
SPIRIT 2025 checklist of items to address in a randomized trial protocol*
	Section / Topic
	No
	SPIRIT 2025 checklist item description
	Reported on page no.

	Administrative information
	

	Title and structured summary
	1a
	Title stating the trial design, population, and interventions, with identification as a protocol

Real-time neurofeedback, its neurotransmitter underpinnings, and therapeutic effects: study protocol for a randomized controlled trial in individuals at clinical high risk
	Title page (page 1)

	
	1b
	[bookmark: _Hlk208823340]Structured summary of trial design and methods, including items from the World Health Organization Trial Registration Data Set

Information available in trial registration on ClinicalTrials.gov (ID: NCT06492343). Link: https://clinicaltrials.gov/study/NCT06492343)
	Abstract (pages 2-3)

	Protocol version
	2
	Version date and identifier

Original: September 15, 2025
	Title page (page 1)

	Roles and responsibilities

	3a
	Names, affiliations, and roles of protocol contributors
	Title page (page 1), and Declarations, Author contributions (page 22)

	
	3b
	Name and contact information for the trial sponsor

Trial Sponsor: Beth Israel Deaconess Medical Center (BIDMC)
Sponsor’s Reference: IRB Protocol # 2024P000177
Contact Name: Committee on Clinical Investigations (CCI) for BIDMC
Address: 330 Brookline Ave., Boston, MA 02115
Telephone: 617-975-8511
	

	
	3c
	Role of trial sponsor and funders in design, conduct, analysis, and reporting of trial; including any authority over these activities

The trial sponsor and funders had no role in the design of the study and will not have any role during its execution, analyses, interpretation of the data, nor decision to submit results.
	Declarations, Funding (page 22)

	
	3d
	Composition, roles, and responsibilities of the coordinating site, steering committee, endpoint adjudication committee, data management team, and other individuals or groups overseeing the trial, if applicable
	N/A

	Open science
	

	Trial registration
	4
	Name of trial registry, identifying number (with URL), and date of registration. If not yet registered, name of intended registry

The study has been registered with ClinicalTrials.gov (ID: NCT06492343, https://clinicaltrials.gov/study/NCT06492343, Last Update Posted: July 9th, 2024).
	Abstract (page 2)

	Protocol and statistical analysis plan
	5
	Where the trial protocol and statistical analysis plan can be accessed

Trial protocol with statistical analysis plan is being submitted to BMC Psychiatry.
	

	Data sharing
	6
	Where and how the individual de-identified participant data (including data dictionary), statistical code, and any other materials will be accessible.

Once the study has begun, a GitHub repository will be provided with all relevant code, and de-identified data will be made publicly available via the National Institute of Mental Health Data Archive.
	Declarations, Availability of data and materials (page 22)

	Funding and conflicts of interest
	7a
	Sources of funding and other support (e.g., supply of drugs)

Funding was provided by National Institutes of Mental Health (5R61MH129479-02) and the Center for Comprehensive Healing at Massachusetts General Hospital.
	Declarations, Funding (page 22)

	
	7b
	Financial and other conflicts of interest for principal investigators and steering committee members

The authors declare that they have no competing interests.
	Declarations, Competing interests (page 22)

	Dissemination policy

	8
	Plans to communicate trial results to participants, healthcare professionals, the public, and other relevant groups (e.g., reporting in trial registry, plain language summary, publication).

Data will be analyzed during ongoing acquisition to ensure quality and to present for scientific audiences at conferences. Once data collection is complete, final analyses will be posted as pre-prints and submitted to peer-reviewed journals and scientific conferences.
	Declarations, Availability of data and materials (page 22)

	Introduction
	

	Background and rationale
	9a
	Scientific background and rationale, including summary of relevant studies (published and unpublished) examining benefits and harms for each intervention
	Background (pages 4-7)

	
	9b
	Explanation for choice of comparator

In the real-rtNFB condition, neurofeedback will be derived from DMN-CEN activity. In the sham condition, feedback will be based on activation from the somatomotor (SMOT) network, chosen because it provides biologically plausible, individualized neurofeedback signal while remaining functionally distinct from DMN-CEN processes.
	Background (page 6)

	Objectives
	10
	Specific objectives related to benefits and harms.

The primary aim of this study is to evaluate the efficacy of rtNFB combined with mindfulness meditation in modulating the atypical functional connectivity in CHR, specifically DMN hyperconnectivity and weak DMN-CEN anticorrelations. 

We will test two hypotheses. First, we predict that real-rtNFB will reduce DMN hyperconnectivity and strengthen DMN-CEN anticorrelations (mPFC-dlPFC) in CHR, while no such changes will occur in the sham condition. This will validate selecting the DMN as the intervention target. Second, we hypothesize that post-intervention connectivity in the real-rtNFB group will more closely resemble that of NT individuals, demonstrating the extent to which a single rtNFB session can normalize brain function.

As a secondary aim, we will explore the relationship between network connectivity and neurotransmitter concentrations. GABA and Glu levels will be measured in a key DMN hub (mPFC) across all participants, including both CHR and NT individuals. We will assess associations between neurotransmitter levels and DMN connectivity, as well as within DMN-CEN anticorrelations. We hypothesize that rtNFB will increase GABA with an associated increase in DMN anticorrelations. These analyses will offer a more comprehensive understanding of the link between network- and cellular-level processes in CHR.
	Background (pages 6-7)

	Methods: Patient and public involvement, trial design
	

	Patient and public involvement
	11
	Details of, or plans for, patient or public involvement in the design, conduct, and reporting of the trial
	N/A

	Trial design
	12
	Description of trial design including type of trial (e.g., parallel group, crossover), allocation ratio, and framework (e.g., superiority, equivalence, non-inferiority, exploratory)

We will conduct a randomized controlled superiority trial (RCT; Clinical Trials.gov ID: NCT06492343) enrolling 40 CHR adults (aged 18-30 years). Participants will be randomized to either a real-rtNFB (N=20) or sham-rtNFB (N=20) condition, , and network connectivity will be measured pre- and post-intervention. Given evidence of long-lasting real-rtNFB effects, we will use a partial cross-over design and invite sham-rtNFB CHR participants to return for an optional real-rtNFB session.
	Background (page 6)

	Methods: Participants, interventions, and outcomes
	

	Trial setting
	13
	Settings (e.g., community, hospital) and locations (e.g., countries, sites) where the trial will be conducted 

Sixty participants (40 CHR, 20 NT) aged 18-30 years will be recruited from the Boston metropolitan area by staff at the Psychosis Research Program housed at the Massachusetts Mental Health Center (Boston, MA) and the Beth Isreal Deaconess Medical Center (Boston, MA).

Participants will attend an in-person imaging session at the Athinoula A. Martinos Center for Biomedical Imaging (Boston, MA).
	Methods, Participants (page 7), and Methods, Neuroimaging acquisition (page 10)

	Eligibility criteria
	14a
	Eligibility criteria for participants 

Eligibility for all participants requires English fluency, and exclusion criteria include a full-scale intelligence quotient (FSIQ) < 70 (assessed via the Wechsler Abbreviated Scale of Intelligence, 2nd edition (WASI-II)), congenital or acquired central nervous system disorders affecting cognition or mimicking psychosis risk symptoms, MRI contraindications, or an inability/refusal to provide informed consent. 

CHR participants must meet the Criteria of Prodromal Syndromes (COPS) assessed as part of the Structured Interview for Psychosis-Risk Syndromes (SIPS). Exclusion criteria include a lifetime diagnosis of a psychotic disorder (including affective psychoses) according to the Structured Clinical Interview for Diagnostic and Statistical Manual, 5th edition (DSM-5) (SCID-5), psychosis-risk symptoms attributable to other psychiatric conditions (e.g., substance use), use of medications that interfere with psychosis-risk symptom assessment, or previous antipsychotic use without evidence of CHR status at the time of prescription. 

NT participants will be matched to the CHR group on age, sex, and handedness. They will be excluded if they meet criteria for a psychosis-risk syndrome (SIPS), have a current or past psychotic disorder diagnosis, meet DSM-5 criteria for Cluster A personality disorder (SCID-5), have a first degree biological relative with psychotic symptoms or a psychotic disorder, or are currently using psychotropic medication.
	Methods, participants (pages 7-8).

	
	14b
	If applicable, eligibility criteria for sites and for individuals who will deliver the interventions (e.g., surgeons, physiotherapists)
	N/A

	Intervention and comparator
	15a
	Intervention and comparator with sufficient details to allow replication including how, when, and by whom they will be administered. If relevant, where additional materials describing the intervention and comparator (e.g., intervention manual) can be accessed
	Methods (pages 10-14)

	
	15b
	Criteria for discontinuing or modifying allocated intervention/comparator for a trial participant (e.g., drug dose change in response to harms, participant request, or improving/worsening disease).

The participant experience and level of risk are the same in both conditions, and the intervention (real or sham) will be stopped immediately if a participant feels uncomfortable during the scan.
	Methods, Randomization (page 10)

	
	15c
	Strategies to improve adherence to intervention/comparator protocols, if applicable, and any procedures for monitoring adherence (e.g., drug tablet return, sessions attended)

Adherence to the rtNF protocol will be assessed with a self report measure: at the end of each neurofeedback run, participants will indicate how often they were using the noting practice (from “Never” to “Always”).
	Methods, Neurofeedback paradigm (page 13)

	
	15d
	Concomitant care that is permitted or prohibited during the trial

Exclusion criteria for CHR participants include the use of medications that interfere with psychosis-risk symptom assessment, or previous antipsychotic use without evidence of CHR status at the time of prescription.
	Methods, Participants (page 7)

	Outcomes
	16
	Primary and secondary outcomes, including the specific measurement variable (e.g., systolic blood pressure), analysis metric (e.g., change from baseline, final value, time to event), method of aggregation (e.g., median, proportion), and time point for each outcome.

	Aim
	Hypothesis
	Outcome
	Analysis
	Term of interest

	1a: Target engagement
	Real-rtNFB will reduce DMN hyperconnectivity and strengthen DMN-CEN anticorrelations (mPFC-dlPFC) in CHR, while no such changes will occur in the sham condition.
	[bookmark: _Hlk208829659]Within-DMN connectivity (mPFC-PCC) and DMN-CEN anticorrelations (mPFC-dlPFC)
	Linear mixed effects models
	Condition (real vs sham)-by-time (pre vs post) interaction

	1b: rt-NFB connectivity normalization
	Post-intervention connectivity in the real-rtNFB group will more closely resemble that of NT individuals, demonstrating the extent to which a single rtNFB session can normalize brain function.
	Within-DMN connectivity (mPFC-PCC) and DMN-CEN anticorrelations (mPFC-dlPFC
	Linear mixed effects models
	Group (NT vs CHR)-by-time (pre vs post) interaction

	2a: Associations with neurotransmitters
	Exploratory
	Corrected GABA and Glu concentrations, Within-DMN connectivity (mPFC-PCC), and DMN-CEN anticorrelations (mPFC-dlPFC) 
	Linear models
	Association between neurotransmitter concentrations and connectivity 

	2b: Pre-post neurotransmitter changes in CHR participants
	Exploratory
	Corrected GABA and Glu concentrations
	Linear mixed effects models
	Condition (real vs sham)-by-time (pre vs post) interaction

	2c: Neurotransmitter normalization
	Exploratory
	Corrected GABA and Glu concentrations
	Linear mixed effects models
	Group (NT vs CHR)-by-time (pre vs post) interaction


 
	Methods, Statistical analyses (pages 16-19)

	Harms
	17
	How harms are defined and will be assessed (e.g., systematically, non-systematically)

Harms will be defined and assessed using standard adverse event (AE) and serious adverse event (SAE) criteria. AEs include any unfavorable or unintended sign, symptom, or condition temporally associated with study procedures, while SAEs include death, life-threatening events, hospitalization, or significant disability. Events will be graded (mild, moderate, severe) and attributed (not related, possibly related, related) by study staff. Harms will be assessed systematically during clinical and neuropsychological assessments and neuroimaging, with staff monitoring participants in real time and documenting any events. All SAEs and relevant AEs will be reported to the DSMB, sponsor, and IRBs according to institutional guidelines.
	Methods, Consent, confidentiality, and data safety (page 9)

	Participant timeline
	18
	Time schedule of enrollment, interventions (including any run-ins and washouts), assessments, and visits for participants. A schematic diagram is highly recommended (see Figure)
	Figure 1

	Sample size
	19
	How sample size was determined, including all assumptions supporting the sample size calculation

A power analysis was conducted using G*Power (version 3.1.9.7) (86)). We will be 87% powered with 40 participants to detect a significant (p<.050) condition-by-time interaction of a medium effect size (Cohen’s d>0.50), assuming sphericity and a correlation (r) of 0.5 among the repeated measures. Note that this effect size is conservative given our previous work in patients with schizophrenia or schizhoaffective disorder (34), in which we observed a large interaction effect (Cohen’s d>0.8) between real and sham schizophrenia groups on our connectivity target pre- and post-rtNFB. Thus, our primary aim is still well powered, after accounting for the possibility that effects in CHR will be muted compared to schizophrenia. Because linear mixed-effects models flexibly accommodate covariates and repeated-measures structure, the actual power of our planned analyses is expected to be at least as high as this minimum estimate.
	Methods, Statistical analyses (page 17)

	Recruitment
	20
	Strategies for achieving adequate participant enrollment to reach target sample size

Recruitment will be facilitated using BuildClinical, a third-party participant recruitment platform specializing in connecting researchers with eligible study participants through targeted outreach and engagement strategies.
	Methods, Participants (page 7)

	Methods: Assignment of interventions 
	

	Randomization:
	 
	 
	

	 Sequence generation
 
	21a
	Who will generate the random allocation sequence and the method used

Eligible CHR participants will be randomly assigned to either the real (N=20) or sham (N=20) rtNFB conditions using simple randomization, based on a sequentially numbered allocation sequence generated in advance by the neuroimaging technicians and implemented during MRI data collection.
	Methods, Randomization (page 10)

	
	21b
	Type of randomization (simple or restricted) and details of any factors for stratification. To reduce predictability of a random sequence, other details of any planned restriction (e.g., blocking) should be provided in a separate document that is unavailable to those who enroll participants or assign interventions

See 21a.
	Methods, Randomization (page 10)

	  Allocation concealment 
 mechanism
	22
	Mechanism used to implement the random allocation sequence (e.g., central computer/telephone; sequentially numbered, opaque, sealed containers), describing any steps to conceal the sequence until interventions are assigned

See 21a.
	Methods, Randomization (page 10)

	 Implementation

	23
	Whether the personnel who will enroll and those who will assign participants to the interventions will have access to the random allocation sequence

See 21a.
	Methods, Randomization (page 10)

	Blinding 

	24a
	Who will be blinded after assignment to interventions (e.g., participants, care providers, outcome assessors, data analysts)

See 21a. 
	Methods, Randomization (page 10)

	
	24b
	If blinded, how blinding will be achieved and description of the similarity of interventions

Blinding will be achieved by ensuring that both groups undergo identical procedures, scanner environments, and feedback displays; the only difference is that feedback is derived from DMN-CEN activity in the real condition and from the SMOT network in the sham condition.
	Methods, Randomization (page 10)

	
	24c
	If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s allocated intervention during the trial
	N/A

	Methods: Data collection, management, and analysis
	

	Data collection methods
	25a
	Plans for assessment and collection of trial data, including any related processes to promote data quality (e.g., duplicate measurements, training of assessors) and a description of trial instruments (e.g., questionnaires, laboratory tests) along with their reliability and validity, if known. Reference to where data collection forms can be accessed, if not in the protocol

Once the study has begun, a GitHub repository will be provided with all relevant code.
	Methods, Study protocol (pages 8-16), and Declarations, Availability of data and materials (page 22)

	
	25b
	Plans to promote participant retention and complete follow-up, including list of any outcome data to be collected for participants who discontinue or deviate from intervention protocols
	N/A

	Data management
	26
	Plans for data entry, coding, security, and storage, including any related processes to promote data quality (e.g., double data entry; range checks for data values). Reference to where details of data management procedures can be accessed, if not in the protocol

All paper records will be stored in locked cabinets with access limited to study staff. Electronic data will be stored on secure servers behind institutional firewalls, with password-protected access restricted to authorized personnel. Data entry and coding will follow standardized procedures to promote accuracy, including range checks for data values and verification of key variables. Shared data will be de-identified wherever possible and transferred between sites using encrypted methods.
	Methods, Consent, confidentiality, and safety (page 8)

	Statistical methods
	27a
	Statistical methods used to compare groups for primary and secondary outcomes, including harms

All statistical analyses will be performed in R (the most up-to-date version), using linear mixed-effects models implemented in the lme4 package. If found to be associated with the dependent variable, models will adjust for age, sex, medication status, and head motion (mean FD). Significance will be set at p<0.050, and estimated marginal means will be used for post-hoc contrasts. Results will be reported as estimated regression coefficients with 95% confidence intervals, test statistics, and p-values, with standardized coefficients provided as effect size measures. Post-hoc contrasts will be conducted using estimated marginal means, and pairwise differences will be summarized with adjusted p-values and corresponding effect sizes (e.g., Cohen’s d). 
	Methods, Statistical analyses (pages 16-17)

	
	27b
	Definition of who will be included in each analysis (e.g., all randomized participants), and in which group

All randomized participants will be included in the analyses according to their assigned intervention group (real versus sham), with NT participants included where applicable.
	Methods, Statistical analyses (page 17)

	
	27c
	How missing data will be handled in the analysis

Analyses will be conducted using complete-case data, with participants excluded from a given model if they are missing relevant variables.
	Methods, Statistical analyses (page 17)

	
	27d
	Methods for any additional analyses (e.g., subgroup and sensitivity analyses)
	N/A

	Methods: Monitoring
	

	Data monitoring committee
	28a
	Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of whether it is independent from the sponsor and funder; conflicts of interest and reference to where further details about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not needed

An independent Data and Safety Monitoring Board (DSMB) has been established for this study, composed of four voting members: a biostatistician, a neuropsychologist, a cognitive neuroscientist specializing in fMRI, and a scientist with expertise in MRS. The DSMB is fully independent from the sponsor and funder, and all members attest to the absence of conflicts of interest. The board meets every six months and/or after every 20 participants enrolled to review trial conduct, including participant safety, adverse events, and data quality. The DSMB chair oversees meetings, sets the agenda, and serves as the point of contact. Further details on DSMB procedures, including its charter, are available upon request from the lead investigators. 
	Methods, Consent, confidentiality, and data safety (page 8)

	
	28b
	Explanation of any interim analyses and stopping guidelines, including who will have access to these interim results and make the final decision to terminate the trial
	N/A

	Trial monitoring
	29
	Frequency and procedures for monitoring trial conduct. If there is no monitoring, give explanation

In addition to DSMB oversight, the study team will meet weekly to monitor trial conduct, coordinate across local sites, and ensure timely resolution of any operational issues.
	Methods, Consent, confidentiality, and data safety (page 9)

	Ethics
	

	Research ethics approval
	30
	Plans for seeking research ethics committee/institutional review board approval

This study has been approved by the Beth Israel Deaconess Medical Center’s Institutional Review Board (IRB Protocol # 2024P000177).
	Declarations, Ethics approval (page 22)

	Protocol amendments
	31
	Plans for communicating important protocol modifications to relevant parties 

[bookmark: _Hlk208843706]Any modifications to the protocol which may impact the conduct of the study, potential benefit of the participants, or participant safety will require a formal amendment to the protocol, which will be approved by the BIDMC CCI prior to implementation.
	Declarations, Ethics approval (page 22)

	Consent or assent
	32a
	Who will obtain informed consent or assent from potential trial participants or authorized proxies, and how

Study staff trained by lead investigators will obtain written informed consent from all participants.  
	Methods, Participants (page 8)

	
	32b
	Additional consent provisions for collection and use of participant data and biological specimens in ancillary studies, if applicable

[bookmark: _Hlk208844227]All consent forms will ask participants if they agree or disagree to allow their data to be stored and used for future research.
	Methods, Participants (page 8)

	Confidentiality
	33
	How personal information about potential and enrolled participants will be collected, shared, and maintained in order to protect confidentiality before, during, and after the trial

Confidentiality will be maintained by assigning each participant a unique study identification number and coding all study data with this number. Identifying information will not be stored with coded data or in computer databases. All study personnel will be trained in human subject research and the importance of maintaining strict confidentiality.

	Methods, Participants (page 8)

	Ancillary and post-trial care
	34
	Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial participation
	N/A



*We strongly recommend reading this checklist in conjunction with the SPIRIT 2025 Explanation and Elaboration and the SPIRIT 2025 Expanded Checklist for important clarifications on all the items. We also recommend reading relevant SPIRIT extensions. See www.consort-spirit.org
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