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	Table 1.  Characteristics of the participants
	
	
	
	
	

	　
	　
	　
	　
	　
	　
	
	

	
	
	T1 (n= 76030 )
	T2 (n=76272  )
	
	

	
	
	Total
	Total
	
	

	　
	　
	n*
	%
	n*
	%
	
	

	Maternal age at delivery (years)
	
	
	
	
	
	

	
	< 25
	7,288
	9.6 
	7,348
	9.6 
	
	

	
	25-29
	21,092
	27.7 
	21,126
	27.7 
	
	

	
	30-34
	27,083
	35.6 
	27,177
	35.6 
	
	

	
	≥ 35
	20,567
	27.1 
	20,621
	27.0 
	
	

	Smoking habits
	
	
	
	
	
	

	
	Never smoked
	45,106
	59.4 
	45,244
	59.4 
	
	

	
	Ex-smokers who quit before pregnancy
	17,624
	23.2 
	17,678
	23.2 
	
	

	
	Smokers during early pregnancy
	13,209
	17.4 
	13,261
	17.4 
	
	

	Alcohol consumption
	
	
	
	
	
	

	
	Never drank
	26,263
	34.6 
	26,357
	34.6 
	
	

	
	Ex-drinkers who quit before pregnancy
	13,833
	18.2 
	13,719
	18.0 
	
	

	
	Drinkers during early pregnancy
	35,913
	47.3 
	36,176
	47.4 
	
	

	Pre-pregnancy body mass index (kg/m2)
	
	
	
	
	
	

	
	<18.5 
	12,122
	16.0 
	12,186
	16.0 
	
	

	
	18.5–24.9
	56,182
	73.9 
	56,313
	73.9 
	
	

	
	≥25.0
	7,698
	10.1 
	7,731
	10.1 
	
	

	Gestational age at birth (weeks)
	
	
	
	
	
	

	
	Early term (37-38)
	24,844
	32.7 
	24,913
	32.7 
	
	

	
	Full term (39-41)
	51,186
	67.3 
	51,359
	67.3 
	
	

	Parity
	
	
	
	
	
	

	
	0
	32,856
	43.4
	33,010
	43.4 
	
	

	
	≥ 1
	42,928
	56.7
	42,997
	56.6 
	
	

	Infertility treatment
	
	
	
	
	
	

	
	No
	71,043
	93.5 
	71,254
	93.5 
	
	

	
	Ovulation induction/ artificial insemination husband’s semen
	2,717
	3.6 
	2,724
	3.6 
	
	

	
	Assisted reproductive technology
	2,244
	3.0 
	2,244
	2.9 
	
	

	Type of delivery
	
	
	
	
	
	

	
	Vaginal
	62,806
	82.8 
	63,038
	82.8 
	
	

	
	Caesarean
	13,089
	17.3 
	13,103
	17.2 
	
	

	Feeling when pregnancy was found out
	
	
	
	
	
	

	
	Happy
	69,312
	91.4 
	69,161
	91.5 
	
	

	
	Not happy
	5,730
	7.6 
	5,705
	7.5 
	
	

	
	Other
	757
	1.0 
	749
	1.0 
	
	

	Obstetric complications including hypertensive disorders of pregnancy or diabetes/gestational diabetes

	
	No
	71,909
	94.6 
	72,122
	94.6 
	
	

	
	Yes
	4,121
	5.4 
	4,150
	5.4 
	
	

	*Subgroup totals do not equal the overall number because of missing data. 
	
	
	





	Table 1.  Characteristics of the participants (Continued)
	
	
	

	　
	　
	　
	　
	　
	　
	
	

	Marital status
	
	
	
	
	
	

	
	Married
	72,518
	95.7 
	72,385
	95.7 
	
	

	
	Unmarried, divorced, or widowed
	3,223
	4.3 
	3,228
	4.3 
	
	

	Employment status at the early pregnancy
	
	
	
	
	
	

	
	Employed
	39,684
	52.3 
	36,856
	48.3 
	
	

	
	Employed and shift work
	5,806
	7.7 
	3,842
	5.0 
	
	

	
	Homemaker
	30,419
	40.1 
	35,550
	46.6 
	
	

	Physical Activity
	
	
	
	
	

	
	PA=0
	13,014
	17.4 
	16,827
	23.1 
	
	

	
	Quartile 1 
	15,135
	20.2 
	13,931
	19.2 
	
	

	
	Quartile 2 
	15,781
	21.1 
	13,083
	18.0 
	
	

	
	Quartile 3 
	15,477
	20.7 
	14,649
	20.1 
	
	

	
	Quartile 4 
	15,448
	20.6 
	14,258
	19.6 
	
	

	Domestic violence
	
	
	
	
	
	

	
	Never
	66,560
	87.7 
	66,002
	86.7 
	
	

	
	Yes
	9,363
	12.3 
	10,167
	13.4 
	
	

	Educational background (years)
	
	
	
	
	
	

	
	< 10 
	3,192
	4.2 
	3,251
	4.3 
	
	

	
	10-12
	23,384
	31.0 
	23,598
	31.0 
	
	

	
	13-16
	47,637
	63.2 
	48,027
	63.2 
	
	

	
	≥ 17
	1,130
	1.5 
	1,140
	1.5 
	
	

	Household income (million Japanese-yen/year)
	
	
	
	
	

	
	< 2
	3,729
	5.3 
	3,784
	5.3 
	
	

	
	2 to < 4
	23,942
	34.0 
	24,138
	34.0 
	
	

	
	4 to < 6
	23,579
	33.4 
	23,725
	33.4 
	
	

	
	6 to < 8
	11,471
	16.3 
	11,566
	16.3 
	
	

	
	8 to < 10
	4,786
	6.8 
	4,835
	6.8 
	
	

	
	≥ 10
	3,017
	4.3 
	3,043
	4.3 
	
	

	Feeding status at one-month
	
	
	
	
	
	

	
	Exclusive breastfeeding
	40,123
	54.0 
	40,241
	54.0 
	
	

	
	Partial breastfeeding 
	31,487
	42.4 
	31,610
	42.4 
	
	

	
	Formula feeding 
	2,637
	3.6 
	2,639
	3.5 
	
	

	Return to parents' home during the first month after birth
	
	
	
	
	

	
	Yes
	47,322
	62.6 
	47,478
	62.6 
	
	

	　
	No
	28,271
	37.4 
	28,360
	37.4 
	
	

	*Subgroup totals do not equal the overall number because of missing data.
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	Table 2.  Association between maternal sleep during pre-pregnancy and postpartum depressive symptoms
	
	
	
	
	
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	No. of participants
	No. of participants with depressive symptoms. 
(EPDS 9≤)
	　
	Model 1
(n=76,030)
	
	Model 2 
(n=72,931)
	
	Model 3
(n=70,916)

	　
	　
	
	　
	%
	　
	OR
	95% CI
	　
	OR
	95% CI
	　
	OR
	95% CI

	Sleep dutation (hours)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	<6 
	5,118
	806
	15.8
	
	1.27
	1.17
	1.38
	
	1.10
	1.00
	1.20
	
	1.07
	0.97 
	1.17 

	
	6≤, <7
	15,047
	2,019
	13.4
	
	1.07
	1.01
	1.13
	
	0.99
	0.92
	1.05
	
	0.98
	0.91 
	1.04 

	
	7≤, <8
	25,804
	3,285
	12.7
	
	Reference
	
	
	
	Reference
	
	
	
	Reference
	
	

	
	8≤, <9
	18,910
	2,173
	11.5
	
	0.88
	0.83
	0.93
	
	0.93
	0.87
	0.99
	
	0.92
	0.87 
	0.99 

	
	9≤, <10
	7,719
	931
	12.1
	
	0.91
	0.84
	0.99
	
	0.97
	0.89
	1.06
	
	0.97
	0.89 
	1.06 

	
	10≤
	3,432
	582
	17.0
	
	1.24
	1.12
	1.36
	
	1.10
	0.99
	1.23
	
	1.08
	0.97 
	1.22 

	Bedtime 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	9 p.m. to midnight
	51,469
	6,107
	11.9
	
	Reference
	
	
	
	Reference
	
	
	
	Reference
	
	

	
	midnight to 3 a.m.
	22,516
	3,297
	14.6
	
	1.23
	1.18
	1.29
	
	1.02
	0.97
	1.07
	
	1.00
	0.95 
	1.06 

	
	other
	2,045
	392
	19.2
	　
	1.58
	1.41
	1.77
	　
	1.19
	1.04
	1.35
	　
	1.14
	1.00 
	1.31 

	CI; confidence interval, OR; odds ratio
	
	
	
	
	
	
	
	

	EPDS; Edinburgh Postnatal Depression Scale
	
	
	
	
	
	
	
	
	
	
	
	
	

	Model 1:  Adjusted for maternal age at delivery
	
	
	
	
	
	
	
	
	
	
	
	
	

	Model 2: In addition to Model 1, we adjusted for educational background, marital status, domestic violence during preconception, employment status during preconception, household income, smoking habits, alcohol consumption, pre-pregnancy body mass index, physical activity during preconception, parity, and infertility treatment.

	Model 3: In addition to Model 2, we adjusted for feeling when pregnancy was found out, pregnancy complications (hypertensive disorders of pregnancy and/or diabetes/gestational diabetes), gestational age at birth, type of delivery, feeding status, and return to parents home.



	Table 3.  Association between maternal sleep during pregnancy and postpartum depressive symptoms
	
	
	
	
	
	

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	
	
	No. of participants
	No. of participants with depressive symptoms. 
(EPDS 9≤)
	　
	Model 1
(n=76,272)
	
	Model 2 
(n=70,989)
	
	Model 3
(n=69,021)

	　
	　
	
	　
	%
	　
	OR
	95% CI
	　
	OR
	95% CI
	　
	OR
	95% CI

	Sleep duration (hours)
	
	
	
	
	
	
	
	　
	
	
	
	
	
	
	

	
	<6 
	3,643
	653
	17.9
	
	1.48
	1.35
	1.62
	
	1.23
	1.11 
	1.36 
	
	1.21 
	1.09 
	1.34 

	
	6≤, <7
	11,380
	1,591
	14.0
	
	1.12
	1.05
	1.19
	
	1.03
	0.96 
	1.10 
	
	1.03 
	0.96 
	1.10 

	
	7≤, <8
	23,790
	3,023
	12.7
	
	Reference
	
	
	
	Reference
	
	
	
	Reference
	
	

	
	8≤, <9
	21,785
	2,546
	11.7
	
	0.90
	0.85
	0.96
	
	0.94 
	0.89 
	1.004 
	
	0.95 
	0.90 
	1.01 

	
	9≤, <10
	10,754
	1,260
	11.7
	
	0.89
	0.83
	0.95
	
	0.95 
	0.88 
	1.02 
	
	0.95 
	0.88 
	1.03 

	
	10≤
	4,920
	762
	15.5
	
	1.14
	1.04
	1.24
	
	1.03 
	0.93 
	1.14 
	
	1.02 
	0.93 
	1.13 

	Bedtime
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	9 p.m. to midnight
	56,230
	6,774
	12.1
	
	Reference
	
	
	
	Reference
	
	
	
	Reference
	
	

	
	midnight to 3 a.m.
	18,382
	2,762
	15.0
	
	1.25
	1.19
	1.31
	
	1.03
	0.98 
	1.09 
	
	1.03 
	0.97 
	1.09 

	
	other
	1,660
	299
	18.0
	
	1.51
	1.33
	1.71
	
	1.26
	1.09 
	1.45 
	
	1.25 
	1.08 
	1.45 

	Depth of sleep
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Very light
	5,045
	1,058
	21.0
	
	2.25
	2.09
	2.43
	
	2.22
	2.04 
	2.41 
	
	2.22 
	2.03 
	2.42 

	
	Light
	31,713
	4,665
	14.7
	
	1.46
	1.39
	1.53
	
	1.47
	1.39 
	1.55 
	
	1.47 
	1.39 
	1.55 

	
	Normal
	30,723
	3,287
	10.7
	
	Reference
	
	
	
	Reference
	
	
	
	Reference
	
	

	
	Deep
	7,271
	692
	9.5
	
	0.87
	0.80
	0.95
	
	0.87 
	0.79 
	0.95 
	
	0.87 
	0.79 
	0.96 

	
	Very deep
	1,398
	119
	8.5
	
	0.75
	0.62
	0.91
	
	0.67
	0.55 
	0.83 
	
	0.70 
	0.57 
	0.87 

	Feeling when waking up in the morning 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Very bad
	1,063
	319
	30.0
	
	3.22
	2.82
	3.69
	
	2.88
	2.48 
	3.34 
	
	2.83 
	2.43
	3.30

	
	Bad
	15,386
	3,157
	20.5
	
	2.02
	1.92
	2.12
	
	1.96
	1.86 
	2.07 
	
	1.96 
	1.86
	2.07

	
	Normal
	47,725
	5,365
	11.2
	
	Reference
	
	
	
	Reference
	
	
	
	Reference
	
	

	
	Good 
	10,580
	897
	8.5
	
	0.74
	0.69
	0.80
	
	0.77 
	0.71 
	0.84 
	
	0.78 
	0.72 
	0.85 

	
	Very good
	1,359
	74
	5.5
	
	0.46
	0.36
	0.58
	　
	0.45 
	0.35 
	0.58 
	　
	0.44 
	0.34 
	0.57 

	CI, confidence interval; OR, odds ratio
	
	
	
	
	
	
	

	EPDS; Edinburgh Postnatal Depression Scale
	
	
	
	
	
	
	
	
	
	
	
	
	

	Model 1:  Adjusted for maternal age at delivery
	
	
	
	
	
	
	
	
	
	
	
	
	

	Model 2: In addition to Model 1, we adjusted for educational background, marital status, domestic violence during preconception, employment status during preconception, household income, smoking habits, alcohol consumption, pre-pregnancy body mass index, physical activity during preconception, parity, infertility treatment, feeling when pregnancy was found out, and pregnancy complications (hypertensive disorders of pregnancy and/or diabetes/gestational diabetes).

	Model 3: In addition to Model 2, we adjusted for gestational age at birth, type of delivery, feeding status, and return to parents home.



	Table 4.  Parity-stratified association between maternal sleep during pre-pregnancy and postpartum depressive symptoms
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Nulliparous
	
	Multiparous

	
	
	No. of participants
	No. of outcome
	　
	Multivariable model*
	
	No. of participants
	No. of outcome
	　
	Multivariable model*

	　
	　
	
	　
	%
	　
	OR
	95% CI
	　
	
	　
	%
	　
	OR
	95% CI

	Sleep duration (hours)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	<6 
	3,002
	526
	17.5 
	
	1.04
	0.92
	1.17
	
	2,103
	279
	13.3 
	
	1.12
	0.96
	1.31

	
	6≤, <7
	8,631
	1,353
	15.7 
	
	0.96
	0.89
	1.05
	
	6,369
	661
	10.4 
	
	1.00
	0.90
	1.11

	
	7≤, <8
	12,136
	1,917
	15.8 
	
	Reference
	
	
	
	13,576
	1,356
	10.0 
	
	Reference
	
	

	
	8≤, <9
	5,962
	975
	16.4 
	
	0.97
	0.89
	1.07
	
	12,887
	1,187
	9.2 
	
	0.89 
	0.81
	0.97

	
	9≤, <10
	1,775
	353
	19.9 
	
	1.07
	0.92
	1.24
	
	5,924
	572
	9.7 
	
	0.92 
	0.82
	1.03

	
	10≤
	1,350
	312
	23.1 
	
	1.14
	0.97
	1.35
	
	2,069
	269
	13.0 
	
	1.05 
	0.89
	1.23

	Bedtime
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	9 p.m. to midnight
	17,267
	2,815
	16.3
	
	Reference
	
	
	
	34,049
	3,268
	9.6
	
	Reference
	
	

	
	midnight to 3 a.m.
	14,552
	2,366
	16.3
	
	0.94
	0.88
	1.01
	
	7,885
	920
	11.7
	
	1.11
	1.02
	1.21

	　
	other
	1,037
	255
	24.6
	　
	1.13
	0.95
	1.35
	　
	994
	136
	13.7
	　
	1.22
	0.99
	1.50

	CI, confidence interval; OR, odds ratio
	
	
	
	
	
	
	
	
	
	
	

	*Adjusted for maternal age, educational background,  marital status, domestic violence during preconception, employment status during preconception, household income, smoking habits, alcohol consumption, pre-pregnancy body mass index, physical activity during preconception, parity, and infertility treatment, feeling when pregnancy was found out, pregnancy complications (hypertensive disorders of pregnancy and/or diabetes/gestational diabetes), gestational age at birth, type of delivery, feeding status, and return to parents home.





	Table 5.  Parity-stratified association between maternal sleep during pregnancy and postpartum depressive symptoms
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Nulliparous
	
	Multiparous

	
	
	No. of participants
	No. of outcome
	　
	Multivariable model*
	
	No. of participants
	No. of outcome
	　
	Multivariable model*

	　
	　
	
	　
	%
	　
	OR
	95% CI
	　
	
	　
	%
	　
	OR
	95% CI

	Sleep duration (hours)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	<6
	2,021
	405
	20.0
	
	1.13
	0.99
	1.29
	
	1,611
	244
	15.2
	
	1.33
	1.13
	1.58

	
	[bookmark: _Hlk156470817]6≤, <7
	6,479
	1,016
	15.7
	
	0.95
	0.87
	1.04
	
	4,861
	569
	11.7
	
	1.16
	1.03
	1.30

	
	7≤, <8
	11,540
	1,836
	15.9
	
	Reference
	
	
	
	12,166
	1,177
	9.7
	
	Reference
	
	

	
	8≤, <9
	7,840
	1,257
	16.0
	
	0.97
	0.89
	1.06
	
	13,875
	1,276
	9.2
	
	0.95
	0.87
	1.04

	
	9≤, <10
	3,020
	513
	17.0
	
	0.92
	0.82
	1.04
	
	7,694
	744
	9.7
	
	0.99
	0.89
	1.10

	
	10≤
	2,110
	435
	20.6
	
	1.06
	0.92
	1.22
	
	2,790
	322
	11.5
	
	1.00
	0.86
	1.16

	Bedtime
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	9 p.m. to midnight
	20,501
	3,332
	16.3
	
	Reference
	
	
	
	35,555
	3,419
	9.6
	
	Reference
	
	

	
	midnight to 3 a.m.
	11,831
	1,960
	16.6
	
	0.98
	0.91
	1.04
	
	6,465
	784
	12.1
	
	1.12
	1.02
	1.23

	
	other
	678
	170
	25.1
	
	1.30
	1.05
	1.60
	
	977
	129
	13.2
	
	1.23
	0.996
	1.53

	Depth of sleep
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Very light
	1,814
	497
	27.4 
	
	2.19 
	1.93 
	2.49 
	
	3214
	558
	17.4 
	
	2.23 
	1.98
	2.52

	
	Light
	12,558
	2,448
	19.5 
	
	1.45 
	1.35 
	1.56 
	
	19,045
	2,194
	11.5 
	
	1.49
	1.38
	1.61

	
	Normal
	13,972
	1,970
	14.1 
	
	Reference
	
	
	
	16,648
	1,302
	7.8 
	
	Reference
	
	

	
	Deep
	3,847
	458
	11.9 
	
	0.87
	0.77
	0.98
	
	3,395
	234
	6.9 
	
	0.87 
	0.75
	1.02

	
	Very deep
	761
	82
	10.8 
	
	0.75 
	0.58 
	0.97 
	
	631
	37
	5.9 
	
	0.63 
	0.43
	0.92

	Feeling when waking up in the morning 
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Very bad
	444
	140
	31.5 
	
	2.27 
	1.80 
	2.86 
	
	617
	178
	28.9 
	
	3.39 
	2.77
	4.16

	
	Bad
	6,620
	1,622
	24.5 
	
	1.80 
	1.67 
	1.94 
	
	8,715
	1,522
	17.5 
	
	2.16 
	2.00
	2.33

	
	Normal
	20,375
	3,084
	15.1 
	
	Reference
	
	
	
	27,186
	2,260
	8.3 
	
	Reference
	
	

	
	Good 
	4,843
	563
	11.6 
	
	0.80
	0.72
	0.88
	
	5,697
	330
	5.8 
	
	0.75
	0.66
	0.85

	　
	Very good
	665
	45
	6.8 
	　
	0.44 
	0.32 
	0.61 
	　
	687
	28
	4.1 
	　
	0.44 
	0.29
	0.67

	CI, confidence interval; OR, odds ratio
	
	
	
	
	
	
	
	
	
	
	
	

	*Adjusted maternal age, educational background,  marital status, domestic violence during preconception, employment status during preconception, household income, smoking habits, alcohol consumption, pre-pregnancy body mass index, physical activity during preconception, parity, infertility treatment, feeling when pregnancy was found out, pregnancy complications (hypertensive disorders of pregnancy and/or diabetes/gestational diabetes), gestational age at birth, type of delivery, feeding status, and return to parents home.




