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Abstract

Background—The symptoms that contribute to the clinical diagnosis of depression likely 

emerge from, or are related to, underlying cognitive deficits. To understand this relationship 

further, we examined the relationship between self-reported somatic and cognitive-affective 

Beck’s Depression Inventory-II (BDI-II) symptoms and aspects of cognitive control reflected in 

error event-related potential (ERP) responses.

Methods—Task and assessment data were analyzed within 51 individuals. The group contained a 

broad distribution of depressive symptoms, as assessed by BDI-II scores. ERP’s were collected 

following error responses within a go/no-go task. Individual error ERP amplitudes were estimated 

by conducting group independent component analysis (ICA) on the electroencephalographic 

(EEG) time series and analyzing the individual reconstructed source epochs. Source error 

amplitudes were correlated with the subset of BDI-II scores representing somatic and cognitive-

affective symptoms.

Results—We demonstrate a negative relationship between somatic depression symptoms (i.e. 

fatigue or loss of energy) (after regressing out cognitive-affective scores, age and IQ) and the 

central-parietal ERP response that peaks at 359 ms. The peak amplitudes within this ERP response 

were not significantly related to cognitive-affective symptom severity (after regressing out the 

somatic symptom scores, age, and IQ).

Please address correspondence to David Bridwell, The Mind Research Network, 1101 Yale, Blvd. NE, Albuquerque, New Mexico 
87106. Phone: 530-574-2117. Fax: 505-272-8002. dbridwell@mrn.org. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest
The authors have no interest to declare.

Contributors
KK contributed to experimental design. DB conducted analysis and wrote the manuscript. VS, MM, and KK, and VC edited the 
manuscript and assisted with interpretation of the results. All authors have contributed to and approved the final manuscript.

HHS Public Access
Author manuscript
J Affect Disord. Author manuscript; available in PMC 2016 March 29.

Published in final edited form as:
J Affect Disord. 2015 February 1; 172: 89–95. doi:10.1016/j.jad.2014.09.054.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Limitations—These findings were obtained within a population of female adults from a 

maximum-security correctional facility. Thus, additional research is required to verify that they 

generalize to the broad population.

Conclusions—These results suggest that individuals with greater somatic depression symptoms 

demonstrate a reduced awareness of behavioral errors, and help clarify the relationship between 

clinical measures of self-reported depression symptoms and cognitive control.
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1. Introduction

There is considerable heterogeneity among the symptoms expressed by individuals 

diagnosed with major depression disorder (MDD). This heterogeneity appears to emerge 

from the wide range of cognitive deficits associated with depression and their potential 

interrelationship with negative mood or negative affect (Joormann et al., 2007; Joormann 

and Siemer, 2004; Mathews and MacLeod, 2005). In order to understand these factors, 

additional research should be directed to understand the interrelationship of cognitive and 

affective factors with the symptoms that contribute to the clinical diagnosis of depression, 

and with the symptoms that individual’s report. These investigations may help further 

characterize the constellation of symptoms that contribute to or emerge with depression, 

leading to more accurate diagnosis and treatment.

A broad range of cognitive deficits have been reported within individuals diagnosed with 

depression, including impairments in cognitive control (Channon and Green, 1999; 

Joormann and Gotlib, 2010). The electrophysiological characteristics of cognitive control 

have been well studied by examining cortical responses to rare non-target stimuli that appear 

among frequent targets (i.e. in go/no-go tasks). The event-related potential (ERP) to 

incorrect responses to rare non-targets partially reflects the cascade of neural events that 

include the processes which may lead to errors, the awareness of errors, and post-error 

adjustments in processing (Falkenstein, 2004; Yeung et al., 2004). These aspects of error 

processing are reflected in part within the complex of ERP peaks that follow erroneous 

responses to rare stimuli, including a negative peak that appears approximately 50 ms – 150 

ms following the error response (termed the error related negativity (ERN) or Ne), and the 

complex of positive peaks that appear between 200 and 500 ms after the response (termed 

the Pe) (Falkenstein et al., 1991; Falkenstein, 2004; Gehring et al., 1993; Nieuwenhuis et al., 

2001; Overbeek et al., 2005).

The relationship between error ERP responses and depression appears complex. This 

complexity may result in part due to differences in the severity of depressive symptoms 

within a population, and the broad range of depression-like psychopathologies present (Lux 

and Kendler, 2010). For example, a reduced Pe response was observed within a group of 

elderly medicated patients with major depression (Alexopoulos et al., 2007), and within a 

group of severely depressed patients (Olvet et al., 2010; Schrijvers et al., 2008), while others 
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didn’t report on potential differences in the Pe response within depressed patients (Ruchsow 

et al., 2006, 2004) or failed to find statistically significant differences (Chiu and Deldin, 

2007; Holmes and Pizzagalli, 2008). Researchers may obtain a better understanding of these 

inconsistencies in error ERP modulations by focusing on their relationship with depressive 

symptoms. For example, individuals with greater anxiety (General Distress Anxious 

Symptom subscale) demonstrate reduced Pe amplitudes (Olvet et al., 2010), and Ne 

amplitudes appear to be associated with psychomotor retardation (Schrijvers et al., 2008). 

These findings help clarify specific elements of depression that may contribute to 

inconsistencies among studies, and highlight the potential benefits of focusing on the 

relationship between subsets of depressive symptoms and error ERP’s.

Depressive symptoms can generally be categorized along the cognitive-affective or somatic 

dimensions (Storch et al., 2004). The cognitive-affective dimension of symptoms includes 

negative mood or negative affect, while the somatic dimension includes symptoms such as 

fatigue or loss of energy (Kapfhammer, 2006). These two categories of symptoms can be 

empirically evaluated using the Beck Depression Inventory-II (BDI-II) (Beck et al., 1996), a 

widely used protocol for examining self-reported depression symptoms within healthy and 

clinical populations. Factor analysis of the 21 item symptom information collected with 

BDI-II validates the use of BDI-II for providing summary measures of somatic and 

cognitive-affective symptoms, and further supports the existence of these two dimensions 

(Steer et al., 1999; Storch et al., 2004; Whisman et al., 2000).

The relationship between somatic and cognitive-affective BDI-II symptoms has been 

unexplored with respect to the aspects of cognitive control reflected in error ERP responses. 

Our goal was to examine the relationship between individual somatic and cognitive-affective 

BDI-II scores with individual error ERP amplitudes obtained within a traditional go/no-go 

task. These findings provide further clarification on the relationship between clinical 

measures of self-reported depression symptoms and cognitive function.

2. Methods

2.1 Participants

Task and assessment data were collected on 63 female adults from a maximum-security 

correctional facility in New Mexico. Five individuals were excluded due to the absence of 

error responses, two individuals were excluded due to experimental error, and five 

individuals were excluded for excessive EEG artifacts, reducing the number of participants 

to 51. Individuals ranged in age from 21 to 57 (M = 35.41 yrs, SD = 7.84) with an average 

IQ of 95.08 (SD = 11.00). Of the 51 participants, 12 declined to state their ethnic category, 5 

self-identified as American Indian or Alaskan Native, 4 as Black or African American, 1 as 

Native Hawaiian or Pacific Islander, and 29 as white.

Participants were informed of their right to terminate participation at any point and were 

advised that their participation was not associated with institutional benefits or their facility 

or parole status. Participants received remuneration at the hourly labor wage of the facility. 

The work was approved by the University of New Mexico Health Science Center Human 
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Research Review Committee and the Office of the Human Research Protections (OHRP). 

All subjects provided written informed consent prior to data collection.

2.2 Drug dependence and personality disorder profile

Structured Clinical Interviews for DSM-IV Axis I Disorders – Patient Version (SCID I–P) 

(First et al., 1995) were conducted to provide an overview of the distribution of substance 

dependence and personality disorders within the group. Sixteen individuals were threshold 

for major depression, five were threshold for panic disorder, and at least two individuals 

were threshold for 7 of the 25 personality disorders. None of the individuals were threshold 

or sub-threshold for schizophrenia, schizophreniform, or schizoaffective disorder (SCID I–

P). There was notable alcohol, stimulant, cocaine, and opioid dependence within the group 

(N = 22 24, 23, and 17, respectively). Table 1 demonstrates the full distribution of substance 

dependence and personality disorders within the group.

2.3 BDI Assessment and Somatic and cognitive-affective symptoms

Depressive symptoms were assessed using the BDI-II (Beck et al., 1996), a 21-item measure 

that assesses the severity of depressive symptoms. BDI-II scores are highly correlated with 

clinical measures of depression severity, including the Revised Hamilton Psychiatric Rating 

Scale for Depression (Hamilton, 1960), and the number of SCID-I threshold symptoms 

(Beck et al., 1996; Sprinkle et al., 2002). Within the BDI-II, each symptom is rated by the 

individual between 0 and 3, with greater scores indicating greater symptom severity. The 

average total BDI-II score within the sample was 17.47 (SD = 9.68), with a Chronbach's 

alpha of 0.88. Twenty-one individuals had total BDI-II scores within approximate threshold 

for “minimum depression” (BDI-II between 0 and 13), 7 within “mild depression” (BDI-II 

between 14 and 19), 16 within ”moderate depression” (BDI-II within 20 and 28), and 7 

within “severe depression” (BDI-II between 29 and 63).

The 21 depressive symptoms are often grouped into the two interrelated symptom categories 

“somatic” and “cognitive-affective” (Steer et al., 1999; Storch et al., 2004; Whisman et al., 

2000). These different symptoms were summarized in the following study by summing the 

subset of the 21 symptom scores that reflect somatic symptoms (sadness, loss of pleasure, 

crying, agitation, loss of interest, indecisiveness, loss of energy, changes in sleep pattern, 

irritability, changes in appetite, concentration difficulties, tiredness or fatigue, and loss of 

interest in sex) and the subset of the symptom scores which reflect cognitive-affective 

symptoms (pessimism, past failure, guilty feelings, punishment feelings, self-dislike, self-

criticalness, suicidal thoughts, and worthlessness). The average total somatic symptom score 

was 10.69 (SD = 6.63), and the average total cognitive-affective symptom score was 6.78 

(SD = 3.94). Age and IQ were regressed out of the total BDI score and the separate 

symptom scores prior to statistical analysis. The somatic symptom score was additionally 

regressed out of the cognitive-affective symptom score (and vice versa) prior to analysis.

2.4 Task

Participants performed a classic go/no-go task (Kiehl et al., 2000). A series of targets (i.e. go 

stimuli) (a white “X”) and non-targets (i.e. no-go stimuli) (a white “K”) were presented on 

the computer screen with Presentation software (Neurobehavioral Systems, http://
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www.neurobs.com). Individuals were instructed to respond to targets as “quickly and 

accurately as possible” with their right index finger on a keyboard, and responses were 

recorded if they occurred within 1 second after a stimulus. The stimuli were approximately 3 

× 5 visual degrees, and were presented for 240ms against a black background. Targets 

appeared with higher frequency (84%, 412 trials) than non-targets (16%, 78 trials) to 

establish a strong stimulus-response mapping on “Go” trials. The stimuli were presented 

randomly, except two “K’s” or “No/Go” trials were never presented sequentially. The 

interstimulus interval was 1 second (48% of stimuli), 2 seconds (37% of stimuli), or 3 

seconds (15% of stimuli). Prior to recording, each participant performed a block of 10 

practice trials to ensure that the instructions were clearly understood.

2.5 EEG acquisition and preprocessing

EEG data was collecting using a 64-channel BioSemi Active Two system (http://

www.biosemi.com). Signals were low-pass filtered using a fifth-order sinc filter with a half-

power cutoff of 204.8 Hz and sampled at 512 Hz. EEG activity was recorded using sintered 

Ag-AgCl active electrodes placed in accordance with the 10–20 International System, with a 

nose reference. All offsets were kept below 10 kΩ.

EEG preprocessing was conducted in Matlab (http://www.mathworks.com) using custom 

functions, built-in functions, and the EEGLAB toolbox (http://sccn.ucsd.edu/eeglab). The 

EEG data was linearly detrended, forward and backward filtered with a Butterworth filter 

(bandpass: 0.01 to 50 Hz), and referenced to channel CZ for bad channel identification. Bad 

channels were identified based on the data distribution and variance of channels, as 

implemented in EEGLAB’s pop_rejchan function (Delorme and Makeig, 2004) and the 

FASTER toolbox (Nolan et al., 2010), and spherically interpolated. An average of 2.71 

channels were interpolated (Min: 0; Max: 5; SD: 0.97). The EEG data was average 

referenced and blink artifacts were attenuating by conducting a temporal ICA decomposition 

on the individual recordings (extended Infomax algorithm in EEGLAB (Bell and Sejnowski, 

1995; Lee et al., 1999), detecting artifactual sources with the ADJUST toolbox (Mognon et 

al., 2011), and reconstructing to the original data space. An average of 1.04 sources were 

eliminated (Min: 0; Max: 3; SD: 0.60). Artifactual epochs were identified using the 

automatic artifact epoch detection algorithm in EEGLAB (function: pop_autoreg.m), and the 

single trial peak amplitudes within these epochs were excluded in the subsequent analysis of 

the group temporal ICA individual reconstructed sources (described below). Figure 1 

indicates the average ERP for correct and incorrect behavioral responses.

2.6 Group temporal ICA of EEG

Group temporal ICA was used to decompose the multiplexed ERP response into distinct 

sources which potentially reflect the distinct ERP peaks (Bridwell et al., 2014; Eichele et al., 

2011). The temporal ICA model assumes that scalp voltage fluctuations within electrodes 

reflect a linear mixture of independent temporal sources. Principle components analysis 

(PCA) was conducted on the aggregate group [[channel X subjects] X time points] matrix 

and group ICA was conducted on the [[pca components × 51 subjects] × 422760 time 

points] matrix, as implemented in the EEGIFT toolbox (http:/mialab.mrn.org/software/

eegift/) (for a detailed description of the Group ICA implementation, please see: Calhoun et 
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al., 2001; Eichele et al., 2011). Infomax ICA was conducted on the aggregate matrix after an 

initial PCA reduction to 10, 15 or 20 components, generating 10, 15, or 20 group 

components. The components and results are consistent across the three model orders, 

suggesting that the findings are relatively robust to the ICA model order. For simplicity, we 

only report the results with 10 components. Separate source and mixing matrices were 

generated for each individual by back-reconstructing the group components (Calhoun et al., 

2001).

The individual time courses were converted to z-scores and averaged separately for error 

responses and correct responses. The individual error ERP’s were then averaged for each of 

the 10 sources and 3 sources were selected for further analysis since they visually 

demonstrate ERP differences to error and correct responses (Fig. 2). Source topographies 

were determined by averaging the individual mixing matrices across subjects (Fig. 2). The 

full width half maximum (fwhm) of the peak error response was determined for the 

prominent peak within the 3 selected sources (see Table 2). The average amplitude of 

individual subject responses was then calculated within the fixed window for each peak.

2.7 Statistical Analysis

Significance tests were conducted examining the correlation between individual error ERP 

amplitudes, the total BDI score (after regressing out age and IQ), and the two separate 

symptom scores (after regressing out the other symptom score, age and IQ). A total of 3 

error amplitudes were calculated for each individual (1 peak ERP response within each of 

the 3 selected components), generating a total of 3 × 3 = 9 Pearson’s r statistical tests. These 

statistical tests are reported as “significant” if they pass Holm-Bonferroni correction for the 

9 planned comparisons (alpha = 0.05) (Holm, 1979).

3. Results

3.1 Behavior

The average individual correct reaction time was 441 ms (SD: 59 ms) and the average 

individual incorrect reaction time was 383 ms (SD: 49 ms). Individuals correctly responded 

to 96.07 % of the target stimuli, and incorrectly responded to 20.61 % of the non-target 

stimuli. Thus, there were an average of 16.08 error trials (min: 1; max: 47; SD: 9.80) and 

395.82 correct responses (min: 234; max: 412; SD: 29.27) across subjects. 2.05 % of the 

ERP error epochs were identified as artifactual, reducing the average number of errors in the 

subsequent ERP analysis to 13.45 trials per subject (min: 1, max: 40; SD: 9.38).

3.2 Average ERP following target and non-target responses

The average ERP is indicated in Fig. 1 for correct behavioral responses to targets (in black) 

and the incorrect (i.e. error) behavioral responses to non-targets (in red). The ERP to error 

trials diverges negatively from the ERP to correct trials within the 0 – ~200 ms interval after 

the behavioral response, and diverges positively at later intervals, with a peak difference at ~ 

400 ms. The time course of these ERP differences are consistent with the ERP peaks that 

have been labeled “ERN/Ne” and “Pe” in previous studies (Falkenstein, 2004; Gehring et 

al., 1993; Overbeek et al., 2005; Ullsperger et al., 2010).
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3.3 Group temporal ICA of EEG and individual error amplitudes

Group ICA was used to decompose the multiplexed ERP response into distinct sources 

which potentially reflect the distinct ERP peaks. The sources were averaged across epochs 

for error and correct responses and 3 out of 10 sources were selected for further analysis 

since they demonstrate an average peak following the error response. The selected average 

source ERP’s and the topography (i.e. the average mixing matrix across subjects) (N = 51) 

are indicated in Fig. 2. ICASSO analysis indicated that the selected sources were stable 

across multiple ICA iterations, with stability indices (Iq ) > 0.95 (Himberg et al., 2004).

3.4 Error ERP amplitudes and depression symptoms

There was a significant negative relationship between source 2 error amplitudes and total 

BDI-II scores (r(49) = −0.43; p = 0.0019). Thus, individuals with greater depression 

symptoms demonstrate a reduced ERP response ~287–525 ms following an error. The 

relationship between source 1 and total BDI scores was significant without correction for 

multiple comparisons (r(49) = −0.31; p = 0.0278) and there was insufficient evidence of a 

relationship between source 3 amplitudes and BDI total scores (r(49) = −0.01; p = 0.9570).

Somatic and cognitive-affective symptoms may uniquely contribute to the relationship 

between source 2 (~287–525 ms) error responses and total BDI scores. Their potentially 

distinct contributions were demonstrated by a significant correlation between source 2 

amplitudes and the total somatic symptom scores (r(49) = −0.38; p = 0.0058), and 

insufficient evidence of a relationship between source 2 amplitudes and total cognitive-

affective symptom scores (r(49) = 0.07; p = 0.6197). Thus, individuals with greater somatic 

symptoms demonstrate a reduced ERP response ~287–525 ms following an error.

4. Discussion

In the present study, we examine the relationship between different depression symptoms 

and the cortical responses that follow behavioral errors. We demonstrate that the average 

error ERP amplitude between 287 – 525 ms is significantly correlated with somatic 

depression symptom severity but not with the cognitive-affective dimension of depression 

symptoms. Reductions within this error ERP component were associated with increases in 

the severity of somatic depression symptoms. These results highlight the utility of 

considering the self-reported depression symptom profile in further studies that examine 

differences in cognitive and affective processing in depression. In addition, they help 

characterize the relationship between symptoms of depression measured clinically and 

cortical measures of cognitive control.

The temporal and topographic characteristics of this source are consistent with the Pe ERP 

responses that have been described previously in go/no-go or flanker tasks (Falkenstein, 

2004; Falkenstein et al., 1991; Gehring et al., 1993; Nieuwenhuis et al., 2001). Thus, it is 

important to understand the aspects of error processing that may be associated with the Pe 

response. The influence of experimental manipulations and individual differences on Pe 

amplitudes is relatively understudied, but the emerging evidence indicates that Pe responses 

are related to individuals awareness of errors (Endrass et al., 2007; Leuthold and Sommer, 
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1999; Nieuwenhuis et al., 2001; O’Connell et al., 2007; Overbeek et al., 2005; Shalgi et al., 

2009). For example, (Nieuwenhuis et al., 2001) demonstrate greater Pe amplitudes when 

individuals are aware of error antisaccades compared to when they fail to report their 

awareness of antisaccade errors. In the context of the present study, this suggests that 

individuals with greater somatic depression symptoms demonstrate a reduced awareness of 

behavioral errors. Thus, somatic symptoms appear to represent a general non-responsiveness 

to the environment, and this non-responsiveness may extend, or be related to, a 

compromised perceptual experience of errors. With regards to the cognitive-affective 

depression symptoms, the absence of a relationship with Pe is consistent with the theory that 

the Pe response is invariant to the emotional aspects of the error response (Overbeek et al., 

2005).

There are a range of tasks that elicit positive ERP’s that appear ~ 200 – 500 ms following a 

stimulus or behavioral response. This response is commonly termed the P3 and it is often 

observed after averaging EEG epochs that follow rare irrelevant stimuli (i.e. within oddball 

tasks). The Pe has similar temporal and spatial characteristics as the P3 (Leuthold and 

Sommer, 1999), and the different terminology is used to distinguish that the response is 

observed by averaging EEG epochs that follow the erroneous behavioral response. The P3 

and Pe should not be considered distinct due to their distinct titles however, as they appear 

to overlap to some degree in their neural significance and psychological attributes (Davies et 

al., 2001; Ridderinkhof et al., 2009; Shalgi et al., 2009). Given this potential similarity, it is 

important to consider the relationship between depression symptoms and P3 amplitudes 

(Bruder et al., 2012). The predominant findings appear to be a robust negative relationship 

between P3 amplitudes within individuals with melancholic depression features (Gangadhar 

et al., 1993; Urretavizcaya et al., 2003), and within individuals with psychotic depression 

(Karaaslan et al., 2003; Kaustio et al., 2002). The negative relationship between melancholic 

depression and P3 amplitudes is consistent with the present findings given the considerable 

overlap between melancholic features (i.e. including loss of interest, lack of reactivity to 

pleasurable stimuli, and psychomotor retardation (“American Psychiatric Association,” 

1994)) and somatic symptoms.

In addition to ERP’s, different depression symptoms are related to differences in resting 

blood flow/metabolism (Videbech, 2000) and resting EEG (Pizzagalli et al., 2002). For 

example, (Graff-Guerrero et al., 2004) demonstrate a positive correlation between right 

dorsolateral prefrontal cortex (DLPFC) blood flow and Hamilton Ratings for depressed 

mood, somatic anxiety, and paranoid symptoms, and a negative relationship with work and 

interest. Negative affect (as assessed with PANAS-neg or the assessment of negative 

symptoms (SANS)) appears positively correlated with right amygdala activity (Abercrombie 

et al., 1998) and negatively correlated with activity within frontal brain regions (Galynker et 

al., 1998). Collectively, these results suggest that different symptom profiles are related to 

differences in resting activity within frontal and limbic regions.

4.1 Limitations and further considerations

As far as we are aware, this is the first study to examine the relationship between error 

ERP's and somatic and cognitive-affective BDI-II symptom scores. However, a few studies 
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have reported an non-significant relationship between total BDI-II symptoms and Pe 

amplitudes within a modified flanker task (Schrijvers et al., 2008; Schrijvers et. al., 2009; 

Chiu and Deldin 2007) or a go/no-go task (Kaiser et al., 2003). These studies had a smaller 

sample size (min = 15; max = 26) than the present study (N = 51). The studies also focused 

on a sample of individuals with clinical major depressive disorder (MDD), and thus may 

have a comparably restricted range of BDI-II scores. Thus, it is possible that the broad range 

of BDI scores within the current study (i.e. with a minimum BDI score of 0, and a maximum 

of 42) and the larger sample size may have improved the ability to detect a relationship 

between BDI-II symptom scores and error ERP's.

The blind source separation (BSS) approach implemented in the present study facilitates the 

ability to estimate ERP amplitudes, especially in cases where only a limited number of 

epochs are present (i.e. when analyzing error trials or single trial amplitudes) (Beauducel, et 

al., 2000; Bridwell et al., 2014). The multiplexed ERP response was decomposed in the 

present study with group temporal ICA and analysis was conducted on the individual 

reconstructed sources (as implemented in EEGIFT (Eichele et al., 2011)). Temporal group 

ICA integrates the temporal information across all of the individuals when deriving group 

source time courses. Aggregating information across subjects is advantageous for 

emphasizing commonalities across subjects, but it is important to note that low frequency 

ERP's (such as the positive potential appearing 250–500 ms post-response) may be 

preserved across subjects to a greater extent than the higher frequency ERP's (such as the 

negative potential between 50 – 150 ms). In order to understand this further, additional 

studies may examine the degree in which individual variation is preserved within the 

individual sources that are reconstructed with this approach.

The data in the present study was collected from a sample of female adults from a 

maximum-security correctional facility. On average, the participants demonstrated mild 

depression symptoms with a mean BDI-II score of 17.47. Depression was the predominant 

mood disorder within the sample, and there was limited presence of other disorders (see 

Table 1). However, there is considerable drug dependence within the sample, consistent with 

comorbidities between personality disorders and drug dependence (see Table 1). In an 

exploratory analysis, we were unable to find a statistical relationship between dependence 

within the 8 SCID-I substance categories (see Table 1) and somatic or cognitive-affective 

symptom severity (one-way ANOVA; max F(2,48) = 1.21; min p = 0.3055, among the 16 

tests). Thus, the severity of somatic and cognitive-affective depression symptoms appears 

unrelated to drug dependence within this sample, reducing the influence of this potential 

confound on the observed results. Nevertheless, these findings highlight the potential utility 

of focusing on specific symptoms instead of specific diagnosis. For example individuals 

diagnosed with schizophrenia often present with depressive symptoms (Buckley et al., 

2009), and it would be interesting to determine whether the relationship between symptoms 

and neural measures of cognitive function is retained within different clinical populations. 

These findings would help disentangle the overlapping cognitive deficits present within 

different patient populations, potentially contributing to improved assessment and diagnosis.
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5. Conclusion

The relationship between self-report somatic and cognitive-affective depressive symptoms 

were examined with respect to error ERP amplitudes in a go/no-go task. Individual error 

ERP amplitudes were estimated by conducting group ICA on the EEG time series and 

analyzing the individual reconstructed epochs. We demonstrate a negative relationship 

between somatic depression symptoms and the central-parietal ERP response that peaks at 

359 ms. The peak amplitudes within this ERP response were not significantly related to 

cognitive-affective symptom severity. These findings further clarify the relationship 

between clinical measures of self-reported depression symptoms and cognitive control.
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• Temporal group ICA was applied to error ERP’s.

• Increases in somatic depression symptoms were associated with error ERP’s.

• Affective depression symptoms were not significantly related to error ERP’s.

• Increases in somatic symptoms appear related to reduced error awareness.
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Figure 1. 
ERP’s to correct and error responses. The average ERP (N = 51 subjects) is plotted 

separately following correct (in black) and incorrect (in red) behavioral responses. The 

ERP’s were averaged after epoching with respect to the onset of the behavioral response (0 

ms). The responses are plotted for electrode Fz, as indicated in the upper left hand corner. 

The error bars represent the 95% confidence interval of the mean.
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Figure 2. 
Source ERP’s to correct and error responses. The ERP’s are plotted separately for each 

source following correct (in black) and incorrect (in red) behavioral responses. The source 

number is indicated above each plot. The topographic plots indicate the average spatial 

loadings (N = 51 subjects) for each group temporal source. The large black circles within 

each topographic plot denote electrodes Fp1, Fp2, F3, F4, C3, C4, P3, P4, O1, and O2 (from 

top left to bottom right).
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Figure 3. 
Source amplitude and BDI symptoms. The average z-scored amplitude (around the peak full 

width half maximum (fwhm)) of source 2 is plotted against the individual total BDI score 

(left), the total somatic symptom score (middle) or the total cognitive-affective symptom 

score (right). The influence of age and IQ were regressed out of the total BDI-II score, and 

the cognitive-affective symptom score was additionally regressed out of the somatic 

symptom score (and vice versa).
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Table 1

The number of individuals present with absent, sub-threshold, and threshold personality disorders, or with 

drug absence, abuse or dependence (Structured Clinical Interviews for DSM-IV Axis I Disorders – Patient 

Version (SCID I–P) (First et al., 1995)).

SCID I Category # absent # sub-threshold # threshold

Bipolar PD 50 0 1

Bipolar II 51 0 0

Other Bipolar 50 0 1

Major Depression 31 4 16

Dysthymia 48 1 2

Depressive Disorder NOS 51 0 0

Mood Disorder 51 0 0

Substance Induced Mood Disorder 51 0 0

Schizophrenia 51 0 0

Schizophreniform 51 0 0

Schizoaffective Disorder 51 0 0

Delusional Disorder 51 0 0

Brief Psychotic Disorder 51 0 0

Psychotic Disorder due to Med. 51 0 0

Substance Induced Psychotic Disorder 49 0 2

Psychotic Disorder 51 0 0

Anxiety Disorder NOS 49 0 2

Panic Disorder 45 1 5

Agoraphobia 50 1 0

Social Phobia 50 1 0

Specific Phobia 49 2 0

OCD 48 2 1

PTSD 48 2 1

Generalized Anxiety Disorder 51 0 0

Substance Induced Anxiety Disorder 51 0 0

SCID I Category # absent # abuse # dependence

Alcohol 22 7 22

Sedative 43 4 4

Cannabis 23 18 10

Stimulant 24 3 24

Opioids 34 0 17

Cocaine 22 6 23

Hallucinogens / PCP 44 5 2

Poly-Drug 48 1 2
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NOS: not otherwise specified, PD: personality disorder, Med: medication, OCD: obsessive compulsive disorder, PTSD: post-traumatic stress 
disorder, PCP: Phencyclidine
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Table 2

Peak time, window (full width half maximum, fwhm), and peak location of the overall average ERP response 

for the 3 selected sources. O = occipital, T = temporal, P = parietal, C = central, F = frontal.

Source Peak time (ms) Peak window
(fwhm) (ms)

Spatial peak
Min (z-score)

Spatial peak
Max

1 207 180 – 256 O / T (−1.78) F / C (0.93)

2 359 287 – 525 F (−0.72) O / C (0.91)

3 678 510 – 725 O (−1.38) C (0.81)
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