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Search Terms and Boolean (Logical) Operators Used in the Searches
	
	
	AND 

	
	Nonsyndromic Craniosynostosis 
	Autism Spectrum Disorder / Social Function

	


O
R
	
nonsyndromic craniosynostosis
non-syndromic craniosynostosis
craniosynostos*
craniofacial synostosis
craniostenos*
isolated craniosynostosis
single suture craniosynost*
simple craniosynostosis
sagittal synost*
scaphocephal*
trigonocephal*
metopic synostos*
coronal synostos*
lambdoid synostos*
lamdoidal synostos*

	
autism spectrum disorder
autistic disorder 
ASD 
autis*

neurodevelop*
psychosocial*
neurocognit*
social development 
psychosocial outcome
psychosocial function
psychosocial development


Note. List of general terms used in online database searches. 















Table S2 

Diagnostic criteria and measures used to identify ASD or assess social functioning


	Measures to identify ASD or assess social functioning


	Construct
	Diagnostic criteria / Measure used
	Scale
	Study (lead author)

	ASD diagnosis
	ICD-9, ICD-10
	n/a
	Tillman 2020

	
	
	
	

	ASD screening
	Social Responsiveness Scale 2nd Ed 
	total score
	Osborn 2023

	
	Social Communication Questionnaire
	total score
	Van der Vlugt 2012

	
	
	
	

	Social functioning 
	Griffiths Mental Development Scale
	personal-social 
	Bellew 2005
Chieffo 2020

	
	Ages & Stages Questionnaire 3rd Ed
	personal-social 
	Care 2019
Culshaw2022/Edwards-Bailey2023
Qi 2023

	
	Child Development Inventory
	social 
	Di Rocco 2023

	
	
	
	



ASD = Autism Spectrum Disorder; ICD = International Classification of Diseases



Table S3
Study Characteristics of included independent studies (N = 12)
	Study Name 

	Country of origin
	Recruitment source
	Sample size (case)
	Male 
(%)
	Female (%)
	Mean 
age (mths)
	Suture Location
	Surgical Status
	Surgical Procedure Reported
	SES Reported
	Family History Reported
	Control group sample size 
	Type of outcome
	Measure / criteria

	Bellew 2005 

	UK
	hospital craniofacial unit
	28
	82
	18
	6.9

	sagittal
	pre-surgery

	no
	no
	no
	28
	social functioning deficits 
	GMDS

	Care 2019
	UK
	hospital craniofacial unit
	140
	NR
	NR
	40
	sagittal
	post-surgery
	no
	no
	no
	n/a
	social functioning deficits
	ASQ-3

	Chieffo 2020

	Italy
	craniofacial unit
	T1: 125
T2: 94
	CD
	CD
	T1: 6.2 
T2: 12.2
	sagittal 
metopic
 
	pre-surgery
post-surgery
	no
	no
	no
	n/a
	social functioning deficits 
	GMDS

	Culshaw2022 (T1)
Edwards-Bailey2023 (T2) 
	UK
	craniofacial unit
	T1: 130
T2: 85
	NR


	NR
	T1: 41
T2: 60 
	metopic 
	post-surgery 
	no
	no
	no
	n/a
	social functioning deficits 
	ASQ-3

	Di Rocco 2023 
	France
	craniofacial unit
	12
	CD
	CD
	24
	sagittal
metopic
	post-surgery
	yes
	no
	no 
	n/a
	social functioning deficits 
	CDI

	Doshier 2015
	US
	medical record review
	37
	57
	43
	122 
	sagittal metopic unicoronal
	post-surgery 
	yes
	no
	no
	n/a
	ASD diagnosis
	NR

	Kljajic 2019/2020/2021/2023
	Sweden
	medical record review
	72
	49
	23
	132
	sagittal metopic
lambdoid
unicoronal 
	post-surgery 
	yes
	no
	no
	n/a
	ASD diagnosis
	NR

	Osborn 2023 
	Australia
	social media
	54
	69
	31
	80

	sagittal 
	post-surgery
CM
	yes
	yes
	yes 
	54
	ASD screening
	SRS-2

	Qi 2023 
	US
	craniofacial unit
	64
	NR
	NR
	NR
	sagittal
metopic 
	CM 
	n/a
	no
	no
	n/a
	social functioning deficits 
	ASQ-3

	Tillman 2020
	Sweden
	national registry
	1238
	70
	30
	NR
	NR
	post-surgery 
	no
	no
	no
	12380
	ASD diagnosis
	ICD-9
ICD-10

	Van Der Vlugt 2012 
	The Netherlands
	craniofacial unit
	78
	CD
	CD
	85
	metopic
	post-surgery 
	yes
	no
	no
	n/a
	ASD screening
	SCQ (dutch version)

	Wojcicki 2019
	Poland
	craniofacial unit
	23
	CD
	CD
	108
	metopic
	post-surgery 
	yes
	no
	no
	n/a
	ASD diagnosis
	NR



NR = not reported
CD = cannot determine
n/a = not applicable 
CM – conservatively managed

ASD = Autism Spectrum Disorder 
CDI = Child Development Inventory 
GMDS = Griffiths Mental Development Scale 
ASQ-3 = Ages and Stages Questionnaire (3rd Edition) 
SCQ = Social Communication Questionnaire 
SRS-2 = Social Responsiveness Scale (2nd Edition) 







	Study (lead author, year)
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12
	Q13
	Q14

	Care 2019
	N
	Y
	CD
	Y
	N
	Y
	N/A
	N/A
	Y
	N
	Y
	N
	NR 
	NR

	Culshaw 2022/ Edwards-Bailey 2023
	N
	Y
	CD
	Y
	N
	Y
	N/A
	N/A
	Y
	N
	Y
	N
	NR 
	NR

	Chieffo 2020
	Y
	N
	CD
	Y
	N
	Y
	Y
	N/A
	Y
	Y
	Y
	Y
	CD
	NR

	Doshier 2015
	Y
	Y
	N
	Y
	N
	Y
	Y
	N/A
	CD
	N
	CD
	N
	N
	NR

	Di Rocco 2023 
	Y
	Y
	N
	Y
	N
	Y
	N/A
	N/A
	Y
	NR
	Y
	N
	NR
	CD

	Kljajic 2019/2020/2021/2023
	Y
	Y
	Y
	Y
	N
	Y
	CD
	N/A
	Y
	NR
	Y
	N
	CD
	Y

	Qi 2023
	Y
	Y
	Y
	Y
	N
	Y
	N/A
	N/A
	Y
	NR
	Y
	N
	CD
	N

	
Van Der Vlugt 2012
	Y
	Y
	Y
	Y
	N
	Y
	CD
	N/A
	Y
	NR
	Y
	N
	CD
	CD

	Wojcicki 2019
	Y
	Y
	Y
	Y
	N
	Y
	Y
	N/A
	Y
	N
	CD
	N
	N
	NR


Table S4 

Adapted NIH quality assessment of observational cohort and cross-sectional studies



NIH = National Institutes of Health; Y = Yes; N = No; N/A = Not Applicable; NR = Not Reported; CD = Cannot Determine 

1. Was the research question or objective in this paper clearly stated?
2. Was the study population clearly specified and defined?
3. Was the participation rate of eligible persons at least 50%?
4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants?



5. Was a sample size justification, power description, or variance and effect estimates provided?
6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?
7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?
8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?
9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
10. Was the exposure(s) assessed more than once over time?
11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
12. Were the outcome assessors blinded to the exposure status of participants?
13. Was loss to follow-up after baseline 20% or less?
14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?




Figure S1
Percentage of observational cross-sectional and cohort studies meeting each of the adapted NIH study quality criteria.
Table S5 

Adapted NIH quality assessment for case-control studies


	Study (lead author, year)

	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12

	Bellew 2005
	Y
	Y
	N
	Y
	NR
	Y
	CD
	CD
	N/A
	CD
	N
	NR

	[bookmark: OLE_LINK1]Osborn 2023
	Y
	Y
	N
	Y
	Y
	Y
	CD
	Y
	N/A
	CD
	N
	Y

	Tillman 2020
	Y
	Y
	N
	Y
	Y
	Y
	CD
	CD
	N/A
	CD
	N
	Y



NIH = National Institutes of Health; Y = Yes; N = No; N/A = Not Applicable; NR = Not Reported; CD = Cannot Determine 


1. Was the research question or objective in this paper clearly stated and appropriate?
2. Was the study population clearly specified and defined?
3. Did the authors include a sample size justification?
4. Were controls selected or recruited from the same or similar population that gave rise to the cases (including the same timeframe)?
5. Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify or select cases and controls valid, reliable, and implemented consistently across all study participants?
6. Were the cases clearly defined and differentiated from controls?
7. If less than 100 percent of eligible cases and/or controls were selected for the study, were the cases and/or controls randomly selected from those eligible?
8. Was there use of concurrent controls?
9. Were the investigators able to confirm that the exposure/risk occurred prior to the development of the condition or event that defined a participant as a case?
10. Were the measures of exposure/risk clearly defined, valid, reliable, and implemented consistently (including the same time period) across all study participants?
11. Were the assessors of exposure/risk blinded to the case or control status of participants?
12. Were key potential confounding variables measured and adjusted statistically in the analyses? If matching was used, did the investigators account for matching during study analysis?



Figure S2
Percentage of observational case-control studies meeting each of the adapted NIH study quality criteria.
Table S6 

Effect estimates associated with: ASD diagnoses, ASD screening or social functioning measures

	Construct
	NStudies
	NCraniosynostosis participants
	NControl participants
	Effect size
	95% CI
	p
	Nfs
	Heterogeneity

	
	
	
	
	gw*
	prevalence
	odds ratio
	L
	U
	
	
	Q
	p
	I2
	τ

	ASD diagnosis
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	  overall (prevalence)
	4
	1370
	0
	-
	4%
	-
	0.01
	0.13
	-
	12
	18.14
	0.00
	83.46
	1.10

	  overall (odds ratio)
	1
	1238
	12380
	-
	-
	1.63
	0.97
	2.73
	0.06
	-
	0.00
	1.00
	0.00
	0.00

	    suture location 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	       sagittal
	1
	41
	0
	-
	10%
	-
	0.04
	0.23
	-
	-
	0.00
	1.00
	0.00
	0.00

	       metopic
	2
	47
	0
	-
	7%
	-
	0.02
	0.19
	-
	12
	0.30
	0.58
	0.00
	0.00

	       combined (prevalence)
	2
	1275
	0
	-
	2%
	-
	0.01
	0.08
	-
	2
	3.39
	0.07
	70.50
	0.84

	       combined (odds ratio)
	1
	1238
	12380
	-
	-
	1.63
	0.97
	2.71
	0.06
	-
	0.00
	1.00
	0.00
	0.00

	    surgical status
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	       post-surgery (prevalence)
	4
	1370
	0
	-
	4%
	-
	0.01
	0.13
	-
	12
	18.14
	0.00
	83.46
	1.10

	       post-surgery (odds ratio)
	1
	1238
	12380
	-
	-
	1.63
	0.97
	2.73
	0.06
	-
	0.00
	1.00
	0.00
	0.00

	    age group
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	       primary school
	3
	72
	0
	-
	7%
	
	0.03
	0.14
	-
	18
	0.55
	0.76
	0.00
	0.00

	       secondary school (prevalence)
	1
	1238
	12380
	
	1%
	
	0.01
	0.02
	-
	-
	0.00
	1.00
	0.00
	0.00

	       secondary school (odds ratio)
	1
	1238
	12380
	-
	-
	1.63
	0.97
	2.73
	0.06
	-
	0.00
	1.00
	0.00
	0.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ASD screening measures
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	  overall (hedges g)
	1
	54
	54
	-0.09
	
	
	-0.46
	0.29
	0.65
	-
	0.00
	1.00
	0.00
	0.00

	  overall (prevalence)
	2
	132
	0
	
	14%
	
	0.09
	0.22
	-
	4
	0.01
	0.91
	0.00
	0.00

	  overall (odds ratio)
	1
	54
	54
	
	
	2.17
	0.61
	7.70
	0.23
	-
	0.00
	1.00
	0.00
	0.00

	   suture location
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	      sagittal (hedges g)
	1
	54
	54
	-0.09
	
	
	-0.46
	0.29
	0.65
	-
	0.00
	1.00
	0.00
	0.00

	      sagittal (prevalence)
	1
	54
	0
	
	15%
	
	0.08
	0.27
	-
	-
	0.00
	1.00
	0.00
	0.00

	      sagittal (odds ratio)
	1
	54
	54
	
	
	2.17
	0.61
	7.70
	0.23
	-
	0.00
	1.00
	0.00
	0.00

	      metopic
	1
	78
	0
	
	14%
	
	0.08
	0.24
	-
	-
	0.00
	1.00
	0.00
	0.00

	   surgical status 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	      post-surgery
	1
	78
	0
	
	14%
	
	0.08
	0.24
	-
	-
	0.00
	1.00
	0.00
	0.00

	      combined (hedges g)
	1
	54
	54
	-0.09
	
	
	-0.46
	0.29
	0.65
	-
	0.00
	1.00
	0.00
	0.00

	      combined (prevalence)
	1
	54
	0
	
	15%
	
	0.08
	0.27
	-
	-
	0.00
	1.00
	0.00
	0.00

	      combined (odds ratio)
	1
	54
	54
	
	
	2.17
	0.61
	7.70
	0.23
	-
	0.00
	1.00
	0.00
	0.00

	   age group (primary school) 
	2
	132
	0
	
	14%
	
	0.09
	0.22
	-
	4
	0.01
	0.91
	0.00
	0.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Social functioning
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk152858196]  overall (hedges g)
	1
	41
	28
	-0.19
	
	
	-0.52
	0.15
	0.27
	-
	0.00
	1.00
	0.00
	0.00

	  overall (prevalence)
	5
	471
	0
	
	12%
	
	0.06
	0.22
	-
	7
	24.76
	0.00
	79.80
	0.66

	    suture location
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	      sagittal (hedges g)
	1
	41
	28
	-0.19
	
	
	-0.52
	0.15
	0.27
	-
	0.00
	1.00
	0.00
	0.00

	      sagittal (prevalence)
	4
	233
	0
	
	7%
	
	0.04
	0.12
	-
	2
	2.34
	0.51
	0.00
	0.00

	      metopic
	4
	225
	0
	
	18%
	
	0.12
	0.27
	-
	10
	12.57
	0.01
	68.18
	0.54

	   surgical status
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	      pre-surgery (hedges g)
	1
	28
	28
	-0.21
	
	
	-0.72
	0.31
	0.44
	-
	0.00
	1.00
	0.00
	0.00

	      pre-surgery (prevalence)
	1
	125
	0
	
	7%
	
	0.03
	0.17
	-
	-
	0.00
	1.00
	0.00
	0.00

	      post-surgery
	4
	376
	0
	
	13%
	
	0.01
	0.75
	-
	6
	20.12
	0.00
	80.12
	0.72

	      conservatively managed
	1
	64
	0
	
	8%
	
	0.01
	0.39
	-
	-
	0.00
	1.00
	0.00
	0.00

	    age group
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	      infancy (hedges g)
	1
	28
	28
	-0.21
	
	
	-0.72
	0.31
	0.44
	-
	0.00
	1.00
	0.00
	0.00

	      infancy (prevalence)
	1
	125
	0
	
	7%
	
	0.03
	0.17
	-
	-
	0.00
	1.00
	0.00
	0.00

	      preschool
	4
	346
	0
	
	11%
	
	0.03
	0.29
	-
	5
	3.46
	0.33
	13.32
	0.18

	      primary school
	1
	85
	0
	
	28%
	
	0.20
	0.39
	-
	-
	0.00
	1.00
	0.00
	0.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



* g if N = 1 

Yes	Question / Objective	Population Clearly Defined	Rate of Eligible persons  	>	50%	Participants: Similar Population 	&	 Time	Sample Size Justification	NSC Measured Prior to Outcomes	Sufficient Timeframe 	Levels of  Exposure Measured	Case Measures Valid 	&	 Reliable 	Repeated Measures of Cases	Outcome Measures Valid 	&	 Reliable 	Blinded Outcome Assessors	Loss to Follow Up 	<	20%	Confounding Variables Statistically Adjusted 	10	12	7	13	0	13	3	0	12	1	11	1	0	3	No	Question / Objective	Population Clearly Defined	Rate of Eligible persons  	>	50%	Participants: Similar Population 	&	 Time	Sample Size Justification	NSC Measured Prior to Outcomes	Sufficient Timeframe 	Levels of  Exposure Measured	Case Measures Valid 	&	 Reliable 	Repeated Measures of Cases	Outcome Measures Valid 	&	 Reliable 	Blinded Outcome Assessors	Loss to Follow Up 	<	20%	Confounding Variables Statistically Adjusted 	3	1	2	0	13	0	0	0	0	5	0	12	2	1	Not Reported	Question / Objective	Population Clearly Defined	Rate of Eligible persons  	>	50%	Participants: Similar Population 	&	 Time	Sample Size Justification	NSC Measured Prior to Outcomes	Sufficient Timeframe 	Levels of  Exposure Measured	Case Measures Valid 	&	 Reliable 	Repeated Measures of Cases	Outcome Measures Valid 	&	 Reliable 	Blinded Outcome Assessors	Loss to Follow Up 	<	20%	Confounding Variables Statistically Adjusted 	0	0	0	0	0	0	0	0	0	7	0	0	4	6	Cannot Determine 	Question / Objective	Population Clearly Defined	Rate of Eligible persons  	>	50%	Participants: Similar Population 	&	 Time	Sample Size Justification	NSC Measured Prior to Outcomes	Sufficient Timeframe 	Levels of  Exposure Measured	Case Measures Valid 	&	 Reliable 	Repeated Measures of Cases	Outcome Measures Valid 	&	 Reliable 	Blinded Outcome Assessors	Loss to Follow Up 	<	20%	Confounding Variables Statistically Adjusted 	0	0	4	0	0	0	5	0	1	0	2	0	7	3	Not Applicable 	Question / Objective	Population Clearly Defined	Rate of Eligible persons  	>	50%	Participants: Similar Population 	&	 Time	Sample Size Justification	NSC Measured Prior to Outcomes	Sufficient Timeframe 	Levels of  Exposure Measured	Case Measures Valid 	&	 Reliable 	Repeated Measures of Cases	Outcome Measures Valid 	&	 Reliable 	Blinded Outcome Assessors	Loss to Follow Up 	<	20%	Confounding Variables Statistically Adjusted 	0	0	0	0	0	0	5	13	0	0	0	0	0	0	



Yes	Question / Objective	Population Clearly Defined	Sample Size Justification	Case 	&	 Controls: Similar Population 	&	 Time 	Clear Inclusion / Exclusion Criteria 	Cases Distinct from Controls 	Case 	&	 Controls Randomly Selected	Concurrent Controls Used	Confirmed Case Exposure 	Exposure Measures Valid 	&	 Reliable 	Assessors Blinded to Case / Control Status 	Confounding Variables Statistically Adjusted 	2	2	0	2	1	2	0	0	0	0	0	1	No	Question / Objective	Population Clearly Defined	Sample Size Justification	Case 	&	 Controls: Similar Population 	&	 Time 	Clear Inclusion / Exclusion Criteria 	Cases Distinct from Controls 	Case 	&	 Controls Randomly Selected	Concurrent Controls Used	Confirmed Case Exposure 	Exposure Measures Valid 	&	 Reliable 	Assessors Blinded to Case / Control Status 	Confounding Variables Statistically Adjusted 	0	0	2	0	0	0	0	0	0	0	2	0	Not Reported	Question / Objective	Population Clearly Defined	Sample Size Justification	Case 	&	 Controls: Similar Population 	&	 Time 	Clear Inclusion / Exclusion Criteria 	Cases Distinct from Controls 	Case 	&	 Controls Randomly Selected	Concurrent Controls Used	Confirmed Case Exposure 	Exposure Measures Valid 	&	 Reliable 	Assessors Blinded to Case / Control Status 	Confounding Variables Statistically Adjusted 	0	0	0	0	1	0	0	0	0	0	0	1	Cannot Determine 	Question / Objective	Population Clearly Defined	Sample Size Justification	Case 	&	 Controls: Similar Population 	&	 Time 	Clear Inclusion / Exclusion Criteria 	Cases Distinct from Controls 	Case 	&	 Controls Randomly Selected	Concurrent Controls Used	Confirmed Case Exposure 	Exposure Measures Valid 	&	 Reliable 	Assessors Blinded to Case / Control Status 	Confounding Variables Statistically Adjusted 	0	0	0	0	0	0	2	2	0	2	0	0	Not Applicable 	Question / Objective	Population Clearly Defined	Sample Size Justification	Case 	&	 Controls: Similar Population 	&	 Time 	Clear Inclusion / Exclusion Criteria 	Cases Distinct from Controls 	Case 	&	 Controls Randomly Selected	Concurrent Controls Used	Confirmed Case Exposure 	Exposure Measures Valid 	&	 Reliable 	Assessors Blinded to Case / Control Status 	Confounding Variables Statistically Adjusted 	0	0	0	0	0	0	0	0	2	0	0	0	



