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1Department of Psychiatry, The Fifth People’s Hospital of Xiangtan City, Xiangtan, China, 2Department
of Psychiatry, Chaohu Hospital of Anhui Medical University, Hefei, China, 3Department of Psychiatry,
Chongqing Changshou District, Mental Health Center, Chongqing, China
Background: Schizophrenia is one of the most severe mental disorders,

frequently associated with aggression and violence, particularly in male

patients. The underlying mechanisms of violent behavior in these patients

remain unclear, limiting effective treatment options and highlighting the need

for further research into interventions for impulsive behaviors. This study aims to

evaluate the clinical efficacy of neurofeedback treatment in hospitalized male

schizophrenia patients exhibiting impulsive behaviors.

Methods: The study was designed as a single-center, randomized, single-blind,

sham-controlled parallel trial. Eighty patients were randomly assigned to either a

study group or a control group. The control group received risperidone and sham

neurofeedback,while thestudygroup received risperidoneandactiveneurofeedback

therapy.Bothgroupsunderwent trainingfive timesperweek,witheachsession lasting

20 minutes, over a six-week period. Clinical symptoms were assessed at baseline,

three weeks and six weeks using the Positive and Negative Syndrome Scale (PANSS),

theModifiedOvert Aggression Scale (MOAS), and the Rating Scale for Extrapyramidal

Side Effects (RSESE). Statistical analyses were conducted to compare the therapeutic

effects between the two groups at the study’s conclusion.

Results: Initial comparisons showed no significant differences in baseline data,

except for the number of prior hospitalizations (P<0.018). By the end of the study,

the study group demonstrate significant improvements in MOAS and PANSS

scores (including the Excited, Positive, Cognitive, and Depressive/Anxiety

Components), with no significant changes in RSESE scores.

Discussion: Both time and group interactions were significant across most

outcomes, underscoring the efficacy of neurofeedback in reducing the severity

of impulsive behaviors and associated schizophrenia symptoms.

Clinical trial registration: chictr.org.cn, identifier ChiCTR2200063407
KEYWORDS

neurofeedback therapy, male, schizophrenia, agitation, impulsiveness, PANSS-
excited component
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1 Introduction

Schizophrenia, characterized by persistent cognitive, emotional,

behavioral, and volitional impairments, is a leading cause of

disability worldwide, with a high potential for relapse that results

in significant social dysfunction. It is recognized as one of the

top ten most disabling global diseases, often resulting in severe

adverse outcomes and considerable burden on the families of

affected individuals (1, 2). Compared to the general population,

impulsivity and violent behaviors are markedly more prevalent in

individuals with schizophrenia (3). Longitudinal studies published

in The Lancet Psychiatry indicate that the incidence of such

behaviors in schizophrenia is significantly higher than in other

mental disorders over periods of 5 to 10 years (4). Notably,

impulsive and violent actions are considerably more prevalent in

male patients than in female patients (5–7). These actions often

involve recklessness and cruelty and are typically executed in public

settings (8).

Impulsive and violent behaviors in male schizophrenia patients

have attracted significant social attention due to the substantial

economic burden and safety concerns they pose for families and

communities. The neuroelectrophysiological and pathological

underpinnings of these behaviors remain elusive, leading to a lack

of targeted treatments. Modified Electroconvulsive Therapy

(MECT) is widely used in clinical settings to address acute

schizophrenia symptoms, such as agitation. However, the use of

anesthetics and electroconvulsive methods during MECT can

impair emotional and cognitive functions and may even alter

brain structures (9, 10). The risks associated with anesthesia and

electroshock in this treatment process also require careful

consideration (11). Consequently, this treatment often elicits

anxiety and resistance among patients and their families.

Although antipsychotic drugs and mood stabilizers are effective in

reducing impulsive and agitated behaviors (12), the potential side

effects, including Neuroleptic Malignant Syndrome (NMS) (13), QT

prolongation syndrome, sudden death, and respiratory suppression,

are significant concerns (14).

In recent years, neurofeedback therapy has gained prominence

for its non-invasive nature and minimal side effects, showing

promise in treating various mental disorders (15). It has been

applied to alleviate symptoms in conditions such as autism (16),

depression (17), and schizophrenia, particularly its negative

symptoms (18). This therapy modulates brainwave frequencies by

enhancing or suppressing specific waves to achieve desired

therapeutic outcomes. Typically, alpha waves (8-13Hz), which are

dominant in magnetoencephalograms of healthy individuals’ (19),

are targeted. These waves, generated through cortical interactions

influenced by thalamic rhythms, diminish in individuals displaying

increased excitability and impulsive or violent behaviors, suggesting

a reduced cortical inhibitory function (20). Studies have

consistently shown that reduced alpha wave activity in the

temporal and occipitoparietal regions correlates with violent

behaviors in males with mental disorders (21). Furthermore,

reductions in alpha rhythms have been identified as a key

electrophysiological change in violent offenders with antisocial

personality disorder (22). Additionally, several studies indicate
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that schizophrenia patients exhibit lower alpha wave amplitudes,

with a notable negative correlation between alpha amplitude and

the severity of psychotic symptoms, particularly impulsivity and

violent behaviors (23–27). This background provides a theoretical

foundation and a practical approach for the current study, which

involves alpha wave enhancement training in male schizophrenia

patients with impulsive behaviors. The aim is to increase cortical

inhibitory capacity, thereby reducing the occurrence of impulsive

behaviors. This study focuses on neurofeedback training that

enhances alpha waves over a six-week period, with sessions

conducted five times per week, to diminish impulsive behaviors

and improve clinical symptoms through the modulation of

neuroelectrophysiological signals.

Our study introduces a novel, non-invasive treatment modality

for male schizophrenia patients exhibiting impulsive behaviors,

broadening the range of clinical interventions available for

managing impulsivity in mental disorders. This advancement is

particularly crucial for increasing clinical effectiveness in these

patients by significantly reducing occurrences of impulsive

violence and potentially decreasing the incidence of violent

criminal behavior among this group.
2 Materials and methods

2.1 Study design and participants

The study enrolled 80 male inpatients with schizophrenia

exhibiting impulsive behaviors, recruited from Xiangtan City’s

Fifth People’s Hospital between September 1, 2022, and August

31, 2023. Participants met the following inclusion and

exclusion criteria:

Inclusion Criteria:
1. Diagnosed with schizophrenia according to the

International Classification of Diseases-10.

2. Male, aged 18-65 years, with no significant physical

illnesses, and able to participate in neurofeedback therapy.

3. Minimum one-month prior treatment with standardized

oral risperidone (3-6 mg/day), without concurrent

therapies (physical, psychological). Currently they should

be in a stable (non-acute) phase, have never been treated

with MECT and mood stabilizers (lithium, valproate, etc.)

or sedative-hypnotics (benzodiazepines, barbiturates, etc.)

in the last month.

4. Documented history of impulsive behavior.

5. Scores of ≥60 on the Positive and Negative Syndrome Scale

five-factor model (PANSS-5F) and ≥14 on the PANSS-

Excited Component (PANSS-EC), with a score of ≥4 on at

least one of the five items (28, 29).
Exclusion Criteria:
1. Contraindications to neurofeedback therapy, including a

history of epilepsy, severe physical illnesses, or other

organic brain diseases.
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2. Concurrent substance abuse.

3. Co-existing intellectual disabilities.

4. Persistent impulsive behavior that precludes cooperation

with the treatment.
This study was approved by the Ethics Committee of the Fifth

People’s Hospital of Xiangtan City (approval number: 2022003) and

was conducted in full compliance with the Declaration of Helsinki,

with no conflicts of interest. All participants were provided with

detailed information about the study and voluntarily signed

informed consent forms, ensuring their cooperation and the

protection of their privacy rights throughout the research process.

All staff involved in the study, including psychiatrists, psychiatric

nurses, and rehabilitation physicians administering neurofeedback

therapy, completed standardized training before the study began.

These rehabilitation trainers involved in the treatment all hold

certificates of accreditation issued by the relevant administrative

departments in China, and can legally perform tasks related to EEG

systems. The progression of the study is illustrated in Figure 1.
2.2 Randomization and blinding

The study was designed as a single-center, randomized, single-

blind, sham-controlled parallel trial. Patients were randomly

allocated into two groups using a random number table: a study
tiers in Psychiatry 03
group (n=40) and a control group (n=40). Blinding was

implemented according to a neurofeedback treatment protocol

(30), ensuring that all participants were unaware of their group

assignments and the authenticity of the neurofeedback they received

was authentic. Due to the nature of the intervention, rehabilitation

therapists administering the feedback were necessarily aware of

whether the feedback was real or sham but maintained strict

confidentiality throughout the treatment process. Both groups

received identical pre-training guidance from the feedback system.

However, during the sessions, the neurofeedback device for the

control group was offline. Therapists manually operated the system

to display random game animations unrelated to actual feedback

signals until the completion of the training. Blinding was maintained

until after the final data collection.
2.3 Intervention

2.3.1 Trial equipment
For group neurofeedback therapy sessions, the BBB-2A device

from Guangzhou Runcie Medical Instruments Co., Ltd., China, was

utilized. This device used in our study is not approved by the FDA.

However, it has been approved for clinical use by the National

Medical Products Administration (NMPA) in China. This system

allowed therapists to control sessions from a central terminal,

enabling simultaneous treatment of up to 20 patients. Continuous
FIGURE 1

Flow diagram of the study.
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EEG raw signals were captured using the device’s integrated 3-

channel EEG cap, adhering to the international 10-20 system

placement at FP1, FP2, and FPz. FP2 was used as the reference

electrode, while FP1 served as the ground electrode. To ensure

signal quality, the impedance at all electrode sites was kept below 5

kW. The system operated at a sampling rate of 1024 Hz, with a

band-pass filter range of 1-30Hz and a notch filter at 50 Hz to

eliminate electrical interference.

2.3.2 Neurofeedback therapy protocol
The study involved two groups of participants: the control group

received risperidone coupled with sham neurofeedback treatment,

while the study group received risperidone alongside actual

neurofeedback treatment. Treatment sessions were conducted five

times a week, lasting 20 minutes each, over a six-week period (31).

Participants were excluded from the study if alterations in medication

or dosage were necessary due to changes in psychiatric symptoms.

We refer to Evidence-Based Practice on Biofeedback and

Neurofeedback, edited by Prof. Surmeli (57), to set up the research

group’s training regimen: Therapists tailored the neurofeedback

training by selecting from various animated. Before starting the

treatment, participants followed guided relaxation instructions

provided by the software. Once the relaxation was finished, the

EEG cap collected up to 10 seconds of electroencephalogram power

spectral data. The feedback instrument analyzed this data to calculate

the power ratio of alpha waves across all frequency bands from 1-35

Hz. At the same time, the instrument automatically set the feedback

threshold according to the power ratio. The bonus percentage was

automatically set based on the difficulty level of the game in the

feedback treatment, the higher the difficulty the lower the percentage.

During the feedback training, patients were required to watch a game

animation on the computer screen with their eyes open throughout

the session. They were guided by the background music and cues

from the game to maintain their EEG alpha wave activity above a

certain threshold to keep the animation playing until the end of the

training. Instructions within the module aided patients in completing

the neurofeedback tasks, encouraging them to fully immerse in and

mentally engage with the experience. At the end of each session, four

rehabilitation trainers were assigned to discuss the treatment with the

patients and complete the feedback sheets. Since the study involved

group neurofeedback sessions, with up to 20 patients receiving

treatment simultaneously, each trainer communicated with about

five patients and completed their treatment documentation. As the

sessions progressed, therapists adjusted the difficulty of the training

based on the patient’s performance to continuously tailor the

therapeutic approach. Participants were also withdrawn if they

consistently failed to complete the designated training tasks during

the neurofeedback therapy.
2.4 Outcome measures

To evaluate the clinical psychiatric symptoms of the patients,

the study employs the PANSS-5F scale. The severity of aggressive
Frontiers in Psychiatry 04
behaviors was measured using the Modified Overt Aggression Scale

(MOAS), while side effects were assessed with the Rating Scale for

Extrapyramidal Side Effects (RSESE). Additionally, the study

tracked the number of seclusion and mechanical restraint

incidents to gauge episodes of impulsivity or agitation (32). These

incidents were defined as the total occurrences from the beginning

of the study to its conclusion, with each episode involving agitation

or impulsivity counted as a single incident, from initiation

to release.

Researchers gathered both demographic information (such as

age, ethnicity, and marital status) and general clinical data (such as

age at onset and number of hospital admissions) for both patient

groups at baseline using a specifically designed scale. The PANSS-

5F, MOAS, and RSESE were utilized to assess all participants at

three pivotal times: before the intervention (T0), at the third week

(T1), and at the end of the sixth week (T2). Additionally, we

collected root mean square (RMS) value of the alpha wave for the

study group both at baseline and at the conclusion of the sixth week.

Unfortunately, due to the control group’s host being offline during

the sham neurofeedback stimulation, we were unable to gather RMS

value of the alpha wave for this group, leading to missing data in

this segment.

2.4.1 Primary outcomes
In the study, agitation and impulsivity were evaluated using the

PANSS-EC and the MOAS, which were designated as the primary

outcomes. The PANSS-EC, a subscale of the PANSS-5F, is widely

utilized to measure agitation or impulsivity in clinical

pharmacotherapy trials (33, 34).It includes five specific items—

hostility, uncooperativeness, impulsivity, tension, and excitability—

each rated on a scale from 1 (nonexistent) to 7 (extreme). A higher

score on the PANSS-EC reflects greater severity of agitation or

impulsivity. The MOAS, on the other hand, assesses the most severe

forms of aggression displayed by a patient over the previous month

and includes categories such as verbal aggression, physical

aggression towards others or oneself, and aggression towards

objects (35, 36). The total score on the MOAS indicates the

overall severity of aggressive behaviors.

2.4.2 Secondary outcomes
The study designated the scores on the PANSS-5F, PANSS

Negative Component (PANSS-Ne), PANSS Cognitive Component

(PANSS-Co), PANSS Depressive/Anxiety Component (PANSS-

DA), PANSS Positive Component (PANSS-Po), RMS value, and

RSESE, as well as the number of protective restraint events, as

secondary outcomes. The PANSS-5F score reflects the overall

severity of psychiatric symptoms, with higher scores indicating

more severe conditions. Similarly, elevated scores on the PANSS-

Ne, PANSS-Co, PANSS-DA, and PANSS-Po suggest increased

severity in negative symptoms, cognitive impairments, anxiety/

depression, and positive symptoms, respectively. The PANSS-5F

model has been validated as an effective tool for capturing

multidimensional changes in conditions of schizophrenia patients

with impulsivity (37–39). RMS value was employed to evaluate the
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changes in alpha wave activity in the study group before (T0) and

after (T2) the treatment. The RSESE measured the severity of

extrapyramidal side effects, with rising scores denoting more

severe effects. Monitoring changes in RSESE scores helps evaluate

the impact of the study interventions on extrapyramidal functions.

The frequency of protective restraint events, a common measure in

psychiatric settings, served as an indirect indicator of the

distribution and potential reduction of impulsive behaviors

among participants; more frequent events imply higher levels

of impulsivity.
2.5 Statistical analysis

In a study employing neurofeedback treatment, a Repeated

Measures Analysis of Variance was used to assess the MOAS,

reporting an effect size of 0.36 (40). Based on this effect size, with

a significance level (a) set at 0.01 and a statistical power (1-b) of 0.8,
the necessary total sample size was calculated to be 64 using G-

Power 3.1.9.2 (41).

After the 6-week treatment period, data were collated and

collected for analysis using IBM SPSS Statistics 25.0. All

participants who received at least one instance of the randomized

treatment and had one set of baseline data collected were included

in the analysis, adhering to the intention-to-treat (ITT) principle.

Continuous variables were analyzed as mean ± standard deviation

(Mean ± SD) if they followed a normal distribution, or as median

and interquartile range [Mdn (P25, P75)] if not. Categorical

variables were presented as frequencies (%). Group comparisons

were performed using the Chi-square test, independent samples t-

test, or Mann-Whitney U test, depending on the data type.

For repeated continuous measures, a two-way Repeated-

Measures ANOVA was employed to evaluate the effects of time

(baseline, end of week 3, end of week 6), group, and their interaction

on both primary and secondary outcomes. Statistical significance

was set at p < 0.05 (two-tailed). In cases where participants did not

complete the study, the Last Observation Carried Forward (LOCF)

method was used to address missing data, thereby minimizing its

impact on the study results.
3 Results

3.1 Comparison of baseline data between
control and study groups

The study enrolled 80 eligible patients with an average age of

43.11 ± 9.18 years and an average illness duration of 85.71 ± 44.01

months. The flowchart of the study protocol is depicted in Figure 1.

Baseline comparisons between the control and study groups

revealed a statistically significant difference only in the number of

hospitalizations (P=0.018). Other baseline data showed no

significant differences, as outlined in Table 1. The initial alpha

wave RMS value for the study group was recorded at 6.78 ± 1.46.
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3.2 Comparison of outcomes between
control and study groups after 3 and 6
weeks of intervention

At the conclusion of the study, the control group recorded six

instances of protective restraint events, including four cases of

aggression towards others and two cases of destructive escape

behaviors. In contrast, the study group had two cases of

aggression towards others. The difference in the number of

protective restraint events between the two groups was not

statistically significant (c² = 2.22, P = 0.136). At time T2, the

alpha wave RMS value for the study group was recorded at 8.60 ±

1.84. Compared to the baseline measurement at time T0, the paired

sample t-test showed a statistically significant difference (t = -6.59,

p < 0.001).

In the repeated measures ANOVA, significant effects were

observed across several measures: the Modified Overt Aggression

Scale (MOAS) showed significant change with an F-value of 12.21

(P < 0.001, h² = 0.14); the PANSS-5F demonstrated a substantial

effect (F = 128.52, P < 0.001, h² = 0.62); the PANSS-EC indicated

significant differences (F = 108.30, P < 0.001, h² = 0.58); the PANSS-

Po (F = 58.99, P < 0.001, h² = 0.43); the PANSS-Ne (F = 115.18, P <

0.001, h² = 0.60); the PANSS-Co (F = 35.67, P < 0.001, h² = 0.31);

and the PANSS-DA (F = 25.49, P < 0.001, h² = 0.25) revealed

substantial effects over time. However, no significant effects were

found for the RSESE (F = 0.16, P = 0.745, h² = 0.00).

Statistically significant group differences were observed in

several assessments within the study. The MOAS reported an F-

value of 5.42 (P=0.023, h²=0.07), the PANSS-5F an F-value of 19.61

(P<0.001, h²=0.20), the PANSS-EC an F-value of 12.29 (P=0.001,

h²=0.14), the PANSS-Po an F-value of 15.28 (P<0.001, h²=0.16),
and the PANSS-Co an F-value of 5.23 (P=0.025, h²=0.06). However,

no significant effects were noted for the RSESE (F=0.09, P=0.769,

h²=0.00), the PANSS-Ne (F=2.73, P=0.102, h²=0.03), and the

PANSS-DA (F=1.36, P=0.247, h²=0.02).
Additionally, significant interaction effects for Time*Group

were observed across all primary outcomes: MOAS (F=5.42,

P=0.023, h²=0.07), PANSS-5F (F=23.65, P<0.001, h²=0.23),
PANSS-EC (F=15.93, P<0.001, h²=0.17), PANSS-Po (F=12.33,

P<0.001, h²=0.14), PANSS-Ne (F=20.12, P<0.001, h²=0.21),
PANSS-Co (F=10.38, P<0.001, h²=0.12), and PANSS-DA (F=8.07,

P=0.001, h²=0.09). The only exception was RSESE, which showed

no significant interaction effect (F=2.31, P=0.126, h²=0.03).
Comprehensive details of these analyses are provided in Table 2.
4 Discussion

The primary goal of this study was to investigate the impact of

neurofeedback training on impulsivity in male patients with

schizophrenia. The results validated the experimental hypothesis,

demonstrating significant therapeutic benefits. After six weeks of

neurofeedback therapy, the study group exhibited a substantial

reduction in scores on the PANSS-EC and the MOAS compared
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to the control group, confirming the effectiveness of neurofeedback

in mitigating impulsive behaviors. Moreover, the study also

highlighted broader clinical improvements: there were significantly

greater reductions in the PANSS-5F, PANSS-Ne, PANSS-Co,

PANSS-DA, and PANSS-Po scores in the study group relative to

the control group. These findings suggest that neurofeedback

therapy not only reduces impulsivity but also positively affects

positive symptoms, negative symptoms, cognitive impairments,

and anxiety/depression in schizophrenia patients.

Numerous studies highlight that mental disorders frequently

co-occur with neurophysiological dysregulation, illustrating a clear

correlation between neurophysiological changes and mental health

issues (42–44). Currently, targeting these neurophysiological signals

for treatment is a prominent area of research in mental health care,

with neurofeedback therapy at the forefront (45). This therapy

employs operant conditioning principles, using biofeedback devices

to observe various brain waves and selectively train specific
Frontiers in Psychiatry 06
neurophysiological wave frequencies to be enhanced or

suppressed. Such targeted training aims to ameliorate medical

conditions (46). Extensive clinical research supports the use of

neurofeedback therapy as a hopeful intervention for patients with

mental disorders, including schizophrenia, where disruptions in

neurophysiological signals are evident (15, 47–50). Notably,

schizophrenia patients who display impulsive behaviors often

exhibit slower alpha wave frequency, further substantiating the

link between specific neurophysiological patterns and behavioral

symptoms (21, 23, 26, 27). In this study, neurofeedback therapy was

employed to enhance alpha wave frequency in schizophrenia

patients, specifically targeting the reduction of impulsive

behaviors and overall psychiatric symptoms. Notable

improvements were observed in the study group, with significant

reductions in scores on the PANSS-EC and the MOAS during the

treatment intervals (T1-T0 and T2-T0). This suggests that the

therapy effectively controlled impulsive behaviors, supporting the
TABLE 1 Comparison of sociodemographic data and clinical characteristics at baseline between the control group and the study group.

Total
(n=80)

Control Group
(n=40)

Study Group
(n=40)

Statistics

Variables c2/t/Z P

Age (year) 43.11 ± 9.18 42.58 ± 8.99 43.65 ± 9.45 -0.521 0.604

Education (year) 9.05 ± 1.96 9.10 ± 1.99 9.00 ± 1.95 0.227 0.821

Marital status 3.275 0.195

Single 55(68.8%) 27(67.5%) 28(70.0%)

Married 12(15.0%) 4(10.0%) 8(20.0%)

Divorced 13(16.3%) 9(22.5%) 4(10.0%)

Employed Status 60(75.0%) 33 (82.5%) 27(67.5%) 2.4 0.121

Household Registration 0.201 0.654

Local Resident 42(52.5%) 22(55.0%) 20(50.0%)

Non-local Resident 38(47.5%) 18(45.0%) 20(50.0%)

Positive family history
of schizophrenia

6(7.5%) 2(5.0%) 4(10.0%)
0.721 0.396

Age of Onset (years) 31.23 ± 5.06 30.78 ± 5.09 31.68 ± 5.05 -0.794 0.43

Duration of Illness (months) 85.71 ± 44.01 86.73 ± 45.42 84.70 ± 43.10 0.205 0.838

Number of Hospitalizations 4.86 ± 1.57 5.28 ± 1.52 4.45 ± 1.54 2.416 0.018

MOAS 10.09 ± 2.17 9.90 ± 1.97 10.28 ± 2.36 -0.77 0.443

PANSS-5F 83.21 ± 4.01 83.83 ± 4.43 82.60 ± 3.50 1.373 0.174

PANSS-EC 16.90 ± 1.64 17.10 ± 1.63 16.70 ± 1.65 1.090 0.279

PANSS-Po 19.01 ± 2.33 19.45 ± 2.49 18.58 ± 2.09 1.703 0.092

PANSS-Ne 25.89 ± 2.60 25.73 ± 2.76 26.05 ± 2.45 -0.558 0.579

PANSS-Co 13.80 ± 1.27 13.93 ± 1.40 13.68 ± 1.12 0.881 0.381

PANSS-DA 7.61 ± 1.09 7.63 ± 1.25 7.60 ± 0.90 0.102 0.919

RSESE 11.40 ± 1.78 11.25 ± 1.89 11.58 ± 1.92 -0.763 0.448
PANSS, Positive and Negative Syndrome Scale; MOAS, Modified Overt Aggression Scale; PANSS five-factor, Positive and Negative Syndrome Scale five-factor; PANSS-EC, Positive and Negative
Syndrome Scale-Excited Component; PANSS-Po, Positive and Negative Syndrome Scale-Positive Component; PANSS-Ne, Positive and Negative Syndrome Scale-Negative Component; PANSS-
Co, Positive and Negative Syndrome Scale-Cognitive Component; PANSS-DA, Positive and Negative Syndrome Scale-Depressive/Anxiety Component; RSESE, Rating Scale for Extrapyramidal
Side Effects.
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hypothesis that enhancing alpha wave frequency positively impacts

such behaviors in schizophrenia patients (27). Comparable findings

were reported by Konicar ’ research team, who utilized

neurofeedback technology to increase alpha wave frequency in

violent criminals with mental disorders. Their results extended

beyond psychiatric improvements, demonstrating enhancements

in cognitive functions as well (22). Furthermore, the relationship

between impulsive violent behavior and reduced alpha wave activity

is not restricted to adults. A review highlighted that similar

neurophysiological patterns are associated with antisocial and

violent behaviors in youths diagnosed with conduct disorders. It

indicated that neurofeedback training might also serve as an

effective intervention for treating severe conduct disorders in

children (51). Throughout the treatment phases T1-T0 and T2-

T0, the reduction in PANSS-Po scores was significantly greater in

the study group than in the control group, with a statistically
Frontiers in Psychiatry 07
significant Time*Group interaction noted. This reduction

indicates a decrease in positive symptoms of schizophrenia, which

are often linked to aggression in hospitalized patients; Nolan et al.

noted that approximately 20% of such aggression is directly related

to positive symptoms (52). The observed trend towards a reduction

in positive symptoms in our study could also contribute to

diminished impulsive behavior. Additionally, the end of the study

saw a notable decrease in PANSS-Ne scores in the study group,

suggesting an alleviation of negative symptoms. This finding is

consistent with the work of Renata and colleagues, who

demonstrated significant clinical efficacy using neurofeedback for

alpha wave enhancement in schizophrenia patients, particularly

those with predominant negative symptoms (18). Moreover,

significant improvements were noted in the anxiety and

depression scores in our study group. This aligns with findings

from studies on biofeedback therapy targeting anxiety and
TABLE 2 Comparison of outcomes between the control group and the study group after 3 weeks and 6 weeks of intervention.

Outcome
measures

Control Group
mean ± SD

Study Group
mean ± SD

Time
(F, P-value, h2)

Group
(F, P-value, h2)

Time*Group
(F, P-value, h2)

MOAS

T1-T0 -0.03 ± 0.41* -1.13 ± 0.40

T2-T0 -0.08 ± 0.49* -2.53 ± 0.47 12.21, 0.000, 0.14 5.42, 0.023, 0.07 10.83, 0.001, 0.12

PANSS-5F

T1-T0 -3.60 ± 0.79 -6.25 ± 0.79

T2-T0 -6.40 ± 1.27 -15.58 ± 1.27 128.52, 0.000, 0.62 19.61, 0.000, 0.20 23.65, 0.000, 0.23

PANSS-EC

T1-T0 -1.15 ± 0.25 -1.38 ± 0.22

T2-T0 -1.85 ± 0.34 -3.85 ± 0.34 108.30, 0.000, 0.58 12.29, 0.001, 0.14 15.93, 0.000, 0.17

PANSS-Po

T1-T0 -0.43 ± 0.29* -1.35 ± 0.30

T2-T0 -1.38 ± 0.43 -3.73 ± 0.43 58.99, 0.000, 0.43 15.28, 0.000, 0.16 12.33, 0.000, 0.14

PANSS-Ne

T1-T0 -1.25 ± 0.25 -2.15 ± 0.25

T2-T0 -2.20 ± 0.44 -5.23 ± 0.44 115.18, 0.000, 0.60 2.73, 0.102, 0.03 20.12, 0.000, 0.21

PANSS-Co

T1-T0 -0.55 ± 0.18 -0.58 ± 0.18

T2-T0 -0.60 ± 0.22 -1.68 ± 0.22 35.67, 0.000, 0.31 5.23, 0.025, 0.06 10.38, 0.000, 0.12

PANSS-DA

T1-T0 -0.20 ± 0.14* -0.15 ± 0.14*

T2-T0 -0.38 ± 0.17* -1.10 ± 0.17 25.49, 0.000, 0.25 1.36, 0.247, 0.02 8.07, 0.001, 0.09

RSESE

T1-T0 0.10 ± 0.07* -0.13 ± 0.07*

T2-T0 0.15 ± 0.13* -0.25 ± 0.17* 0.16, 0.745, 0.00 0.09, 0.769, 0.00 2.31, 0.126, 0.03
*: P >0.05; PANSS, Positive and Negative Syndrome Scale; MOAS, Modified Overt Aggression Scale; PANSS five-factor, Positive and Negative Syndrome Scale five-factor; PANSS-EC, Positive
and Negative Syndrome Scale-Excited Component; PANSS-Po, Positive and Negative Syndrome Scale-Positive Component; PANSS-Ne, Positive and Negative Syndrome Scale-Negative
Component; PANSS-Co, Positive and Negative Syndrome Scale-Cognitive Component; PANSS-DA, Positive and Negative Syndrome Scale-Depressive/Anxiety Component; RSESE, Rating Scale
for Extrapyramidal Side Effects.
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depressive disorders (17, 53). However, the distinctive affective

blunting seen in schizophrenia complicates the interpretation of

improvements in emotional symptoms. The reduction in anxiety

and depression may be attributed to a synergistic effect from

enhancements in other PANSS factors, though the specific

mechanisms by which alpha wave enhancement influences

emotional symptoms in schizophrenia remain unclear.

The study group exhibited significantly greater improvements

in PANSS-Co scores throughout the treatment, suggesting

enhanced cognitive functions by its conclusion. Surmeli’s team,

starting in 2012, implemented a qEEG-guided neurofeedback

regimen for patients with schizophrenia. Their study found that

this intervention not only reduced psychiatric symptoms but

also improved patients’ perceptions of their medication (54). This

aligns with findings from a randomized controlled study by

Hsueh et al. (55), where healthy individuals undergoing alpha

wave enhancement in neurofeedback therapy demonstrated

improvements in working and episodic memory. These parallel

results underscore the potential of alpha wave enhancement to

boost cognitive function in both mental health patients and healthy

individuals. However, our study was limited by the absence of

specialized psychiatric scales for cognition, preventing a detailed

analysis of the relationship between cognitive functions and

impulsivity across multiple dimensions. In terms of safety, despite

more frequent protective restraint events in the control group, the

difference was not statistically significant, indicating that the data

from these events alone could not conclusively determine the

therapeutic effects between the groups. Furthermore, no

significant differences in the RSESE scores were observed in terms

of Time, Group, or Time*Group interactions by the study’s

end. This suggests that neurofeedback therapy does not elevate

the risk of extrapyramidal side effects, affirming its safety as a

treatment option.

The study identified that only the number of hospitalizations

differed statistically between the study and control groups among

the independent variables. No significant differences were observed

in other independent variables, including all psychiatric scales,

suggesting that this discrepancy did not impact the balance

between the groups. By the end of the study, all scale scores,

except for the RSESE, displayed statistically significant

Time*Group interactions (Table 2). This phenomenon might be

partly due to the placebo effect associated with sham stimulation. A

review by Thibault found that the placebo effect significantly

influences outcomes in neurofeedback training studies mediated

by brain electrical signals, a finding that our research also supports

(56). We observed statistically significant differences in the RMS

values between the T0 and T2 time points in the study group,

indicating an enhancement in alpha wave activity compared to

baseline following neurofeedback therapy. This finding has been

corroborated by another study (22).

The existing research evidence, combined with our study

results, offers new insights and theoretical foundations for

treating impulsive behavior in male patients with schizophrenia.

However, several limitations need to be addressed: 1) Sample Size

and Generalizability: The study’s small sample size and single-
Frontiers in Psychiatry 08
center design limit the generalizability of the findings. 2) Gender

Considerations: The trial exclusively included male patients with

schizophrenia, overlooking potential gender differences in

impulsive behavior. 3) Assessment Tools: Reliance on a single

psychiatric assessment scale may not fully capture the complexity

of the clinical symptoms. 4) Focus on Alpha Waves: The

neurofeedback intervention and monitoring were limited to alpha

waves, without exploring the potential relevance of other brainwave

bands to changes in clinical symptoms. These limitations suggest

the need for further research with larger, multi-center trials that

include both male and female patients and utilize a broader range of

neurophysiological markers and psychiatric assessment tools.
5 Conclusion

To the best of our knowledge, this is the first clinical study to

apply neurofeedback therapy to male schizophrenia patients with

impulsive behaviors. Our research demonstrates that six weeks of

systematic neurofeedback treatment significantly improves the

severity of impulsive behaviors and reduces aggressiveness in

these patients. These findings have important implications for

decreasing violent incidents and potentially lowering the risk of

violent crimes among this population.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by the Ethics

Committee of the Fifth People’s Hospital of Xiangtan City

(approval number: 2022003). The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study. Written informed consent was

obtained from the individual(s) for the publication of any

potentially identifiable images or data included in this article.
Author contributions

ZL: Conceptualization, Supervision, Writing – original draft.

HR: Data curation, Writing – review & editing. YT: Data curation,

Writing – original draft. JZ: Methodology, Supervision, Writing –

review & editing. WC: Formal analysis, Software, Writing – review

& editing. GO: Data curation, Writing – review & editing. ZC:

Project administration, Writing – review & editing. WY:

Methodology, Supervision, Writing – review & editing. HS:

Project administration, Writing – review & editing. PX: Project

administration, Writing – review & editing. XW: Project
frontiersin.org

https://doi.org/10.3389/fpsyt.2024.1472671
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Li et al. 10.3389/fpsyt.2024.1472671
administration, Writing – review & editing. XC: Formal analysis,

Software, Writing – review & editing. QX: Conceptualization,

Supervision, Writing – review & editing. HL: Conceptualization,

Supervision, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the Scientific Research Fund of the Xiangtan City

Medical Association in Hunan Province, China (2022-xtyx-59).
Acknowledgments

The authors would like to thank all of the participants in

this study.
Frontiers in Psychiatry 09
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Marder SR, Cannon TD. Schizophrenia. N Engl J Med. (2019) 381:1753–61.
doi: 10.1056/NEJMra1808803

2. GBD. 2019 Mental Disorders Collaborators. Global, regional, and national burden
of 12 mental disorders in 204 countries and territories, 1990-2019: a systematic analysis
for the Global Burden of Disease Study 2019. Lancet Psychiatry. (2022) 9:137–50.
doi: 10.1016/S2215-0366(21)00395-3

3. Fleischman A, Werbeloff N, Yoffe R, Davidson M, Weiser M. Schizophrenia and
violent crime: a population-based study. Psychol Med. (2014) 44:3051–7. doi: 10.1017/
S0033291714000695

4. Whiting D, Lichtenstein P, Fazel S. Violence and mental disorders: a structured
review of associations by individual diagnoses, risk factors, and risk assessment. Lancet
Psychiatry. (2021) 8:150–61. doi: 10.1016/S2215-0366(20)30262-5

5. Iozzino L, Ferrari C, Large M, Nielssen O, de Girolamo G. Prevalence and risk
factors of violence by psychiatric acute inpatients: A systematic review and meta-
analysis. PloS One. (2015) 10:e0128536. doi: 10.1371/journal.pone.0128536

6. Fazel S, Gulati G, Linsell L, Geddes JR, Grann M. Schizophrenia and violence:
systematic review and meta-analysis. PloS Med. (2009) 6:e1000120. doi: 10.1371/
journal.pmed.1000120

7. Flannery RB, Wyshak G, Flannery GJ. Characteristics of international assaultive
psychiatric patients: review of published findings, 2013-2017. Psychiatr Q. (2018)
89:349–57. doi: 10.1007/s11126-017-9539-2

8. Felthous AR. Schizophrenia and impulsive aggression: a heuristic inquiry with
forensic and clinical implications. Behav Sci Law. (2008) 26:735–58. doi: 10.1002/
bsl.846

9. Frodl T, Meisenzahl EM, Möller H-J. Value of diagnostic imaging in evaluation of
electroconvulsive therapy. Nervenarzt. (2004) 75:227–33. doi: 10.1007/s00115-003-
1609-z

10. Frith CD, Stevens M, Johnstone EC, Deakin JF, Lawler P, Crow TJ. A
comparison of some retrograde and anterograde effects of electroconvulsive shock in
patients with severe depression. Br J Psychol. (1987) 78:53–63. doi: 10.1111/j.2044-
8295.1987.tb02225.x

11. Soehle M, Bochem J, Kayser S, Weyerhäuser J, Valero R. Challenges and pitfalls
in anesthesia for electroconvulsive therapy. Best Pract Res Clin Anaesthesiol. (2021)
35:181–9. doi: 10.1016/j.bpa.2020.12.012

12. Takeuchi H, Takekita Y, Hori H, Oya K, Miura I, Hashimoto N, et al.
Pharmacological treatment algorithms for the acute phase, agitation, and
maintenance phase of first-episode schizophrenia: Japanese Society of Clinical
Neuropsychopharmacology treatment algorithms. Hum Psychopharmacol. (2021) 36:
e2804. doi: 10.1002/hup.2804

13. Guinart D, Taipale H, Rubio JM, Tanskanen A, Correll CU, Tiihonen J, et al.
Risk factors, incidence, and outcomes of neuroleptic Malignant syndrome on long-
acting injectable vs oral antipsychotics in a nationwide schizophrenia cohort. Schizophr
Bull. (2021) 47:1621–30. doi: 10.1093/schbul/sbab062

14. Marco CA, Vaughan J. Emergency management of agitation in schizophrenia.
Am J Emerg Med. (2005) 23:767–76. doi: 10.1016/j.ajem.2005.02.050
15. Markiewcz R. The use of EEG Biofeedback/Neurofeedback in psychiatric
rehabilitation. Psychiatr Pol. (2017) 51:1095–106. doi: 10.12740/PP/68919

16. Pereira DJ, Morais S, Sayal A, Pereira J, Meneses S, Areias G, et al.
Neurofeedback training of executive function in autism spectrum disorder: distinct
effects on brain activity levels and compensatory connectivity changes. J Neurodev
Disord. (2024) 16:14. doi: 10.1186/s11689-024-09531-2

17. Trambaiolli LR, Kohl SH, LindenDEJ,MehlerDMA.Neurofeedback training inmajor
depressive disorder: A systematic review of clinical efficacy, study quality and reporting
practices. Neurosci Biobehav Rev. (2021) 125:33–56. doi: 10.1016/j.neubiorev.2021.02.015

18. Markiewicz R, Markiewicz-Gospodarek A, Dobrowolska B, Łoza B. Improving
clinical, cognitive, and psychosocial dysfunctions in patients with schizophrenia: A
neurofeedback randomized control trial. Neural Plast. (2021) 2021:4488664.
doi: 10.1155/2021/4488664

19. Rosanova M, Casali A, Bellina V, Resta F, Mariotti M, Massimini M. Natural
frequencies of human corticothalamic circuits. J Neurosci. (2009) 29:7679–85.
doi: 10.1523/JNEUROSCI.0445-09.2009

20. Klimesch W. [amp]]alpha;-band oscillations, attention, and controlled access to
stored information. Trends Cognit Sci. (2012) 16:606–17. doi: 10.1016/j.tics.2012.10.007

21. Convit A, Czobor P, Volavka J. Lateralized abnormality in the EEG of
persistently violent psychiatric inpatients. Biol Psychiatry. (1991) 30:363–70.
doi: 10.1016/0006-3223(91)90292-t

22. Konicar L, Radev S, Silvoni S, Bolinger E, Veit R, Strehl U, et al. Balancing the
brain of offenders with psychopathy? Resting state EEG and electrodermal activity after
a pilot study of brain self-regulation training. PloS One. (2021) 16:e0242830.
doi: 10.1371/journal.pone.0242830

23. Hinkley LBN, Vinogradov S, Guggisberg AG, Fisher M, Findlay AM, Nagarajan
SS. Clinical symptoms and alpha band resting-state functional connectivity imaging in
patients with schizophrenia: implications for novel approaches to treatment. Biol
Psychiatry. (2011) 70:1134–42. doi: 10.1016/j.biopsych.2011.06.029

24. Knyazeva MG, Jalili M, Meuli R, Hasler M, De Feo O, Do KQ. Alpha rhythm and
hypofrontality in schizophrenia. Acta Psychiatr Scand. (2008) 118:188–99. doi: 10.1111/
j.1600-0447.2008.01227.x

25. Ippolito G, Bertaccini R, Tarasi L, Di Gregorio F, Trajkovic J, Battaglia S, et al.
The role of alpha oscillations among the main neuropsychiatric disorders in the adult
and developing human brain: evidence from the last 10 years of research. Biomedicines.
(2022) 10:3189. doi: 10.3390/biomedicines10123189

26. Zeev-Wolf M, Levy J, Jahshan C, Peled A, Levkovitz Y, Grinshpoon A, et al.
MEG resting-state oscillations and their relationship to clinical symptoms in
schizophrenia. NeuroImage Clin. (2018) 20:753–61. doi: 10.1016/j.nicl.2018.09.007

27. Iwanaga H, Ueno T, Oribe N, Hashimoto M, Nishimura J, Nakayama N, et al.
Correlation between post-acute electroconvulsive therapy alpha-band spectrum power
increase and improvement of psychiatric symptoms. J Pers Med. (2021) 11:1315.
doi: 10.3390/jpm11121315

28. Pratts M, Citrome L, Grant W, Leso L, Opler LA. A single-dose, randomized,
double-blind, placebo-controlled trial of sublingual asenapine for acute agitation. Acta
Psychiatr Scand. (2014) 130:61–8. doi: 10.1111/acps.12262
frontiersin.org

https://doi.org/10.1056/NEJMra1808803
https://doi.org/10.1016/S2215-0366(21)00395-3
https://doi.org/10.1017/S0033291714000695
https://doi.org/10.1017/S0033291714000695
https://doi.org/10.1016/S2215-0366(20)30262-5
https://doi.org/10.1371/journal.pone.0128536
https://doi.org/10.1371/journal.pmed.1000120
https://doi.org/10.1371/journal.pmed.1000120
https://doi.org/10.1007/s11126-017-9539-2
https://doi.org/10.1002/bsl.846
https://doi.org/10.1002/bsl.846
https://doi.org/10.1007/s00115-003-1609-z
https://doi.org/10.1007/s00115-003-1609-z
https://doi.org/10.1111/j.2044-8295.1987.tb02225.x
https://doi.org/10.1111/j.2044-8295.1987.tb02225.x
https://doi.org/10.1016/j.bpa.2020.12.012
https://doi.org/10.1002/hup.2804
https://doi.org/10.1093/schbul/sbab062
https://doi.org/10.1016/j.ajem.2005.02.050
https://doi.org/10.12740/PP/68919
https://doi.org/10.1186/s11689-024-09531-2
https://doi.org/10.1016/j.neubiorev.2021.02.015
https://doi.org/10.1155/2021/4488664
https://doi.org/10.1523/JNEUROSCI.0445-09.2009
https://doi.org/10.1016/j.tics.2012.10.007
https://doi.org/10.1016/0006-3223(91)90292-t
https://doi.org/10.1371/journal.pone.0242830
https://doi.org/10.1016/j.biopsych.2011.06.029
https://doi.org/10.1111/j.1600-0447.2008.01227.x
https://doi.org/10.1111/j.1600-0447.2008.01227.x
https://doi.org/10.3390/biomedicines10123189
https://doi.org/10.1016/j.nicl.2018.09.007
https://doi.org/10.3390/jpm11121315
https://doi.org/10.1111/acps.12262
https://doi.org/10.3389/fpsyt.2024.1472671
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Li et al. 10.3389/fpsyt.2024.1472671
29. Lesem MD, Tran-Johnson TK, Riesenberg RA, Feifel D, Allen MH, Fishman R,
et al. Rapid acute treatment of agitation in individuals with schizophrenia: multicentre,
randomised, placebo-controlled study of inhaled loxapine. Br J Psychiatry. (2011)
198:51–8. doi: 10.1192/bjp.bp.110.081513

30. van Son D, van der Does W, Band GPH, Putman P. EEG theta/beta ratio
neurofeedback training in healthy females. Appl Psychophysiol Biofeedback. (2020)
45:195–210. doi: 10.1007/s10484-020-09472-1

31. Blume M, Schmidt R, Schmidt J, Martin A, Hilbert A. EEG neurofeedback in the
treatment of adults with binge-eating disorder: a randomized controlled pilot study.
Neurotherapeutics. (2022) 19:352–65. doi: 10.1007/s13311-021-01149-9

32. Gleerup CS, Østergaard SD, Hjuler RS. Seclusion versus mechanical restraint in
psychiatry - a systematic review. Acta Neuropsychiatr. (2019) 31:237–45. doi: 10.1017/
neu.2019.22

33. Kwentus J, Riesenberg RA, Marandi M, Manning RA, Allen MH, Fishman RS,
et al. Rapid acute treatment of agitation in patients with bipolar I disorder: a
multicenter, randomized, placebo-controlled clinical trial with inhaled loxapine.
Bipolar Disord. (2012) 14:31–40. doi: 10.1111/j.1399-5618.2011.00975.x

34. Suzuki H, Gen K, Takahashi Y. A naturalistic comparison study of the efficacy
and safety of intramuscular olanzapine, intramuscular haloperidol, and intramuscular
levomepromazine in acute agitated patients with schizophrenia. Hum
Psychopharmacol. (2014) 29:83–8. doi: 10.1002/hup.2376

35. Bobes J, Fillat O, Arango C. Violence among schizophrenia out-patients
compliant with medication: prevalence and associated factors. Acta Psychiatr Scand.
(2009) 119:218–25. doi: 10.1111/j.1600-0447.2008.01302.x

36. Krakowski MI, Czobor P. Executive function predicts response to antiaggression
treatment in schizophrenia: a randomized controlled trial. J Clin Psychiatry. (2012)
73:74–80. doi: 10.4088/JCP.11m07238

37. Citrome L,Meng X, HochfeldM. Efficacy of iloperidone in schizophrenia: a PANSS
five-factor analysis. Schizophr Res. (2011) 131:75–81. doi: 10.1016/j.schres.2011.05.018

38. Lim K, Peh O-H, Yang Z, Rekhi G, Rapisarda A, See Y-M, et al. Large-scale
evaluation of the Positive and Negative Syndrome Scale (PANSS) symptom
architecture in schizophrenia. Asian J Psychiatr. (2021) 62:102732. doi: 10.1016/
j.ajp.2021.102732

39. Citrome L, Castelli M, Hasebe M, Terahara T, Faden J, Komaroff M. Efficacy of
HP-3070, A once-daily asenapine transdermal system, in the treatment of adults with
schizophrenia: A PANSS five-factor analysis. Neuropsychiatr Dis Treat. (2024) 20:755–
64. doi: 10.2147/NDT.S439712

40. Aggensteiner P-M, Böttinger B, Baumeister S, Hohmann S, Heintz S, Kaiser A,
et al. Randomized controlled trial of individualized arousal-biofeedback for children
and adolescents with disruptive behavior disorders (DBD). Eur Child Adolesc
Psychiatry. (2024) 33(9):3055–66. doi: 10.1007/s00787-023-02368-5

41. Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res Methods. (2009)
41:1149–60. doi: 10.3758/BRM.41.4.1149

42. Howells FM, Temmingh HS, Hsieh JH, van Dijen AV, Baldwin DS, Stein DJ.
Electroencephalographic delta/alpha frequency activity differentiates psychotic
disorders: a study of schizophrenia, bipolar disorder and methamphetamine-induced
psychotic disorder. Transl Psychiatry. (2018) 8:75. doi: 10.1038/s41398-018-0105-y

43. Newson JJ, Thiagarajan TC. EEG frequency bands in psychiatric disorders: A review
of resting state studies.FrontHumNeurosci. (2018) 12:521. doi: 10.3389/fnhum.2018.00521
Frontiers in Psychiatry 10
44. Yakubov B, Das S, Zomorrodi R, Blumberger DM, Enticott PG, Kirkovski M,
et al. Cross-frequency coupling in psychiatric disorders: A systematic review. Neurosci
Biobehav Rev. (2022) 138:104690. doi: 10.1016/j.neubiorev.2022.104690

45. Weber LA, Ethofer T, Ehlis A-C. Predictors of neurofeedback training outcome:
A systematic review. NeuroImage Clin . (2020) 27:102301. doi: 10.1016/
j.nicl.2020.102301

46. Dimitriadis SI. Reconfiguration of amplitude driven dominant coupling modes
(DoCM) mediated by a-band in adolescents with schizophrenia spectrum disorders.
Prog Neuropsychopharmacol Biol Psychiatry. (2021) 108:110073. doi: 10.1016/
j.pnpbp.2020.110073

47. Micoulaud-Franchi JA, Jeunet C, Pelissolo A, Ros T. EEG neurofeedback for
anxiety disorders and post-traumatic stress disorders: A blueprint for a promising
brain-based therapy. Curr Psychiatry Rep. (2021) 23:84. doi: 10.1007/s11920-021-
01299-9

48. Nakhnikian A, Oribe N, Hirano S, Fujishima Y, Hirano Y, Nestor PG, et al.
Spectral decomposition of resting state electroencephalogram reveals unique theta/
alpha activity in schizophrenia. Eur J Neurosci. (2024) 59:1946–60. doi: 10.1111/
ejn.16244

49. Kim M, Lee TH, Park H, Moon S-Y, Lho SK, Kwon JS. Thalamocortical
dysrhythmia in patients with schizophrenia spectrum disorder and individuals at
clinical high risk for psychosis. Neuropsychopharmacology. (2022) 47:673–80.
doi: 10.1038/s41386-021-01180-6

50. Zhang J, Cheng W, Liu Z, Zhang K, Lei X, Yao Y, et al. Neural,
electrophysiological and anatomical basis of brain-network variability and its
characteristic changes in mental disorders. Brain. (2016) 139:2307–21. doi: 10.1093/
brain/aww143

51. Paul P, Bennett CN. Review of neuropsychological and electrophysiological
correlates of callous-unemotional traits in children: implications for EEG
neurofeedback intervention. Clin EEG Neurosci. (2021) 52:321–9. doi: 10.1177/
1550059421997129

52. Nolan KA, Czobor P, Roy BB, Platt MM, Shope CB, Citrome LL, et al.
Characteristics of assaultive behavior among psychiatric inpatients. Psychiatr Serv.
(2003) 54:1012–6. doi: 10.1176/appi.ps.54.7.1012

53. Wu Y-C, Yu H-E, Yen C-F, Yeh Y-C, Jian C-R, Lin C-W, et al. The effects of
swLORETA Z-score neurofeedback for patients comorbid with major depressive
disorder and anxiety symptoms. J Affect Disord. (2024) 350:340–9. doi: 10.1016/
j.jad.2024.01.020

54. Surmeli T, Ertem A, Eralp E, Kos IH. Schizophrenia and the efficacy of qEEG-
guided neurofeedback treatment: a clinical case series. Clin EEG Neurosci. (2012)
43:133–44. doi: 10.1177/1550059411429531

55. Hsueh J-J, Chen T-S, Chen J-J, Shaw F-Z. Neurofeedback training of EEG alpha
rhythm enhances episodic and working memory. Hum Brain Mapp. (2016) 37:2662–
75. doi: 10.1002/hbm.23201

56. Thibault RT, Lifshitz M, Birbaumer N, Raz A. Neurofeedback, self-regulation,
and brain imaging: clinical science and fad in the service of mental disorders.
Psychother Psychosom. (2015) 84:193–207. doi: 10.1159/000371714

57. Surmeli T. Schizophrenia or schizoaffective disorder. In: Khazan I, Shaffer F,
Moss D, Lyle R, Rosenthal S, editors. Evidence-Based Practice in Biofeedback and
Neurofeedback, 4th ed. Wheat Ridge, CO, USA: Association for Applied
Psychophysiology and Biofeedback (2023). p. 444–61.
frontiersin.org

https://doi.org/10.1192/bjp.bp.110.081513
https://doi.org/10.1007/s10484-020-09472-1
https://doi.org/10.1007/s13311-021-01149-9
https://doi.org/10.1017/neu.2019.22
https://doi.org/10.1017/neu.2019.22
https://doi.org/10.1111/j.1399-5618.2011.00975.x
https://doi.org/10.1002/hup.2376
https://doi.org/10.1111/j.1600-0447.2008.01302.x
https://doi.org/10.4088/JCP.11m07238
https://doi.org/10.1016/j.schres.2011.05.018
https://doi.org/10.1016/j.ajp.2021.102732
https://doi.org/10.1016/j.ajp.2021.102732
https://doi.org/10.2147/NDT.S439712
https://doi.org/10.1007/s00787-023-02368-5
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1038/s41398-018-0105-y
https://doi.org/10.3389/fnhum.2018.00521
https://doi.org/10.1016/j.neubiorev.2022.104690
https://doi.org/10.1016/j.nicl.2020.102301
https://doi.org/10.1016/j.nicl.2020.102301
https://doi.org/10.1016/j.pnpbp.2020.110073
https://doi.org/10.1016/j.pnpbp.2020.110073
https://doi.org/10.1007/s11920-021-01299-9
https://doi.org/10.1007/s11920-021-01299-9
https://doi.org/10.1111/ejn.16244
https://doi.org/10.1111/ejn.16244
https://doi.org/10.1038/s41386-021-01180-6
https://doi.org/10.1093/brain/aww143
https://doi.org/10.1093/brain/aww143
https://doi.org/10.1177/1550059421997129
https://doi.org/10.1177/1550059421997129
https://doi.org/10.1176/appi.ps.54.7.1012
https://doi.org/10.1016/j.jad.2024.01.020
https://doi.org/10.1016/j.jad.2024.01.020
https://doi.org/10.1177/1550059411429531
https://doi.org/10.1002/hbm.23201
https://doi.org/10.1159/000371714
https://doi.org/10.3389/fpsyt.2024.1472671
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Neurofeedback technique for treating male schizophrenia patients with impulsive behavior: a randomized controlled study
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Randomization and blinding
	2.3 Intervention
	2.3.1 Trial equipment
	2.3.2 Neurofeedback therapy protocol

	2.4 Outcome measures
	2.4.1 Primary outcomes
	2.4.2 Secondary outcomes

	2.5 Statistical analysis

	3 Results
	3.1 Comparison of baseline data between control and study groups
	3.2 Comparison of outcomes between control and study groups after 3 and 6 weeks of intervention

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


