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	[bookmark: RANGE!A1]Supplemental Table 1. Characteristics of participants, by study group and by time period, NBDPS 1997-2011. Values are n (%).

	 
Characteristic
	1997-2005 EDDs
	 
 
	2006-2011 EDDs

	
	Controls
	Craniosynostosis Cases, by Affected Suture*
	
	Controls
	Craniosynostosis Cases, by Affected Suture*

	
	
	Sagittal
	Metopic
	Coronal
	Lambdoidal
	Any Suture
	
	
	Sagittal
	Metopic
	Coronal
	Lambdoidal
	Any Suture

	Overall
	6,476
	420
	131
	134
	28
	715
	
	4740
	409
	147
	139
	24
	720

	Maternal age at delivery
	
	
	
	
	
	
	
	
	
	
	
	
	

	<20 years
	696 (10.8)
	20 (4.8)
	6 (4.6)
	3 (2.2)
	2 (7.1)
	31 (4.3)
	
	401 (8.5)
	16 (3.9)
	10 (6.8)
	7 (5.0)
	0 (0)
	33 (4.6)

	20-24 years
	1479 (22.8)
	65 (15.5)
	32 (24.4)
	19 (14.2)
	3 (10.7)
	119 (16.6)
	
	1044 (22.0)
	60 (14.7)
	34(23.1)
	30 (21.6)
	6 (25.0)
	131 (18.2)

	25-29 years
	1719 (26.5)
	124 (29.5)
	32 (24.4)
	29 (21.6)
	7 (25.0)
	193 (27.0)
	
	1392 (29.4)
	129 (31.5)
	36 (24.5)
	39 (28.1)
	9 (37.5)
	213 (29.6)

	30-34 years
	1678 (25.9)
	121 (28.8)
	39 (39.8)
	59 (44.0)
	8 (28.6)
	228 (31.9)
	
	1232 (26.0)
	119 (29.0)
	47 (32.0)
	45 (32.4)
	7 (29.2)
	218 (30.3)

	≥35 years
	904 (14.0)
	90 (21.4)
	22 (16.8)
	24 (17.9)
	8 (28.6)
	144 (20.1)
	
	671 (14.2)
	85 (20.8)
	20 (13.6)
	18 (13.0)
	2 (8.3)
	125 (17.4)

	Missing
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Maternal race/ethnicity
	
	
	
	
	
	
	
	
	
	
	
	
	

	Non-Hispanic White
	3875 (59.8)
	338 (80.5)
	92 (70.2)
	89 (66.4)
	18 (64.3)
	538 (75.2)
	
	2666 (56.2)
	314 (76.8)
	104 (70.8)
	83 (59.7)
	17 (70.8)
	518 (71.9)

	Non-Hispanic Black
	750 (11.6)
	17 (4.1)
	9 (6.9)
	6 (4.5)
	0 (0)
	32 (4.5)
	
	476 (10.0)
	10 (2.4)
	11 (7.5)
	5 (3.6)
	0 (0)
	26 (3.6)

	Hispanic
	1447 (22.3)
	50 (11.9)
	25 (19.1)
	31 (23.1)
	10 (35.7)
	116 (16.2)
	
	1255 (26.5)
	66 (16.1)
	27 (18.4)
	34 (24.5)
	6 (25.0)
	134 (18.6)

	Other
	403 (6.2)
	15 (3.6)
	5 (3.8)
	8 (6.0)
	0 (0)
	29 (4.1)
	
	342 (7.2)
	19 (4.7)
	5 (3.4)
	17 (12.2)
	1 (4.2)
	42 (5.8)

	Missing
	1 (0.02)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	1 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Maternal education level
	
	
	
	
	
	
	
	
	
	
	
	
	

	< High school diploma
	1090 (16.8)
	42 (10.0)
	18 (13.7)
	18 (13.4)
	2 (7.1)
	80 (11.2)
	
	750 (15.8)
	38 (9.3)
	16 (10.9)
	20 (14.4)
	2 (8.3)
	77 (10.7)

	High school diploma
	1602 (24.7)
	87 (20.7)
	35 (26.7)
	37 (27.6)
	7 (25.0)
	166 (23.2)
	
	1061 (22.4)
	85 (20.8)
	27 (18.4)
	32 (23.0)
	1 (4.2)
	145 (20.1)

	Some college
	1731 (26.7)
	127 (30.2)
	29 (22.1)
	31 (23.1)
	13 (46.4)
	201 (28.1)
	
	1255 (26.5)
	109 (26.7)
	45 (30.6)
	44 (31.7)
	12 (50.0)
	210 (29.2)

	Bachelor's degree or more
	2034 (31.4)
	163 (38.8)
	49 (37.4)
	48 (35.8)
	6 (21.4)
	267 (37.3)
	
	1651 (34.8)
	177 (43.3)
	59 (40.1)
	42 (30.2)
	9 (37.5)
	287 (39.9)

	Missing
	19 (0.3)
	1 (0.2)
	0 (0)
	0 (0)
	0 (0)
	1 (0.1)
	
	23 (0.5)
	0 (0)
	0 (0)
	1 (0.7)
	0 (0)
	1 (0.1)

	Annual household income
	
	
	
	
	
	
	
	
	
	
	
	
	

	<$30,000
	2692 (41.6)
	138 (32.9)
	53 (40.5)
	61 (45.5)
	15 (53.6)
	267 (37.3)
	
	2006 (42.3)
	129 (31.5)
	53 (36.1)
	49 (35.3)
	5 (20.8)
	237 (32.9)

	$30,000-$49,999
	1088 (16.8)
	82 (19.5)
	17 (13.0)
	22 (16.4)
	8 (28.6)
	131 (18.3)
	
	725 (15.3)
	62 (15.2)
	30 (36.1)
	26 (18.7)
	9 (37.5)
	127 (17.6)

	≥$50,000
	2044 (34.6)
	182 (43.3)
	55 (42.0)
	46 (34.3)
	5 (17.9)
	288 (40.3)
	
	1742 (36.8)
	207 (50.6)
	61 (41.5)
	56 (40.3)
	9 (37.5)
	333 (46.3)

	Missing
	352 (10.1)
	18 (4.3)
	6 (4.6)
	5 (3.7)
	0 (0)
	29 (4.1)
	
	267 (5.6)
	11 (2.7)
	3 (2.0)
	8 (5.8)
	1 (4.2)
	23 (3.2)

	Plurality >1
	189 (2.9)
	24 (5.7)
	14 (10.7)
	6 (4.5)
	1 (3.6)
	45 (6.3)
	
	141 (3.0)
	19 (4.7)
	12 (8.2)
	6 (4.3)
	0 (0)
	37 (5.2)

	Missing
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Male infant sex
	3268 (50.5)
	311 (74.1)
	96 (73.3)
	53 (39.6)
	16 (57.1)
	478 (66.9)
	
	2430 (51.3)
	308 (75.3)
	111 (75.5)
	49 (35.3)
	19 (79.2)
	488 (67.8)

	Missing
	5 (0.1)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	5 (0.1)
	1 (0.2)
	0 (0)
	0 (0)
	0 (0)
	1 (0.1)

	Thyroid disease
	112 (1.7)
	12 (2.9)
	5 (3.8)
	5 (3.7)
	0 (0)
	22 (3.1)
	
	130 (2.7)
	17 (4.2)
	9 (6.1)
	3 (2.2)
	0 (0)
	29 (4.0)

	Missing
	12 (0.2)
	1 (0.2)
	0 (0)
	0 (0)
	0 (0)
	1 (0.1)
	
	59 (1.2)
	2 (0.5)
	2 (1.4)
	2 (1.4)
	0 (0)
	6 (0.8)

	Prepregnancy body mass index (BMI)
	
	
	
	
	
	
	
	
	
	
	
	
	

	Underweight (BMI<18.5)
	343 (5.3)
	22 (5.2)
	4 (3.1)
	6 (4.5)
	1 (3.6)
	33 (4.6)
	
	228 (4.8)
	18 (4.4)
	10 (6.8)
	9 (6.5)
	1 (4.2)
	38 (5.3)

	Normal (BMI 18.5-24.9)
	3456 (53.4)
	215 (51.2)
	61 (46.6)
	64 (47.8)
	15 (53.6)
	357 (49.9)
	
	2298 (48.4)
	193 (47.2)
	66 (44.9)
	65 (46.8)
	13 (54.2)
	338 (46.9)

	Overweight (BMI 25-29.9)
	1406 (21.7)
	104 (24.8)
	37 (28.2)
	32 (23.9)
	5 (17.9)
	178 (24.9)
	
	1043 (22.0)
	103 (25.2)
	35 (23.8)
	25 (18.0)
	6 (25.0)
	169 (23.5)

	Obese (BMI ≥30)
	1012 (15.6)
	69 (16.4)
	25 (19.1)
	29 (21.6)
	7 (25.0)
	130 (18.2)
	
	972 (20.5)
	89 (21.8)
	32 (21.8)
	37 (26.6)
	3 (12.5)
	161 (22.4)

	Missing
	259 (4.0)
	10 (2.4)
	4 (3.1)
	3 (2.2)
	0 (0)
	17 (2.4)
	
	201 (4.2)
	6 (1.5)
	4 (2.7)
	3 (2.2)
	1 (4.2)
	14 (1.9)

	Preexisting diabetes
	40 (0.6)
	2 (0.5)
	1 (0.8)
	4 (3.0)
	0 (0)
	7 (1.0)
	
	40 (0.8)
	2 (0.5)
	3 (2.0)
	1 (0.7)
	0 (0)
	6 (0.8)

	Missing
	416 (6.4)
	31 (7.4)
	9 (6.9)
	15 (11.2)
	3 (10.7)
	58 (8.1)
	
	401 (8.5)
	40 (9.8)
	15 (10.2)
	18 (13.0)
	3 (12.5)
	76 (10.6)

	Family history of craniosynostosis
	5 (0.1)
	13 (3.1)
	6 (4.6)
	2 (1.5)
	2 (7.1)
	23 (3.2)
	
	0 (0)
	24 (5.9)
	8 (5.4)
	2 (1.4)
	0 (0)
	34 (4.7)

	Missing
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Intended pregnancy
	3856 (59.5)
	266 (63.3)
	89 (67.9)
	85 (63.4)
	19 (67.9)
	460 (64.3)
	
	2934 (61.9)
	283 (69.2)
	100 (68.0)
	83 (59.7)
	17 (70.8)
	483 (67.1)

	Missing
	463 (7.2)
	35 (8.3)
	8 (6.1)
	7 (5.2)
	0 (0)
	50 (7.0)
	
	257 (5.4)
	17 (4.2)
	9 (6.1)
	10 (7.2)
	1 (4.2)
	37 (5.1)

	Any periconceptional recreational drug use
	81 (1.3)
	5 (1.2)
	1 (0.8)
	0 (0)
	1 (3.6)
	7 (1.0)
	
	46 (1.0)
	3 (0.7)
	1 (0.7)
	0 (0)
	0 (0)
	4 (0.6)

	Missing
	213 (3.2)
	7 (1.7)
	5 (3.8)
	4 (3.0)
	0 (0)
	16 (2.2)
	
	184 (3.9)
	15 (3.7)
	3 (2.0)
	6 (4.3)
	0 (0)
	24 (3.3)

	Any periconceptional cigarette smoking
	1215 (18.8)
	76 (18.1)
	23 (17.6)
	24 (17.9)
	11 (39.3)
	134 (18.7)
	
	787 (16.6)
	72 (17.6)
	16 (10.9)
	20 (14.4)
	3 (12.5)
	112 (15.6)

	Missing
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	2 (0.04)
	1 (0.2)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Any fertility treatment
	289 (4.5)
	30 (7.1)
	14 (10.7)
	16 (11.9)
	3 (10.7)
	64 (9.0)
	
	232 (4.9)
	31 (7.6)
	22 (15.0)
	10 (7.2)
	2 (8.3)
	65 (9.0)

	Missing
	267 (4.1)
	4 (1.0)
	2 (1.5)
	0 (0)
	0 (0)
	6 (0.8)
	
	1 (0.02)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Any periconceptional** folic acid supplement use 
	3289 (50.8)
	254 (60.5)
	73 (55.7)
	74 (55.2)
	15 (53.6)
	417 (58.3)
	
	2661 (56.1)
	267 (65.3)
	98 (66.7)
	86 (61.9)
	17 (70.8)
	468 (65.0)

	Missing
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Study site
	
	
	
	
	
	
	
	
	
	
	
	
	

	AR
	800 (12.4)
	73 (17.4)
	13 (9.9)
	17 (12.7)
	2 (7.1)
	105 (14.7)
	
	601 (12.7)
	46 (11.3)
	11 (7.5)
	17 (12.2)
	4 (16.7)
	78 (10.8)

	CA
	849 (13.1)
	42 (10.0)
	15 (11.5)
	22 (16.4)
	4 (14.3)
	83 (11.6)
	
	356 (7.5)
	30 (7.3)
	7 (4.8)
	14 (10.1)
	2 (8.3)
	53 (7.4)

	IA
	722 (11.2)
	45 (10.7)
	20 (15.3)
	20 (14.9)
	2 (7.1)
	87 (12.2)
	
	528 (11.1)
	37 (9.1)
	8 (5.4)
	8 (5.8)
	1 (4.2)
	54 (7.5)

	MA
	834 (12.9)
	63 (15.0)
	21 (16.0)
	23 (17.2)
	5 (17.9)
	112 (15.7)
	
	531 (11.2)
	64 (15.7)
	12 (8.2)
	19 (13.7)
	2 (8.3)
	97 (13.5)

	NJ
	541 (8.4)
	22 (5.2)
	2 (1.5)
	7 (5.2)
	5 (17.9)
	37 (5.2)
	
	-
	-
	-
	-
	-
	-

	NY
	567 (8.8)
	26 (6.2)
	7 (5.3)
	10 (7.5)
	0 (0)
	43 (6.0)
	
	363 (7.7)
	29 (7.1)
	6 (4.1)
	8 (5.8)
	0 (0)
	43 (6.0)

	TX
	732 (11.3)
	25 (6.0)
	11 (8.4)
	6 (4.5)
	6 (21.4)
	49 (6.9)
	
	554 (11.7)
	19 (4.7)
	7 (4.8)
	12 (8.6)
	1 (4.2)
	40 (5.6)

	GA
	697 (10.8)
	38 (9.1)
	12 (9.2)
	16 (11.9)
	4 (14.3)
	70 (9.8)
	
	500 (10.6)
	23 (5.6)
	6 (4.1)
	9 (6.5)
	2 (8.3)
	40 (5.6)

	NC
	381 (5.9)
	20 (4.8)
	9 (6.9)
	5 (3.7)
	0 (0)
	34 (4.8)
	
	570 (12.0)
	42 (10.3)
	41 (27.9)
	23 (16.6)
	1 (4.2)
	107 (14.9)

	UT
	353 (5.5)
	66 (15.7)
	21 (16.0)
	8 (6.0)
	0 (0)
	95 (13.3)
	
	737 (15.6)
	119 (29.1)
	49 (33.3)
	29 (20.9)
	11 (45.8)
	208 (28.9)

	*n=3 cases did not specify the affected suture so are included in the "Any Suture" group, but not elsewhere

	** One month before and after conception
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	[bookmark: _Toc147342017]Supplemental Table 2. Timing of maternal alcohol consumption, by study group, NBDPS 1997-2011. Values are n(%).

	Pattern
	Controls (n=11,477)
	Cases (n=1,454)

	Periconceptional Only
	3,613 (31.5)
	457 (31.4)

	Periconceptional and T2/T3
	653 (5.7)
	69 (4.7)

	T2/T3 Only
	271 (2.4)
	23 (1.6)

	Unexposed
	6,936 (60.4)
	905 (62.2)

	Abbreviations: NBDPS, National Birth Defects Prevention Study; T2/T3, 2nd or 3rd trimester




	[bookmark: _Toc147342018]
Supplemental Table 3. Association between maternal periconceptional alcohol consumption only* and craniosynostosis, by affected suture, NBDPS 1997-2011.

	
	Any Periconceptional Alcohol Consumption
	Any Periconceptional Binge Consumption

	Outcome
	n exposed
	Crude OR 
(95% CI)
	Adjusted OR 
(95% CI)**
	n exposed
	Crude OR 
(95% CI)
	Adjusted OR 
(95% CI)**

	Controls
	3,627
	 ref
	ref
	1,230
	 ref
	ref

	Craniosynostosis, any suture
	460
	0.97 (0.86, 1.09)
	0.94 (0.82, 1.07)
	156
	0.97 (0.81, 1.16)
	1.08 (0.89, 1.31)

	Affected suture
	
	
	
	
	
	

	Sagittal 
	277
	1.03 (0.89, 1.20)
	0.97 (0.82, 1.15)
	85
	0.93 (0.74, 1.19)
	1.03 (0.80, 1.33)

	Metopic 
	85
	0.90 (0.69, 1.17)
	0.95 (0.71, 1.27)
	34
	1.06 (0.73, 1.54)
	1.23 (0.81, 1.86)

	Coronal 
	79
	0.84 (0.64, 1.10)
	0.80 (0.60, 1.07)
	27
	0.85 (0.56, 1.27)
	0.93 (0.61, 1.44)

	Lambdoid
	17
	1.08 (0.60, 1.97)
	***
	8
	1.50 (0.69, 3.29)
	***

	Abbreviations: NBDPS, National Birth Defects Prevention Study; OR, odds ratio; CI, confidence interval

	*Participants reporting both periconceptional and later pregnancy alcohol consumption are excluded (n=653 controls, 71 cases)

	**Adjusted for maternal age, fertility treatment status, race/ethnicity, pregnancy intention, and study site

	***Model did not converge






	[bookmark: _Toc147342019]Supplemental Table 4. Association between any maternal periconceptional alcohol consumption, by level of consumption, and craniosynostosis in offspring, stratified by study time period, NBDPS 1997-2011.

	
	1997-2005 EDDs
	2006-2011 EDDs

	Exposure
	Exposed Cases/Controls
	Crude OR 
(95% CI)
	AOR (95% CI)*
	Exposed Cases/Controls
	Crude OR 
(95% CI)
	AOR (95% CI)*

	Any
	271/2471
	0.99 (0.84, 1.16)
	0.87 (0.73, 1.05)
	258/1809
	0.91 (0.77, 1.07)
	0.92 (0.77, 1.11)

	Binge
	91/813
	1.01 (0.80, 1.28)
	1.05 (0.81, 1.36)
	92/618
	0.95 (0.75, 1.20)
	1.11 (0.85, 1.44)

	Abbreviations: NBDPS, National Birth Defects Prevention Study; EDD, estimated delivery date; OR, odds ratio; CI, confidence interval
*Adjusted for maternal age, fertility treatment status, race/ethnicity, pregnancy intention, and study site






