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	Full Title
	Parietal transcranial alternating current stimulation for primary insomnia

	Protocol Version and Date
	Version 1.0 (January, 2022)

	Study Duration
	18 months

	Study Type
	Sham-Controlled Clinical Investigation

	Design
	The objective of the study is to evaluate the efficacy and safety of alpha-tACS applied over medial parietal cortex in treatment of chronic primary insomnia with a randomized clinical trial setting. Fifty-six outpatients aged 18-65 years with chronic primary insomnia were enrolled and randomized in a 1:1 ratio to receive either active or sham tACS. The participants were assessed at baseline (week 0), treatment endpoint (week 2), week 4 (week 4), and week 6 (week 6) with respect to sleep symptoms, depressive and anxiety symptoms, and cognitive deficits.

	Sponsor
	Dongcheng District Health Science and Technology Plan Project Fund of Beijing (2022-4), Science and Technology Innovation Project of Puren Hospital (2022-1), Beijing Institute of Technology Research Fund Program for Young Scholars (3160012222109)

		Chief Investigator
	Kun Wang and Li Wang

	Objectives
	To evaluate the efficacy and safety of alpha-tACS over medial parietal cortex in the treatment of chronic primary insomnia in a randomized clinical trial setting

	Number of Subjects
	56 patients with chronic primary insomnia

	Main Inclusion Criteria
	Diagnosis of chronic primary insomnia, 18-65 years, total score of the Pittsburgh Sleep Quality Index (PSQI)>8; daytime functional impairments (i.e., ≥2 on PSQI daily disturbance scores).

	Statistical Methodology and Analysis
	The data will be analyzed based on the intention-to-treat sample. For the categorical variables, the relative risk (RR) with 95% confidence interval will be calculated using the log-binomial model. The mixed effects model will be used to determine treatment-attributable changes in the outcome measures.
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1.  Key Abbreviations
NIBS = Non-Invasive Brain Stimulation
tDCS = Transcranial Direct Current Stimulation 
rTMS = Repetitive Transcranial Magnetic Stimulation 
tACS = Transcranial Alternating Current Stimulation 
DLPFC = Dorsolateral Prefrontal Cortex 
DMN = Default Mode Network 
MPC = Medial Parietal Cortex 
HDRS = Hamilton Depression Rating Scale 
HARS = Hamilton Anxiety Rating Scale 
PDQ-D = Perceived Deficits Questionnaire - Depression 
MNI = Montreal Neurological Institute 
TR = Repetition Time 
TE = Echo Time 
IQR = Interquartile Range 
ITT = Intention-To-Treat 
RR = Risk Ratio
CI = Confidence Interval
RD = Risk Difference


2. Trial Summary
Background: Primary insomnia is a highly prevalent sleep disorder. There are many bottleneck issues with pharmacotherapy and cognitive behavioral therapy, calling for novel identification in treatment avenues. Patients with primary insomnia have alterations in the default network and alpha oscillations, for which the medial parietal cortex (MPC) is a key node and thus a potential target for interventions. Transcranial alternating current stimulation (tACS) is emerging as a new non-invasive intervention. The hypothesis: We hypothesized that tACS would induce a comprehensive improvement of sleep symptoms and associated mood and cognitive deficits.
Methods: This is a 6-week randomized sham-controlled study. Fifty-six outpatients with chronic primary insomnia aged 18-65 years will be enrolled to receive 30 min, 10 Hz, 2 mA, 10 daily sessions of active or sham tACS targeting over the MPC for two consecutive weeks (week 2), followed by 4-week and 6-week clinical visits. The primary outcome measure is the response rate at week 6, defined as ≥ 50% reduction in the total PSQI. The secondary outcomes included response rates at weeks 2 and 4; remission rate at each visit, defined as total PSQI < 5; and changes in sleep symptoms (total scores and components of the PSQI, i.e., SOL, TST, sleep efficiency, sleep quality, and daily disturbance), mood symptoms [17-item Hamilton Depression Rating Scale (HDRS17), Hamilton Anxiety Rating Scale (HARS)], cognitive deficits [Perceived Deficits Questionnaire-Depression (PDQ-D)], and rumination [Cognitive Emotion Regulation Questionnaire (CERQ)]. Adverse events were recorded using a transcranial electrical stimulation adverse reaction questionnaire.
Discussion: The data will determine whether alpha-tACS applied over MPC is an effective and safe treatment for chronic primary insomnia.
Trial registration: Chinese Clinical Trial Registry (ChiCTR2200057847), Registered March 19, 2022.
Keywords: primary insomnia · transcranial alternating current stimulation · default mode network · alpha oscillations · functional magnetic resonance imaging

3. 
Background
[bookmark: _Toc460500634]Primary insomnia is a highly prevalent sleep disorder, associated with a constellation of physical and mental negative outcomes [1, 2]. There are many bottleneck issues with pharmacotherapy and cognitive behavioral therapy [3, 4], calling for novel identification in treatment avenues.
Non-invasive brain stimulation (NIBS) is showing promise in the treatment of insomnia. Evidence on repetitive transcranial magnetic stimulation (rTMS) and transcranial direct current stimulation (tDCS) yielded uncertain and limited efficacy in insomnia [5-9]. As a novel technology of NIBS, transcranial alternating current stimulation (tACS) has unique advantage over TMS or tDCS in modulating neural oscillations by delivering periodically changing microcurrents to the cortical sites [10].
[bookmark: _Hlk120117709]Increased neuroimaging evidence informs potential intervention targets for NIBS. The default mode network (DMN), embracing the medial prefrontal and parietal cortex (MPC), dominates resting brain activity and serves advanced mental functions [11, 12]. The MPC [i.e., precuneus/posterior cingulate cortex (PCC)] plays a crucial role in the processing of consciousness [11, 12], and is regulated by alpha oscillations (8–12 Hz), a primary rhythm of intrinsic brain [13, 14]. Insomnia and sleep deprivation have paralleled reduced alpha activity and damaged anterior-posterior DMN integration [15-17]. Intervening MPC is therefore a viable way for tACS interventions against insomnia and alpha oscillation may be a prime candidate for interventions.
We planned this study to evaluate the efficacy and safety of alpha-tACS over MPC in treatment of insomnia in a randomized clinical trial setting. Here, we describe the pre-specified protocol and statistical analysis plan. According to our preliminary experiment, we hypothesize that tACS would outperform its sham control on a comprehensive symptom and functional improvements. Accomplishing these aims will inform us to report alpha-tACS over MPC as a promising treatment for insomnia.
4. Design and Objective
[bookmark: _GoBack]This is a randomized sham-controlled trial to be conducted at the Department of Neurology, Beijing Puren Hospital (Beijing, China), with a one-year period of subject recruitment. The study was approved by local ethics committee of Beijing Puren Hospital, Beijing, China (approval number: pr11-2021-1) on January 26, 2022, in accordance with the principles of the Declaration of Helsinki. The study includes a 2-week intervention phase (week 2) and clinical follow-ups at 4 weeks (week 4) and 6 weeks (week 6) (See Figure 1 for flow diagram). Fifty-six participants will be randomized in a 1:1 ratio to receive active or sham tACS. They will undergo a scale evaluation of sleep and related symptoms. All screening, clinical assessment and examinations, as well as the time points, are shown in Table 1. For patients who have received sham stimulation, after unblinding the study, if they wish, they can also receive active stimulation therapy and related brain function examinations. All participants will sign written informed consent before their enrollment in the study. All procedures will strictly follow the consolidated standards of reporting trials guidelines.

Figure 1. CONSORT Flow Diagram.[image: 流程图-抑郁-用于方案]


Table 1. Schedule of enrollments, interventions, and assessments.
	
	Screening
	Baseline
	Week 2
	Week 4
	Week 6

	Enrollment
	
	
	
	
	

	Diagnosis
	×
	
	
	
	

	Signed informed consent
	
	×
	
	
	

	Randomization
	
	×
	
	
	

	Interventions
	
	
	
	
	

	Active
	
	×
	×
	
	

	Sham
	
	×
	×
	
	

	Assessments
	
	
	
	
	

	Primary outcome
	
	
	
	
	

	PSQI
	×
	×
	×
	×
	×

	Secondary outcomes
	
	
	
	
	

	HDRS17
	×
	×
	×
	×
	×

	HARS
	
	×
	×
	×
	×

	PDQ-D
	
	×
	×
	×
	×

	CERQ
	
	×
	×
	×
	×

	SSS
	
	×
	×
	×
	×

	Adverse reaction
	
	
	×
	×
	×

	Blinding assessment
	
	
	
	
	×



5 Participants
5.1 Recruitment: Participants will be recruited from the Beijing Puren Hospital by investigators and other physicians’ referral. The final diagnosis will be confirmed by the principal investigators. After carefully introducing the research process, objective, benefits and risks, researchers will communicate thoroughly with the participants before the start of the study to determine whether they have a strong desire or sufficient time for treatment and whether it is convenient to come to the hospital to ensure that the participants can complete the study and minimize dropout as much as possible.
5.2 Inclusion criteria: Inclusion criteria were: being aged 18-65 years, total score of the Pittsburgh Sleep Quality Index (PSQI) > 8 [18]; daytime functional impairments (i.e., ≥ 2 on daily disturbance scores of the PSQI) [18]; having at least 3 nights per week of difficulties in falling asleep/maintaining sleep, or early awakening for more than 3 months.
5.3 Exclusion criteria: Active suicidality, as indicated by a score of ≥ 3 on the suicide item of HDRS17; unstable medical conditions; substance dependence or abuse; psychiatric or neurological diseases; exposure to other neuromodulation treatment within the last 6 months; psychoactive medications within the last 2 weeks; current psychotherapy; significant brain anatomical changes detected by MRI; contraindications to tACS or fMRI (e.g., metallic implants); pregnant or breastfeeding; currently participating in any other clinical trials.
5.4 Sample size calculation: The primary outcome was the response rate at week 6, defined as at least a 50% reduction in the total PSQI relative to baseline. According to the results of our pilot study, the response rates in the active and sham groups were 50% and 10%, respectively. With a 1:1 randomization, two-tailed α=0.05, and degree of confidence 80%, 21 subjects were estimated to be required for each group. Considering a possible dropout rate of 20% and block size of 4, the sample size was inflated to 28 per group.




Table 2. Demographic and clinical characteristics at baseline.
	

	Total
(n=56)
	Active
(n=28)
	Sham
(n=28)
	p value

	Age, mean (SD), y
	
	
	
	

	Male, n (%)
	
	
	
	

	Married, n (%)
	
	
	
	

	Education above high school, n (%)
	
	
	
	

	Being in regular work, n (%)
	
	
	
	

	BMI, median (IQR), kg/m2
	
	
	
	

	Total duration, median (IQR), m
	
	
	
	

	Current duration, median (IQR), m
	
	
	
	

	Alcohol/drug abuse, n (%)
	
	
	
	

	Total PSQI, mean (SD)
	
	
	
	

	Total HDRS17, mean (SD)
	
	
	
	

	Total HARS, mean (SD)
	
	
	
	

	Total PDQ-D, mean (SD)
	
	
	
	

	Total CERQ rumination subscale, mean (SD)
	
	
	
	



6. Intervention
tACS treatment will be administered using a 4×1 HD transcranial electrical stimulation system (Volcan Medical, Nanjing, China). The equipment used in this study has been approved by the National Medical Products Administration (Registration NO: 20202091106). The system includes five sintered 12 mm diameter Ag/AgCl electrodes attached to custom high-definition plastic holders, filled with conductive gel, and embedded in a BrainCap.
The central electrode will be positioned at Pz and the surrounding electrodes at CPz, P1, P2, and POz according to the International 10-20 EEG system. tACS stimulation will be delivered with a 2 mA alpha frequency (10 Hz) bipolar sinusoidal current. The impedance should be kept below 15 kΩ using a conductive paste. Sham tACS will be delivered using the same protocol, but lasted only one minute and ramped up and down at the beginning and end of the 30 min period. A total of 10 sessions will be conducted for each participant over two consecutive weeks (30 min per session, once daily from Monday through Friday, with weekends off).
7. Assessments and outcomes
7.1 Assessments 
Assessments will be conducted at baseline (week 0), treatment endpoint (week 2), week 4, and week 6 after randomization. Sleep symptoms will be assessed by the PSQI. Depressive and anxiety symptoms will be assessed using the clinician-rated HDRS17 and HARS respectively. The 20-item Perceived Deficits Questionnaire-Depression (PDQ-D) [19], which involves four cognitive domains (attention/concentration, retrospective memory, prospective memory, and organization/planning), is used to assess cognitive dysfunction. Participants should rate the frequency of cognitive deficits within the last 7 days using a 5-point scoring (0=“never”; 4=“more than once a day”). The rumination subscale of the Cognitive Emotion Regulation Questionnaire (CERQ) in Chinese version [20] is used to assess the feelings and thoughts associated with negative experiences with a 5-point scoring (1=“never”; 5=“always”). The Somatic Self-rating Scale (SSS) was used to evaluate physical discomfort symptoms. The above clinician- and self-rated scales adopt a scoring rule of summing all items. Adverse events were recorded using a transcranial electrical stimulation adverse reaction questionnaire [18].
7.2 Outcomes
[bookmark: _Toc42077448]7.2.1 Primary Outcome
The response rate at week 6, defined as ≥ 50% reduction in the total PSQI.
7.2.2 Secondary Outcomes
(1) response rates at weeks 2 and 4;
(2) remission rate at each visit, defined as total PSQI < 5;
(3) changes in sleep symptoms (total scores and components of the PSQI, i.e., SOL, TST, sleep efficiency, sleep quality, and daily disturbance);
(4) changes in mood symptoms, as evaluated by the HDRS17 and HARS;
(5) changes in cognitive deficits, as evaluated by the PDQ-D;
(6) changes in rumination, as evaluated by the CERQ rumination subscale.
8. Safety Indicators
Information about possible adverse events (AEs) will be monitored at end of treatment, week 4 and week 6 by using a self-reported 18-items transcranial electrical stimulation adverse reaction questionnaire with a 5-point scoring (0=“none”; 4=“severe”) [18].
The principal investigators will be responsible for overseeing the safety of this trial. They will be available any time for questions from the clinical team. The AEs will be assessed regarding duration, severity and relationship to the tACS. If serious AEs happen (Is life threatening, Requires hospitalization, Results in persistent or significant disability, Important medical event that requires intervention to prevent any of the conditions), it will be reported to the local ethics committee by the overall study principal investigator within 24 h. All emerging AEs will receive timely medical intervention until it disappears or have no clinical significance.
Principal investigators will decide to terminate the trial, and the criteria for the termination are: have serious AEs, failed to complete clinical visits, or withdraw upon requests. Participants will be informed that they can withdraw from the study at any time and for any reason. The reason for withdrawal will be recorded. Participants who choose to discontinue interventions can choose to complete the further clinical assessments or to withdraw from all visits.
9. Randomization and Blinding
Randomization sequence was generated using a fixed-block design with equal representation of two arms in a 1:1 ratio by an independent researcher, who had not participated in subsequent study. The participants and researchers responsible for case enrollment and clinical evaluations will be blinded to the treatment assignment. Blindness will be evaluated by asking participants and evaluators at the study endpoint to estimate the group assignment. Blinding will be broken in case of an emergency.
10. Ethical Considerations
10.1 Informed consent procedure
Research will be carried out in compliance with principles for medical research involving human subjects of Helsinki Declaration. Participants will have a counselling session at the time of enrollment with the Research Associate in which they will be told about: purpose of the trial; report to the principal investigators for any adverse effects during the study; an informed consent signed.
At the screening visit, the Principal Investigator will obtain written informed consent from each participant prior to any study procedures. The informed consent procedure will be preceded by an adequate introduction of the objectives, methods, potential benefits and risks of the study, right of the patients, and confidential. Before signed inform consent, the participant will be given enough time to consider. It will be explained to the participants that they can refuse participation or withdraw their consent at any point during the study and for any reasons. All participants will be informed of any updated safety information which may result in significant changes in the risk/benefit analysis and will be re-consented to confirm their wish to continue the study. Data collection will be performed in a manner with minimal discomfort to the participants.
10.2 Potential risks
tACS used in this study is a new non-invasive treatment technology, but it may still lead to mild side effects such as local discomfort and headache. We will use a specialized scale made for electric stimulation treatment to evaluate AEs and monitor closely the responses of patients at each treatment day or visit. If there are serious AEs, timely medial intervention will be given.
10.3 Potential benefits
The patients themselves may benefit from this study, including possible improvements in their illness, free access to scale assessments and brain examinations, and professional medical support. If the treatment protocol is proven to be effective, it will provide a new treatment approach for the vast population of chronic insomnia, and reduce the social, economic, and personal burden related to the disease.
10.4 Rights of subject
We encourage all participants to complete this study. Throughout the entire research process, medical support will be provided at any time of need to ensure safety. However, the subjects will be informed that participation in the study is voluntary and they have the right to withdraw at any stage of the study without discrimination or retaliation, and the medical treatment and rights will not be affected. All examinations and treatments are free of charge.
10.5 Confidential
All information about the subjects will be strictly confidential to the extent permitted by law. Only authorized researchers, ethics committees, and research project departments can access the research materials, with the purpose of verifying their authenticity. The identity of any subjects will neither be linked to an electronic file nor shared with anyone. The access to the hard copies and identities will be restricted to the Primary Investigators only.
11. Data Management
Data will be collected in the paper-based Case Report Form (CRF). Data will be entered into an electronic system by independent investigators, and double-entry verification will be conducted. Principal investigators manage data and supervise research progress. All information is stored at the Department of Neurology, Beijing Puren Hospital. For the participants who discontinued treatment, their reasons, date, and possible AEs will be collected.
12. Statistical Analysis Plan
The data analysis for this clinical trial will be divided into two steps.
First, for baseline demographic and clinical data, descriptive analysis of categorical data will be presented in terms of frequencies and percentages, whereas that for continuous variables will be described as mean (standard deviation, SD) if normally distributed and as median (interquartile range, IQR) if not. The active group and the sham group will be compared using the t-test if normally distributed and the Mann-Whitney U test if not. The chi-squared test will be used for categorical variables. A two-tailed p value < 0.05 will be considered statistically significant. The analysis will be conducted using the IBM Statistical Package for the Social Sciences (IBM SPSS version 25; IBM Corp Inc., Armonk, NY). Baseline demographic and clinical data will be reported as Table 2.
Second, for treatment outcomes, the data will be analyzed based on the intention-to-treat (ITT) sample using R (R Foundation for Statistical Computing). ITT includes all subjects randomized into treatment, regardless of whether they have completed the entire study. For the primary outcomes and categorical variables (remission rate, response rate, and adverse reaction), the risk ratio (RR) with 95% confidence interval (CI) will be calculated using the log-binomial model, and the absolute risk difference (RD) with 95% CI will be calculated using the Newcombe-Wilson score method. The mixed effects model will be used to determine treatment-attributable changes in all of the outcome measures (total scores and components of PSQI, HDRS17 total scores, HARS total scores, PDQ-D total scores, and CREQ rumination subscale scores) over time, with time (baseline, week 2, week 4, week 6) and group (active versus sham) × time as fixed factors and participants as a random factor. Residuals will be inspected for normality, and the square root transform applied as appropriate. Because of randomization, we plan to not include demographical and clinical data into covariates when performing comparison analysis between groups. Blindness will be assessed using the chi-square test. All statistical tests will use a significance threshold of two tailed p < 0.05.
13. Availability of Data
Materials described in this paper pertain to the study protocol only and no raw data are reported. The datasets will be collected and analyzed, and can be made available from the Principal Investigators on reasonable requests.
14. Substudy
Imaging data will be acquired with a 3.0 T MRI system (Union Medical uMR770, Beijing, China) to investigate the potential neural response and predictors. The resting-state images will be scanned for 10 minutes with echo-planar imaging sequence [repetition time (TR) s/echo time (TE) ms, 2/30; FOV, 230 mm×230 mm; 80° flip angle; matrix, 64×64; thickness/gap, 3.5 mm/0 mm; 36 slices]. Anatomical images will be obtained with a T1-weighted magnetization-prepared rapid gradient-echo (MP-RAGE) sequence (9° flip angle; thickness, 1 mm; 176 slices). The EEG data were also collected for the patients who agreed.
15. Competing Interests
The authors declare that they have no competing interests.
16. Funding
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