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Introduction

Schizophrenia is a complex spectrum of mental disorders 
characterized by dissociation in thought, affectivity, and 
behavior, resulting in a profound fragmentation of mental 
life. The term “schizophrenia,” coined by Swiss psychia-
trist Eugen Bleuler, emphasizes the concept of “splitting of 
the mind,” shifting the focus from Kraepelin’s earlier clas-
sification of “Dementia Praecox,” which highlighted early 
onset and cognitive decline, high relapse and disability, 
resulting in 13.4 million years of disability-related life loss 
(YLDs) (Charlson et al., 2018). Between 1990 and 2019, the 
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Schizophrenia Spectrum Disorders are complex mental health conditions that significantly impact cognitive function 
and quality of life. While pharmacological and psychotherapeutic interventions are available, their effectiveness remains 
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prevalence of schizophrenia rose from 14.2 to 23.6 million, 
incidence increased from 941,000 to 1.3 million (Solmi et 
al., 2023).

The etiology of the disorder is multifactorial. It involves 
genetic predispositions, such as mutations in the DISC1 
gene, which guides neuronal migration and connectivity 
during brain development, NRG1, which regulates synaptic 
plasticity, and COMT, which metabolizes dopamine in the 
prefrontal cortex, affecting cognitive and emotional regula-
tion, interacting with environmental risk factors including 
perinatal complications, cannabis use, and exposure to stress 
(Wahbeh & Avramopoulos, 2021).Neuroimaging stud-
ies have revealed structural and functional abnormalities 
in schizophrenia, including cortical gray matter reduction, 
prefrontal cortex dysfunction, and dysregulated dopamine 
transmission. Clinically, the disorder manifests with posi-
tive symptoms (e.g., delusions, hallucinations), negative 
symptoms (e.g., avolition, alogia), and significant cognitive 
impairments that severely impact quality of life and social 
functioning (APA, 2022).

Despite the availability of pharmacological and psycho-
therapeutic interventions, current treatments often show lim-
ited efficacy, particularly in addressing negative symptoms, 
such as apathy, anhedonia, avolition, and reduced emotional 
expression, and cognitive deficits, including impairments in 
attention, working memory, and executive functioning (Lut-
gens et al., 2017). These challenges, coupled with medica-
tion side effects and adherence issues, highlight the need for 
innovative, integrative therapeutic strategies (Leichsenring 
et al., 2019). Among emerging approaches, cognitive reme-
diation therapies such as Neurofeedback (NFB) are gaining 
traction for their potential to enhance neuroplasticity and 
promote behavioral, cognitive and emotional rehabilitation 
in people with schizophrenia (Li et al., 2024).

Neurofeedback (NFB), is a non-invasive technique 
aimed at optimizing brain function by training individuals 
to modulate their brainwave activity (Gruzelier, 2014). This 
approach involves two core processes: recording the brain’s 
electrical activity and delivering patients real-time audi-
tory and visual feedback (Chiasson et al., 2023). Through 
a brain-computer interface, individuals are provided with 
instant feedback on their EEG, enabling them to consciously 
regulate specific neural activities and achieve desired states, 
such as relaxation or heightened focus. NFB operates on 
the principles of operant conditioning, reinforcing optimal 
brainwave patterns while suppressing undesired ones (Mar-
zbani et al., 2016).

The primary goal of NFB is not just symptom reduction 
but fostering durable changes in neural functioning, thereby 
improving cognitive self-regulation and emotional control 
(Marzbani et al., 2016). This method has demonstrated effi-
cacy across a range of disorders, including ADHD, PTSD, 

anxiety, and depression (Askovic et al., 2023). In schizo-
phrenia, its ability to directly target neurophysiological 
dysfunctions holds promise for mitigating cognitive and 
emotional deficits (Oprea et al., 2024). Preliminary studies 
indicate improvements in areas such as brain connectiv-
ity, working memory, attention, and emotional regulation. 
Additionally, the customizable nature of NFB, which adapts 
to individual neurophysiological profiles, enhances its ther-
apeutic potential (Orndorff-Plunkett et al., 2017).

The integration of EEG-biofeedback into schizophrenia 
treatment represents a novel approach aimed at address-
ing the disorder’s complex neurocognitive and emotional 
impairments. Conventional treatments primarily target 
symptoms without directly influencing the underlying neu-
rophysiological dysfunctions. NFB offers a complementary 
strategy by leveraging the brain’s inherent neuroplasticity 
to rewire dysfunctional circuits and promote adaptive neu-
ral activity (Turiaco et al., 2024). For schizophrenia spec-
trum disorders, this approach is particularly relevant given 
the central role of brain connectivity deficits in cognitive 
impairments and negative symptoms(Gandara et al., 2020).

Early evidence suggests that NFB may enhance func-
tional connectivity between key brain networks, such as 
the default mode network and regions implicated in audi-
tory hallucinations (Zhao et al., 2018). Furthermore, studies 
report potential improvements in neurocognitive functions, 
such as memory, language processing, and sustained atten-
tion, along with reductions in negative symptoms (Pazooki 
et al., 2019). These findings highlight NFB’s capacity to 
address the core challenges of schizophrenia beyond symp-
tom management, potentially improving functional out-
comes and quality of life. Randomized controlled trials have 
shown that neurofeedback, when added to standard reha-
bilitation, leads to significant gains in self-efficacy, cogni-
tive insight, and attention, as well as increased serum levels 
of neuroplasticity markers such as brain-derived neuro-
trophic factor (BDNF) and reelin, which are associated with 
enhanced neuroplasticity and functional recovery (Markie-
wicz et al., 2021a, 2021b, 2024a, 2024b). Targeted neuro-
feedback approaches, including EEG and real-time fMRI 
protocols, have demonstrated the ability to modulate spe-
cific neural circuits implicated in schizophrenia, such as the 
superior temporal gyrus and frontoparietal networks. This 
modulation is associated with reductions in treatment-resis-
tant auditory hallucinations and improvements in working 
memory, self-referential processing, and social functioning 
(Kobayashi et al., 2025). Meta-analytic evidence further 
supports the potential of neurofeedback to improve emotion 
regulation, anxiety, and depressive symptoms in psychiat-
ric populations, with medium to large effect sizes, although 
heterogeneity remains high and further multicenter trials are 
needed (Pindi et al., 2022). Further research is essential to 
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optimize NFB protocols, validate its long-term benefits, and 
explore its integration into standard care for schizophrenia.

This systematic review aims to critically analyze the 
existing evidence on the efficacy of NFB in these types of 
disorders. The goal is to assess the innovative potential of 
this technique, identifying its strengths, limitations, and 
future perspectives for the treatment of patients with schizo-
phrenia or other schizophrenia spectrum disorders.

Methods

Search Strategies

The systematic review was fully conducted according 
to PRISMA guidelines 2020 for Systematic Reviews by 
PRISMA Group (Page et al., 2021) (Fig.  1). From Sep-
tember 2024 until November 2024), the researchers G.C.P, 
S.T., G.S. and S.L. searched the databases EMBASE, Sci-
enceDirect, Scopus, PsycInfo and MEDLINE/Pubmed for 
relevant studies using the following search terms string: 
(“eeg-biofeedback” OR “eeg-BFB” OR “neurofeedback”) 
AND (“psychosis OR schizophrenia”) AND (“neurocogni-
tive changes”) AND (“humoral changes”) AND (cognitive 
training). The electronic searching was supplemented by 
hand-searching reference lists of the included review arti-
cles to identify any additional sources. The recorded proto-
col is available on OSF (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​7​6​0​​5​/​O​​S​F​.​I​O​/​
A​M​E​3​Z).

Eligibility Criteria

We included every article written in the English language 
without temporal restrictions concerning publication date, 
meeting the following criteria:

	● Participants: patients with Schizophrenia Spectrum 
Disorders, Psychosis or with Clinical High Risk for 
Psychosis.

	● Intervention: any kind of Neurofeedback based 
intervention.

	● Comparison: therapy as usual (TAU) or control groups 
without Neurofeedback intervention; healthy control 
groups undergoing the same treatment of the experi-
mental group with psychotic subjects; comparison of 
pre- and post-intervention in single-group studies.

	● Outcomes: We considered the outcomes of neurocogni-
tive and humoral changes.

	● Study design: clinical trials that include repeated mea-
sures to allow for both pre- and post-intervention com-
parisons in the experimental group, as well as compari-
sons between the experimental and control groups.

Exclusion Criteria

We excluded every article written in languages other than 
English meeting the following criteria:

	● Participants: studies involving patients with disorders 
other than schizophrenia spectrum disorders (e.g., mood 
disorders, anxiety disorders, or personality disorders).

	● Intervention: studies that do not includeNeurofeedback-
based interventions or that use biofeedback techniques 
not based on EEG.

	● Comparison: studies that do not use “treatment as usu-
al” (TAU) as a comparison group.

	● Outcomes: studies that do not assess neurocognitive or 
humoral changes as primary outcomes.

	● Study design: articles that are not clinical trials (e.g., re-
views, meta-analyses, preclinical or animal studies) or 
studies with significant methodological flaws (e.g., lack 
of a control group, inadequate sample size, or other ma-
jor biases).

Data Extraction

The researchers G.C.P, S.T., G.S. and S.L. extracted data 
using a format which included: characteristics of studies and 
samples, type of intervention, target symptoms to be treated, 
frequency and duration of the interventions, outcomes and 
their assessments, follow-up if present (Table 1).

The articles that we agreed upon were included in the 
next screening process. However, in cases where there was 
no agreement between the evaluators, a brief discussion was 
held, and a final decision was made jointly by the team on 
whether to include the articles in the next step.

Risk of Bias Assessment

The risk of bias for the included studies was assessed with 
the Cochrane risk-of-bias tool for randomized trials, version 
2 (RoB 2) by Sterne et al. (2019) (Fig. 2). Regarding other 
non-randomized studies, we used ROBINS-I (Sterne et al., 
2016) (Fig. 3); NIH Quality Assessment Tool for observa-
tional studies or single-group pilots (NIH, 2024) (Fig. 4).

Results

Study Selection

The database search yielded 10,463 reports. After removing 
duplicates, 1692 unique reports remained. Following title 
and abstract screening, 1617 records were excluded based 
on relevance. Of the 63 studies assessed for eligibility, 48 
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Characteristics of Included Studies

Cognitive and Social-Emotional Functioning

Cordes et al. (2015) investigated functional MRI-based 
neurofeedback targeting the anterior cingulate cortex in 
schizophrenia patients. Patients demonstrated limited but 

were excluded due to inclusion of other mental disorders 
(n = 8), use of techniques other than neurofeedback (n = 30), 
or inappropriate study design (n = 10). Consequently, 15 
studies meeting eligibility criteria were included in this sys-
tematic review, as illustrated in the PRISMA flowchart.

Fig. 1  PRISMA. Flow diagram 2020
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significant ability to regulate ACC activity, though less con-
sistently than healthy controls. Greater success in ACC reg-
ulation correlated with improvements in negative symptoms 
and cognitive functioning. Despite these promising results, 
practical barriers including the high cost and limited acces-
sibility of fMRI technology pose challenges for widespread 
implementation.

Balconi et al. (2018, 2019) conducted studies using EEG 
and functional Near-Infrared Spectroscopy to evaluate emo-
tional neurofeedback training. Results revealed significant 
improvements in the experimental groups, with increased 
prefrontal activity and more balanced neural activation pat-
terns. Participants demonstrated a positive shift in ratings 
for both negative and positive emotional stimuli post-train-
ing, with increased oxygenated hemoglobin in frontopolar 
regions. These findings suggest enhanced implicit emo-
tion regulation through adaptive prefrontal activation, even 
when explicit emotional recognition remained unchanged.

These studies collectively demonstrate that neurofeed-
back targeting cognitive control and emotional regulation 
networks can produce measurable improvements in process-
ing speed, social functioning, and emotional processing in 
schizophrenia spectrum disorders. The convergence of find-
ings across different neurofeedback modalities (fMRI, EEG, 
fNIRS, pupillometry) suggests robust effects on prefrontal 
cortex function. However, variability in patient response 
highlights the importance of individualized approaches, and 
the challenge remains to translate these laboratory gains into 
accessible clinical interventions given current technological 
and cost barriers. Studies in CHR individuals are discussed 
separately due to their distinct clinical status.

Auditory Hallucinations and Superior Temporal Gyrus 
Modulation

Orlov et al. (2018) evaluated real-time fMRI neurofeedback 
targeting the superior temporal gyrus in twelve patients with 
persistent auditory hallucinations. The neurofeedback group 
successfully reduced STG activity during sessions, leading 
to significant reductions in severity, frequency, and distress 
associated with auditory hallucinations. These improve-
ments persisted one week post-intervention and extended to 
broader psychotic symptoms including delusions. The inter-
vention was well-tolerated with no adverse effects reported.

Rieger et al. (2018) explored EEG-based neurofeed-
back targeting the auditory N100 event-related potential 
in ten patients with auditory verbal hallucinations. While 
no significant group-level improvements in hallucination-
specific symptoms were observed, better learning during 
N100 training sessions correlated with greater reductions in 
auditory hallucinations in individual participants. Interest-
ingly, changes in the P200 component were observed across 

Fig. 3  Cochrane risk-of-bias tool for non-randomized - studies of 
Interventions (ROBINS-I) 

 

Fig. 2  Cochrane risk-of-bias tool for randomized trials (RoB 2)
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parietal lobe and posterior cingulate cortex in patients, 
while upregulation strengthened connectivity with medial 
prefrontal cortex. Improved well-being four weeks post-
training predicted increased functional coupling between 
left IFG and left IPL.

This study demonstrates that neurofeedback can induce 
lasting changes in large-scale brain network organization 
relevant to auditory hallucinations in schizophrenia. The dif-
ferential effects of upregulation versus downregulation pro-
tocols on specific network connections suggest that targeted 
modulation strategies can be designed based on desired con-
nectivity outcomes. The persistence of connectivity changes 
and their correlation with clinical improvements four weeks 
post-training provides compelling evidence for neurofeed-
back’s capacity to produce durable neuroplastic changes 
that may underlie symptom reduction.

Working Memory and Gamma Oscillations

Singh et al. (2020) investigated EEG neurofeedback train-
ing to enhance frontal gamma-band response in thirty-one 
schizophrenia patients. Participants completed twelve weeks 
of twice-weekly gamma-neurofeedback training sessions. 
Cognitive improvements were demonstrated in n-back task 
performance and MATRICS Consensus Cognitive Battery 
tests. Significant enhancement in 1-back performance was 
observed at four, eight, and twelve weeks, while substan-
tial 2-back improvements emerged by week twelve. The 
total MCCB score showed significant improvement across 
all time points, with particularly marked advancements in 
speed of processing, working memory, and reasoning/prob-
lem-solving domains by week twelve. While not the primary 
treatment target, significant changes were also observed in 
general psychopathology and PANSS subscales.

This study provides strong evidence that targeted modu-
lation of gamma oscillations can produce dose-dependent 
improvements in working memory and broader cogni-
tive functions in schizophrenia. The progressive nature of 

all participants, suggesting broader neurofeedback effects 
beyond the specific training protocol.

Morfini et al. (2024) conducted a randomized trial with 
twenty-two adults comparing STG-targeted versus motor 
cortex-targeted neurofeedback. The STG experimental 
group exhibited significantly greater post-neurofeedback 
activation in anterior regions of the self-reference network, 
including the medial prefrontal cortex, anterior cingulate 
cortex, and superior frontal cortex. These findings suggest 
that modulating STG activity influences broader self-refer-
ential networks relevant to hallucination psychopathology.

The evidence across these studies indicates that neuro-
feedback targeting the STG can successfully reduce activity 
in this hallucination-associated region and produce clini-
cally meaningful symptom improvements. The persistence 
of benefits beyond the intervention period is particularly 
encouraging. However, the variability in outcomes, particu-
larly in the EEG study, suggests that success may depend 
on individual learning capacity and that optimal protocols 
require further refinement. The mechanistic link between 
STG modulation and changes in self-referential process-
ing networks provides important insights into how neuro-
feedback may address the neural underpinnings of auditory 
hallucinations.

Brain Network Connectivity

Zweerings et al. (2019) investigated resting-state connec-
tivity changes following real-time fMRI neurofeedback in 
twenty-one schizophrenia patients and thirty-five healthy 
individuals. Participants underwent two days of neurofeed-
back training targeting left hemispheric language network 
regions (inferior frontal gyrus and posterior superior tem-
poral gyrus). Patients exhibited significantly greater func-
tional connectivity increases between language network and 
default mode network nodes compared to healthy controls. 
Downregulation neurofeedback led to enhanced connectiv-
ity between language network nodes and bilateral inferior 

Fig. 4  NIH quality assessment tool
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Novel Mechanisms and Therapeutic Strategies

Dhanis et al. (2024) employed real-time fMRI neurofeed-
back combined with MR-compatible robotics to train par-
ticipants in modulating brain networks associated with 
presence hallucinations. Over three training days, partici-
pants successfully upregulated a specific “PH-network,” 
resulting in heightened sensitivity to presence hallucination 
experiences. Neural adaptations included increased PH-net-
work activity during hallucination-inducing conditions and 
reduced activation during control conditions, changes that 
correlated with successful training modulation.

This innovative study demonstrates that neurofeedback 
can be used not only to reduce pathological brain activity but 
also to systematically modulate specific network dynamics 
to better understand hallucination mechanisms. The ability 
to induce controlled changes in hallucination-related net-
works offers both scientific insights into the neural basis 
of these experiences and potential therapeutic applications 
for managing hallucinations in neuropsychiatric condi-
tions. This bidirectional modulation approach represents a 
promising avenue for developing targeted network-based 
interventions.

Discussion

The findings from this systematic review emphasize the 
promising role of EEG-biofeedback (or neurofeedback) as 
a potential adjunctive therapy for schizophrenia spectrum 
disorders and psychosis. The reviewed studies collectively 
demonstrate that neurofeedback interventions have shown 
promise in improving cognitive functions (Enriquez-Gep-
pert et al., 2014; Surmeli et al., 2016), emotional regula-
tion, and certain biochemical markers such as brain-derived 
neurotrophic factor (BDNF) and serum reelin levels (Mar-
kiewicz et al., 2021a, 2021b, 2024a, 2024b). By targeting 
both neurocognitive impairments and biochemical changes, 
neurofeedback interventions offer a unique therapeutic 
avenue for addressing persistent symptoms often resistant 
to conventional treatments. However, despite encouraging 
preliminary results, several aspects require further explora-
tion to establish clinical utility.

Efficacy and Mechanisms of Action

Neurofeedback demonstrates the capacity to modulate brain 
activity in key regions implicated in auditory hallucina-
tions and emotional dysregulation. For example, Orlov et 
al. (2018) showed that neurofeedback targeting the superior 
temporal gyrus (STG) significantly reduced STG activ-
ity, which corresponded with a decrease in the severity 

improvements, with more challenging tasks requiring lon-
ger training duration, suggests that neurofeedback effects 
accumulate over time and that treatment protocols should be 
calibrated to cognitive task difficulty. The additional bene-
fits for general psychopathology, though secondary, indicate 
potential broader therapeutic effects beyond the primary 
cognitive targets.

Findings in CHR Individuals

Two studies specifically investigated neurofeedback inter-
ventions in individuals at Clinical High Risk for psychosis. 
Choi et al. (2017, 2019) applied pupillometer-based neuro-
feedback to enhance processing speed and task engagement. 
CHR participants showed improved processing speed and 
social functioning, with higher treatment adherence when 
pupillometry-guided difficulty adjustment was used. These 
findings highlight that neurofeedback may exert beneficial 
cognitive effects even before the onset of full psychosis, 
although they should not be generalized to schizophrenia 
populations due to substantial differences in clinical pro-
files, symptom expression, and developmental trajectories.

Multidimensional Rehabilitation Approaches

Markiewicz et al. (2021a, 2021b, 2024a, 2024b) conducted 
two studies investigating neurofeedback as adjunctive ther-
apy integrated with comprehensive rehabilitation programs. 
The 2021 study with forty-four male patients demonstrated 
that neurofeedback combined with standard rehabilitation 
produced superior gains in neurocognitive and psychoso-
cial functioning compared to standard rehabilitation alone, 
accompanied by greater increases in BDNF levels. The 
2024 study with thirty-seven male patients showed signifi-
cant improvements in clinical symptoms and neurocognitive 
functioning in the neurofeedback group, with serum reelin 
levels positively correlating with symptom improvement. 
Both studies integrated neurofeedback with daily rehabilita-
tion activities including social training, cognitive exercises, 
and art therapy.

These studies demonstrate that neurofeedback can be 
effectively integrated into comprehensive rehabilitation 
programs for schizophrenia, producing benefits that extend 
beyond those achieved with standard rehabilitation alone. 
The elevation of neuroplasticity biomarkers (BDNF and 
reelin) alongside clinical improvements provides biological 
evidence for neurofeedback’s mechanisms of action. The 
structured, multimodal approach combining neurofeedback 
with psychosocial interventions may represent an optimal 
treatment model that addresses multiple dimensions of 
schizophrenia pathology simultaneously.
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neurotrophic factor (BDNF) and serum reelin, as reported 
by Markiewicz et al. (2021a, 2021b, 2024a, 2024b). These 
markers provide a compelling biological rationale for neu-
rofeedback’s role in cognitive rehabilitation. However, the 
clinical significance of these findings remains uncertain. For 
example, while improved functional connectivity and bio-
chemical markers are promising, their translation to long-
term symptom relief and real-world functioning has yet 
to be conclusively demonstrated (Birbaumer et al., 2013). 
Additionally, the small sample size and limited diversity of 
populations in many studies restrict the generalizability of 
results. Longer follow-up periods are needed to determine 
whether neurofeedback-induced changes are durable and 
clinically meaningful. A more systematic approach to patient 
selection and evaluation could address these shortcomings.

Challenges and Future Directions

A major challenge identified in the current literature is the 
lack of standardization across NFB protocols. Substantial 
variability exists in methodologies, including the use of 
EEG- versus fMRI-based NFB, differences in targeted brain 
regions, EEG frequency bands, training duration, and feed-
back modalities, making cross-study comparison and syn-
thesis difficult. For instance, while some studies primarily 
targeted symptom-specific outcomes such as auditory hal-
lucinations (Orlov et al., 2018), others were oriented toward 
broader cognitive domains, including working memory 
and attentional functioning (Singh et al., 2020). Establish-
ing standardized protocols is therefore essential to improve 
replicability, support meta-analytic work, and ultimately 
contribute to evidence-based clinical guidelines. Advanc-
ing toward universally accepted methodological standards 
will require coordinated efforts and collaboration between 
multidisciplinary research and clinical teams. Another 
important challenge concerns the integration of NFB within 
existing treatment frameworks. Although NFB has emerged 
as a promising adjunctive intervention, its comparative and 
additive effects relative to established treatments, such as 
antipsychotic medications and cognitive-behavioral thera-
pies, remain inadequately explored (Strehl, 2014). More-
over, patient-specific factors including motivation, cognitive 
reserve, symptom severity, and adherence may significantly 
influence training outcomes. Tailoring NFB protocols to 
these individual characteristics and exploring hybrid treat-
ment approaches (e.g., NFB combined with personalized 
psychotherapy modules) could potentially enhance thera-
peutic efficacy (Thibault et al., 2018). A further limita-
tion lies in the incomplete and non-standardized reporting 
of demographic and clinical variables across the included 
studies. Because this review adopts a descriptive and nar-
rative approach, the heterogeneity and frequent absence 

and distress of auditory hallucinations. These effects were 
sustained even after the intervention, suggesting a durable 
therapeutic benefit. Additionally, studies such as Zweerings 
et al. (2019) observed enhanced functional connectivity 
between the language network and the default mode net-
work (DMN), highlighting neurofeedback’s role in promot-
ing neural reorganization. These findings indicate a dual 
mechanism: symptom management and underlying neu-
ral reorganization: in fact, neurofeedback not only targets 
symptoms but also promotes neuroplasticity (Enriquez-
Geppert et al., 2019). Importantly, this modulation may 
offer a novel approach to mitigating persistent symptoms 
that are resistant to conventional treatments.

However, the exact pathways through which neurofeed-
back induces these effects remain poorly understood. While 
improvements in cognitive functions, such as working 
memory and emotional regulation, are evident, the variabil-
ity in outcomes, particularly for patients with severe base-
line impairments—suggests that neurocognitive reserve 
may influence response to treatment (Hammond, 2011). 
Moreover, heterogeneity in neurofeedback protocols, target 
outcomes, and intervention durations complicates cross-
study comparisons. Future studies should aim to standardize 
methodologies and explore biomarkers, such as BDNF and 
reelin, to elucidate the mechanisms underlying neurofeed-
back-induced neuroplasticity.

Importantly, findings from CHR individuals were dis-
cussed separately, as CHR populations differ substantially 
from patients with schizophrenia or established psychosis in 
terms of symptom severity, risk trajectories, and functional 
impairment. Therefore, results observed in CHR samples, 
particularly those related to processing speed and early cog-
nitive changes, should not be generalized to schizophrenia 
populations. This distinction is essential to avoid overinter-
pretation and to maintain conceptual clarity between pre-
ventive interventions and clinical treatment studies.

Clinical and Biochemical Outcomes

The clinical benefits observed, including improved process-
ing speed, attention, and social functioning, are particularly 
relevant given their direct impact on patients’ quality of life. 
For example, Choi et al. (2017, 2019) reported improved 
processing speed and social functioning in high-risk indi-
viduals and those experiencing first-episode psychosis fol-
lowing pupillometer-based neurofeedback training. These 
findings are particularly relevant, as enhanced cognitive 
performance is directly associated with better daily func-
tioning and quality of life in patients with schizophrenia 
spectrum disorders(Kober et al., 2015).

On a biochemical level, neurofeedback interventions 
were associated with increased level of brain derived 

1 3



Applied Psychophysiology and Biofeedback

incorporating humoral measures into future NFB trials rep-
resents a valuable and timely direction for the field.

Conclusion

This systematic review highlights the potential of neuro-
feedback as a promising adjunctive therapy for schizophre-
nia spectrum disorders and psychosis. The reviewed studies 
suggest that neurofeedback interventions can enhance cog-
nitive functions, improve emotional regulation, and influ-
ence biochemical markers associated with neuroplasticity. 
By targeting both neurocognitive impairments and neural 
reorganization, neurofeedback presents a unique therapeu-
tic avenue for addressing symptoms that are often resistant 
to conventional treatments. Future research should priori-
tize large-scale, randomized controlled trials with extended 
follow-up periods to assess both the efficacy and durability 
of neurofeedback-induced changes.
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of such data limited their integration into the synthesis. 
Insufficient reporting reduces the ability to evaluate these 
factors as potential confounders and restricts the generaliz-
ability of the findings. Future research would benefit from 
more systematic reporting of demographic, clinical, and 
treatment-related characteristics, allowing for more precise 
interpretation of their contribution to treatment response. 
Future investigations should prioritize large-scale, longi-
tudinal RCTs employing standardized methodologies and 
extended follow-up periods. Such trials should evaluate not 
only the immediate effects of NFB, but also its long-term 
impact on clinical symptoms, neurocognitive functioning, 
daily functioning, and quality of life. Further, the develop-
ment of personalized NFB protocols grounded in individual 
neurocognitive or neurophysiological profiles holds promise 
for improving effectiveness. Parallel research on cost-effec-
tiveness, accessibility, and feasibility will also be crucial for 
determining the practicality of integrating NFB into routine 
clinical practice. In addition, more efforts should be directed 
toward elucidating the mechanisms underlying EEG-based 
NFB. Combining EEG-NFB with neuroimaging modali-
ties such as fMRI could help clarify the neural pathways 
modulated by training. For example, Morfini et al. (2024) 
demonstrated that real-time fMRI NFB targeting the supe-
rior temporal gyrus not only reduced auditory hallucinations 
but also modulated networks involved in self-referential 
processing, offering valuable insight into cognitive mecha-
nisms in schizophrenia. Such multimodal approaches may 
assist in identifying biomarkers of treatment response and 
guiding the development of more targeted and mechanisti-
cally informed interventions. Lastly, integrating NFB with 
emerging therapeutic technologies, such as virtual-reality-
based interventions or transcranial magnetic stimulation, 
may open new avenues for multimodal, comprehensive 
treatment strategies. Strengthening interdisciplinary collab-
oration will be key to accelerating progress in this evolving 
field. A further promising yet underexplored area for future 
research concerns humoral biomarkers. Only a limited num-
ber of studies have investigated changes in inflammatory, 
neurotrophic, or hormonal markers following NFB interven-
tions, despite mounting evidence that such biomarkers play 
a critical role in the pathophysiology of psychosis and other 
psychiatric disorders. Expanding research in this domain 
could help clarify whether NFB induces measurable biolog-
ical changes beyond neural modulation and whether these 
changes mediate cognitive or clinical improvements. More-
over, identifying humoral markers associated with treatment 
response may support the development of more personal-
ized NFB protocols and contribute to a deeper mechanistic 
understanding of how NFB interacts with broader psycho-
physiological systems. Given the increasing recognition of 
immunological and endocrine dysregulation in psychosis, 
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