SUPPLEMENTAL MATERIALS

Behavioral Measures

Vineland Adaptive Behavior Scales – Third Edition (VABS-3): The VABS-3 (43) is the gold standard for assessing adaptive behavior and is widely applied in clinical studies. It is specifically normed for participants with intellectual disability and ASD. This study administered the VABS-3 as a questionnaire filled out by a parent or guardian. We measured adaptive behavior for all participants in three subdomains – Communication, Daily Living Skills, and Socialization – with multiple subscales capturing various dimensions within each subdomain. We also calculated an overall Adaptive Behavior composite score. Some parents/guardians also completed the  Motor Skills subdomain, but the data available was insufficient to include motor skills in the final analysis. A positive change in VABS-3 scores indicates improvement in adaptive behaviors.

Aberrant Behavior Checklist – Community Edition (ABC-C): The ABC-C (32) measures problematic and intrusive behaviors in participants with developmental disabilities. It is designed for clinical studies. The ABC-C is a 58-item questionnaire completed by a parent or guardian. Questions can be divided into six subscales capturing various dimensions of aberrant behavior, including Irritability, Lethargy, Social Avoidance, Stereotypic Behavior, Hyperactivity, and Inappropriate Speech. The ABC-C was scored using an FXS-specific factoring system (ABC-FX) (32). A negative change in ABC-C scores indicates improvement, corresponding to fewer symptoms.

Expressive Language Sampling (ELS): ELS  (33) is a structured interview in which a highly trained examiner engages with a participant in two contexts. In the Conversation portion, the examiner engages the participant in a conversation on a variety of topics based on specific guidelines specifying the order of topics and how they are introduced. In the Narration portion, participants are asked to tell the story of a wordless picture book with scripted examiner prompts and responses. The interaction is digitally recorded and transcribed by experienced transcriptionists, then analyzed to characterize multiple dimensions of the language used. Primary outcomes in this study were mean Number of Different Words in each context. A positive change in ELS score indicates improvement, with more unique words used.

Anxiety, Depression, and Mood Scale (ADAMS): The ADAMS (44) is a screening instrument measuring anxiety, mood, and depression in participants with developmental disabilities. It is a questionnaire completed by a parent or guardian, who rates the extent to which their child displays various symptoms. The 28-item questionnaire can be divided into five subscales capturing symptoms of General Anxiety, Social Avoidance, Depression, Manic/Hyperactive, and Obsessive/Compulsive Behavior. A negative change in ADAMS score indicates improvement, corresponding to less severe or intrusive symptoms.

Swanson, Nolan, and Pelham Questionnaire (SNAP-IV): The SNAP-IV (45) is a diagnostic questionnaire based on the DSM-V criteria for ADHD. It is completed by a parent or guardian and measures symptoms on three dimensions: Inattention, Hyperactivity/Impulsivity, and Combined. A negative change on SNAP-IV scores indicates improvement, corresponding to fewer observed symptoms.

Pediatric Quality of Life Parent Proxy (PedsQL): The PedsQL (46) parent proxy is a questionnaire completed by a parent or guardian. It contains a series of questions related to a child or dependent’s quality of life. The 23 items cover four subscales: Physical Functioning, Emotional Functioning, Social Functioning, and School Functioning. The parent proxy is typically completed by caregivers of children aged 8-12, but it was completed by all parents in this study due to the study population’s cognitive age range. A positive change on the PedsQL indicates improvement, corresponding to a higher reported quality of life.


Recruitment

Any concomitant treatments – both behavioral/educational interventions and medications – were required to be stable for at least four weeks prior to screening and remain stable throughout the study. Participants and caregivers were required to be fluent in either English or French to complete all screenings and T2 measures. Exclusion criteria were: life-threatening medical problems or major systemic illness; history of adverse events with metformin; BMI under 2 standard deviations below the mean for participant’s age; a history of metabolic acidosis or a condition with lactic acidosis; severe vitamin B12 deficiency; serum creatinine above 1.4 mg/dl in participants assigned female at birth (AFAB) participants or 1.5 mg/dl in participants assigned male at birth (AMAB); and any previous treatment with metformin within four months of screening.

Consent was provided by caregivers for participants aged 6 years. For ages 7-35, capacity for informed consent was assessed by study coordinators and physicians using the Capacity Assessment Checklist for Informed Consent with Cognitively Impaired Subjects. Caregivers were required to provide consent for all participants aged 18 and under and those judged to be incapable of providing informed consent. 


Supplemental Table 1: Linear mixed-effects model statistics for all behavioral measures in full EEG sample. Bold features exhibited a significant interaction between Session and Condition, and corresponding features were added as additional measures of interest.
	Measure
	Scale
	Beta Condition
	p
	Beta Session
	p
	Beta Interaction
	p

	Pediatric Quality of Life
	Physical Functioning
	5.313
	.207
	3.48
	.205
	1.396
	.718

	
	Emotional Functioning
	3.932
	.3
	1.206
	.567
	1.995
	.501

	
	Social Functioning
	5.477
	.251
	2.787
	.32
	0.25
	.949

	
	School Functioning
	0.791
	.822
	1.996
	.304
	4.793
	.079

	SNAP
	ADHD
	1.121
	.622
	-2.288
	.045
	-0.967
	.547

	
	ODD
	-1.509
	.137
	-1.026
	.06
	0.876
	.258

	ABC
	Composite
	0.914
	.857
	-3.985
	.145
	-3.25
	.406

	
	Irritability
	-1.603
	.461
	-1.597
	.09
	0.036
	.978

	
	Lethargy
	-0.628
	.566
	-0.253
	.707
	-1.485
	.12

	
	Stereotypy
	1.87
	.039
	-0.374
	.46
	-0.501
	.488

	
	Hyperactivity
	0.233
	.869
	-1.205
	.1
	-0.057
	.956

	
	Inappropriate Speech
	1.031
	.132
	-0.792
	.031
	0.158
	.759

	
	Social Avoidance
	-1.08
	.069
	0.17
	.6
	-0.397
	.387

	ADAMS
	Manic
	-0.269
	.714
	-0.8
	.043
	0.123
	.822

	
	Depressed
	-0.788
	.234
	0.085
	.824
	-0.117
	.826

	
	Avoidant
	-1.773
	.051
	-0.422
	.342
	-0.861
	.166

	
	Anxious
	-0.638
	.424
	-0.218
	.636
	-0.237
	.714

	
	Obsessive
	0.374
	.421
	-0.342
	.206
	-0.55
	.146

	Vineland-3
	Receptive Communication
	-0.075
	.934
	0.359
	.217
	0.818
	.047

	
	Expressive Communication
	-2.528
	.51
	-0.887
	.369
	3.909
	.006

	
	Written Communication
	-0.919
	.136
	-0.055
	.86
	0.275
	.536

	
	Personal
	-0.085
	.927
	0.816
	.044
	-0.907
	.112

	
	Domestic
	0.321
	0.693
	0.528
	0.105
	-0.77
	.095

	
	Community
	0.537
	0.453
	0.362
	0.236
	-0.539
	.213

	
	Interpersonal Relationships
	1.47
	0.103
	-0.209
	0.649
	-0.064
	.922

	
	Play & Leisure Time
	2.109
	0.018
	0.524
	0.317
	-0.555
	.455

	
	Coping Skills
	0.629
	0.36
	0.264
	0.469
	0.588
	.255

	
	Adaptive Behavior Composite
	1.605
	0.646
	2.384
	0.046
	-0.484
	.773

	
	Communication Standard Score
	-2.453
	0.499
	0.669
	0.645
	3.564
	.085

	
	Daily Living Skills Standard Score
	1.784
	0.683
	4.634
	0.001
	-4.921
	.012

	
	Socialization Standard Score
	7.48
	0.079
	1.921
	0.315
	-0.184
	.946

	ELS
	Narrative Distinct Words
	-4.683
	0.427
	-2.128
	0.51
	3.252
	.478

	
	Conversation Distinct Words
	-5.905
	0.425
	-5.674
	0.099
	2.701
	.584





Supplemental Table 2: Linear mixed-effects model statistics for all behavioral measures in non-mosaic sub-sample only. Bold features exhibited a significant interaction between Session and Condition, and corresponding features were added as additional measures of interest.

	Measure
	Scale
	Beta Condition
	p
	Beta Session
	p
	Beta Interaction
	p

	Pediatric Quality of Life
	Physical Functioning
	3.11
	0.57
	3.31
	0.32
	-1.5
	0.762

	
	Emotional Functioning
	1.61
	0.755
	1.48
	0.589
	0.42
	0.918

	
	Social Functioning
	2.92
	0.632
	2.36
	0.489
	-3.56
	0.484

	
	School Functioning
	-2.7
	0.563
	3.82
	0.091
	1.51
	0.649

	SNAP
	ADHD
	5.08
	0.121
	-2.55
	0.087
	-0.63
	0.775

	
	ODD
	-0.85
	0.55
	-1.26
	0.088
	1.27
	0.246

	ABC
	Composite
	4.62
	0.518
	-5.37
	0.115
	-0.9
	0.862

	
	Irritability
	0.36
	0.901
	-2.22
	0.061
	1.07
	0.542

	
	Lethargy
	-0.61
	0.683
	-0.41
	0.627
	-1.2
	0.334

	
	Stereotypy
	1.4
	0.263
	-0.3
	0.608
	-0.32
	0.709

	
	Hyperactivity
	1.51
	0.451
	-1.7
	0.067
	0.55
	0.691

	
	Inappropriate Speech
	1.44
	0.075
	-0.93
	0.031
	0.71
	0.264

	
	Social Avoidance
	-0.7
	0.367
	0.19
	0.616
	-0.4
	0.469

	ADAMS
	Manic
	0.32
	0.765
	-1.26
	0.007
	0.64
	0.346

	
	Depressed
	-0.18
	0.814
	0.05
	0.898
	0.25
	0.677

	
	Avoidant
	-1.15
	0.319
	-0.67
	0.188
	-0.38
	0.612

	
	Anxious
	-0.07
	0.947
	-0.67
	0.245
	0.58
	0.501

	
	Obsessive
	0.73
	0.231
	-0.26
	0.364
	-0.64
	0.135

	Vineland-3
	Receptive Communication
	-0.6
	0.615
	0.62
	0.08
	0.65
	0.216

	
	Expressive Communication
	-0.21
	0.836
	-0.55
	0.28
	1.8
	0.018

	
	Written Communication
	-1.31
	0.076
	-0.2
	0.613
	0.38
	0.524

	
	Personal
	0.22
	0.845
	0.67
	0.112
	-0.85
	0.17

	
	Domestic
	0.12
	0.911
	0.64
	0.149
	-1.58
	0.017

	
	Community
	0.42
	0.656
	0.58
	0.117
	-1.06
	0.053

	
	Interpersonal Relationships
	0.67
	0.536
	-0.06
	0.916
	-0.28
	0.719

	
	Play & Leisure Time
	2.82
	0.017
	0.87
	0.169
	-0.41
	0.661

	
	Coping Skills
	0.56
	0.55
	0.75
	0.101
	-0.02
	0.979

	
	Adaptive Behavior Composite
	1.4
	0.755
	2.84
	0.045
	-1.21
	0.558

	
	Communication Standard Score
	-2.58
	0.554
	-0.03
	0.987
	4.68
	0.078

	
	Daily Living Skills Standard Score
	0.56
	0.919
	4.55
	0.007
	-6.36
	0.01

	
	Socialization Standard Score
	8.2
	0.145
	3.27
	0.122
	-1.13
	0.718

	ELS
	Narrative Distinct Words
	2.48
	0.731
	-2.27
	0.584
	1.2
	0.847

	
	Conversation Distinct Words
	-8.71
	0.386
	-10.19
	0.022
	6.71
	0.323





