Transcranial Alternating Current Stimulation for Treatment of Auditory Hallucinations in Patients with Schizophrenia

tACS for Auditory Hallucinations
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Supplementary Results
Due to space constraints for the main manuscript, we here present additional results.
Supplementary Table 1: Effect Size Calculations for AHRS Total Score
	
	tACS (n=8)
	tDCS (n=7)
	Sham (n=7)

	Day 1 to Day 5
	1.31
	0.17
	1.06

	Day 1 to 1 Week
	0.78
	0.39
	0.71

	Day 1 to 1 Month
	1.06
	0.11
	1.69


Supplementary Table 2: Effect Size Calculations for PANSS Total Score
	
	tACS (n=8)
	tDCS (n=7)
	Sham (n=7)

	Day 1 to Day 5
	0.42
	1.13
	0.39

	Day 1 to 1 Month
	0.23
	0.69
	0.84


Supplementary Table 3: Effect Size Calculations for PANSS Hallucination question
	
	tACS (n=8)
	tDCS (n=7)
	Sham (n=7)

	Day 1 to Day 5
	0.48
	0.30
	0.00

	Day 1 to 1 Month
	0.77
	0.00
	0.18


Supplementary Table 4: Effect Size for BACS Total Score
	
	tACS (n=8)
	tDCS (n=7)
	Sham (n=7)

	Day 1 to Day 5
	0.26
	1.50
	0.57

	Day 1 to 1 Month
	0.33
	0.79
	0.59


Supplementary Table 5: Duration of Illness
	
	tACS n=8
	tDCS n=7
	Sham n=7

	Onset of Symptoms
	
	
	

	1-2 years ago
	0
	2
	0

	3-5 years ago
	1
	1
	0

	5-10 years ago
	1
	2
	1

	10-15 years ago
	1
	1
	1

	>15 years ago
	4
	1
	3

	My whole life
	1
	0
	2


Supplementary Table 6: Blinding Data (Do you think you received transcranial current stimulation today?*)
	
	tACS
	tDCS
	Sham

	Yes
	6
	6
	6

	No
	0
	0
	1

	I don't know
	1
	1
	0


* Question was asked after completion of stimulation week. It was explained to the study participant that they received the same condition for the entire week, i.e. that the question applies to the entire week.
Supplementary Table 7: Medication Use
	Antipsychotic Medication
	tACS
	tDCS
	Sham

	Aripiprazole
	2
	1
	

	Chlorpromazine
	
	
	

	Clozapine
	2
	
	3

	Fluphenazine
	
	
	

	Haloperidol
	1
	
	1

	Lurasidone
	1
	
	

	Olanzapine
	
	1
	2

	Paliperidone
	
	2
	

	Quetiapine
	2
	2
	

	Risperidone
	2
	1
	1

	Ziprasidone
	1
	
	

	Perphenazine
	1
	
	

	Asenapine
	
	1
	

	Thiothixene
	
	
	1

	Loxapine
	
	
	1


*Several participants were prescribed two antipsychotic medications.  
Baseline Measures
The 22 participants were distributed over the three arms as follows: 8 in tACS, 7 in tDCS, 7 in sham. There was a significant difference in age, with the mean age of participants in the tACS group being higher than those in the tDCS and sham groups (p=0.01, Table 1). The majority of participants were male (7 in tACS, 4 in tDCS, and 4 in sham) and right handed (7 in tACS, 6 in tDCS, and 7 in sham). Each participant was asked about the approximate onset of symptoms (Supplementary Table 5) for duration of illness. Blinding was successful, 7 participants in tACS, 6 in tDCS, and 6 in sham believed that they had received stimulation (Supplementary Table 6). Only one participant randomized to the sham group believed that they did not receive treatment. Medication use is reported in Supplementary Table 7. 
Participant Expectation of Outcomes
At the initial session, the Hunter Beliefs about Treatment Questionnaire (used with the permission of the UCLA Laboratory of Brain, Behavior, and Pharmacology,© 2005, 2017 UC Regents)  was administered in order to document a potential susceptibility to placebo effect in each participant. Analysis of this assessment focused on possible correlations between outcome expectation and AHRS score change, quantified by difference in AHRS score from day 1 of stimulation to day 5 of stimulation. Using Pearson’s correlation, we did not find any significant correlation between expectation of symptom improvement and actual symptom improvement quantified by the AHRS for tACS (r=-0.058, n=8, p=0.89), tDCS (r=0.491, n=7, p=0.26) or sham (r=-0.109, n=7, p=0.82). No significant correlations emerged between the expected amount of symptom improvement and actual symptom improvement in terms of change in the AHRS score for tACS (r=-0.130, n=8, p=0.76), tDCS (r=0.163, n=7, p=0.73), or sham (r=-0.451, n=7, p=0.31). 

Self-Rating Symptom Improvement
Participants were asked to answer a brief questionnaire about whether they believed their auditory hallucination symptoms had improved after the 5 days of stimulation. Data was collected at day 5 of stimulation, the one week follow up and the one month follow up. At day 5 of stimulation, 5 of 8 participants assigned to tACS, 5 of 7 participants assigned to tDCS, and 3 of 7 participants assigned to sham responded that their symptoms had improved (Supplementary Table 8). At the one week follow up, 5 of 8 participants assigned to tACS, 6 of 7 participants assigned to tDCS, and 5 of 7 participants assigned to sham responded that their symptoms had improved.  At the one month follow up, 5 of 8 participants assigned to tACS, 2 of 7 participants assigned to tDCS, and 4 of 7 participants assigned to sham responded that their symptoms had improved. 

Supplementary Table 8: Participant Rate Symptom Improvement by Condition
	
	tACS (n=8)
	tDCS (n=7)
	Sham (n=7)

	
	Yes
	No
	Yes
	No
	Yes
	No

	Day 5 of Stimulation
	5
	3
	5
	2
	3
	4

	One Week Follow Up
	5
	3
	6
	1
	5
	2

	One Month Follow Up
	5
	3
	2
	5
	4
	3


Participant Age and AHRS Improvement
Pearson’s correlation analysis between age of each participant and AHRS score change, quantified by difference in AHRS score from day 1 of stimulation to day 5 of stimulation, showed a negative correlation (r=-0.518, n=22, p=0.01, Supplementary Figure 2). This can be explained by uneven distribution of age across the three groups. 
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Supplementary Figure 2: Participant age and degree of symptom improvement, defined by change in Auditory Hallucination Rating Scale (AHRS) score from day 1 of stimulation to day 5 of stimulation, for all participants. 
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