Appendix 1. Table. Risk ratios of developmental problems at 3 years old (parent-reported) with respect to the age of onset of short sleep in the Japan Environment and Children’s Study 
	　
	　
	　
	　
	　
	No. of participants
	No. of outcome
	Crude
	Adjusted*

	　
	　
	1m
	6m
	1y
	
	　
	%
	RR
	95% CI
	RR
	95% CI

	Autism Spectrum Disorders
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	44,359
	165
	0.4
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,753
	8
	0.5
	1.23 
	0.60 
	2.49 
	1.19 
	0.56 
	2.55 

	
	
	─
	SS
	─
	4,373
	22
	0.4
	1.35 
	0.87 
	2.11 
	1.30 
	0.82 
	2.07 

	
	
	─
	SS
	SS
	721
	7
	1.0
	2.61 
	1.23 
	5.54 
	2.65 
	1.24 
	5.67 

	
	
	SS
	─
	─
	10,061
	54
	0.4
	1.44 
	1.06 
	1.96 
	1.45 
	1.05 
	1.99 

	
	
	SS
	─
	SS
	525
	3
	0.6
	1.54 
	0.49 
	4.80 
	1.70 
	0.54 
	5.36 

	
	
	SS
	SS
	─
	1,352
	8
	0.6
	1.59 
	0.78 
	3.23 
	1.47 
	0.70 
	3.12 

	
	
	SS
	SS
	SS
	274
	4
	1.5
	3.92 
	1.47 
	10.51 
	4.08 
	1.56 
	10.64 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ages and Stages Questionnaire
	
	
	
	
	
	
	
	

	
	Total (abnormal score for any 1 of the 5 domains)
	
	
	
	
	
	

	
	
	─
	─
	─
	44,359
	5,982
	13.5 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,753
	339
	19.3 
	1.43 
	1.30 
	1.58 
	1.41 
	1.27 
	1.56 

	
	
	─
	SS
	─
	4,373
	735
	16.8 
	1.25 
	1.16 
	1.34 
	1.18 
	1.10 
	1.27 

	
	
	─
	SS
	SS
	721
	164
	22.8 
	1.69 
	1.47 
	1.93 
	1.52 
	1.32 
	1.75 

	
	
	SS
	─
	─
	10,061
	1,504
	15.0 
	1.11 
	1.05 
	1.17 
	1.07 
	1.02 
	1.13 

	
	
	SS
	─
	SS
	525
	105
	20.0 
	1.48 
	1.25 
	1.76 
	1.44 
	1.20 
	1.73 

	
	
	SS
	SS
	─
	1,352
	263
	19.5 
	1.44 
	1.29 
	1.61 
	1.31 
	1.16 
	1.47 

	
	
	SS
	SS
	SS
	274
	67
	24.5 
	1.81 
	1.47 
	2.24 
	1.57 
	1.26 
	1.95 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Communication
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	44,259
	1,471
	3.3 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,747
	71
	4.1 
	1.22 
	0.97 
	1.54 
	1.22 
	0.96 
	1.56 

	
	
	─
	SS
	─
	4,362
	203
	4.7 
	1.40 
	1.21 
	1.62 
	1.35 
	1.16 
	1.57 

	
	
	─
	SS
	SS
	719
	53
	7.4 
	2.22 
	1.70 
	2.89 
	1.88 
	1.41 
	2.50 

	
	
	SS
	─
	─
	10,039
	394
	3.9 
	1.18 
	1.06 
	1.32 
	1.15 
	1.03 
	1.29 

	
	
	SS
	─
	SS
	521
	39
	7.5 
	2.25 
	1.66 
	3.06 
	2.24 
	1.63 
	3.08 

	
	
	SS
	SS
	─
	1,350
	63
	4.7 
	1.40 
	1.10 
	1.80 
	1.34 
	1.03 
	1.73 

	
	
	SS
	SS
	SS
	273
	21
	7.7 
	2.31 
	1.53 
	3.50 
	1.96 
	1.26 
	3.05 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Gross motor skills
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	44,308
	1,728
	3.9 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,746
	109
	6.2 
	1.60 
	1.33 
	1.93 
	1.48 
	1.21 
	1.82 

	
	
	─
	SS
	─
	4,371
	212
	4.9 
	1.24 
	1.08 
	1.43 
	1.19 
	1.02 
	1.37 

	
	
	─
	SS
	SS
	720
	39
	5.4 
	1.39 
	1.02 
	1.89 
	1.25 
	0.90 
	1.73 

	
	
	SS
	─
	─
	10,051
	415
	4.1 
	1.06 
	0.95 
	1.18 
	0.97 
	0.87 
	1.09 

	
	
	SS
	─
	SS
	524
	36
	6.9 
	1.76 
	1.28 
	2.42 
	1.65 
	1.18 
	2.32 

	
	
	SS
	SS
	─
	1,351
	73
	5.4 
	1.39 
	1.10 
	1.74 
	1.30 
	1.03 
	1.65 

	
	
	SS
	SS
	SS
	273
	19
	7.0 
	1.78 
	1.15 
	2.76 
	1.48 
	0.93 
	2.36 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Fine motor skills
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	44,145
	2,854
	6.5 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,745
	164
	9.4 
	1.45 
	1.25 
	1.69 
	1.40 
	1.20 
	1.63 

	
	
	─
	SS
	─
	4,355
	382
	8.8 
	1.36 
	1.23 
	1.50 
	1.27 
	1.14 
	1.41 

	
	
	─
	SS
	SS
	716
	95
	13.3 
	2.05 
	1.70 
	2.48 
	1.85 
	1.52 
	2.25 

	
	
	SS
	─
	─
	10,027
	751
	7.5 
	1.16 
	1.07 
	1.25 
	1.11 
	1.02 
	1.20 

	
	
	SS
	─
	SS
	524
	64
	12.2 
	1.89 
	1.50 
	2.38 
	1.87 
	1.47 
	2.38 

	
	
	SS
	SS
	─
	1,349
	133
	9.9 
	1.52 
	1.29 
	1.80 
	1.28 
	1.07 
	1.53 

	
	
	SS
	SS
	SS
	271
	40
	14.8 
	2.28 
	1.71 
	3.05 
	1.82 
	1.34 
	2.49 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Problems solving
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	43,912
	2,845
	6.5 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,731
	179
	10.3 
	1.60 
	1.38 
	1.84 
	1.57 
	1.36 
	1.83 

	
	
	─
	SS
	─
	4,315
	337
	7.8 
	1.21 
	1.08 
	1.34 
	1.13 
	1.01 
	1.27 

	
	
	─
	SS
	SS
	712
	96
	13.5 
	2.08 
	1.72 
	2.52 
	1.85 
	1.51 
	2.27 

	
	
	SS
	─
	─
	9,971
	721
	7.2 
	1.12 
	1.03 
	1.21 
	1.09 
	1.01 
	1.19 

	
	
	SS
	─
	SS
	522
	51
	9.8 
	1.51 
	1.16 
	1.96 
	1.50 
	1.14 
	1.97 

	
	
	SS
	SS
	─
	1,340
	138
	10.3 
	1.59 
	1.35 
	1.87 
	1.49 
	1.25 
	1.77 

	
	
	SS
	SS
	SS
	269
	29
	10.8 
	1.66 
	1.18 
	2.35 
	1.33 
	0.91 
	1.96 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Personal-social characteristics
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	44,209
	1,211
	2.7 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	SS
	1,750
	72
	4.1 
	1.50 
	1.19 
	1.90 
	1.38 
	1.07 
	1.76 

	
	
	─
	SS
	─
	4,364
	171
	3.9 
	1.43 
	1.22 
	1.67 
	1.37 
	1.16 
	1.61 

	
	
	─
	SS
	SS
	720
	36
	5.0 
	1.83 
	1.32 
	2.52 
	1.61 
	1.15 
	2.26 

	
	
	SS
	─
	─
	10,028
	332
	3.3 
	1.21 
	1.07 
	1.36 
	1.14 
	1.01 
	1.29 

	
	
	SS
	─
	SS
	522
	25
	4.8 
	1.75 
	1.19 
	2.57 
	1.67 
	1.12 
	2.48 

	
	
	SS
	SS
	─
	1,344
	60
	4.5 
	1.63 
	1.26 
	2.10 
	1.41 
	1.07 
	1.85 

	　
	　
	SS
	SS
	SS
	272
	15
	5.5 
	2.01 
	1.23 
	3.30 
	1.73 
	1.06 
	2.83 

	CI, confidence interval; RR, risk ratio; SS, short sleep
The dashes indicate a healthy sleep state. 
	
	
	

	* Adjusted for infant sex, small for gestational age, feeding status at one-month after birth, maternal age at delivery, smoking habits, alcohol consumption, gestational age at birth, parity, educational background, household income,  postpartum depressive symptoms at one-month
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	No. of participants
	No. of outcome
	Crude
	Adjusted*

	　
	　
	1m
	6m
	1y
	
	　
	%
	RR
	95% CI
	RR
	95% CI

	Autism Spectrum Disorders
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	56,734
	237
	0.4
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,179
	7
	0.6
	1.42 
	0.67 
	3.01 
	1.59 
	0.75 
	3.35 

	
	
	─
	AW
	─
	1,141
	4
	0.4
	0.84 
	0.31 
	2.25 
	0.65 
	0.21 
	2.01 

	
	
	─
	AW
	AW
	208
	0
	0
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	
	
	AW
	─
	─
	194
	3
	1.6
	3.70 
	1.20 
	11.46 
	4.01 
	1.30 
	12.34 

	
	
	AW
	─
	AW
	161
	0
	0
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	
	
	AW
	AW
	─
	3,751
	20
	0.5
	1.28 
	0.81 
	2.01 
	1.35 
	0.84 
	2.18 

	
	
	AW
	AW
	AW
	50
	0
	0
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ages and Stages Questionnaire
	
	
	
	
	
	
	
	

	
	Total (abnormal score for any 1 of the 5 domains)
	
	
	
	
	

	
	
	─
	─
	─
	56,734
	8,146
	14.4
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,179
	218
	18.5
	1.29 
	1.14 
	1.45 
	1.31 
	1.15 
	1.48 

	
	
	─
	AW
	─
	1,141
	173
	15.2
	1.06 
	0.92 
	1.21 
	0.97 
	0.84 
	1.13 

	
	
	─
	AW
	AW
	208
	31
	14.9
	1.04 
	0.75 
	1.44 
	1.07 
	0.77 
	1.49 

	
	
	AW
	─
	─
	194
	30
	15.5
	1.08 
	0.77 
	1.50 
	1.08 
	0.77 
	1.51 

	
	
	AW
	─
	AW
	161
	37
	23.0
	1.60 
	1.21 
	2.13 
	1.63 
	1.22 
	2.17 

	
	
	AW
	AW
	─
	3,751
	518
	13.8
	0.96 
	0.89 
	1.04 
	0.97 
	0.89 
	1.06 

	
	
	AW
	AW
	AW
	50
	6
	12.0
	0.84 
	0.39 
	1.77 
	0.77 
	0.38 
	1.59 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Communication
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	56,602
	2,056
	3.6 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,178
	46
	3.9 
	1.08 
	0.81 
	1.43 
	1.12 
	0.83 
	1.50 

	
	
	─
	AW
	─
	1,139
	41
	3.6 
	0.99 
	0.73 
	1.34 
	0.93 
	0.67 
	1.28 

	
	
	─
	AW
	AW
	208
	6
	2.9 
	0.79 
	0.36 
	1.75 
	0.74 
	0.31 
	1.73 

	
	
	AW
	─
	─
	3,739
	148
	4.0 
	1.09 
	0.93 
	1.28 
	1.10 
	0.93 
	1.31 

	
	
	AW
	─
	AW
	161
	7
	4.4 
	1.20 
	0.58 
	2.47 
	1.36 
	0.66 
	2.79 

	
	
	AW
	AW
	─
	194
	9
	4.6 
	1.28 
	0.67 
	2.42 
	1.38 
	0.74 
	2.57 

	
	
	AW
	AW
	AW
	49
	2
	4.1 
	1.12 
	0.29 
	4.37 
	0.99 
	0.27 
	3.60 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Gross motor skills
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	56,672
	2,325
	4.1 
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,177
	61
	5.2 
	1.26 
	0.99 
	1.62 
	1.28 
	0.99 
	1.66 

	
	
	─
	AW
	─
	1,141
	51
	4.5 
	1.09 
	0.83 
	1.43 
	1.01 
	0.76 
	1.36 

	
	
	─
	AW
	AW
	208
	8
	3.9 
	0.94 
	0.47 
	1.85 
	1.06 
	0.54 
	2.08 

	
	
	AW
	─
	─
	194
	7
	3.6 
	0.88 
	0.42 
	1.82 
	0.96 
	0.47 
	1.97 

	
	
	AW
	─
	AW
	161
	15
	9.3 
	2.27 
	1.40 
	3.68 
	2.22 
	1.32 
	3.73 

	
	
	AW
	AW
	─
	3,741
	159
	4.3 
	1.04 
	0.89 
	1.21 
	1.03 
	0.87 
	1.22 

	
	
	AW
	AW
	AW
	50
	5
	10.0 
	2.44 
	1.06 
	5.60 
	2.24 
	1.02 
	4.92 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Fine motor skills
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	56,469
	3,949
	7.0
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,178
	110
	9.3
	1.34 
	1.11 
	1.60 
	1.36 
	1.13 
	1.64 

	
	
	─
	AW
	─
	1,137
	100
	8.8
	1.26 
	1.04 
	1.52 
	1.06 
	0.86 
	1.31 

	
	
	─
	AW
	AW
	208
	11
	5.3
	0.76 
	0.43 
	1.35 
	0.82 
	0.46 
	1.44 

	
	
	AW
	─
	─
	193
	13
	6.7
	0.96 
	0.57 
	1.63 
	1.03 
	0.61 
	1.74 

	
	
	AW
	─
	AW
	161
	15
	9.3
	1.33 
	0.82 
	2.16 
	1.47 
	0.92 
	2.35 

	
	
	AW
	AW
	─
	3,737
	281
	7.5
	1.08 
	0.96 
	1.21 
	1.10 
	0.98 
	1.24 

	
	
	AW
	AW
	AW
	49
	4
	8.2
	1.17 
	0.46 
	2.99 
	1.06 
	0.42 
	2.72 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Problems solving
	
	
	
	
	
	
	
	
	

	
	
	─
	─
	─
	56,148
	3,923
	7.0
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,170
	108
	9.2
	1.32 
	1.10 
	1.59 
	1.36 
	1.13 
	1.64 

	
	
	─
	AW
	─
	1,133
	81
	7.2
	1.02 
	0.83 
	1.26 
	0.93 
	0.74 
	1.17 

	
	
	─
	AW
	AW
	207
	12
	5.8
	0.83 
	0.48 
	1.44 
	0.85 
	0.48 
	1.50 

	
	
	AW
	─
	─
	192
	18
	9.4
	1.34 
	0.86 
	2.09 
	1.37 
	0.88 
	2.13 

	
	
	AW
	─
	AW
	159
	16
	10.1
	1.44 
	0.90 
	2.29 
	1.53 
	0.95 
	2.47 

	
	
	AW
	AW
	─
	3,714
	234
	6.3
	0.90 
	0.79 
	1.02 
	0.90 
	0.78 
	1.03 

	
	
	AW
	AW
	AW
	49
	4
	8.2
	1.17 
	0.46 
	2.99 
	1.09 
	0.43 
	2.75 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Personal-social characteristics
	
	
	
	
	
	
	

	
	
	─
	─
	─
	56,550
	1,703
	3.0
	Reference
	
	
	Reference
	
	

	
	
	─
	─
	AW
	1,173
	48
	4.1
	1.36 
	1.03 
	1.80 
	1.43 
	1.08 
	1.91 

	
	
	─
	AW
	─
	1,134
	36
	3.2
	1.05 
	0.76 
	1.46 
	0.95 
	0.67 
	1.34 

	
	
	─
	AW
	AW
	207
	5
	2.4
	0.80 
	0.34 
	1.91 
	0.88 
	0.37 
	2.09 

	
	
	AW
	─
	─
	194
	7
	3.6
	1.20 
	0.58 
	2.48 
	1.11 
	0.51 
	2.43 

	
	
	AW
	─
	AW
	161
	11
	6.8
	2.27 
	1.28 
	4.02 
	2.35 
	1.30 
	4.26 

	
	
	AW
	AW
	─
	3,741
	109
	2.9
	0.97 
	0.80 
	1.17 
	1.01 
	0.82 
	1.23 

	　
	　
	AW
	AW
	AW
	49
	3
	6.1
	2.03 
	0.68 
	6.09 
	1.75 
	0.65 
	4.72 

	CI, confidence interval; RR, risk ratio; AW, Night-time awakening
The dashes indicate a healthy sleep state.

	* Adjusted for infant sex, small for gestational age, feeding status at one-month after birth, maternal age at delivery, smoking habits, alcohol consumption, gestational age at birth, parity, educational background, household income,  postpartum depressive symptoms at one-month
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