and HC groups (Table 1). The OCD group had a significantly slower reaction time in the 

Flanker task (𝑝 = 0.024), but no other significant differences were present in behavioural 

comparisons (all 𝑝 > 0.05). 

3.2. Topographical Consistency Test 

Figure 2 shows the TCT results for Flanker and Go/Nogo tasks. In the Flanker task, the TCT 

showed overall signal consistency, except prior to the response and a brief period from 100 to 

120 ms in the OCD group. Similarly, in the Go/Nogo task, two brief periods from 153-157 ms 

and 211-220 ms in the Nogo condition of the OCD group showed evidence of inconsistency. 

The period lacking consistency in the Flanker task and the latter period of the Nogo condition 

briefly overlap the significant periods identified as the ERN and N200, which might indicate 

the between-group difference is due to a lack of consistent signal variability in the OCD group 

rather than a consistent difference between groups.  

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 5, 2022. ; https://doi.org/10.1101/2022.11.05.515279doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.05.515279
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

3.3. TANOVA 

For the Flanker task, main effects of group showed two regions of significance that survived 

the duration control for multiple comparisons: 1) from -25 to 19 ms (averaged 𝑝 = 0.0071); 2) 

from 102 to 151 ms, i.e., ERN window (averaged 𝑝	= 0.0178). The global count p = 0.0324 

(FDR corrected 𝑝	 =	0.032) and the global duration threshold was 38 ms. When the p-values 

were averaged over the typical ERN window (100 to 150 ms), the difference remained 

significant (𝑝	= 0.019). Figure 3 shows the topographical differences between groups for these 

two significant windows. Overall, when comparing the ERN window between the HC and OCD 

groups, the OCD group displays greater frontal positivity (maximal at F3), as well as greater 

negativity in centroparietal electrodes (maximal at CP4). 

 

Table 1 

Demographic, Clinical and Behavioural Data of Participants 

Variable 
OCD (n = 25) HC (n = 27) 

Test statistic (!-val) 
Mean SD n Mean SD n 

Demographic Data 
Age (years) 36.24 13.06 25 31.22 10.66 27 " = 1.52, # = 0.13 
Gender (M/F)   12/13   9/18 $2 = 1.14, # = 0.29 
Marital status (S/M) 

  
20/5 

  
21/6 $2 = 0.04, # = 0.85 

Handedness (R/L)   21/4   26/1 $2 = 2.22, # = 0.14 
Clinical Data 

Age at onset (years) 24.64 9.90 25 
   

 
Duration of illness (years) 11.60 9.98 25 

   
 

YBOCS (total) 28.00 3.82 25 
   

 
YBOCS - obsessions 13.88 1.81 25     
YBOCS - compulsions 14.12 2.39 25     
BAI 17.04 8.92 24† 

   
 

QIDS-SR 10.17 4.94 24† 
   

 
Behavioural Data – Flanker Task 

Total percentage correct (%) 85.39 12.76 25 87.55 6.53 27 " = -0.07, # = 0.965 
Total RT (ms) 379.38 71.12 25 338.74 53.98 27 " = -2.00, # = 0.045* 
Correct response RT (ms) 368.64 69.54 25 339.39 49.99 27 " = -1.33, # = 0.175 
Incorrect response RT (ms) 376.36 124.60 25 336.17 89.87 27 "	= -1.09, # = 0.289 

Behavioural Data – Go/Nogo Task 
Total percentage correct 90.94 7.91 25 92.64 4.65 27 "	= 1.28, # = 0.205 
Go trials RT (ms) 269.83 43.52 25 261.50 42.44 27 "	= 0.09, # = 0.938 

OCD – Obsessive Compulsive Disorder, HC – Healthy Control, SD – Standard Deviation, M – Male, F – 
Female, R – Right, L – Left, S – Single, M – Married, YBOCS – Yale-Brown Obsessive Compulsive Scale, 
BAI – Beck Anxiety Inventory, QIDS-SR – Quick Inventory of Depressive Symptoms-Self Report, RT = 
Reaction Time 
 
† BAI and QIDS-SR scores for one participant were unavailable due to a data collection issue. 
* Significance level (#	 < 	0.05) 
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In the Go/Nogo task, the group main effects showed two significantly different regions that 

passed the duration control for multiple comparisons: 1) from 182 to 230 ms during the N200 

window (averaged 𝑝	 =	0.0184); 2) from 272 to 323 ms during the P300 window (averaged 

𝑝	 =	0.0206). The global count p = 0.016 (FDR corrected 𝑝	 =	0.032) and the global duration 

threshold was 44 ms. When the p-values were averaged over typical N200 (180 to 230 ms) 

and P300 (250 to 400 ms) windows, the differences remained significant for the N200 (𝑝	= 

Figure 2 

Topographical Consistency Test outcomes for all groups and conditions 

      

 

 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

     

 

 
 
 
 
 
 
 
 
 
 
Note. A) TCT outcome of both OCD and HC groups during the Flanker task. The OCD group showed a brief 

period with lack of consistency from 100 ms to 120 ms post-response. B) TCT outcome of the Go/Nogo task 

during Go trials: there was consistency in the signal throughout, except prior to the stimuli. C) TCT outcome 

of the Go/Nogo task during Nogo trials: there were two brief periods of deficient consistency from 153 ms 

to 157 ms and 211 ms to 220 ms. Some of these periods overlap the significant period of the ERN and N200, 

which might reflect a lack of consistent variability in the OCD group rather than an actual consistent 

difference between groups. (GFP – Global Field Potential, HC – Healthy Control, OCD – Obsessive Compulsive 

Disorder, TCT – Topographical Consistency Test)   
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0.02), but not for the P300 (𝑝	 =	0.185). Figure 4 depicts the topographical differences 

between groups for these two significant windows. In the N200 window, when compared to 

the HC group, the OCD group displayed an atypical distribution, with positive frontal voltages 

(maximal at AF8), while more negative voltages were found posteriorly (maximal at PO7). 

Within the P300 window the OCD group also showed an atypical distribution, with stronger 

positive frontal voltages (maximal at F3), and negative posterior voltages (maximal at P6). 

 

Figure 3 
TANOVA main group effect with the flanker task 

 

  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
  
 
 
 
 
 
 
 
  
  
 
 
Note. A,D – p values of the between group comparison across the entire epoch of the 
flanker task. The green highlighted areas (A: -25ms to 19ms, D: 102ms to 151ms) 
reflect periods that exceed the duration control (38ms) for multiple comparisons across 
time. B,E – Averaged topographical maps for each group during the significant 
window. C,F – t-map for topography of the OCD group minus healthy control 
topography during the significant time window. (OCD – Obsessive Compulsive 
Disorder, HC – Healthy Control, TANOVA – Topographical Analysis of Variance) 
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3.4. Global Field Potential Test 

The GFP test was conducted to assess the strength of the neural response to each task. There 

were no significant time windows that passed the global duration threshold for the Flanker or 

Go/Nogo tasks for the group main effect or the group (HC, OCD) by condition (Go, Nogo) 

interaction, indicating that no significant differences were present (all p > 0.05). This result 

Figure 4 
TANOVA main group effect with the Go/Nogo task 

 

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Note. A,D – p values of the between group comparison across the entire epoch of the 
Go/Nogo task. The green highlighted areas (A: 182ms to 230ms, D: 272ms to 323ms) 
reflect periods that exceed the duration control (44ms) for multiple comparisons across 
time. B,E – Averaged topographical maps for each group during the significant 
window. C,F – t-map for topography of the OCD group minus healthy control 
topography during the significant time window. (OCD – Obsessive Compulsive 
Disorder, HC – Healthy Control, TANOVA – Topographical Analysis of Variance) 
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indicates that there were no differences in the overall amplitude of neural responses following 

errors in the Flanker task or in response to the go/nogo stimuli.  

3.5. TANCOVA 

The TANCOVA between the total YBOCS score and topographical findings across the ERN 

window showed no significant relationship (𝑝	 =	0.716), indicating that there was no significant 

association between the ERN and OCD symptom severity. Similarly, no significant 

relationships were identified between the total YBOCS and the topographical findings of the 

windows of N200 (𝑝	 =	0.597) or P300 (𝑝	 =	0.281).  

4. DISCUSSION 

The current study examined whether individuals with OCD showed differences in neural 

activity related to conflict monitoring and response inhibition. The analysis techniques enabled 

separate examination of differences in the distribution of brain activity and the strength of 

neural activation, without a priori assumptions about electrodes or time windows. The OCD 

and HC groups had comparable behavioural performance in both Flanker and Go/Nogo tasks, 

except for a significantly longer reaction time in the Flanker task in OCD patients. Compared 

to HC, the OCD group showed more negative voltages centro-parietally for the ERN and 

posteriorly for the N200 and P300. More positive voltages were noted frontally for all three 

ERPs. These findings suggest an array of neural differences between OCD and HC groups, 

which are likely to reflect alterations in executive functions such as attentional processes, 

conflict monitoring and response inhibition, perhaps produced by frontal dysfunction, which is 

a known finding in OCD [55, 56].  

4.1. Error Related Negativity (ERN) 

The ERN has been suggested to reflect an error detection and conflict monitoring process, 

and it provides an evaluation of the consequence of error, which contributes to the adjustment 

of cognition that serves to prevent future errors [57]. Several previous ERP studies have 

addressed the question of whether conflict monitoring is enhanced in OCD with reports of 

significantly elevated ERN [9-11, 58, 59], mostly noted in midline fronto-central electrodes 
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such as FCz, Fz and Cz [14, 60]. In contrast, we found less positive voltages in the ERN 

around the centroparietal regions, and an alteration to the typical ERN topography such that 

the OCD group had positive frontal voltages in the ERN window. However, unlike our 

analyses, these previous single electrode analyses cannot differentiate between differences 

in the distribution of activity and differences in overall amplitude. As such, our study is the first 

to show that it is the distribution of the ERN that is altered in OCD rather than the overall 

amplitude. Moreover, our previous study of spectral power analysis in OCD using the same 

sample, reported significantly elevated delta and theta power in the same centroparietal 

electrodes showing higher negativity in the current study [61]. This finding is in agreement with 

the notion that the ERN emerges, at least in part, from ongoing theta band activity [62, 63], as 

both seem to be enhanced in OCD when compared to HC.  

The conflict hypothesis of the ERN postulates that although ERN may be emitted by the 

anterior cingulate cortex, response competition processing and greater top-down control 

processes are recruited from the DLPFC to improve task performance [15, 64]. Additionally, 

several studies have reported neuroimaging evidence of anomalies in the DLPFC in OCD [19, 

65]. Therefore, the altered ERN pattern seen in the current study, with an altered centroparietal 

and frontotemporal ERN distribution might signify an increased role of the DLPFC in 

performance monitoring in individuals with OCD.  

However, our TCT findings reported an inconsistent period from 100 to 120 ms post-response, 

which overlaps with the ERN window (102 to 151 ms). This suggests that the significant effect 

may be at least partly explained by inconsistent neural activation within the OCD group. This 

has implications for the characterisation of OCD as a disorder with a single, uniquely 

distinguishable origin common across individuals with OCD, and instead suggests the 

potential involvement of multiple sources.  

The altered distribution of ERN activity in OCD was not found to be related to symptom 

severity, which supports the theory that an altered ERN may be a candidate endophenotype 

for OCD. Endophenotypes are defined as objectively measurable elements that are related to 

an underlying susceptibility for a disease, and are characterised by several factors: 
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endophenotypes, 1) are related to the illness in the population, 2) manifest independent of the 

presence of symptoms, 3) are heritable, 4) may be present in unaffected relatives and 5) are 

co-segregated with the illness within families [66]. The first report of ERN as a candidate 

endophenotype for OCD was in a paediatric study, where successful therapy of OCD did not 

result in a change in the ERN [12]. Consequently, asymptomatic siblings [67] and first-degree 

relatives [13] of OCD patients were also noted to have significantly enhanced ERN. 

Furthermore, several studies [68-72], including the present study reported no association 

between an altered ERN and OCD symptom severity. Therefore, our findings support the 

concept that ERN may be a candidate endophenotype for OCD. Our results also suggest that 

the characterisation of the ERN as an endophenotype is likely to be more sophisticated than 

can be provided by traditional single electrode analyses. 

4.2. N200 and P300 

The N200 is reported to reflect processes underlying response inhibition and conflict 

monitoring, both of which are known to be dysfunctional in OCD groups [73-75]. Our findings 

indicate that in the OCD group, the N200 had a distribution of neural activity that differed from 

the typical N200 topography, with positive fronto-central voltages and more negative posterior 

voltages when compared to HC. These results conflict with reports of several studies that 

found significantly larger N200 amplitudes in OCD groups when compared to HC [21, 22, 76-

78]. The frontocentral electrodes that were detected to have a positive voltage in our study 

were previously reported as negative. However, similar to studies of the ERN, these studies 

typically only assessed midline frontocentral electrodes in their analyses. Instead, our results 

are consistent with two studies that reported opposing results with significantly smaller N200 

amplitudes [79, 80]. Additionally, our single electrode N200 analysis of the FCz electrode 

(supplementary material S1) showed no significant difference between groups.  

The OCD group was found to show less negative frontal voltages in the P300 compared to 

HC, which is consistent with findings of several previous studies [23, 24, 81, 82]. An altered 

P300 has been suggested to point to disruptions in the functionality of the brain systems that 

are required to provide sustained attention [20, 83], and has been found to underpin clinical 
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symptoms of waning attention in mental health conditions such as schizophrenia [84]. 

Individuals with OCD are also known to have deficits in cognitive processes of attention and 

selective attention [85, 86]. Therefore, the observed P300 alterations might be associated with 

sustained attention deficits in OCD. However, a few studies reported contradicting results of 

lower P300 amplitudes in OCD [25, 26, 78, 87]. These discrepancies in findings may be due 

to methodological variations; mainly usage of different tasks (Go/Nogo, auditory oddball, 

visual novelty recognition tasks) to elicit the ERPs. 

4.3. Limitations and Future Directions 

The findings of the current study should be interpreted taking its limitations into account. While 

the recruited sample size was sufficient to ascertain group-level differences, inclusion of more 

participants would likely increase the statistical power of the findings, and perhaps reveal 

additional findings in different time windows after stimulus presentation. Our study also 

included participants who were on different classes of medications, which potentially 

increased the heterogeneity of our sample. Previous studies have reported that medications 

may cause alterations in ERPs [88], and therefore, the recorded EEG findings might be 

influenced by medication effects. Alternatively, studies exclusively including drug naïve 

participants should be performed in the future.  

Although the ERP differences reported in the current study are known to reflect alterations in 

several domains of cognition, such as conflict monitoring, response inhibition and attentional 

processes, our behavioural performance findings were largely non-significant, with the 

exception that the OCD group showed slower reaction times in the Flanker task. This may be 

due to the cognitive tasks not being sensitive enough to provide significant behavioural 

differences or due to insufficient sample size.  

Our findings support the notion that the ERN might be a potential candidate endophenotype 

for OCD, as the altered ERN distribution was not associated with OCD symptom severity. 

However, other criteria characterising endophenotypes, such as effects of treatment on ERN 

and presence of raised ERN in first degree relatives were not tested. Although several studies 

have assessed these criteria partially [12, 67], a comprehensive study assessing all 
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parameters has not been performed to date. Furthermore, treatment of OCD with non-invasive 

brain stimulation methods such as repetitive transcranial magnetic stimulation (rTMS) has 

shown to be efficacious [89]. It has been reported that administering TMS may alter the 

electrophysiology of the brain leading to various EEG changes [90]. Therefore, in addition to 

assessing medication effects, future rTMS studies should investigate ERP changes pre- to 

post-stimulation, to confirm whether ERN is indeed an endophenotype for OCD.  

Our findings indicated that the N200 enhancement was not associated with OCD symptom 

severity, which is characteristic of an endophenotype. Future studies could also investigate 

the N200 as a potential endophenotype.  

4.4. Conclusions 

OCD is a mental health condition leading to significant distress and poor quality of life to 

sufferers. Successful treatment of OCD is restricted due to the limited knowledge on its 

pathophysiology. The current study aimed to investigate ERP findings of OCD to understand 

the differences in neural activity which might underlie the disease. ERP data were obtained 

from 25 OCD patients and 27 HC by recording EEG during Flanker and Go/Nogo tasks. 

Primary comparisons were conducted using the RAGU interface, which analysed scalp field 

differences across all time points and electrodes using randomisation statistics. Compared to 

HC, OCD group showed differences in the distribution of neural activity in the ERN, N200 and 

P300 windows. TANOVA results indicated less typical ERN and N200 distributions of activity 

with more positive voltages in frontal electrodes, and more negative voltages centro-parietally 

and posteriorly in the OCD group. The P300 was also found to be less negative in the 

frontotemporal regions in OCD. These ERP findings were not associated with OCD symptom 

severity. The findings of the current study indicate that individuals with OCD show an altered 

distribution of neural activity related to conflict monitoring and inhibitory control, but not an 

alteration to overall neural response strength. Furthermore, due to the lack of association 

between the altered ERPs and OCD symptom severity, the altered distributions of neural 

activity may be considered as potential candidate endophenotypes for OCD. 
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