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A B S T R A C T   

Mapping of Event-Related Potentials (ERP) associated with auditory and visual odd-ball paradigms has shown 
consistent differences between healthy controls and schizophrenia patients. It may be hypothesized that higher 
task attentional/cognitive demand will result in larger differences in these paradigms, which may help under
standing the substrates of cognitive deficits in this syndrome. To this aim, we performed an EEG study comparing 
the effects of increasing the attentional/cognitive load of an auditory N-back task on the Event-Related Potential 
in 50 subjects with schizophrenia (11 first episodes) and 35 healthy controls. We considered a post-target 
window of 1000 ms to explore possible between groups differences in N100, P300, and Late Slow Wave 
(LSW), and compared these components between 0-back (‘lower attentional/cognitive load) and 1-back (‘higher 
attentional/cognitive load’) conditions. Our results showed that N100 and LSW amplitude increase from 0- to 1- 
back condition was significantly larger in healthy controls compared to schizophrenia patients. Furthermore, 
LSW amplitude difference between 0- and 1-back conditions positively correlated with performance in the 
behavioral cognitive assessment. Taken together, these results support that higher task attentional/cognitive load 
(0-back vs. 1-back condition) increase N100 amplitude differences and reveal new findings related to the LSW 
component in schizophrenia.   

1. Introduction 

In schizophrenia, attentional and working memory (WM) impair
ments have been consistently reported (Obiols, 1992; Docherty et al., 
1996; Lee and Park, 2005; Diwadkar et al., 2011; Gold et al., 2017). 
Studies using Event-Related Potentials (ERPs) as possible markers of the 
underlying processes have helped to understand the neural substrates of 
these deficits (Pfefferbaum et al., 1989; Wagner, 1999; Shelley et al., 
1999; Jeon and Polich, 2001; Sabeti et al., 2011; Spironelli et al., 2019). 
In this sense, differences in P1, N1, N2, and P2 components related to the 
attentional/sensory perception/encoding of the stimuli prior to evalu
ation of their significance have been reported in schizophrenia patients 
(Ogura et al., 1991; Bahramali et al., 1998; O'Donnell et al., 2004; Luck 

and Gold, 2008; Yeap et al., 2008; Salisbury et al., 2009, 2019). More
over, regarding to WM processing, differences in the latency and 
amplitude of components associated with late memory phases, such as 
P300 or Late Slow Wave (LSW), have been observed (Barrett et al., 1986; 
McCarley et al., 1997; Ford, 1999; Jeon and Polich, 2003; Galletly et al., 
2005; Haenschel et al., 2007; Qiu et al., 2014; Turetsky et al., 2015). The 
lower amplitude of these later components in schizophrenia patients 
could reflect an impairment in the contextual evaluation/updating of 
previous significant stimuli in WM. 

Over the past several decades the N-back task has been a useful 
paradigm to investigate the underpinnings of attentional and WM pro
cessing (Kirchner, 1958). Previous ERP studies have used this paradigm 
to explore different brain disorders. Fraga et al. (2018), studying early 

* Corresponding author. 
E-mail addresses: aarjona@us.es (A. Arjona-Valladares), sbfondevila@gmail.com (S. Fondevila-Estévez), ineslinsenbarth@gmail.com (I. Fernández-Linsenbarth), 
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diagnosis of mild cognitive impairment and Alzheimer's disease, 
observed a reduced P450 amplitude in the execution of the non match 1- 
back task. Zhang et al. (2018a), using the 2-back task with positive, 
negative and neutral contents, reported that depressed patients showed 
smaller occipital P100 for positive material and larger parietal late 
positive potential irrespective of the valence of the words. 

The present study tries to provide new data about the possible ERPs 
differences in schizophrenia associated with the inclusion of a higher 
attentional/cognitive load in an auditory N-back task (e.g. 0- vs. 1-back 
condition). The amplitudes of three post-target ERP components (N100, 
P300, and LSW) are compared between schizophrenia patients and 
Healthy Controls (HC) during two N-back conditions: 0-back (‘lower 
attentional/cognitive load’) and 1-back (‘higher attentional/cognitive 
load’). Our initial hypothesis would be that the performance of an 
auditory 1-back task will demand higher cognitive resources to 
perceive/evaluate/update the context/stimuli value in comparison to 
the performance of an auditory 0-back task. This higher cognitive 
request will be associated with larger amplitude differences in the post- 
target N1, P300, and LSW components between HC and patients. 

2. Materials and methods 

2.1. Sample 

Fifty schizophrenia patients (39 stable chronic and 11 first episode) 
and 35 Healthy Controls (HC), all with normal hearing skills, partici
pated in the study. Patients were diagnosed by two expert psychiatrists 
(VM and FRS) according to the Diagnostic and Statistical Manual of 
Mental Disorders (5th edition). Exclusion criteria were; (i) neurological 
illness, (ii) history of cranial trauma with loss of consciousness, (iii) 
current substance abuse (except nicotine or caffeine), (iv) intelligence 
quotient (IQ) lower than 70 and (v) any psychiatric treatment (for 
controls) or diagnosis different from schizophrenia. 

Positive, negative, and total symptoms were scored from patients 
using the ‘Positive and Negative Syndrome Scale’ (PANSS) (Kay et al., 
1987). Cognitive data were collected from patients and HC using; (i) the 
‘Wechsler Adult Intelligence Scale-III’ (WAIS-III) (Wechsler, 1997); (ii) 
the Spanish version of the ‘Brief Assessment in Cognition in Schizo
phrenia Scale’ (BACS) (Keefe et al., 2008; Segarra et al., 2011), which 
scores performance in verbal memory (list learning), working memory 
(digit span), motor speed (token motor task), verbal fluency (cate
gories), attention and processing speed (symbol coding), and executive 
function and problem solving (Tower of London); and (iii) the ‘Wis
consin Card Sorting Test’ (WCST: percentage of perseverative errors) 
(Chelune and Baer, 1986). Sociodemographic, behavioral, cognitive and 
clinical data are shown in Table 1. 

All participants gave their written informed consent after receiving 
full printed information. The ethical committees of the participating 
hospitals endorsed the study. 

2.2. Electroencephalographic recording and processing 

EEG data were recorded through a 64-channel EEG system (Brain
Vision., Brain Products GmbH). Active electrodes were placed in an 
elastic cap using the international 10–20 system (FP1, FP2, F7, F8, F3, 
F4, Fz, FC5, FC6, FC1, FC2, T7, T8, C3, Cz, C4, CP5, CP6, CP1, CP2, TP9, 
TP10, P7, P8, P3, P4, Pz, O1, O2, Oz, AF7, AF3, AFz, F1, F5, FT7, FC3, 
FCz, C1, C5, TP7, CP3, P1, P5, PO7, PO3, POz, PO4, PO8, P6, P2, CPz, 
CP4, TP8, C6, C2, FC4, FT8, F6, F2, AF4, AF8). The impedance was 
maintained under 5 kΩ and a sampling frequency of 500 Hz was used. 
EEG recordings were initially referenced over Cz electrode and subse
quently re-referenced off-line to the average mastoid ((TP9 + TP10)/2). 
Data were preprocessed using EEGLAB v13.6.5b (Delorme and Makeig, 
2004) and Matlab R2015b (MathWorks Inc., MA, USA). Processing 
included a low pass filter of 70 Hz and a high pass filter of 0.05 Hz (Luck 
and Hillyard, 1994). Eye movements, blink, and muscle artifacts were 

rejected with an Independent Components Analysis (ICA) (Delorme 
et al., 2007). Trials contaminated with artifacts were automatically 
detected and rejected if their amplitude exceeded a statistical based 
local adaptive threshold (Bachiller et al., 2015). As a consequence, the 
mean of artifact-free trials during 1-back condition was slightly lower in 
patients (mean = 47.84, SD = ±7.61) compared to HC (mean = 52.34, 
SD = ±2.57). The artifact-free trials were averaged on each subject to 
obtain the evoked activity to the target stimulus onset. After visual 
exploration of the post-target ERP waveforms and topographies depicted 
in Fig. 1, one early fronto-central component (N100 (latency: 100–140 
ms, electrodes: AF7, AF3, AFz, AF4, AF8, F5, F3, F1, Fz, F2, F4, F6, FC5, 
FC3, FC1, FCz, FC2, FC4, FC6, C5, C3, C1, Cz, C2, C4, C6, CP3, CP1, CPz, 
CP2, CP4)), one centro-parietal deflection (P300 (latency: 320–420 ms, 
electrodes: C3, C1, Cz, C2, C4, CP5, CP3, CP1, CPz, CP2, CP4, CP6, P7, 
P5, P3, P1, Pz, P2, P4, P6, P8, PO7, PO3, POz, PO4, PO8, O1, Oz, O2) and 
one central Late Slow Wave (latency: 600–1000 ms, electrodes: F1, Fz, 
F2, FC5, FC3, FC1, FCz, FC2, FC4, FC6, C5, C3, C1, Cz, C2, C4, C6, CP5, 
CP3, CP1, CPz, CP2, CP4, CP6, P1, Pz, P2)) were analyzed. 

2.3. N-back working memory paradigm 

Each participant performed two consecutive auditory N-back tasks 
(first task: 0-back condition, second task: 1-back condition) with eyes 
closed. During the 0-back condition, a random series of 600 tones with 
an interstimulus interval (ISI) of 1500 ms was presented. The tones 
(duration 50 ms, rise and fall time 5 ms and intensity 90 dB) were 
divided into target (500 Hz tone, probability 0.2), distractor (1000 Hz 
tone, probability 0.2), and standard (2000 Hz tone, probability 0.6) 
tones. Participants were instructed to press a button when detecting the 
target tone. The 1-back condition was composed of a random series of 
270 tones divided into target (500 Hz tone, probability 0.5), and standard 
(2000 Hz tone, probability 0.5) tones (ISI: 1500 ms). In this case, par
ticipants were instructed to press the button when detecting the target 
tone only if it was immediately preceded by another target tone. For both 
modalities target tones were considered ‘attended’ tones when followed 
by a button press, and only ‘attended’ target tones were considered for 
subsequent ERP analyses. Artifact free epochs were averaged and 

Table 1 
Demographic, clinical and cognitive data in schizophrenia patients and Healthy 
Controls (HC).   

Patients (n = 50) HC (n = 35) 

Age 37.64 (11.96) 33.51 (11.16) 
Sex (male:female) 27:23 17:18 
CPZ equivalents (mg/d) 421.22 (291.28) NA 
Duration (months) 98.20 (119.12) NA 
Education (years) 15.31 (3.30) 17.05 (1.92) 
Positive symptoms (PANSS) 12.36 (3.97) NA 
Negative symptoms (PANSS) 16.38 (7.85) NA 
Total symptoms (PANSS) 54.00 (17.85) NA 
Total IQ (WAIS) 93.77 (13.17)*** 116.66 (11.64) 
Verbal memory (BACS) 37.54 (11.30)*** 54.51 (5.40) 
Working memory (BACS) 17.54 (5.02)*** 23.11 (2.56) 
Motor speed (BACS) 58.86 (17.81)*** 82.55 (14.59) 
Verbal fluency (BACS) 20.57 (5.17)*** 30.07 (3.34) 
Processing speed (BACS) 45.27 (11.29)*** 70.03 (11.69) 
Problem solving (BACS) 16.90 (3.75)** 19.22 (2.43) 
% perseverative errors (WCST) 15.29 (10.45)** 8.64 (4.44) 
0-back – Reaction times (ms) 519.16 (180.67) 490.57 (138.27) 
1-back – Reaction times (ms) 516.68 (166.59)** 429.20 (119.26) 
0-back – Artifact free epochs 93.50 (13.74) 96.57 (8.38) 
1-back – Artifact free epochs 47.84 (7.61) ** 52.34 (2.57) 

Data are stated as mean (SD). Antipsychotic doses were converted to chlor
promazine (CPZ) equivalents. Sz: Schizophrenia, HC: Healthy Controls, CPZ: 
Chlorpromazine, PANSS: Positive and Negative Syndrome Scale, IQ: Intelligence 
Quotient, WAIS: Weschler assessment of intelligence scale, BACS: Brief Assess
ment of Cognition in Schizophrenia, WCST: Wisconsin card sorting test. Signif
icant differences with respect to HC are shown for Sz patients: *p < .05, **p <
.01, ***p < .001. 
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indicated in Table 1. 

2.4. Data analysis 

Sociodemographic, behavioral, cognitive, and clinical differences 
between patients and HC were examined using Chi squared or Student's 
t-tests (Table 1). 

A Principal Components Analysis (PCA), which extracted factors 
summarizing cognitive scores (BACS and WSCT), was performed to 
reduce the number of comparisons. More details about the individual 
factor scores were included in Table 3. 

ERP data were analyzed with repeated measures ANOVA on averages 
of trials. There were three factors: group (divided in two conditions: 
patients and HC), task (divided in two conditions: 0-back and 1-back) 
and electrode. The mean amplitude values of each component were 
compared; (i) between tasks (0-back and 1-back) within each group 
(patients and HC) and (ii) between groups within each task. Finally, 
interactions were explored to compare each component amplitude dif
ference from 0- to 1-back condition between groups. The p values were 
corrected with the Greenhouse-Geisser when necessary, and effect sizes 
were assessed using partial eta-squared values (SPSS Statistics for 
Windows, Version 23.0. Chicago: SPSS Inc.). 

In a second step, we assessed the cognitive correlates of the ERP 
differences. A curvilinear regression analysis was performed with N100, 
P300 and LSW amplitudes as predictors of (i) behavioral performance 

(RTs); (ii) cognitive factor scores (summarizing BACS () and WSCT 
performance); (iii) positive and negative symptoms (PANSS); (iv) and 
treatment dose in mg/d of chlorpromazine equivalents. Previous re
gressions were performed joining patients and HC to maximize the 
statistical power. 

3. Results 

There were no significant group differences (patients vs. HC) in age, 
sex or education (years). Cognitive scores showed generalized deficits in 
patients in comparison to HC (Table 1). 

3.1. Analyses of event-related potentials 

The comparisons of ERP data are summarized in Table 2 (mean 
amplitude values/differences). Waveforms and topographies of N100, 
P300 and LSW during 0- and 1-back conditions are depicted in Fig. 1. 

3.1.1. Group and task interactions 
A three-factors repeated measures ANOVA was performed on the 

voltage data of each component (N100, P300 and LSW). Factors were: 
task (0-back, 1-back), group (patients, HC) and electrode. The results 
showed a significant task x group interaction in N1 (F1,34 = 8.59, p =
.006, ηp

2 = 0.20) and LSW (F1,34 = 5.14, p = .030, ηp
2 = 0.13), due to a 

larger amplitude increase in both component from 0- to 1-back 

Fig. 1. On the left side: averaged evoked responses in each group comparing 0-back and 1-back conditions. Midline electrodes. On the right side: topographical maps 
obtained in Sz patients and HC during 0-back and 1-back conditions. (a) Mean amplitude of N100 latency. (b) Mean amplitude of P300 latency. c Mean amplitude of 
LSW latency. 
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condition in HC compared to patients. 
To summarize, N100 and LSW amplitude increases from 0- to 1-back 

condition were significantly larger in HC as compared to patients. In 
contrast, P300 amplitude did not show between groups differences 
related to attentional/cognitive load increase (Table 2 and Fig. 1). 

3.2. Cognitive and clinical correlates 

Smaller RTs in 1-back condition were positively correlated with an 
increase of P300 (R2 = 0.152, p = .001) and LSW (R2 = 0.117, p = .004) 
amplitudes (Supplementary Fig. 1). 

PCA of cognitive scores yielded one single factor (eigenvalue 4.033) 
explaining 57.61% of the total variance, and showed positive contri
butions from BACS scores and negative contributions by perseverative 
errors in WSCT. 

The whole sample showed significantly direct associations between 
cognitive performance and the following ERP amplitudes: N100 in 0- 
back (R2 = 0.074, p = .023; Fig. 2a), N100 in 1-back (R2 = 0.170, p 
< .001; Fig. 2b), P300 in 0-back (R2 = 0.104, p = .006; Fig. 2d), P300 in 
1-back (R2 = 0.122, p = .003; Fig. 2e), LSW in 1-back (R2 = 0.232, p <
.001; Fig. 2h). Cognitive scores were also directly associated to LSW 
amplitude difference between 0- and 1-back condition (R2 = 0.103, p =
.007; Fig. 2i). 

N100, P300, and LSW amplitude differences between tasks did not 
show significant associations to cognitive performance when both 
samples were analyzed separately (Supplementary Figs. 2 and 3). There 
were also not significant associations of ERP amplitudes and positive/ 

negative symptoms or antipsychotic doses in schizophrenia patients 
(Supplementary Fig. 4). 

4. Discussion 

The aim of this study is to compare the ERP amplitude changes from 
0-back (‘lower attentional/cognitive load’) to 1-back (‘higher atten
tional/cognitive load’) condition between schizophrenia patients and 
HC. Results showed that the HC group presented higher amplitude than 
patients in N100 during 1-back; P300 during 0-back; and LSW during 
both 0- and 1-back conditions. Furthermore, the ERP amplitude increase 
in N100 and LSW components from 0- to 1-back condition was larger in 
HC compared to patients. 

According to our results, the amplitude increase in LSW from 0- to 1- 
back condition was associated with cognitive performance (Fig. 2i), 
indicating that the neural processes underlying such an increase might 
relate to those involved in cognition. This would be coherent with the 
larger LSW increase from 0- to 1-back condition in HC and the cognitive 
deficits in patients. Additionally, P300 and LSW amplitudes negatively 
correlated with RTs in 1-back condition (Supplementary Fig. 1), 
reflecting that both components would be associated with the RT benefit 
generated by the previous cue stimulus (Zhao et al., 2013). 

Regarding the cognitive performance of the schizophrenia group, the 
scores presented in this study (Fig. 2) could give the impression that 
schizophrenia patients have a ceiling effect. In this line, recent analyzes 
(Planchuelo-Gómez et al., 2020) have shown that this ceiling effect does 
not happen in the whole population of schizophrenia patients. Instead, 
there seem to be at least two subgroups of patients across schizophrenia 
and bipolar disorder based on neuroanatomy differences, showing only 
one of these two subgroups a cognitive performance similar to the 
healthy control group. 

4.1. Auditory N100 

Auditory N100 is considered a pre-attentive component associated 
with the detection of changes in the surrounding environment. This 
early negativity has been studied with attentional paradigms (designed 
to analyze the neural correlates of deviant/attended stimulus perception 
and processing) and would be reflecting both orienting of attention and 
processing of the stimulus attributes (Hillyard et al., 1973; Hung et al., 
2001; Inui et al., 2010; Arjona et al., 2017). Despite current evidence on 
this early component, there is not a clear consensus regarding the 
meaning of its amplitude reduction in schizophrenia (see Rosburg et al. 
(2008) for a critical review). Based on previous literature, our results 
would indicate that the N100 amplitude increase from 0- to 1-back 
condition in HC, but not in patients, may be due to a higher expec
tancy (or ‘short term expectation’) generated by the previous cue stim
ulus during 1-back in comparison to 0-back condition (in which deviant 
stimulus arrival can be at any time: ‘long term expectation’) (Table 2 and 
Fig. 1). In other words, the absence of N100 amplitude increase from 0- 
to 1-back condition in schizophrenia patients may suggest a possible 
deficit in the capacity to generate a higher/short term state of 
expectation. 

4.2. P300 component 

P300 is a positive wave generated between 300 and 500 ms after 
target stimulus perception, whose amplitude is higher in response to 
unexpected/salient stimuli compared to frequent ones (Polich, 2007). 
There is some agreement in considering it as a reflection of attentional 
resource allocation and working memory updating (Duncan-Johnson 
and Donchin, 1980; Beydagi et al., 2000; Kumaran and Maguire, 2007; 
Zhang et al., 2018b). Our results corroborated the reduced P300 
amplitude in schizophrenia during 0-back condition (probably reflecting 
the attentional/WM impairments), but not during 1-back (due to the 
amplitude increase from 0- to 1-back only in patients) (Table 2 and 

Table 2 
ERP mean amplitude values/differences in schizophrenia patients and Healthy 
Controls (HC).  

a)  

Patients (n = 50) HC (n = 35) 

0-back – N1 amplitude (μV) − 3.43 (2.14) − 4.37 (1.52) 
1-back – N1 amplitude (μV) − 3.10 (1.89) − 5.14 (1.94) 
0-back – P300 amplitude (μV) 2.42 (3.46) 4.70 (4.31) 
1-back – P300 amplitude (μV) 3.61 (3.43) 5.16 (3.53) 
0-back – LSW amplitude (μV) − 0.79 (3.27) 0.71 (2.56) 
1-back – LSW amplitude (μV) 2.19 (3.46) 5.19 (2.85)   

b)  

Higher amplitude 
from 0-back to 1- 
back condition 

Higher amplitude in 
HC compared to Sz 
patients 

Amplitude difference from 
0-back to 1-back condition 

N1 HC* 1-back task** HC > Sz patients** 
P300 SZ patients** 0-back task* ———————— 
LSW Sz patients*** 0-back task*  

HC*** 1-back task*** HC > Sz patients* 

a: Data are stated as mean (SD). N1, P300, and LSW mean amplitudes are 
referred to selected groups of electrodes (see materials and methods section). b: 
Significant differences with respect to controls are shown for Sz patients: *p <
.05, **p < .01, ***p < .001. 

Table 3 
Individual factor scores and PCA factor score in schizophrenia patients and 
Healthy Controls (HC).   

Patients (n = 50) HC (n = 35) 

Verbal memory 54.51 (5.4) 37.27 (11.29) 
Working memory 23.11 (2.56) 17.51 (5.07) 
Motor speed 82.55 (14.59) 58.51 (17.87) 
Verbal fluency 30.07 (3.34) 20.3 (4.89) 
Attention and processing speed 70.03 (11.69) 45.46 (11.35) 
Executive functions 19.22 (2.43) 17 (3.75) 
Wisconsin test 8.64 (4.44) 15.29 (10.45) 
PCA factor scores − 0.59 (0.79) 0.94 (0.33) 

Data are stated as mean (SD). 
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Fig. 1). Considering that P300 amplitude would be related to the ‘sur
prise’ generated by the target stimulus onset and the subsequent WM 
updating process, the smaller P300 amplitude increase in HC during 1- 
back condition may be consequence of the higher expectancy (consistent 
with the greater N100 amplitude in 1-back) generated by the previous 
cue stimulus about the target stimuli arrival. 

4.3. Late slow wave 

Analyzes of late ERP components associated with the cognitive 
processing of auditory target-stimulus have been widely reported 
(Ruchkin and Sutton, 1983; Rushby et al., 2005; Guo et al., 2010). 
Despite the variety of tasks related to long latency slow waves, com
parisons suggest that these deflections may reflect further perceptual 
and conceptual operations (beyond the activity underlying P300 

Fig. 2. Associations between ERP amplitudes and cognitive performance. White and black dots depict Sz patients and HC respectively. (a–c) Scatterplot showing the 
associations between N100 amplitude and cognitive performance. Notice the significant correlation in 0-back and 1-back conditions. (d–f) Scatterplot showing the 
associations between P300 amplitude and cognitive performance. Notice the significant correlation in 0-back and 1-back conditions. (g–i) Scatterplot showing the 
associations between LSW amplitude and cognitive performance. Notice the significant correlation in 1-back condition and for the amplitude difference between 
both conditions. 
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component), and its amplitudes would be related to task demands 
(Ruchkin et al., 1980; Parasuraman et al., 1982; Pinal et al., 2014). 
Enhanced LSW amplitude has been reported in stimulus detection, 
recognition, and localization because of increasing task difficulty. 
Matching of linguistic stimulus and semantic/abstract memorization 
also showed a correlation between task complexity and LSW amplitude 
(Sanquist et al., 1980; Neville et al., 1986; Rösler et al., 1986). LSW 
attenuation in schizophrenia patients is observed with target detection 
tasks and relates to impairments in executive functions as WM (Roth 
et al., 1981; Galletly et al., 2005). The present results showed that LSW 
amplitude increased from 0- to 1-back condition in patients and HC, 
being this increase significantly larger in the HC group (Table 2 and 
Fig. 1). Besides, our data revealed a positive association of cognitive 
scores with LSW amplitude in 1-back (Fig. 2h) and LSW amplitude dif
ference between 0- and 1-back conditions (Fig. 2i). Together, these re
sults corroborate the relation between LSW amplitude and task cognitive 
demand, and support that the higher task complexity (from 0- to 1-back 
condition) accentuates the LSW amplitude difference between HC and 
schizophrenia patients. Furthermore, the relevance of the smaller LSW 
increase in patients is supported by the association between such an 
increase and the behavioral cognitive performance. 

4.4. Conclusions 

According to our initial hypothesis, higher attentional/cognitive 
load (from 0- to 1-back condition) generated larger amplitude differ
ences in N100 and LSW components between schizophrenia patients and 
HC. Besides, LSW amplitude difference from 0- to 1-back condition was 
positively associated with cognitive performance. 

4.5. Limitations 

Among the main limitations of our study, sample size is relatively 
small and most of the patients were in a stable chronic state. Moreover, 
although the antipsychotic doses seemed not to produce a relevant effect 
on ERP amplitudes, all patients were under a stable treatment. Finally, 
the specificity of our findings cannot be assessed without further studies 
including other groups of patients. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.pnpbp.2021.110347. 
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Arjona, A., González, J.G., Gómez, C.M., 2017. Event related potentials changes 
associated with the processing of auditory valid and invalid targets as a function of 
previous trial validity in a Posner’s paradigm. Neurosci. Res. 115, 37–43. https:// 
doi.org/10.1016/j.neures.2016.09.006. 
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