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[bookmark: OLE_LINK94]Table S1. Descriptive statistics of amino acids and acylcarnitines.
	[bookmark: OLE_LINK31]Metabolites (μmol/L)
	Mean
	Standard 
deviation
	Min
	P10
	P25
	P50
	P75
	P90
	Max

	Alanine
	333.025
	96.395
	23.658
	224.184
	264.034
	318.609
	386.317
	460.252
	1968.440

	Arginine
	11.329
	8.393
	0.206
	2.867
	5.126
	9.355
	15.331
	22.252
	611.302

	Citrulline
	14.538
	4.749
	1.913
	9.757
	11.503
	13.825
	16.686
	19.971
	960.495

	Glycine
	491.894
	152.319
	35.105
	334.857
	392.595
	469.284
	564.825
	674.340
	57455.040

	Leucine + isoleucine + hydroxyproline
	164.087
	41.375
	20.527
	116.594
	135.042
	158.970
	187.480
	218.101
	6514.047

	Methionine
	19.178
	6.426
	0.736
	11.900
	14.639
	18.317
	22.803
	27.507
	1166.056

	Ornithine
	130.728
	49.181
	9.663
	80.614
	97.596
	121.258
	152.546
	191.074
	2831.560

	Phenylalanine
	54.877
	14.046
	9.554
	40.960
	46.463
	53.403
	61.580
	70.357
	3068.765

	Proline
	206.851
	54.357
	5.877
	147.442
	169.500
	198.538
	234.634
	275.880
	1900.832

	Tyrosine
	111.999
	45.385
	11.532
	66.247
	81.733
	103.467
	131.914
	166.283
	1368.160

	Valine
	145.243
	36.648
	11.582
	102.661
	119.531
	140.964
	166.114
	193.047
	1159.158

	C0
	23.234
	7.856
	1.678
	14.479
	17.713
	22.048
	27.396
	33.345
	464.258

	C2
	18.003
	6.599
	0.106
	10.419
	13.396
	17.191
	21.677
	26.553
	94.383

	C3
	1.611
	0.687
	0.027
	0.882
	1.139
	1.487
	1.942
	2.479
	28.061

	C3DC+C4-OH
	0.127
	0.067
	0.010
	0.059
	0.075
	0.111
	0.162
	0.220
	1.675

	C4
	0.215
	0.070
	0.021
	0.138
	0.168
	0.204
	0.250
	0.298
	6.489

	C4DC+C5-OH
	0.198
	0.076
	0.023
	0.131
	0.157
	0.189
	0.231
	0.273
	39.487

	C5
	0.115
	0.088
	0.006
	0.063
	0.084
	0.102
	0.135
	0.173
	61.641

	C5DC+C6-OH
	0.115
	0.043
	0.009
	0.073
	0.085
	0.110
	0.136
	0.165
	7.794

	C6
	0.042
	0.016
	0.004
	0.027
	0.031
	0.038
	0.048
	0.059
	1.409

	C6DC
	0.104
	0.049
	0.008
	0.057
	0.066
	0.095
	0.127
	0.169
	2.719

	C8
	0.057
	0.027
	0.009
	0.035
	0.041
	0.055
	0.066
	0.085
	14.550

	C8:1
	0.138
	0.055
	0.009
	0.076
	0.100
	0.133
	0.168
	0.210
	1.985

	C10
	0.079
	0.038
	0.007
	0.041
	0.056
	0.071
	0.093
	0.127
	1.092

	C10:1
	0.076
	0.029
	0.009
	0.047
	0.057
	0.071
	0.093
	0.114
	0.856

	C12
	0.085
	0.043
	0.008
	0.047
	0.056
	0.075
	0.103
	0.141
	2.977

	C12:1
	0.065
	0.040
	0.003
	0.028
	0.037
	0.055
	0.083
	0.119
	1.040

	C14
	0.178
	0.059
	0.018
	0.113
	0.135
	0.172
	0.212
	0.256
	1.124

	C14:1
	0.086
	0.041
	0.009
	0.047
	0.057
	0.076
	0.105
	0.135
	5.680

	C14:2
	0.019
	0.008
	0.002
	0.010
	0.011
	0.020
	0.022
	0.029
	0.773

	C16
	2.947
	1.147
	0.109
	1.566
	2.129
	2.834
	3.637
	4.465
	12.672

	C16-OH
	0.019
	0.009
	0.001
	0.009
	0.012
	0.019
	0.024
	0.028
	0.964

	C16:1
	0.165
	0.078
	0.008
	0.073
	0.107
	0.152
	0.213
	0.274
	1.159

	C16:1-OH
	0.034
	0.011
	0.004
	0.019
	0.029
	0.032
	0.039
	0.050
	0.838

	C18
	0.846
	0.280
	0.065
	0.521
	0.648
	0.813
	1.008
	1.214
	4.494

	C18:1
	1.442
	0.425
	0.056
	0.946
	1.146
	1.397
	1.690
	1.995
	22.134

	C18:1-OH
	0.024
	0.008
	0.004
	0.018
	0.018
	0.024
	0.028
	0.034
	2.160

	C18:2
	0.240
	0.116
	0.015
	0.115
	0.157
	0.218
	0.300
	0.392
	28.890


[bookmark: OLE_LINK67][bookmark: OLE_LINK40]
[bookmark: OLE_LINK95][bookmark: OLE_LINK68]Table S2. Associations between gestational age and metabolites after stratified by neonatal age.
	[bookmark: OLE_LINK93]Metabolites (log-transformed)
	Gestational age (10 weeks), β (95% CI) a
	FDR-corrected P for interaction

	
	< 3 (n = 50,057)
	≥3 & ≤7 (n = 3,168,647)
	>7 (n = 179,308)
	

	Alanine
	0.343 (0.325, 0.362)
	0.321 (0.319, 0.323)
	0.218 (0.213, 0.223)
	<0.001

	Arginine
	-0.111 (-0.154, -0.068)
	-0.199 (-0.204, -0.194)
	-0.432 (-0.444, -0.420)
	<0.001

	Citrulline
	0.179 (0.160, 0.198)
	0.201 (0.199, 0.203)
	0.072 (0.066, 0.077)
	<0.001

	Glycine
	0.089 (0.071, 0.106)
	0.010 (0.008, 0.012)
	-0.081 (-0.087, -0.076)
	<0.001

	Leucine + isoleucine + hydroxyproline
	0.058 (0.042, 0.074)
	0.163 (0.161, 0.165)
	0.232 (0.227, 0.237)
	<0.001

	Methionine
	-0.009 (-0.028, 0.010)
	-0.016 (-0.018, -0.014)
	-0.089 (-0.095, -0.083)
	<0.001

	Ornithine
	0.254 (0.230, 0.278)
	0.252 (0.249, 0.255)
	0.112 (0.105, 0.119)
	<0.001

	Phenylalanine
	0.032 (0.018, 0.046)
	-0.072 (-0.073, -0.070)
	-0.032 (-0.037, -0.028)
	<0.001

	Proline
	0.208 (0.192, 0.224)
	0.254 (0.252, 0.256)
	0.281 (0.276, 0.286)
	<0.001

	Tyrosine
	-0.330 (-0.356, -0.305)
	-0.332 (-0.335, -0.329)
	-0.023 (-0.030, -0.016)
	<0.001

	Valine
	0.179 (0.162, 0.197)
	0.228 (0.226, 0.230)
	0.307 (0.302, 0.312)
	<0.001

	C0
	-0.2 (-0.221, -0.178)
	-0.131 (-0.133, -0.128)
	-0.028 (-0.034, -0.022)
	<0.001

	C2
	0.052 (0.029, 0.074)
	-0.008 (-0.011, -0.006)
	0.034 (0.028, 0.04)
	<0.001

	C3
	-0.283 (-0.299, -0.266)
	-0.185 (-0.187, -0.183)
	0.112 (0.108, 0.116)
	<0.001

	C3DC+C4-OH
	0.002 (-0.002, 0.006)
	-0.002 (-0.003, -0.002)
	0.001 (0.001, 0.002)
	<0.001

	C4
	-0.059 (-0.063, -0.055)
	-0.039 (-0.039, -0.038)
	-0.014 (-0.015, -0.013)
	<0.001

	C4DC+C5-OH
	0.035 (0.031, 0.039)
	0.028 (0.027, 0.028)
	0.016 (0.015, 0.017)
	<0.001

	C5
	-0.092 (-0.095, -0.089)
	-0.058 (-0.058, -0.057)
	-0.049 (-0.051, -0.047)
	<0.001

	C5DC+C6-OH
	-0.010 (-0.012, -0.007)
	-0.008 (-0.008, -0.008)
	-0.007 (-0.008, -0.007)
	<0.001

	C6
	-0.003 (-0.004, -0.002)
	-0.002 (-0.002, -0.001)
	-0.005 (-0.005, -0.005)
	<0.001

	C6DC
	-0.001 (-0.004, 0.001)
	0.002 (0.002, 0.003)
	0.005 (0.005, 0.006)
	<0.001

	C8
	-0.004 (-0.005, -0.003)
	-0.005 (-0.005, -0.005)
	-0.021 (-0.021, -0.021)
	<0.001

	C8:1
	0.007 (0.004, 0.011)
	0.015 (0.015, 0.015)
	0.011 (0.010, 0.012)
	<0.001

	C10
	0.007 (0.004, 0.009)
	-0.001 (-0.001, -0.0003)
	-0.005 (-0.005, -0.004)
	<0.001

	C10:1
	-0.002 (-0.004, -0.001)
	0.002 (0.002, 0.002)
	0.006 (0.006, 0.007)
	<0.001

	C12
	0.002 (-0.001, 0.005)
	-0.006 (-0.007, -0.006)
	0.008 (0.007, 0.008)
	<0.001

	C12:1
	0.008 (0.005, 0.011)
	0.001 (0.0003, 0.001)
	0.006 (0.006, 0.007)
	<0.001

	C14
	-0.023 (-0.027, -0.019)
	-0.017 (-0.017, -0.016)
	0.011 (0.010, 0.012)
	<0.001

	C14:1
	-0.009 (-0.012, -0.006)
	-0.014 (-0.014, -0.014)
	0.009 (0.008, 0.009)
	<0.001

	C14:2
	-0.005 (-0.005, -0.004)
	-0.004 (-0.004, -0.004)
	-0.001 (-0.001, -0.001)
	<0.001

	C16
	0.11 (0.094, 0.127)
	0.087 (0.085, 0.089)
	0.194 (0.189, 0.198)
	<0.001

	C16-OH
	-0.002 (-0.003, -0.002)
	-0.001 (-0.001, -0.0005)
	0.002 (0.002, 0.002)
	<0.001

	C16:1
	0.006 (0.002, 0.01)
	-0.002 (-0.003, -0.002)
	0.012 (0.011, 0.012)
	<0.001

	C16:1-OH
	0.0004 (-0.0005, 0.001)
	0.004 (0.004, 0.004)
	0.007 (0.007, 0.007)
	<0.001

	C18
	-0.002 (-0.012, 0.008)
	-0.001 (-0.002, 0.0003)
	0.039 (0.037, 0.042)
	<0.001

	C18:1
	-0.00001 (-0.012, 0.012)
	-0.021 (-0.023, -0.02)
	0.019 (0.016, 0.022)
	<0.001

	C18:1-OH
	-0.002 (-0.003, -0.002)
	-0.0002 (-0.0003, -0.0001)
	0.002 (0.002, 0.002)
	<0.001

	C18:2
	-0.063 (-0.068, -0.059)
	-0.054 (-0.055, -0.054)
	-0.090 (-0.092, -0.089)
	<0.001


[bookmark: OLE_LINK130][bookmark: OLE_LINK177]a Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
[bookmark: OLE_LINK137]Table S3. Associations between sex-specific birth weight for gestational age z-score and metabolites after stratified by neonatal age.
	[bookmark: OLE_LINK132]Metabolites (log-transformed)
	[bookmark: OLE_LINK128][bookmark: OLE_LINK131]Sex-specific birth weight for gestational age z-score, β (95% CI) a
	FDR-corrected P for interaction

	
	< 3 (n = 50,057)
	≥3 & ≤7 (n = 3,168,647)
	>7 (n = 179,308)
	

	Alanine
	-0.021 (-0.023, -0.019)
	-0.022 (-0.022, -0.022)
	-0.004 (-0.005, -0.003)
	<0.001

	Arginine
	0.003 (-0.002, 0.008)
	0.007 (0.006, 0.008)
	0.004 (0.001, 0.007)
	0.060

	Citrulline
	-0.015 (-0.018, -0.013)
	-0.015 (-0.016, -0.015)
	-0.013 (-0.015, -0.012)
	0.030

	Glycine
	-0.012 (-0.014, -0.010)
	-0.010 (-0.010, -0.009)
	-0.001 (-0.003, -0.0002)
	<0.001

	Leucine + isoleucine + hydroxyproline
	0.005 (0.003, 0.007)
	-0.002 (-0.002, -0.002)
	0.009 (0.008, 0.010)
	<0.001

	Methionine
	0.005 (0.002, 0.007)
	0.017 (0.017, 0.017)
	0.003 (0.002, 0.005)
	<0.001

	Ornithine
	-0.015 (-0.018, -0.012)
	-0.009 (-0.010, -0.009)
	-0.0005 (-0.002, 0.001)
	<0.001

	Phenylalanine
	0.002 (0.001, 0.004)
	0.005 (0.005, 0.005)
	0.010 (0.009, 0.011)
	<0.001

	Proline
	-0.022 (-0.024, -0.020)
	-0.028 (-0.029, -0.028)
	0.002 (0.001, 0.003)
	<0.001

	Tyrosine
	-0.015 (-0.018, -0.011)
	-0.007 (-0.007, -0.006)
	0.019 (0.018, 0.021)
	<0.001

	Valine
	-0.002 (-0.004, -0.0002)
	0.0004 (0.0001, 0.001)
	0.020 (0.019, 0.021)
	<0.001

	C0
	-0.019 (-0.022, -0.017)
	-0.030 (-0.030, -0.029)
	-0.024 (-0.025, -0.022)
	<0.001

	C2
	-0.010 (-0.013, -0.007)
	-0.006 (-0.006, -0.006)
	-0.027 (-0.028, -0.026)
	<0.001

	C3
	0.028 (0.026, 0.030)
	0.030 (0.030, 0.031)
	0.012 (0.011, 0.013)
	<0.001

	C3DC+C4-OH
	-0.001 (-0.002, -0.001)
	0.001 (0.0004, 0.001)
	-0.0003 (-0.001, -0.0002)
	<0.001

	C4
	-0.0004 (-0.001, 0.0001)
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	<0.001

	C4DC+C5-OH
	0.0004 (-0.0001, 0.001)
	0.0002 (0.0001, 0.0002)
	0.003 (0.003, 0.003)
	<0.001

	C5
	0.001 (0.0003, 0.001)
	-0.001 (-0.001, -0.001)
	-0.002 (-0.002, -0.002)
	<0.001

	C5DC+C6-OH
	0.0003 (-0.00002, 0.001)
	0.002 (0.002, 0.002)
	0.0001 (0.0000002, 0.0003)
	<0.001

	C6
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	-0.001 (-0.002, -0.001)
	<0.001

	C6DC
	0.0002 (-0.0001, 0.001)
	0.001 (0.0005, 0.001)
	-0.001 (-0.001, -0.001)
	<0.001

	C8
	-0.002 (-0.002, -0.001)
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	<0.001

	C8:1
	-0.002 (-0.002, -0.001)
	-0.002 (-0.002, -0.002)
	-0.001 (-0.002, -0.001)
	<0.001

	C10
	-0.003 (-0.003, -0.003)
	-0.002 (-0.002, -0.002)
	-0.001 (-0.001, -0.001)
	<0.001

	C10:1
	-0.003 (-0.003, -0.003)
	-0.003 (-0.003, -0.003)
	-0.001 (-0.001, -0.001)
	<0.001

	C12
	-0.003 (-0.004, -0.003)
	-0.002 (-0.002, -0.002)
	-0.0003 (-0.0004, -0.0002)
	<0.001

	C12:1
	-0.003 (-0.003, -0.003)
	-0.001 (-0.001, -0.001)
	0.0003 (0.0002, 0.0004)
	<0.001

	C14
	-0.003 (-0.003, -0.002)
	-0.002 (-0.003, -0.002)
	-0.002 (-0.002, -0.002)
	<0.001

	C14:1
	-0.002 (-0.003, -0.002)
	-0.001 (-0.001, -0.001)
	0.00004 (-0.00004, 0.0001)
	<0.001

	C14:2
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	-0.0004 (-0.0004, -0.0003)
	<0.001

	C16
	-0.0002 (-0.002, 0.002)
	0.010 (0.010, 0.010)
	0.014 (0.013, 0.015)
	<0.001

	C16-OH
	-0.0003 (-0.0004, -0.0002)
	0.0001 (0.0001, 0.0001)
	0.0001 (0.0001, 0.0001)
	<0.001

	C16:1
	-0.002 (-0.002, -0.001)
	0.001 (0.001, 0.001)
	0.001 (0.001, 0.001)
	<0.001

	C16:1-OH
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	-0.0002 (-0.0002, -0.0001)
	<0.001

	C18
	-0.002 (-0.003, -0.001)
	0.002 (0.002, 0.002)
	0.004 (0.004, 0.005)
	<0.001

	C18:1
	-0.004 (-0.005, -0.002)
	-0.004 (-0.004, -0.004)
	-0.008 (-0.009, -0.007)
	<0.001

	C18:1-OH
	-0.0002 (-0.0003, -0.0002)
	-0.0002 (-0.0002, -0.0002)
	-0.0002 (-0.0002, -0.0001)
	<0.001

	C18:2
	-0.007 (-0.008, -0.006)
	-0.010 (-0.010, -0.010)
	-0.012 (-0.013, -0.012)
	<0.001


[bookmark: OLE_LINK133][bookmark: OLE_LINK180][bookmark: OLE_LINK178][bookmark: OLE_LINK179]a Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
[bookmark: _Hlk195636806][bookmark: OLE_LINK92][bookmark: OLE_LINK96][bookmark: OLE_LINK71]Table S4. Associations between gestational age and metabolites after stratified by sex.
	Metabolites (log-transformed)
	Gestational age (10 weeks), β (95% CI) a
	FDR-corrected P for interaction

	
	Male (n = 1,794,695)
	Female (n = 1,603,317)
	

	Alanine
	0.308 (0.306, 0.311)
	0.307 (0.304, 0.310)
	0.207

	Arginine
	-0.198 (-0.204, -0.192)
	-0.243 (-0.249, -0.236)
	<0.001

	Citrulline
	0.161 (0.159, 0.164)
	0.182 (0.180, 0.185)
	<0.001

	Glycine
	-0.008 (-0.011, -0.006)
	-0.022 (-0.025, -0.019)
	<0.001

	Leucine + isoleucine + hydroxyproline
	0.174 (0.171, 0.176)
	0.179 (0.176, 0.182)
	0.013

	Methionine
	-0.044 (-0.047, -0.041)
	-0.032 (-0.035, -0.029)
	<0.001

	Ornithine
	0.249 (0.245, 0.252)
	0.227 (0.223, 0.231)
	<0.001

	Phenylalanine
	-0.072 (-0.075, -0.07)
	-0.062 (-0.064, -0.06)
	<0.001

	Proline
	0.270 (0.268, 0.273)
	0.250 (0.247, 0.253)
	<0.001

	Tyrosine
	-0.287 (-0.290, -0.283)
	-0.271 (-0.275, -0.267)
	0.147

	Valine
	0.238 (0.235, 0.240)
	0.246 (0.243, 0.248)
	0.020

	C0
	-0.128 (-0.131, -0.125)
	-0.07 (-0.074, -0.067)
	<0.001

	C2
	-0.033 (-0.037, -0.030)
	0.049 (0.046, 0.053)
	<0.001

	C3
	-0.166 (-0.168, -0.163)
	-0.107 (-0.110, -0.105)
	<0.001

	C3DC+C4-OH
	-0.004 (-0.004, -0.003)
	-0.001 (-0.002, -0.0004)
	<0.001

	C4
	-0.035 (-0.036, -0.035)
	-0.039 (-0.040, -0.038)
	<0.001

	C4DC+C5-OH
	0.025 (0.024, 0.025)
	0.030 (0.029, 0.031)
	<0.001

	C5
	-0.054 (-0.055, -0.054)
	-0.061 (-0.061, -0.060)
	<0.001

	C5DC+C6-OH
	-0.010 (-0.010, -0.009)
	-0.007 (-0.007, -0.006)
	<0.001

	C6
	-0.002 (-0.002, -0.002)
	-0.002 (-0.003, -0.002)
	<0.001

	C6DC
	0.001 (0.001, 0.001)
	0.002 (0.001, 0.002)
	0.003

	C8
	-0.007 (-0.008, -0.007)
	-0.008 (-0.008, -0.008)
	<0.001

	C8:1
	0.016 (0.016, 0.017)
	0.013 (0.012, 0.013)
	<0.001

	C10
	-0.001 (-0.001, -0.0002)
	-0.003 (-0.003, -0.002)
	<0.001

	C10:1
	0.004 (0.004, 0.004)
	0.002 (0.001, 0.002)
	<0.001

	C12
	-0.004 (-0.004, -0.004)
	-0.006 (-0.007, -0.006)
	<0.001

	C12:1
	0.001 (0.001, 0.001)
	0.0001 (-0.0003, 0.001)
	<0.001

	C14
	-0.013 (-0.014, -0.013)
	-0.007 (-0.008, -0.007)
	<0.001

	C14:1
	-0.011 (-0.011, -0.01)
	-0.012 (-0.013, -0.012)
	<0.001

	C14:2
	-0.004 (-0.004, -0.003)
	-0.004 (-0.004, -0.004)
	<0.001

	C16
	0.095 (0.092, 0.098)
	0.127 (0.125, 0.13)
	<0.001

	C16-OH
	-0.0002 (-0.0003, -0.0001)
	-0.0004 (-0.001, -0.0003)
	<0.001

	C16:1
	-0.004 (-0.004, -0.003)
	0.003 (0.002, 0.004)
	<0.001

	C16:1-OH
	0.006 (0.006, 0.006)
	0.004 (0.004, 0.005)
	<0.001

	C18
	0.002 (0.0002, 0.003)
	0.011 (0.010, 0.013)
	<0.001

	C18:1
	-0.014 (-0.016, -0.012)
	0.008 (0.006, 0.010)
	<0.001

	C18:1-OH
	0.0003 (0.0002, 0.0004)
	0.0004 (0.0003, 0.0005)
	0.039

	C18:2
	-0.057 (-0.057, -0.056)
	-0.046 (-0.047, -0.045)
	<0.001


[bookmark: OLE_LINK134]a Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.

[bookmark: OLE_LINK136]Table S5. Associations between sex-specific birth weight for gestational age z-score and metabolites after stratified by sex.
	Metabolites (log-transformed)
	Sex-specific birth weight for gestational age z-score, β (95% CI) a
	FDR-corrected P for interaction

	
	Male (n = 1,794,695)
	Female (n = 1,603,317)
	

	Alanine
	-0.021 (-0.021, -0.020)
	-0.020 (-0.020, -0.019)
	0.003

	Arginine
	0.007 (0.006, 0.008)
	0.006 (0.005, 0.007)
	0.146

	Citrulline
	-0.017 (-0.017, -0.016)
	-0.013 (-0.014, -0.013)
	<0.001

	Glycine
	-0.010 (-0.010, -0.009)
	-0.008 (-0.009, -0.008)
	<0.001

	Leucine + isoleucine + hydroxyproline
	-0.001 (-0.002, -0.001)
	0.0002 (-0.0002, 0.001)
	<0.001

	Methionine
	0.015 (0.015, 0.016)
	0.017 (0.016, 0.017)
	<0.001

	Ornithine
	-0.009 (-0.009, -0.008)
	-0.008 (-0.009, -0.008)
	0.821

	Phenylalanine
	0.003 (0.003, 0.004)
	0.007 (0.006, 0.007)
	<0.001

	Proline
	-0.026 (-0.026, -0.025)
	-0.026 (-0.027, -0.026)
	0.007

	Tyrosine
	-0.004 (-0.005, -0.004)
	-0.005 (-0.006, -0.005)
	0.001

	Valine
	0.001 (0.001, 0.002)
	0.003 (0.003, 0.004)
	<0.001

	C0
	-0.031 (-0.032, -0.031)
	-0.028 (-0.028, -0.027)
	<0.001

	C2
	-0.011 (-0.012, -0.011)
	-0.004 (-0.005, -0.004)
	<0.001

	C3
	0.028 (0.027, 0.028)
	0.030 (0.030, 0.030)
	<0.001

	C3DC+C4-OH
	0.0001 (-0.000003, 0.0002)
	0.001 (0.001, 0.001)
	<0.001

	C4
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	0.076

	C4DC+C5-OH
	-0.0001 (-0.0002, 0.00001)
	0.001 (0.0005, 0.001)
	<0.001

	C5
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	0.003

	C5DC+C6-OH
	0.001 (0.001, 0.001)
	0.002 (0.002, 0.002)
	<0.001

	C6
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	0.418

	C6DC
	0.0003 (0.0003, 0.0004)
	0.001 (0.001, 0.001)
	<0.001

	C8
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	0.001

	C8:1
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	0.279

	C10
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	0.004

	C10:1
	-0.003 (-0.003, -0.003)
	-0.003 (-0.003, -0.003)
	0.009

	C12
	-0.002 (-0.002, -0.002)
	-0.002 (-0.002, -0.002)
	0.080

	C12:1
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	0.004

	C14
	-0.003 (-0.003, -0.003)
	-0.002 (-0.002, -0.002)
	<0.001

	C14:1
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	0.615

	C14:2
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	0.136

	C16
	0.008 (0.008, 0.009)
	0.011 (0.011, 0.012)
	<0.001

	C16-OH
	0.0001 (0.0001, 0.0001)
	0.0001 (0.0001, 0.0001)
	0.454

	C16:1
	0.0004 (0.0003, 0.001)
	0.002 (0.002, 0.002)
	<0.001

	C16:1-OH
	-0.001 (-0.001, -0.001)
	-0.001 (-0.001, -0.001)
	0.006

	C18
	0.002 (0.002, 0.002)
	0.002 (0.002, 0.002)
	0.615

	C18:1
	-0.005 (-0.005, -0.005)
	-0.003 (-0.004, -0.003)
	<0.001

	C18:1-OH
	-0.0002 (-0.0002, -0.0002)
	-0.0002 (-0.0002, -0.0002)
	<0.001

	C18:2
	-0.010 (-0.010, -0.010)
	-0.009 (-0.009, -0.009)
	<0.001


a Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
Table S6. Association between gestational age and metabolites after adjusting for season of birth as a covariate, modeled as a spline with 3 degrees of freedom.
	Metabolites
(log-transformed)
	Gestational age (10 weeks)

	
	Crude model, β (95% CI) a
	FDR-corrected P value
	Adjusted model, β (95% CI) b
	FDR-corrected P value

	Alanine
	0.296 (0.294, 0.298)
	<0.001
	0.308 (0.306, 0.310)
	<0.001

	Arginine
	-0.371 (-0.376, -0.366)
	<0.001
	-0.218 (-0.223, -0.214)
	<0.001

	Citrulline
	0.137 (0.135, 0.139)
	<0.001
	0.171 (0.169, 0.173)
	<0.001

	Glycine
	0.058 (0.056, 0.060)
	<0.001
	-0.015 (-0.017, -0.013)
	<0.001

	Leucine + isoleucine + hydroxyproline
	0.148 (0.146, 0.150)
	<0.001
	0.176 (0.174, 0.178)
	<0.001

	Methionine
	-0.082 (-0.085, -0.080)
	<0.001
	-0.038 (-0.041, -0.036)
	<0.001

	Ornithine
	0.218 (0.215, 0.220)
	<0.001
	0.239 (0.236, 0.241)
	<0.001

	Phenylalanine
	-0.035 (-0.036, -0.033)
	<0.001
	-0.067 (-0.069, -0.066)
	<0.001

	Proline
	0.245 (0.243, 0.247)
	<0.001
	0.261 (0.259, 0.263)
	<0.001

	Tyrosine
	-0.251 (-0.254, -0.249)
	<0.001
	-0.279 (-0.282, -0.276)
	<0.001

	Valine
	0.219 (0.217, 0.221)
	<0.001
	0.241 (0.240, 0.243)
	<0.001

	C0
	-0.130 (-0.132, -0.128)
	<0.001
	-0.101 (-0.103, -0.099)
	<0.001

	C2
	0.099 (0.097, 0.102)
	<0.001
	0.005 (0.003, 0.008)
	<0.001

	C3
	-0.071 (-0.073, -0.069)
	<0.001
	-0.139 (-0.140, -0.137)
	<0.001

	C3DC+C4-OH
	0.008 (0.008, 0.009)
	<0.001
	-0.002 (-0.003, -0.002)
	<0.001

	C4
	-0.029 (-0.029, -0.029)
	<0.001
	-0.037 (-0.037, -0.037)
	<0.001

	C4DC+C5-OH
	0.028 (0.028, 0.028)
	<0.001
	0.027 (0.027, 0.028)
	<0.001

	C5
	-0.067 (-0.068, -0.067)
	<0.001
	-0.057 (-0.058, -0.057)
	<0.001

	C5DC+C6-OH
	-0.004 (-0.004, -0.004)
	<0.001
	-0.008 (-0.009, -0.008)
	<0.001

	C6
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C6DC
	0.002 (0.002, 0.002)
	<0.001
	0.001 (0.001, 0.002)
	<0.001

	C8
	-0.006 (-0.006, -0.006)
	<0.001
	-0.008 (-0.008, -0.007)
	<0.001

	C8:1
	0.012 (0.012, 0.013)
	<0.001
	0.015 (0.014, 0.015)
	<0.001

	C10
	0.003 (0.003, 0.003)
	<0.001
	-0.001 (-0.002, -0.001)
	<0.001

	C10:1
	0.004 (0.004, 0.004)
	<0.001
	0.003 (0.003, 0.003)
	<0.001

	C12
	0.003 (0.003, 0.003)
	<0.001
	-0.005 (-0.005, -0.005)
	<0.001

	C12:1
	0.007 (0.007, 0.007)
	<0.001
	0.001 (0.0003, 0.001)
	<0.001

	C14
	0.001 (0.001, 0.002)
	<0.001
	-0.011 (-0.011, -0.01)
	<0.001

	C14:1
	-0.002 (-0.002, -0.002)
	<0.001
	-0.011 (-0.012, -0.011)
	<0.001

	C14:2
	-0.003 (-0.003, -0.003)
	<0.001
	-0.004 (-0.004, -0.004)
	<0.001

	C16
	0.233 (0.231, 0.235)
	<0.001
	0.110 (0.108, 0.112)
	<0.001

	C16-OH
	0.001 (0.001, 0.002)
	<0.001
	-0.0003 (-0.0004, -0.0002)
	<0.001

	C16:1
	0.023 (0.022, 0.023)
	<0.001
	-0.0005 (-0.001, -0.00001)
	0.045

	C16:1-OH
	0.007 (0.007, 0.007)
	<0.001
	0.005 (0.005, 0.005)
	<0.001

	C18
	0.051 (0.050, 0.052)
	<0.001
	0.006 (0.005, 0.007)
	<0.001

	C18:1
	0.036 (0.035, 0.037)
	<0.001
	-0.004 (-0.005, -0.002)
	<0.001

	C18:1-OH
	0.002 (0.002, 0.002)
	<0.001
	0.0003 (0.0003, 0.0004)
	<0.001

	C18:2
	-0.067 (-0.067, -0.066)
	<0.001
	-0.052 (-0.052, -0.051)
	<0.001


a Crude model, without adjusting for any covariates.
b Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
Table S7. Association between sex-specific birth weight for gestational age z-score and metabolites after adjusting for season of birth as a covariate, modeled as a spline with 3 degrees of freedom.
	Metabolites
(log-transformed)
	Sex-specific birth weight for gestational age z-score

	
	Crude model, β (95%CI) a
	FDR-corrected P value
	Adjusted model, β (95%CI) b
	FDR-corrected P value

	Alanine
	-0.020 (-0.020, -0.020)
	<0.001
	-0.020 (-0.021, -0.020)
	<0.001

	Arginine
	0.017 (0.016, 0.018)
	<0.001
	0.007 (0.006, 0.007)
	<0.001

	Citrulline
	-0.016 (-0.016, -0.015)
	<0.001
	-0.015 (-0.015, -0.015)
	<0.001

	Glycine
	-0.007 (-0.007, -0.007)
	<0.001
	-0.009 (-0.009, -0.009)
	<0.001

	Leucine + isoleucine + hydroxyproline
	-0.003 (-0.003, -0.003)
	<0.001
	-0.001 (-0.001, -0.0002)
	<0.001

	Methionine
	0.021 (0.021, 0.022)
	<0.001
	0.016 (0.016, 0.016)
	<0.001

	Ornithine
	-0.010 (-0.011, -0.010)
	<0.001
	-0.008 (-0.009, -0.008)
	<0.001

	Phenylalanine
	0.004 (0.004, 0.005)
	<0.001
	0.005 (0.005, 0.005)
	<0.001

	Proline
	-0.025 (-0.026, -0.025)
	<0.001
	-0.026 (-0.026, -0.026)
	<0.001

	Tyrosine
	-0.005 (-0.005, -0.004)
	<0.001
	-0.005 (-0.005, -0.004)
	<0.001

	Valine
	0.001 (0.001, 0.001)
	<0.001
	0.002 (0.002, 0.003)
	<0.001

	C0
	-0.032 (-0.033, -0.032)
	<0.001
	-0.03 (-0.030, -0.029)
	<0.001

	C2
	-0.001 (-0.001, -0.0005)
	<0.001
	-0.008 (-0.008, -0.008)
	<0.001

	C3
	0.032 (0.032, 0.032)
	<0.001
	0.029 (0.029, 0.029)
	<0.001

	C3DC+C4-OH
	0.001 (0.001, 0.001)
	<0.001
	0.0004 (0.0003, 0.0004)
	<0.001

	C4
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C4DC+C5-OH
	0.0005 (0.0004, 0.001)
	<0.001
	0.0002 (0.0002, 0.0003)
	<0.001

	C5
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C5DC+C6-OH
	0.002 (0.002, 0.002)
	<0.001
	0.002 (0.002, 0.002)
	<0.001

	C6
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C6DC
	0.001 (0.001, 0.001)
	<0.001
	0.0005 (0.0004, 0.001)
	<0.001

	C8
	-0.001 (-0.001, -0.001)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C8:1
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C10
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C10:1
	-0.003 (-0.003, -0.003)
	<0.001
	-0.003 (-0.003, -0.003)
	<0.001

	C12
	-0.001 (-0.001, -0.001)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C12:1
	-0.001 (-0.001, -0.0005)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C14
	-0.002 (-0.002, -0.002)
	<0.001
	-0.003 (-0.003, -0.003)
	<0.001

	C14:1
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C14:2
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C16
	0.014 (0.014, 0.014)
	<0.001
	0.010 (0.009, 0.010)
	<0.001

	C16-OH
	0.0002 (0.0002, 0.0002)
	<0.001
	0.0001 (0.0001, 0.0001)
	<0.001

	C16:1
	0.002 (0.002, 0.002)
	<0.001
	0.001 (0.001, 0.001)
	<0.001

	C16:1-OH
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C18
	0.003 (0.003, 0.004)
	<0.001
	0.002 (0.002, 0.002)
	<0.001

	C18:1
	-0.002 (-0.002, -0.002)
	<0.001
	-0.004 (-0.004, -0.004)
	<0.001

	C18:1-OH
	-0.0001 (-0.0001, -0.0001)
	<0.001
	-0.0002 (-0.0002, -0.0002)
	<0.001

	C18:2
	-0.010 (-0.010, -0.009)
	<0.001
	-0.010 (-0.010, -0.010)
	<0.001


a Crude model, without adjusting for any covariates.
b Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
Table S8. Association between gestational age and metabolites after adjusting the threshold of the Isolation Forest algorithm to 0.6.
	Metabolites
(log-transformed)
	Gestational age (10 weeks)

	
	Crude model, β (95% CI) a
	FDR-corrected P value
	Adjusted model, β (95% CI) b
	FDR-corrected P value

	Alanine
	0.295 (0.293, 0.297)
	<0.001
	0.307 (0.304, 0.309)
	<0.001

	Arginine
	-0.374 (-0.379, -0.369)
	<0.001
	-0.222 (-0.226, -0.217)
	<0.001

	Citrulline
	0.135 (0.133, 0.137)
	<0.001
	0.169 (0.167, 0.171)
	<0.001

	Glycine
	0.056 (0.054, 0.058)
	<0.001
	-0.017 (-0.019, -0.015)
	<0.001

	Leucine + isoleucine + hydroxyproline
	0.146 (0.144, 0.148)
	<0.001
	0.174 (0.172, 0.176)
	<0.001

	Methionine
	-0.084 (-0.087, -0.082)
	<0.001
	-0.041 (-0.043, -0.038)
	<0.001

	Ornithine
	0.216 (0.213, 0.218)
	<0.001
	0.237 (0.235, 0.240)
	<0.001

	Phenylalanine
	-0.037 (-0.038, -0.035)
	<0.001
	-0.069 (-0.071, -0.068)
	<0.001

	Proline
	0.243 (0.241, 0.245)
	<0.001
	0.259 (0.257, 0.261)
	<0.001

	Tyrosine
	-0.254 (-0.257, -0.251)
	<0.001
	-0.282 (-0.284, -0.279)
	<0.001

	Valine
	0.217 (0.215, 0.219)
	<0.001
	0.239 (0.238, 0.241)
	<0.001

	C0
	-0.132 (-0.135, -0.130)
	<0.001
	-0.104 (-0.106, -0.101)
	<0.001

	C2
	0.096 (0.093, 0.099)
	<0.001
	0.002 (-0.001, 0.004)
	0.166

	C3
	-0.074 (-0.076, -0.072)
	<0.001
	-0.141 (-0.143, -0.139)
	<0.001

	C3DC+C4-OH
	0.008 (0.007, 0.008)
	<0.001
	-0.003 (-0.003, -0.003)
	<0.001

	C4
	-0.030 (-0.030, -0.029)
	<0.001
	-0.038 (-0.038, -0.037)
	<0.001

	C4DC+C5-OH
	0.028 (0.027, 0.028)
	<0.001
	0.027 (0.027, 0.027)
	<0.001

	C5
	-0.068 (-0.068, -0.068)
	<0.001
	-0.058 (-0.058, -0.057)
	<0.001

	C5DC+C6-OH
	-0.004 (-0.005, -0.004)
	<0.001
	-0.009 (-0.009, -0.009)
	<0.001

	C6
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.003, -0.002)
	<0.001

	C6DC
	0.002 (0.001, 0.002)
	<0.001
	0.001 (0.001, 0.002)
	<0.001

	C8
	-0.006 (-0.006, -0.006)
	<0.001
	-0.008 (-0.008, -0.008)
	<0.001

	C8:1
	0.012 (0.012, 0.012)
	<0.001
	0.014 (0.014, 0.015)
	<0.001

	C10
	0.002 (0.002, 0.003)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C10:1
	0.004 (0.004, 0.004)
	<0.001
	0.003 (0.003, 0.003)
	<0.001

	C12
	0.002 (0.002, 0.003)
	<0.001
	-0.006 (-0.006, -0.005)
	<0.001

	C12:1
	0.006 (0.006, 0.007)
	<0.001
	0.0001 (-0.0001, 0.0004)
	0.324

	C14
	0.001 (0.0003, 0.001)
	<0.001
	-0.011 (-0.012, -0.011)
	<0.001

	C14:1
	-0.003 (-0.003, -0.002)
	<0.001
	-0.012 (-0.012, -0.012)
	<0.001

	C14:2
	-0.003 (-0.003, -0.003)
	<0.001
	-0.004 (-0.004, -0.004)
	<0.001

	C16
	0.231 (0.229, 0.233)
	<0.001
	0.108 (0.106, 0.110)
	<0.001

	C16-OH
	0.001 (0.001, 0.001)
	<0.001
	-0.0004 (-0.0004, -0.0003)
	<0.001

	C16:1
	0.022 (0.021, 0.022)
	<0.001
	-0.001 (-0.002, -0.001)
	<0.001

	C16:1-OH
	0.007 (0.007, 0.007)
	<0.001
	0.005 (0.005, 0.005)
	<0.001

	C18
	0.050 (0.049, 0.051)
	<0.001
	0.005 (0.004, 0.006)
	<0.001

	C18:1
	0.035 (0.033, 0.036)
	<0.001
	-0.005 (-0.006, -0.004)
	<0.001

	C18:1-OH
	0.002 (0.002, 0.002)
	<0.001
	0.0004 (0.0003, 0.0004)
	<0.001

	C18:2
	-0.067 (-0.068, -0.066)
	<0.001
	-0.052 (-0.053, -0.051)
	<0.001


a Crude model, without adjusting for any covariates.
b Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
Table S9. Association between sex-specific birth weight for gestational age z-score and metabolites after adjusting the threshold of the Isolation Forest algorithm to 0.6.
	Metabolites
(log-transformed)
	Sex-specific birth weight for gestational age z-score

	
	Crude model, β (95%CI) a
	FDR-corrected P value
	Adjusted model, β (95%CI) b
	FDR-corrected P value

	Alanine
	-0.020 (-0.020, -0.020)
	<0.001
	-0.020 (-0.021, -0.020)
	<0.001

	Arginine
	0.017 (0.016, 0.018)
	<0.001
	0.007 (0.006, 0.007)
	<0.001

	Citrulline
	-0.016 (-0.016, -0.015)
	<0.001
	-0.015 (-0.016, -0.015)
	<0.001

	Glycine
	-0.007 (-0.008, -0.007)
	<0.001
	-0.009 (-0.010, -0.009)
	<0.001

	Leucine + isoleucine + hydroxyproline
	-0.003 (-0.003, -0.003)
	<0.001
	-0.001 (-0.001, -0.0003)
	<0.001

	Methionine
	0.021 (0.021, 0.021)
	<0.001
	0.016 (0.016, 0.016)
	<0.001

	Ornithine
	-0.010 (-0.011, -0.010)
	<0.001
	-0.008 (-0.009, -0.008)
	<0.001

	Phenylalanine
	0.004 (0.004, 0.004)
	<0.001
	0.005 (0.005, 0.005)
	<0.001

	Proline
	-0.026 (-0.026, -0.025)
	<0.001
	-0.026 (-0.026, -0.026)
	<0.001

	Tyrosine
	-0.005 (-0.005, -0.005)
	<0.001
	-0.005 (-0.005, -0.004)
	<0.001

	Valine
	0.001 (0.001, 0.001)
	<0.001
	0.002 (0.002, 0.002)
	<0.001

	C0
	-0.032 (-0.033, -0.032)
	<0.001
	-0.030 (-0.030, -0.029)
	<0.001

	C2
	-0.001 (-0.002, -0.001)
	<0.001
	-0.008 (-0.009, -0.008)
	<0.001

	C3
	0.032 (0.032, 0.032)
	<0.001
	0.029 (0.029, 0.029)
	<0.001

	C3DC+C4-OH
	0.001 (0.001, 0.001)
	<0.001
	0.0002 (0.0002, 0.0003)
	<0.001

	C4
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C4DC+C5-OH
	0.0005 (0.0004, 0.001)
	<0.001
	0.0002 (0.0002, 0.0003)
	<0.001

	C5
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C5DC+C6-OH
	0.002 (0.002, 0.002)
	<0.001
	0.002 (0.001, 0.002)
	<0.001

	C6
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C6DC
	0.001 (0.001, 0.001)
	<0.001
	0.0004 (0.0004, 0.0005)
	<0.001

	C8
	-0.002 (-0.002, -0.001)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C8:1
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C10
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C10:1
	-0.003 (-0.003, -0.003)
	<0.001
	-0.003 (-0.003, -0.003)
	<0.001

	C12
	-0.002 (-0.002, -0.002)
	<0.001
	-0.002 (-0.002, -0.002)
	<0.001

	C12:1
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C14
	-0.002 (-0.002, -0.002)
	<0.001
	-0.003 (-0.003, -0.003)
	<0.001

	C14:1
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C14:2
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C16
	0.014 (0.013, 0.014)
	<0.001
	0.009 (0.009, 0.010)
	<0.001

	C16-OH
	0.0002 (0.0002, 0.0002)
	<0.001
	0.0001 (0.0001, 0.0001)
	<0.001

	C16:1
	0.002 (0.002, 0.002)
	<0.001
	0.001 (0.001, 0.001)
	<0.001

	C16:1-OH
	-0.001 (-0.001, -0.001)
	<0.001
	-0.001 (-0.001, -0.001)
	<0.001

	C18
	0.003 (0.003, 0.003)
	<0.001
	0.002 (0.001, 0.002)
	<0.001

	C18:1
	-0.002 (-0.002, -0.002)
	<0.001
	-0.004 (-0.005, -0.004)
	<0.001

	C18:1-OH
	-0.0001 (-0.0002, -0.0001)
	<0.001
	-0.0002 (-0.0002, -0.0002)
	<0.001

	C18:2
	-0.010 (-0.010, -0.009)
	<0.001
	-0.010 (-0.010, -0.010)
	<0.001


a Crude model, without adjusting for any covariates.
b Adjusted for neonatal age, sex, year of birth, region of birth, and season of birth.
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[bookmark: OLE_LINK70][bookmark: OLE_LINK97]Fig. S1. Flow chart of the neonates included in this study. The initial cohort comprised 5,174,856 newborns screened using non-derivatized tandem mass spectrometry. Following pre-defined exclusion criteria, 1,776,844 ineligible birth records (e.g., missing or incomplete data) were removed, resulting in a final analytical cohort of 3,398,012 neonates.
[image: 出生体重差异图]
Fig. S2. Differences in amino acid (A) and acylcarnitine (B) concentrations among LBW, NBW, and HBW neonates. Panels (A) and (B) illustrate the concentrations of 11 amino acids and 27 acylcarnitines of varying chain lengths, respectively. Each sector represents an individual metabolite with an independent concentration axis. In the box plots, the center line indicates the median, the box edges represent the interquartile range (IQR), and the whiskers show the data range. Group differences were compared using the Kruskal-Wallis test with Dunn’s post hoc analysis. Significance levels are denoted as: *P < 0.05, **P < 0.01, ***P < 0.001.
[image: ]
[bookmark: OLE_LINK87][bookmark: OLE_LINK98]Fig. S3. Associations between gestational age and amino acid levels fitted with restricted cubic spline models. Panels (A)-(K) illustrate the relationship between gestational age and the log-transformed concentrations of 11 individual amino acids. The models were adjusted for neonatal age, sex, year of birth, region of birth, and season of birth. In each panel, the solid line shows the point estimates for the association fitted by the spline model, with the shaded area representing the 95% confidence interval. The x-axis represents gestational age in 10-week units, while the y-axis shows the log-transformed amino acid concentration. A red dashed vertical line is drawn at 3.7 (corresponding to 37 weeks of gestation), marking the threshold for term birth.
[image: ]
Fig. S4. Associations between gestational age and acylcarnitine levels fitted with restricted cubic spline models. Panels (A)-(AB) illustrate the relationship between gestational age and the log-transformed concentrations of 27 individual acylcarnitines. The models were adjusted for neonatal age, sex, year of birth, region of birth, and season of birth. In each panel, the solid line shows the point estimates for the association fitted by the spline model, with the shaded area representing the 95% confidence interval. The x-axis represents gestational age in 10-week units, while the y-axis shows the log-transformed acylcarnitine concentration. A red dashed vertical line is drawn at 3.7 (corresponding to 37 weeks of gestation), marking the threshold for term birth.
[image: ]
[bookmark: OLE_LINK99]Fig. S5. Associations between sex-specific birth weight for gestational age z-score and amino acid levels fitted with restricted cubic spline models. Panels (A)-(K) illustrate the relationship between sex-specific birth weight for gestational age z-score and the log-transformed concentrations of 11 individual amino acids. The models were adjusted for neonatal age, sex, year of birth, region of birth, and season of birth. In each panel, the solid line shows the point estimates for the association fitted by the spline model, with the shaded area representing the 95% confidence interval. The x-axis represents sex-specific birth weight for gestational age z-score, while the y-axis shows the log-transformed amino acid concentration.
[image: ]
[bookmark: OLE_LINK100]Fig. S6. Associations between sex-specific birth weight for gestational age z-score and acylcarnitine levels fitted with restricted cubic spline models. Panels (A)-(AB) illustrate the relationship between sex-specific birth weight for gestational age z-score and the log-transformed concentrations of 27 individual acylcarnitines. The models were adjusted for neonatal age, sex, year of birth, region of birth, and season of birth. In each panel, the solid line shows the point estimates for the association fitted by the spline model, with the shaded area representing the 95% confidence interval. The x-axis represents sex-specific birth weight for gestational age z-score, while the y-axis shows the log-transformed acylcarnitine concentration.
[image: SGA和LGA和LGA组差异_01]
Fig. S7. Differences in amino acid (A) and acylcarnitine (B) concentrations among SGA, AGA, and LGA neonates. Panels (A) and (B) illustrate the concentrations of 11 amino acids and 27 acylcarnitines of varying chain lengths, respectively. Each sector represents an individual metabolite with an independent concentration axis. In the box plots, the center line indicates the median, the box edges represent the interquartile range (IQR), and the whiskers show the data range. Group differences were compared using the Kruskal-Wallis test with Dunn’s post hoc analysis. Significance levels are denoted as: *P < 0.05, **P < 0.01, ***P < 0.001.
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5,174,856 Neonates screened in China using non-derivatized tandem mass
spectrometry, April 2013 — May 2019

1,776,844 Excluded
1,629,390 Missing gestational age (weeks and days)
3,285 Gestational age outside the range of 24 — 42 weeks
20,255 Missing birth weight
68,669 Age >20 days at sampling
1,391 Missing sex information
19,530 Amino acid or acylcarnitine levels below detection limits or missing
34,324 Abnormal metabolite values

\ 4
3,398,012 Neonates included in the final study
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