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Cool executive dysfunction is a crucial feature in people living with schizophrenia
whichis related to cognition impairment and the severity of the clinical symptoms.
Based on electroencephalogram (EEG), our current study explored the change
of brain network under the cool executive tasks in individuals living with
schizophrenia before and after atypical antipsychotic treatment (before_TR vs.
after_TR). 21 patients with schizophrenia and 24 healthy controls completed the
cool executive tasks, involving the Tower of Hanoi Task (THT) and Trail-Marking
Test A-B (TMT A-B). The results of this study uncovered that the reaction time of
the after_TR group was much shorter than that of the before_TR group in the
TMT-A and TMT-B. And the after_TR group showed fewer error numbers in the
TMT-B than those of the before_TR group. Concerning the functional network,
stronger DMN-like linkages were found in the before_TR group compared to
the control group. Finally, we adopted a multiple linear regression model based
on the change network properties to predict the patient's PANSS change ratio.
Together, the findings deepened our understanding of cool executive function in
individuals living with schizophrenia and might provide physiological information
to reliably predict the clinical efficacy of schizophrenia after atypical antipsychotic
treatment.

schizophrenia, prediction, cool executive function, electroencephalogram, brain
network

1. Introduction

Schizophrenia (SP) is a severe psychiatric disorder, and most individuals living with
schizophrenia have a wide range of cognitive impairments (1). Moreover, executive dysfunction
has been postulated to be the characteristic neuropsychological symptom of schizophrenia,
which indicates that patients could not integrate multiple information and processes efficiently
to achieve a required goal (2). Executive functions are divided into hot and cool executive
functions: the former involves a high degree of motivational and emotional activation; the latter
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is seen as a high cognitive process that regulates the input and output
stimulus independently to make a behavioral response flexibly (3).
The cool executive function is appropriate and objective for exploring
the executive function in people living with schizophrenia because it
is irrelevant to a person’s emotional arousal, as well as the emotional
reactions in patients with SP are usually inconsistent with their inner
experiences (4). There is a range of classical cool executive paradigms
that are utilized to probe the deficit degree of executive function in
patients with SP. For instance, patients with SP showed a slower
reaction time and poorer performance in Trail-Marking Test A-B
(TMT A-B) which measures a subject’s primitive consciousness
movement rates and the cognitive set transfer function (4). Through
the Tower of Hanoi task (THT), researchers have explored the
individual ability to generate rules and make a plan according to those
rules (5), and the findings of a meta-analysis showed a planning deficit
in patients with SP which was moderated by task difficulty of the
minimum number of moves asked for a solution (6). Given the
characteristics of SP and the roles of the task itself, the tasks (i.e., THT
and TMT A-B) that are easy to operate are often chosen to explore the
cool executive function in patients with SP. The above showed there
was damage to cool executive function in patients with SP, mainly
involving the insufficiencies in planning, response inhibition, shifting,
working memory, and selecting information.

The atypical antipsychotic is the cornerstone of the treatment in
people living with SP, in addition to controlling the clinical symptoms,
multiple studies have implemented antipsychotic interventions to
improve the cognitive abilities in the independent daily life in patients
with SP, reflecting its another clinical treatment outcome (7, 8). For
example, there were modest improvements in attention and verbal
fluency after the clozapine treatment in patients with SP (9). Pardo
et.al explored the changes in cognitive flexibility of patients with SP
after antipsychotic treatment, and revealed that the treatment
improved patients’ cognitive flexibility in the test for attentional
performance (10). Expect for cognitive flexibility, aripiprazole has
been revealed to improve patients’ reaction time with correct
responses to task current stimuli (11). While patients with SP
performed the Wisconsin Card Sorting Test (WCST) after an 8-week
antipsychotics treatment, there was significantly improved
perseverative, and a trend for WCST categories improvement was
observed (12). Taken together, the cognitive function of patients with
SP could be improved by antipsychotic treatment interventions.
Besides the use of antipsychotics, to improve the durability and
generalization of the treatment, the cognitive remediation of the
psychosocial intervention was used to improve cognitive function in
people living with SP. The most recent meta-analysis with 130 studies
revealed a consistent small-to-moderate positive effect of cognitive
remediation treatment for individuals living with SP (13), which was
in line with the results observed in another methodologically rigorous
meta-analysis (14). Although psychosocial intervention, physical
exercise, and noninvasive brain stimulation are valid for treatment in
people living with SP, antipsychotic intervention presents substantial
benefits on clinical symptoms and is the cornerstone of
clinical treatment.

Nevertheless, the changes in the brain networks in cool executive
function before and after antipsychotic intervention in patients with
SP are still left unveiled. Electroencephalogram (EEG) (15-17) has
been widely utilized to reveal the underlying neural mechanism
during the cognitive process, such as attention, working memory, and

Frontiers in Psychiatry

10.3389/fpsyt.2023.1154011

decision-making. A typical brain network of EEG involves many
related brain areas, and the information is processed efficiently within
the network through the functionally linked areas. Four weighted
network properties (18), involving clustering coeflicient (CLU), local
efficiency (LE), global efficiency (GE), and characteristic path length
(L), corresponding to the weighted network were utilized to evaluate
the EEG network synchronization toward the patients in SP. Based on
the network analysis, the cognitive deficits were revealed in people
living with SP, showing top-down dysconnectivity during P300 tasks
(19). Therefore, based on the three classical cool executive tasks (THT,
TMT A-B), we adopted the brain network analysis of EEG in the
current research to investigate the changes in brain network in patients
with SP before and after atypical antipsychotic treatment for 8 weeks
(before_TR vs. after_TR). We also explored the potential relationship
between the symptom change index and the change of brain network
properties during the process of cool executive tasks before and after
treatment, from which a model was built to predict the clinical
treatment efficacy in people living with SP.

2. Materials and methods
2.1. Participants

Twenty-one patients with SP were recruited from inpatient and
outpatient psychiatric units at the Second Affiliated Hospital of
Xinxiang Medical University from December 2014 to May 2015. The
whole experiment was conducted in the lab of the Second Affiliated
Hospital of Xinxiang Medical University. The inclusion criteria for
patients with SP were that: (1) subjects had been diagnosed with
schizophrenia by two experienced psychiatrists utilizing Structured
Clinical Interview for the DSM-IV Axis I Disorder, patient edition
(SCID-1/P); (2) they were between 18 and 40years old, and right-
handed; and (3) they could respond and understand relevant rules
properly. Twenty-four right-handed healthy controls (HC) were
recruited from the community, with the inclusion criteria of the
absence of a current or lifetime diagnosis of Axis I or II disorders.
Exclusion criteria for both groups were: (1) they were diagnosed with
a neurological illness; (2) they had language, visual, or auditory
deficits; and (3) they had alcohol or drug abuse/dependence within
3 months.

The two groups were matched for sex, age, and years of education.
Detailed information could be found in Table 1. Written informed
consent was obtained from all participants before taking part in our
experiment according to the Declaration of Helsinki. The current
study was approved by the Ethics Committee of Xinxiang
Medical University.

TABLE 1 Demographic data information for the schizophrenia group (SP)
and the healthy control group (HC).

Group N  Sex Age, Education, Illness
(M/F) years years duration,
(range) (range) years
(range)
SP 21 9/12 27.86+7.64 13.49+2.30 5.49+5.83 ‘
HC 24 14/10 23.83+£3.89 13.85+3.04 N/A ‘
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2.2. Experimental procedures

2.2.1. Clinical evaluation

Subjects’ clinical symptoms were evaluated by the positive and
negative syndrome scale (PANSS) with 30-item which included three
factors, such as positive symptoms (7 items), negative symptoms (7
items), and general psychopathology (16 items). Subjects’ information
was measured in the week prior to the evaluation. The evaluation time
is 30-50 min for each subject. The reliability and validity of PANSS
were tested by Kostakoglu et al. in 1999 (20). The scale was assessed
by trained psychiatrists. Then, the patient’s PANSS change ratio was
obtained. And the PANSS change ratio is the pre-treatment score
minus the post-treatment score and then divided by the
pre-treatment score.

2.2.2. Intervention

The patients with SP had not taken medication for more than
3months at the time of initial enrollment and were then taking
atypical antipsychotics. In detail, there were 10 patients with 4-6 mg
risperidone, 8 patients with 20-30 mg olanzapine, and 3 patients with
15-30mg aripiprazole per day. Antipsychotics doses increased to a
standard therapeutic range within 1week. During the current study,
no other antipsychotics were utilized.

2.2.3. Cool execution tasks

After the initial enrollment, all subjects conducted the EEG
experiment that consisted of three cool executive tasks, involving the
THT and TMT A-B. In the THT task (Figure 1), there were three
tower bases, respectively, that were corresponding to three wood
blocks with distinct diameters, and the subject was instructed to move
the wood blocks from the initial location to the target location
following three rules: a. one block must be moved only one step; b. the
block needed to be placed on one of the three tower bases or the
subject’s hand; c. the larger block could not be presented on the top of
the small block. The reaction time and the number of operative steps
were utilized to evaluate the ability of individual cool execution
function in the THT. In the TMT-A, the subjects needed to link the
numbers from 1 to 25 as quickly as they could with a pen, and the pen
point must remain in contact with the paper during the processing.
The subject was guided to link numbers (i.e., 1-13) and letters (i.e.,
A-L) quickly based on an alternating sequence in TMT-B. The reaction
time and error numbers could be obtained to assess the performance
of the subject in the two tasks (Figures 1B,C). The subjects were
offered practices to ensure the rules of the three cool executive tasks
were understood, respectively, before the formal experiment began.

2.3. EEG data acquisition

Through the Cerebus 128TM Amplifier (Cyberkinetics In,
American), the EEG dataset with 64 Ag/AgCl electrodes from the 10-20
system was acquired (Supplementary Figure S1). The raw EEG was
filtered with 0-250 Hz, and the sampling rate was 1000 Hz. The reference
and ground electrodes were REF and GND, respectively. The impedance
of all electrodes was kept below 5 kQ in the whole EEG experiment.
During the processing of the resting-state EEG acquisition, the
participants were asked to close their eyes and sat in a comfortable
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position, staying as quiet and relaxed as possible in a shielded room.
Combined with a 5-min resting-state EEG, 2-min break, and task-
related EEG, there were about 12-min during the EEG acquisition.

2.4. EEG data processing

2.4.1. EEG pre-processing

A crucial problem for EEG analysis is that EEG signals are
susceptible to physiological artifacts during the processing of data
recording, especially ocular artifacts. In this study, we adopted an
independent component analysis (ICA) algorithm and wavelet
denoising to separate the ocular artifacts from our EEG data: (1) The
discrete wavelet transform decomposition of the artifacts ingredients
was measured. (2) The threshold K was defined, and we judged the
wavelet coefficient, i.e., if the coefficient exceeded the threshold, it was
set to 0. The constant was 0.6745, which was the wideband neuronal
signal for Gaussian noise. (3) The inverse discrete wavelet transform
of the thresholded coefficients was evaluated, and the EEG by inverse-
transformed wavelet coefficients was rebuilt. The subsequent
pre-processing procedures, involving averaging referencing, 0.1-45Hz
band-pass filtering, the 3-s-length data segmenting, and artifact trial
removal (£120pV serve as threshold), were utilized in the current
study. After the task-related EEG data preprocessing, the number of
remaining segments (trials) was 40+29 for the before_TR group,
20+ 13 for the HC group, and 33 +22 for the after_TR group.

2.4.2. EEG network analysis

Next, coherence (COH) was used to construct the corresponding
network for each segment from the EEGs of the three cool executive
tasks. Finally, the individual adjacency matrix was averaged across all
segments to estimate the task-related connectivity matrix. We used the
21 canonical electrodes of 10-20 international system in this study,
involving FP1, FP2, FPz, F7, F3, F4, Fz, F8, T7, C3, C4, Cz, T8, P7, P3,
P4, Pz, P8, O1, 02, and Oz, to reduce the effect of volume conduction
during the network analysis (21, 22). Based on the 3-s EEG segments
after the preprocessing procedure, we utilized the coherence to
evaluate the functional connectivity and the synchrony-defined
neuronal assemblies at each frequency point between every pair of
electrodes (18). Coherence is formulated as follows,

ny(f)— |PXY(f)|

P () Br () W

where Pxy(f) is the cross-spectrum of X(¢) and Y(t) signals at the
frequency point f. In addition, Pxx(f) and Pyy(f) express the auto
spectrum assessed from the Welch-based spectrum of X(¢) and Y(t).
Cxy(f) indicates the frequency-dependent coherence. The network
edge was estimated by averaging the coherence value over the
interested frequency range, Cxy, which conducted 21 x 21 weighted
adjacency matrices for every segment. By averaging the individual
adjacency matrices of the artifact-free segments, we obtained a final
brain network that worked on EEG in subjects with different cool
executive tasks.

To quantitatively estimate the brain network while processing
related cool executive information, four network properties in the
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The three cool executive tasks: (A) the Tower of Hanoi Task; (B) Trail-Marking Test A; (C) Trail-Marking Test B.
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current study, namely, CLU, LE, GE, and L were calculated. C; is the
coherence value between i and j. N expresses the node number, 0
denotes the set of all nodes in a given brain network, and dj indicates
the shortest path length between i and j. These four network properties
are expressed as follows,
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We adopted the brain connectivity toolbox (BCT)' to measure the
four brain network properties for the three cool executive networks in
our study.

2.5. Statistical analysis

To build a prediction model of the clinical efficacy (PANSS change
ratio) of the patients with SP, the four change network properties (i.e.,
CLU, LE, GE, and L) before and after treatment were utilized as the
variables in the multiple linear regression model. First, the collinearity
diagnostics were used (the variance inflation factor<10 and the
tolerance >0.1), and the multiple linear regression model was built

1 http://www.nitrc.org/projects/bct/
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subsequently. We adopted the leave-one-out cross-validation strategy
in the current study to predict the clinical efficacy in patients with SP
(23). The leave-one-out cross-validation is the leave-one subject out.
In each cross-validation, #n-1 samples were used for training, and the
remaining 1 sample was used for testing. Subsequently, we assessed
the regression coefficient for the four variables, and the prediction
model for n-1 samples was built. Then, we adopted the prediction
model to predict the PANSS change ratio of a subject in the test set.
In this study, the above procedures were repeated n times until all
subjects served as a testing set for one time. To evaluate the prediction
performance, we then obtained the correlation coefficient between the
predicted and actual PANSS change ratios through the Person’s
correlation analysis with a false discovery rate (FDR) correction.
Finally, we adopted the root mean square error (RMSE) to estimate
the prediction error. A smaller RMSE corresponds to a better
prediction of clinical efficacy in people living with SP.

The SPSS statistics 17.0 was utilized in the current work to
explore the cool executive function differences in the patients with
SP before and after atypical antipsychotic treatment. The Shapiro-
Wilk test was utilized to assess the distribution of data. The
independent t-test was used to quantify the differences in behaviors
and brain networks following normal distribution in the three cool
executive tasks between the before_TR group and the HC group. The
paired t-test was used to quantify the differences (i.e., behaviors,
PANSS scores, and brain networks) following normal distribution in
the three cool executive tasks between the before TR and after TR
groups. Non-parametric tests were used to explore the difference in
the number of operative steps and errors which were not fit the
normal distribution in tasks among different groups. During the
statistical analysis, a significant level of 0.05 was set, if the value of p
is smaller than 0.05, the result then shows a significant between-
condition difference. We also explored the potential relationships
between the symptom change index and the change of brain network
properties during the process of cool executive tasks before and after
treatment, from which a model was built to predict clinical efficacy
in people living with SP. Pearson’s correlation with an FDR correction
was adopted to explore the relationship between cognitive
performance and PANSS in pre-treatment patients.

3. Results
3.1. The before_TR group vs. the HC group

We explored the behavioral difference between the before_ TR
group and the HC group during the three cool executive tasks (i.e.,
THT, TMT-A, and TMT-B). In the THT, there was no significant
difference between the two groups in the reaction time and the
operative step (p>0.05). We found that the reaction time of the
before_TR group was much longer (p <0.001) than that of the HC
group in the TMT-A, while there was no significant difference in the
error number between the two groups (p>0.05). In the TMT-B,
compared to the HC group, the before_TR group showed a longer
reaction time (p <0.001) and more error numbers (p <0.001; Table 2).
Through Pearson’s correlation analysis between the cool executive
tasks and the clinical symptoms in the before_TR group, we found
that there was a positive relationship between the reaction time in
TMT-A and the patients’ positive symptoms (r=0.50; p=0.02).
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TABLE 2 Behavioral indicators in the cool executive tasks for the before_
TR group and the control group.

Group
before_TR Control
(n=21) (n=24)

RT 90.71+61.17 66.42+52.03 1.44
Task 1

Step 18.38+11.40 14.17+7.53 200.50

RT 63.57£22.96 35.29+10.35 5207
Task 2

Error 0.38+0.81 0.29+0.62 243.50

RT 203.00 +94.05 82.33+35.16 5.55%%
Task 3

Error 4194433 0.33+0.82 118.50%%

#p<0.05, *#p <0.001. RT: the reaction time; Step: the operative step; Error: the error number.

Based on the coherence brain network analysis, we further explored
the underlying network differences between the before_TR group and
the HC group in the cool executive tasks (THT; TMT-A; TMT-B) by
using an independent-sample #-test. In Figure 2, the EEG-based default
mode network (DMN) exhibits stronger activity in the before_TR group
compared to that of the control group in the cool executive tasks (p <0.05,
FDR corrected). We quantitatively measured the corresponding network
properties by four measurements (Clu, Le, Ge, and L), as well as the
underlying differences between the before_TR group and the HC group.
As illustrated in Figure 2, increased Clu, Ge, and Le, as well as a shorter
L in the three tasks, were observed in the before_TR group (p<0.05).

3.2. The before_TR group vs. the after_TR
group

Table 3 displays that, in the TMT-A and TMT-B, we found that the
reaction time of the after_TR group was much shorter than that of the
before_TR group (p<0.05). There was no significant difference in the
operative step in THT and the error number in TMT-A between the two
groups. In the TMT-B, compared to the before_TR group, the after TR
group showed fewer error numbers (p=0.04). Figure 3 shows
improvement in symptoms in patients with SP after treatment. Three
PANSS symptoms, namely the positive and negative symptoms, and the
general psychopathological, and the total PANSS score showed
significant improvement in the after_TR group (21.38+3.63;17.57+5.24;
35.67+6.83; 74.62+£13.76) relative to those of the before_TR group
(14.29+5.43; 14.29+5.25; 28.67 £ 7.96; 57.24 £ 17.40) (p <0.001).

We further explored the underlying network differences between
the before_TR group and the after_TR group in the cool executive
tasks (THT; TMT-A; TMT-B). In Figure 4, the EEG-based DMN
exhibits stronger activity in the before_TR group compared to that of
the after_TR group in the cool executive tasks (p <0.05, FDR corrected).
We quantitatively analyzed the differences between the before_TR
group and the after_TR group in the four network measurements. As
illustrated in Figure 4, increased CLU, LE, GE, as well as a shorter L in
the three tasks, were observed in the before_TR group (p <0.05).

3.3. The after_TR group vs. the HC group

In the THT, there was no significant difference between the two
groups in the reaction time and the operative step (p >0.05). In the
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FIGURE 2

The first line is network topology differences between the before_TR group and the control group in the cool executive tasks (Task 1: THT; Task 2:
TMT-A; Task 3: TMT-B). The corresponding network properties in the three tasks were below the network topologies. ** indicates p<0.01. The blue
solid lines denote the stronger network edges (p<0.05, FDR corrected) of the before_TR group compared to those of the control group.
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TABLE 3 Behavioral indicators in the cool executive tasks for the before_
TR group and the after_TR group.

Group
before_TR after_TR
(n=21) (n=21)

RT 90.71+61.17 87.67+61.27 0.20
Task 1

Step 18.38+11.40 19.38+9.88 —-0.24

RT 63.57+22.96 50.57+18.93 4.41%%
Task 2

Error 0.38+0.81 0.45+1.15 —0.14

RT 203.00+94.05 160.95+56.72 2.42%
Task 3

Error 4194433 2.00+1.92 —2.07%

#p<0.05, *##p <0.001. RT: the reaction time; Step: the operative step; Error: the error number.

TMT-A, we found that the reaction time of the after_TR group was
much longer (p <0.05) than that of the HC group, while there was no
significant difference in the error number between the two groups. In
the TMT-B, compared to the control group, the after_ TR group
showed longer reaction time and more error numbers (p <0.01).
We also explored the underlying network differences between the
after_TR group and the control group in the cool executive tasks
(THT; TMT-A; TMT-B). In Figure 5, there is no significant network
topology difference between the after_TR group and the HC group in
the cool executive tasks, and no significant differences in the network
properties were found (p >0.05).

3.4. The clinical efficacy prediction based
on the change in network properties

Given the relationship between the change network properties
and the PANSS change ratio (p <0.05), the change network properties

Frontiers in Psychiatry

(CLU, LE, GE, and L) in the cool executive tasks may be features to
predict the patients PANSS change ratio. Figure 6 shows the
correlation between predicted and actual PANSS change ratios, where
the X and Y axes illustrate the predicted and actual PANSS change
ratios, respectively. Pearson’s correlation coefficient between predicted
and actual PANSS change ratios was r=0.48 (p=0.03), and the
corresponding root means square error was 9.90%. Based on the 21
patients with SP, we finally built the regression model to predict the
clinical efficacy, and the model was Y =0.197-2.081%L.

4. Discussion

The cool executive function may be a key source of skills in life
and occupation, and have critical impacts on human quality of life
(24), and cool executive function recovery in people living with SP
may help them to better seamlessly integrate into society and work.
The present study investigated the changes in behavioral
performance and brain networks under the cool executive tasks in
patients with SP after atypical antipsychotic treatment for 8 weeks.
The behavioral data from the TMA-A and TMT-B tasks suggested
that the before_TR group overall showed a longer reaction time than
that of the HC group, reflecting slower processing speeds in patients
with SP to complete relevant cool executive operations, which is
consistent with preceding studies (25, 26). A recent study by Ojeda
et al. utilized confirmatory factor analysis to evaluate the fit of the
6-factor model and found that patients with SP showed a slowing
processing speed in the neuropsychological measures of working
memory and executive functioning (27). The slower processing
speed in individuals living with SP may be related to the inability to
attenuate the perception effect of unimportant information, and the
tendency to make irrelevant observations (28). Although the error
number in the TMT-A and the operative step in the THT related to

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1154011
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Sietal

10.3389/fpsyt.2023.1154011

100
90
80
70
60
50
40
30
20
10

PANSS

Positive

FIGURE 3

Negative

W before TR ™ after TR

The PANSS scores for the before_TR group and the after_TR group. ** indicates p<0.01.

ook

General Total

..a’n"'!’"
NS P
NLANIAN VY
N "“}‘g!e z

{

Network properties
o

0

FIGURE 4

s before_TR
=== after TR

0

The first line is network topology differences between the before_TR group and the after_TR group in the cool executive tasks (Task 1: THT; Task 2:
TMT-A; Task 3: TMT-B). The corresponding network properties in the three tasks were below the network topologies. ** indicates p<0.01. The blue
solid lines denote the stronger network edges (p<0.05, FDR corrected) of the before_TR group compared to those of the after_TR group.

a series of cognitive processes flexibly in problem-solving, the
present study revealed that there was no significant difference
between the patients with SP and the healthy controls. Given that
TMT-A and THT with 3-level only involve the simple cool executive
operation and maybe do not require much cognitive resources and
energy compared to complex tasks, patients with SP can solve
problems and attain goals smoothly. Frith et al. adopted a simple
motor task that is designed to elicit errors to explore the problem-
solving ability of patients with SP and found healthy controls and
patients could correct the existing errors in the absence of visual
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feedback (29). Nevertheless, in the context of a more complex
executive task (TMT-B), the cognitive impairment in patients with
SP was highlighted by a slower response and more errors and could
not flexibly solve the existing problems well. Emerging evidence has
denoted that to accomplish a complex executive task and achieve its
required goals individuals need to implement a successful cognitive
operation which is required multiple cognitive resources (i.e.,
attention, working memory, and learning) working together (30, 31).
For instance, one study utilized the WCST, which is involved in
constant cues and underlying principles as well as feedback
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regarding prior responses, revealed that patients with SP performed
worse with more errors and fewer categories compared to the
controls after controlling the age, sex, and education (32). As
revealed by the current study, in the TMT-B, which requires flexible
attention set-shifting between the numbers and the letters, the
before_TR group showed more error numbers than those of the
control group. Clinically, we found there was a positive relationship
between reaction time in TMT-A and the patients’ positive
symptoms. The main positive symptoms of schizophrenia patients
are abnormal thinking, delusions, and auditory hallucinations (33).

Frontiers in Psychiatry

Although there is a gap in the cool executive performance
between the before_TR group and the HC group, we further
presented that the cool executive function of the after_TR group was
improved relative to the before_TR group through the atypical
antipsychotic treatment for 8 weeks. The reaction time of the after_
TR group was much shorter than that of the before_TR group in the
TMT-A and TMT-B. What’s more, the after_TR group showed fewer
error numbers in the TMT-B than those of the before_TR group. It
reflected that the processing speed and problem-solving abilities in
patients with SP were improved, which indicated that the cool
executive dysfunction of SP could be improved by the atypical
antipsychotic treatment. Multiple studies uncovered that the
cognitive function (i.e., planning, sequencing, and executive
function) in patients with SP improved and performed better in
cognitive tasks after the antipsychotic treatment (34, 35). For
instance, in a systematic review, Houthoofd confirms the efficacy of
the antipsychotic treatment in improving the reasoning and
problem-solving skills that were evaluated by WCST in patients with
SP (36). Moreover, the after_TR group showed lower scores in the
PANSS than the before_TR group. This observation corroborated
the findings achieved by Remberk et al. who observed that the
clinical treatment may be more effective in improving cognitive
function outcomes with a reduction of symptom severity and
moderate some aspects of executive functions (35).

The human brain serves as a large-scale network, and efficient
brain architecture, including multiple brain regions, engages in
integrative accomplishment successfully during cognitive tasks (i.e.,
attention and decision-making) (37, 38). However, dysfunctions in
individual-related regions disturbed the brain’s efficient processing
of relevant information, which then led to cognition performance
deficits (39). Moreover, the brain of patients with SP is also reshaped
by this abnormality (40). The network topology difference in our
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present study consistently uncovered dysfunctions in the multiple
brain areas in the before_TR group during the cool executive tasks.
The DMN is a network that is characterized by being active at rest,
but which is deactivated when a cognitive activity is performed in
favor of alternative, more efficient networks under the task (e.g., on
demand of an executive cognitive activity). Our results showed that
during the cool executive tasks, there was no DMN activation in the
HC group, but stronger DMN-like linkages were found in the
before_TR group, which reflected the dysfunctional activation of the
DMN in patients with SP. As illustrated by previous studies,
schizophrenia patients showed increased sensitivity to self-
referential thought and the external environment (41, 42), which
may induce more dysfunctional brain network linkages. The brain
regions of patients with SP were more activated than the controls,
which resulted in increased functional linkage within the DMN. In
addition, Koch et al. proposed the reduction of brain activation
during the processing of decisions and learning made individuals
more likely to make correct choices, whereas persons living with SP
did not present this reduction in brain linkage, thus leading to
impaired cognitive performance (43). After the atypical antipsychotic
treatment for 8 weeks decreased DMN-like linkages were observed
in patients with SP, which could be contributed to the effect of
atypical antipsychotic treatment. Furthermore, there is a relationship
between the changed network properties and the PANSS Change
ratio in the current study, and the changed network properties (CLU,
LE, GE, and L) may serve as the features to predict the patient’s
PANSS change ratio.

There are some unanswered questions in the current study that
need further inquiry. A limitation is that there were likely noises in the
global network involving primary motor activity (beyond executive
functions) that occurred during the tasks and the acquisition of the
EEG signals (i.e., hand and pencil movement). Further, we will try to
use executive function tests of simple motor response (e.g., single
mouse-click selection response paradigms) to reduce these noises. The
variability of the drug treatment (3 different types without enough
separate samples to be tested) and the small sample size also need to
further improve in this study. The assessment of the cool executive
function only included THT and TMT A-B, we will adopt more
comprehensive tasks to evaluate individuals’ cool executive function
in our future work.

The present study revealed the behavioral and brain network
changes of the cool executive function in individuals living with SP
before and after atypical antipsychotic treatment, deepened our
understanding of cool executive function in individuals living with SP,
and might provide physiological information to reliably predict the
clinical efficacy of the treatment. Future research should aim to parse
out the intervention of cool executive tasks combined with atypical
antipsychotic treatment. While the goal of the intervention of
cognitive tasks is to be utilized in daily life, more work needs to
be done for individuals living with SP thus promoting the transference
of these cognitive benefits to daily function.
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