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Statistical Analysis
Causal Mediation Analysis
Causal mediation analysis was conducted for the associations between miRNA expressions in the placenta and birthweight considering gestational age a mediator 1, 2. For the schema presented below, C denotes the covariates included in the models (maternal age, education, number of past pregnancies, infant sex, study site, and surrogate variables). Following this notation, a* = average placental expression of respective miRNA in a 40-week pregnancy; a = one standard deviation increments in placental expression of respective miRNA from a*. 

Mediator Regression Model: 
[bookmark: _Hlk495415428]E [Gestational Age | miRNA, c) = β0+ β1 (miRNA) + β2C 				       
Outcome Regression Model: 
[bookmark: _Hlk495415438]E [Birthweight] =0 +1(miRNA)+2(Gestational Age)+3(miRNA*Gestational Age)+4C

The average controlled direct effect (CDE) is given by (1 + 3m) (a-a*), which expresses how much of the birth weight would change on average if the gestational age was controlled at a value= m uniformly in the population, but the expression of the miRNA changes from level= a* to level= a. The natural direct effect (NDE) is given by {1 + 3} (a-a*), which expresses how much the birth weight would change if expression of the miRNA were set at level= a versus level= a*, but for each individual gestational age were kept at the level it would have taken when the miRNA expression equals to the average expression of that miRNA in a 40-week pregnancy. The natural indirect effect (NIE) is given by (2 + 3(a-a*), which expresses how much birthweight would change on average if expression of the miRNA were set at level= a, but gestational age was changed from the level it would take if a* =0 to the level it would take if a= 1. The total effect (TE) is given by the sum of the natural direct and indirect effect and expresses how much the birth weight would change overall for a change in the expression of miRNA for one unit. The proportion mediated (PM%) was estimated by PM% = NIE/TE*100, which express the proportion of the total effect of miRNA expression on birthweight mediated via changing gestational age.  
[bookmark: _Toc354448809]
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	Table S1. List of miRNAs selected in Phase 1 (n=154) based on their associations with gestational age by normalization methods. Models were adjusted for extreme birthweight group, maternal age, infant sex, and study site. Effect estimates indicate a change in gestational age by a 1-SD increment in miRNA expression in the placenta. P-values were estimated based on 1,000 permutations.

	miRNA
	Endogenous Normalization
	Global 
Normalization
	Quantile 
Normalization
	Raw Ct 

	
	Coefficient
	P-value
	Coefficient
	P-value
	Coefficient
	P-value
	Coefficient
	P-value

	let-7g
	-0.74
	0.001
	-0.57
	<0.001
	-0.54
	0.007
	-0.39
	0.051

	miR-1290
	-0.43
	0.010
	-0.24
	0.150
	-0.38
	0.020
	-0.32
	0.070

	miR-138
	-1.15
	<0.001
	-1.02
	<0.001
	-1.13
	<0.001
	0.48
	0.157

	miR-16
	-0.68
	0.001
	-0.77
	<0.001
	-0.65
	0.001
	-0.23
	0.33

	miR-181a
	0.51
	0.007
	0.37
	0.030
	0.51
	0.004
	0.5
	0.005

	miR-181c
	0.32
	0.080
	0.48
	0.009
	0.55
	0.004
	0.61
	<0.001

	miR-195
	-1.02
	0.009
	-0.92
	<0.001
	-0.73
	0.008
	-0.39
	0.435

	miR-199a
	0.53
	0.004
	0.54
	<0.001
	0.71
	<0.001
	0.77
	<0.001

	miR-205
	0.52
	0.008
	0.5
	0.005
	0.58
	0.005
	0.71
	<0.001

	miR-27a
	0.44
	0.020
	0.53
	0.003
	0.68
	<0.001
	0.69
	0.002

	miR-296
	0.53
	0.007
	0.58
	0.001
	0.7
	<0.001
	0.72
	<0.001

	miR-320B
	1.00
	<0.001
	0.56
	0.058
	0.68
	0.055
	-0.83
	0.089

	miR-324.5p
	1.31
	<0.001
	2.24
	0.008
	1.85
	0.014
	-0.42
	0.730

	miR-328
	0.50
	0.010
	0.49
	0.005
	0.57
	0.003
	0.67
	0.002

	miR-331
	0.44
	0.023
	0.51
	0.007
	0.62
	0.001
	0.76
	<0.001

	miR-337.3p
	0.62
	0.017
	0.8
	0.001
	0.81
	0.002
	-0.05
	0.902

	miR-34b
	-0.52
	0.002
	-0.32
	0.038
	-0.46
	0.003
	-0.39
	0.008

	miR-373
	0.33
	0.068
	0.37
	0.045
	0.53
	0.004
	0.54
	0.003

	miR-489
	-0.60
	<0.001
	-0.48
	0.009
	-0.57
	0.003
	-0.3
	0.102

	miR-522
	-0.59
	0.002
	-0.51
	0.005
	-0.46
	0.013
	-0.43
	0.051

	miR-542.3p
	0.58
	0.001
	0.65
	<0.001
	0.72
	<0.001
	0.76
	<0.001

	miR-625.
	-0.8
	0.002
	-0.72
	0.105
	-1.09
	0.002
	0.25
	0.549

	miR-629
	-0.67
	0.001
	-0.39
	0.037
	-0.65
	<0.001
	-0.21
	0.279

	miR-886.3p
	0.47
	0.015
	0.52
	0.004
	0.54
	0.004
	0.69
	<0.001

	miR-99b
	0.48
	0.012
	0.48
	0.014
	0.72
	<0.001
	0.70
	0.004









	Table S2. List of miRNAs selected in the discovery phase (n=154) based on their associations with the extreme birthweight groups by normalization methods (only P-values by normalization methods are presented). Model A was adjusted for maternal age, infant sex, and study site. Model B was additionally adjusted for gestational age. P-values were estimated based on 1,000 permutations.

	miRNA
	Model A
	Model B

	
	Endogenous
	Global
	Quantile
	Raw Ct
	Endogenous
	Global 
	Quantile
	Raw Ct

	let-7g
	0.001
	0.002
	0.032
	0.314
	
	
	
	

	miR-124a
	0.084
	0.235
	0.135
	0.713
	0.001
	0.003
	0.002
	0.817

	miR-127
	
	
	
	
	0.003
	0.021
	0.002
	0.884

	miR-130a
	0.121
	0.041
	0.005
	0.874
	
	
	
	

	miR-135b
	0.047
	0.007
	0.032
	0.89
	
	
	
	

	miR-138
	0.007
	0.008
	0.013
	0.829
	
	
	
	

	miR-149
	0.082
	0.001
	0.006
	0.642
	0.341
	0.009
	0.096
	0.402

	miR-15a
	0.005
	0.166
	0.07
	0.341
	0.002
	0.048
	0.015
	0.488

	miR-185
	0.006
	0.003
	0.004
	0.826
	0.017
	0.02
	0.001
	0.785

	miR-195
	<0.001
	0.001
	0.001
	0.563
	0.012
	0.184
	0.056
	0.462

	miR-200c
	0.058
	0.005
	0.018
	0.574
	0.065
	0.001
	0.016
	0.374

	miR-205
	0.004
	0.002
	0.001
	0.429
	
	
	
	

	miR-20b
	0.009
	0.484
	0.33
	0.064
	0.033
	0.014
	0.063
	0.198

	miR-21
	
	
	
	
	0.017
	0.239
	0.003
	0.666

	miR-222
	0.171
	0.002
	0.004
	0.726
	0.128
	0.001
	0.042
	0.215

	miR-30c
	0.001
	0.005
	<0.001
	0.257
	<0.001
	0.001
	<0.001
	0.23

	miR-324.5p
	
	
	
	
	0.004
	0.007
	0.001
	0.861

	miR-337.3p
	<0.001
	0.01
	0.001
	0.203
	0.009
	0.007
	0.006
	0.329

	miR-34b
	<0.001
	<0.001
	<0.001
	0.003
	0.068
	0.038
	0.109
	0.002

	miR-34c
	0.002
	0.003
	0.001
	0.401
	0.005
	0.083
	0.032
	0.495

	miR-376b
	<0.001
	0.003
	<0.001
	0.447
	<0.001
	<0.001
	<0.001
	0.804

	miR-424
	0.001
	0.057
	0.01
	0.889
	<0.001
	0.013
	0.006
	0.892

	miR-454
	0.082
	0.005
	0.001
	0.086
	0.006
	0.001
	<0.001
	0.054

	miR-455
	
	
	
	
	0.008
	0.116
	0.102
	0.546

	miR-518e
	0.235
	0.004
	0.1049
	0.3137
	0.022
	0.001
	0.03
	0.279

	miR-518f
	0.046
	<0.001
	<0.001
	0.003
	0.007
	<0.001
	<0.001
	0.004

	miR-522
	
	
	
	
	0.017
	<0.001
	0.001
	0.253

	miR-524
	0.007
	0.003
	0.002
	0.273
	0.044
	0.008
	<0.001
	0.001

	miR-625.
	
	
	
	
	0.002
	0.006
	0.001
	0.062

	miR-629
	
	
	
	
	0.031
	0.021
	0.003
	0.044

	miR-9
	0.051
	0.001
	0.001
	0.146
	0.116
	0.006
	0.02
	0.163

	miR-99a
	0.03
	0.009
	0.038
	0.905
	
	
	
	

	miR-99b.
	0.383
	0.397
	0.004
	0.539
	0.084
	0.087
	0.009
	0.097



	Table S3. Controlled direct effects (CDEs) of a 1-SD increment in selected miRNA expressions in the placenta on birthweight [g] by gestational age in the replication phase (n=364). For miR-1290, CDEs were estimated at 25th, 50th, and 75th percentiles of cord blood arsenic exposure, whereas for rest of the miRNAs, CDEs were estimated at average cord blood arsenic concentrations. Other covariates included the models were maternal age, education, enrollment BMI, number of past pregnancies, infant sex, study site, and surrogate variables. 

	Week of gestation
	miR-1290
	miR-195
	miR-328
	miR-489

	
	Cord Blood Arsenic Exposure
	
	
	

	
	25th percentile
	50th percentile
	75th percentile
	
	
	

	
	Coefficient
(95% CI)
	P-value
	Coefficient
(95% CI) 
	P-value
	Coefficient
(95% CI) 
	P-value
	Coefficient
(95% CI) 
	P-value
	Coefficient
(95% CI) 
	P-value
	Coefficient
(95% CI) 
	P-value

	29
	-325.3 (-540.4, -110.3)
	0.003
	-359.3 (-569.9, -148.8)
	0.001
	-401.5 (-610.4, -192.5)
	<0.001
	-255.9 (-415.4, -96.4)
	0.002
	311.6 (138.0, 485.1)
	<0.001
	-331.9 (-526.4, -137.5)
	0.001

	30
	-295.5 (-489.8, -101.2)
	0.003
	-329.5 (-519.4, -139.6)
	0.001
	-371.6 (-560.6, -182.7)
	<0.001
	-231.7 (-375.1, -88.3)
	0.002
	279 (123.3, 434.8)
	0.001
	-300.4 (-475.2, -125.7)
	0.001

	31
	-265.7 (-439.6, -91.8)
	0.003
	-299.7 (-469.4, -130.0)
	0.001
	-341.8 (-511.2, -172.4)
	<0.001
	-207.5 (-335.2, -79.8)
	0.002
	246.5 (108.5, 384.5)
	0.001
	-268.9 (-424.2, -113.7)
	0.001

	32
	-235.9 (-389.9, -81.9)
	0.003
	-269.9 (-419.9, -119.9)
	<0.001
	-312 (-462.7, -161.3)
	<0.001
	-183.3 (-295.9, -70.7)
	0.002
	214 (93.3, 334.6)
	0.001
	-237.4 (-373.5, -101.4)
	0.001

	33
	-206.1 (-340.9, -71.2)
	0.003
	-240.1 (-371.2, -108.9)
	<0.001
	-282.2 (-415.2, -149.1)
	<0.001
	-159.2 (-257.6, -60.8)
	0.002
	181.4 (77.9, 285)
	0.001
	-205.9 (-323.2, -88.7)
	0.001

	34
	-176.2 (-293.1, -59.4)
	0.003
	-210.2 (-323.8, -96.6)
	<0.001
	-252.4 (-369.3, -135.4)
	<0.001
	-135 (-220.5, -49.4)
	0.002
	148.9 (61.8, 236)
	0.001
	-174.4 (-273.5, -75.3)
	0.001

	35
	-146.4 (-246.9, -45.9)
	0.005
	-180.4 (-278.3, -82.5)
	<0.001
	-222.5 (-325.8, -119.3)
	<0.001
	-110.8 (-185.5, -36.1)
	0.004
	116.4 (44.7, 188)
	0.002
	-142.9 (-225, -60.8)
	0.001

	36
	-116.6 (-203.5, -29.8)
	0.009
	-150.6 (-235.8, -65.4)
	0.001
	-192.7 (-285.6, -99.9)
	<0.001
	-86.6 (-153.5, -19.8)
	0.012
	83.8 (25.8, 141.8)
	0.005
	-111.4 (-178.5, -44.3)
	0.001

	37
	-86.8 (-164.1, -9.5)
	0.028
	-120.8 (-197.8, -43.8)
	0.002
	-162.9 (-249.9, -75.9)
	<0.001
	-62.4 (-125.6, 0.7)
	0.053
	51.3 (3.6, 99.0)
	0.036
	-79.9 (-135.6, -24.2)
	0.005

	38
	-57 (-130.4, 16.5)
	0.129
	-91.0 (-165.7, -16.2)
	0.018
	-133.1 (-219.8, -46.4)
	0.003
	-38.3 (-102.6, 26.0)
	0.244
	18.8 (-24.6, 62.1)
	0.397
	-48.4 (-98.7, 2.0)
	0.06

	39
	-27.2 (-103.4, 49.1)
	0.485
	-61.2 (-140.1, 17.8)
	0.13
	-103.3 (-195.2, -11.3)
	0.028
	-14.1 (-84.2, 56.0)
	0.694
	-13.8 (-60.3, 32.8)
	0.562
	-16.9 (-69.9, 36.1)
	0.533

	40
	2.7 (-82.3, 87.6)
	0.951
	-31.3 (-120.0, 57.4)
	0.489
	-73.5 (-175.3, 28.4)
	0.159
	10.1 (-69.4, 89.6)
	0.804
	-46.3 (-102.3, 9.7)
	0.106
	14.6 (-48.0, 77.3)
	0.648

	41
	32.5 (-65.5, 130.5)
	0.516
	-1.5 (-104.0, 100.9)
	0.977
	-43.6 (-158.9, 71.7)
	0.459
	34.3 (-57.2, 125.7)
	0.463
	-78.8 (-148.1, -9.6)
	0.026
	46.1 (-30.6, 122.8)
	0.239

	

	



	Table S4: Gene Ontology (GO) enrichment analysis by candidate miRNA with in-silico predicted target genes

	miRNA
	Go pathways
	FDR
	In-silico predicted targets within the pathway

	miR-1290
	HGF-dependent inhibition of TGF-beta-induced EMT
	1.6E-04
	HGF, SMAD2, SOS, HGF receptor (Met), Arkadia, SMAD7, SP1

	
	TGF-beta receptor signaling
	1.6E-04
	p38 MAPK, p15, SMAD2, SOS, SMAD4, SMAD3, SMAD7, SP1

	
	Role of Activin A in cell differentiation and proliferation
	2.6E-04
	ActRIIA, p15, SMAD2, SMAD4, SMAD3, VDR, SP1

	
	Normal and pathological TGF-beta-mediated regulation of cell proliferation
	8.0E-04
	p38 MAPK, SMAD2, SOS, SMAD4, SMAD3, ITGAV

	
	Role of Activin A in cytoskeleton remodeling
	8.0E-04
	ActRIIA, SMAD2, SMAD4, SMAD3, SP1

	
	Regulation of G1/S transition (part 1)
	1.5E-03
	p15, SMAD2, SMAD4, SMAD3, SP1, CDK6

	
	IGF family signaling in colorectal cancer
	1.8E-03
	CDC25C, IGF-2, IRS-2, IGF-1, SOS, IBP, IBP3

	
	Possible pathway of TGF-beta 1-dependent inhibition of CFTR expression
	1.8E-03
	p38 MAPK, SMAD2, SMAD4, SMAD3, CFTR, SMAD7

	
	Regulation of epithelial-to-mesenchymal transition (EMT)
	2.3E-03
	EGFR, HGF, SMAD2, HGF receptor (Met), Bcl-2, Arkadia, SP1

	
	IL-6 signaling pathway via MEK/ERK and PI3K/AKT cascades
	3.9E-03
	N-Ras, K-RAS, sIL6-RA, IL-6, SOS, IP3 receptor, IL6RA

	
	TGF-beta-dependent induction of EMT via SMADs 
	4.6E-03
	HMGA2, SMAD2, SMAD4, SMAD3, SP1

	
	TGF, WNT and cytoskeletal remodeling
	6.8E-03
	p38 MAPK, p15, SMAD2, SOS, MLCK, SMAD3, MYLK1, SP1

	
	Astrocyte differentiation from adult stem cells
	7.6E-03
	SMAD5, SOS, SMAD4, HES1, BMP4

	
	Growth factors in regulation of oligodendrocyte precursor cell proliferation
	1.0E-02
	EGFR, HGF, ErbB4, IGF-1, SOS, HGF receptor (Met)

	
	Mucin expression in Cystic Fibrosis airways
	1.1E-02
	EGFR, p38 MAPK, SOS, IP3 receptor, CFTR, SP1

	
	IL-6 signaling pathway via JAK/STAT
	1.2E-02
	sIL6-RA, IL-6, iNOS, IL6RA, SP1, CDK6

	
	IGF-1 receptor signaling
	1.2E-02
	IGF-2, IRS-2, IGF-1, SOS, IBP

	
	IL-17-induced mucin expression in CF airways
	1.2E-02
	IL-17, p38 MAPK, IL-6, CFTR, SP1

	miR-195
	
	
	

	
	Main growth factor signaling cascades in multiple myeloma cells
	4.2E-07
	K-RAS, FKHR, IGF-1 receptor, HIF1A, IKK-alpha, VEGF-A, FGF2, ERK1 (MAPK3), IKK (cat), GRB2, AKT(PKB)

	
	Main pathways of Schwann cells transformation in neurofibromatosis type 1 
	4.2E-07
	K-RAS, IGF-1 receptor, HIF1A, VEGF-A, CDC42, EGFR, Bim, SOX9, TPT1, Bcl-2, ErbB2, IP3 receptor, ERK1/2, AKT(PKB)

	
	mTORC2 downstream signaling
	4.2E-07
	p21, FKHR, Rictor, p53, IGF-1 receptor, FASN, SGK1, CDC42, ACACA, IL7RA, Bim, PKC, AKT(PKB)

	
	TGF, WNT and cytoskeletal remodeling
	4.2E-07
	p21, MNK1, p53, IKK-alpha, ROCK, VEGF-A, CDC42, WNT, N-WASP, ERK1 (MAPK3), Axin, SMAD3, ERK1/2, GRB2, AKT(PKB), Collagen IV

	
	Role of SCF complex in cell cycle regulation
	9.8E-07
	p21, CDK4, Skp2/TrCP/FBXW, Chk1, CDC25A, Wee1, beta-TrCP, NEDD8, SMAD3

	
	VEGF signaling via VEGFR2 - generic cascades
	3.2E-06
	IKK-alpha, VEGF-A, CDC42, ERK1 (MAPK3), IKK (cat), IKK-beta, iNOS, ROCK1, IP3 receptor, ERK1/2, PKC, GRB2, AKT(PKB)

	
	IGF family signaling in colorectal cancer
	4.8E-06
	MNK1, IGF-1 receptor, HIF1A, IKK-alpha, VEGF-A, ERK1 (MAPK3), IKK (cat), c-Myb, ERK1/2, GRB2, AKT(PKB)

	
	Regulation of G1/S transition (part 1)
	6.5E-05
	p21, CDK4, Skp2/TrCP/FBXW, CDC25A, Brca1, beta-TrCP, SMAD3, CDK6

	
	Growth factors in regulation of oligodendrocyte precursor cell proliferation
	7.6E-05
	IGF-1 receptor, EGFR, FGF2, FGF18, FGFR1, ErbB2, ERK1/2, PKC, GRB2, AKT(PKB)

	
	VEGF signaling and activation
	1.2E-04
	IKK-alpha, VEGF-A, IKK (cat), Brca1, IKK-beta, ERK1/2, PKC, AKT(PKB)

	
	NGF/ TrkA PI3K-mediated signaling
	1.9E-04
	FKHR, ROCK, CDC42, N-WASP, ELMO2, Bcl-2, VAV-2, ERK1/2, GRB2, AKT(PKB)

	
	G-Protein alpha-q signaling cascades
	2.0E-04
	IKK-alpha, ROCK, IKK (cat), GRK2, IP3 receptor, GRB2, AKT(PKB)

	
	TGF-beta receptor signaling
	2.6E-04
	p21, IKK-alpha, SMAD7, SMURF2, IKK-beta, SMAD3, ErbB2, ERK1/2

	
	Apoptotic Activin A signaling
	2.8E-04
	ActRIIA, p53, ERK1 (MAPK3), SMAD3, ActRIIB, AKT(PKB)

	
	FGF-family signaling
	3.3E-04
	FGF2, ERK1 (MAPK3), FGF7, FGFR1, IP3 receptor, GRB2, AKT(PKB), FGF1

	
	Receptor-mediated HIF regulation
	3.6E-04
	MNK1, IGF-1 receptor, HIF1A, VEGF-A, ERK1/2, GRB2, AKT(PKB)

	
	IL-6 signaling pathway via JAK/STAT
	4.5E-04
	p21, CDK4, FKHR, VEGF-A, iNOS, GRB2, RUNX2, AKT(PKB), CDK6

	
	Normal and pathological TGF-beta-mediated regulation of cell proliferation
	8.5E-04
	c-Abl, p53, FGF2, Axin, SMAD3, GRB2

	
	HGF-dependent inhibition of TGF-beta-induced EMT
	4.7E-03
	SMURF, Arkadia, SMAD7, ERK1/2, GRB2

	
	Role of Activin A in cell differentiation and proliferation
	3.3E-02
	p21, ActRIIA, SMAD3, ActRIIB

	
	
	
	

	miR-328
	p53 signaling in Prostate Cancer
	3.4E-07
	NOXA, Apaf-1, MAP4, p53 (mitochondrial), PTEN, AKT(PKB), PUMA, p53

	
	p53 signaling in Prostate Cancer
	3.4E-07
	NOXA, Apaf-1, MAP4, p53 (mitochondrial), PTEN, AKT(PKB), PUMA, p53

	
	mTORC2 downstream signaling
	3.4E-05
	Bim, AKT1, AKT(PKB), AKT2, p53, IGF-1 receptor, SCD, FASN

	
	mTORC2 downstream signaling
	3.4E-05
	Bim, AKT1, AKT(PKB), AKT2, p53, IGF-1 receptor, SCD, FASN

	
	AKT signaling
	3.4E-05
	Bim, PTEN, PCNA, Bcl-XL, AKT(PKB), p53, IGF-1 receptor

	
	Androgen Receptor nuclear signaling
	3.4E-05
	Frizzled, AKT1, PAK6, AKT(PKB), MMP-2, IGF-1 receptor, TGF-beta receptor type II

	
	Insulin, IGF-1 and TNF-alpha in brown adipocyte differentiation
	5.5E-05
	AKT1, ERK1/2, AKT(PKB), AKT2, IGF-1 receptor, SCD, FASN

	
	Regulation of Apoptosis by Mitochondrial Proteins
	5.5E-05
	NOXA, Bim, Apaf-1, Bcl-XL, PUMA, IGF-1 receptor

	
	Androgen receptor activation and downstream signaling in Prostate cancer
	7.8E-05
	ERK1 (MAPK3), FGFR1, TERT, GCR, PTEN, Bcl-XL, AKT(PKB), p53, IGF-1 receptor

	
	IGF family signaling in colorectal cancer
	1.1E-04
	MNK1, ERK1 (MAPK3), PTEN, ERK1/2, Bcl-XL, AKT(PKB), IGF-1 receptor

	
	Apoptotic Activin A signaling
	2.0E-04
	ERK1 (MAPK3), Bcl-XL, AKT(PKB), p53, p120GAP

	
	PTEN pathway
	2.5E-04
	PTEN, ERK1/2, PCNA, AKT(PKB), p53, IGF-1 receptor

	
	Brca1 as a transcription regulator
	4.3E-04
	TERT, PCNA, Brca1, p53, IGF-1 receptor

	
	Additional pathways of NF-kB activation (in the cytoplasm)
	4.4E-04
	Pim-1, AKT1, ERK1/2, AKT(PKB), AKT2, MAP3K3

	
	TGF, WNT and cytoskeletal remodeling
	4.5E-04
	MNK1, CRK, Frizzled, ERK1 (MAPK3), ERK1/2, AKT(PKB), p53, TGF-beta receptor type II

	
	Inhibition of telomerase activity and cellular senescence
	1.1E-03
	TERT, Brca1, AKT(PKB), p53

	
	Ligand-independent activation of Androgen receptor in Prostate Cancer
	1.2E-03
	Frizzled, ERK1 (MAPK3), FGFR1, Bcl-XL, AKT(PKB), IGF-1 receptor

	
	Regulation of Tissue factor signaling in cancer
	1.4E-03
	ERK1 (MAPK3), PTEN, ERK1/2, AKT(PKB), p53

	
	K-RAS signaling in pancreatic cancer
	1.5E-03
	PTEN, ERK1/2, AKT(PKB), AKT2, p53

	
	Regulation of GSK3 beta in bipolar disorder
	1.8E-03
	Frizzled, FGFR1, AKT1, ERK1/2, AKT(PKB)

	
	Main pathways of Schwann cells transformation in neurofibromatosis type 1 
	2.6E-03
	Bim, PTEN, ERK1/2, Bcl-XL, AKT(PKB), IGF-1 receptor

	
	Aberrant B-Raf signaling in melanoma progression
	3.6E-03
	AKT3, Bim, AKT1, ERK1/2, AKT(PKB)

	
	Role of growth factor receptors transactivation by Hyaluronic acid / CD44 signaling in tumor progression
	5.5E-03
	AKT1, CD44, ERK1/2, MMP-2

	
	Main growth factor signaling cascades in multiple myeloma cells
	8.7E-03
	ERK1 (MAPK3), PTEN, AKT(PKB), IGF-1 receptor

	
	VEGF signaling and activation
	9.4E-03
	ERK1/2, Brca1, AKT(PKB), p120GAP








	Table S5: The effects of a 1-SD increment in placental expression of miRNA on gestational age and birthweight in Phase 2 study excluding 52 duplicate participants used in both phases (n =310). The indirect, direct, and total effects of miRNA expressions on birthweight were estimated using causal mediation analysis considering gestational age a mediator. The models for gestational age (mediator model) were adjusted for maternal age, education, no. of past pregnancies, BMI, infant sex, and study site. The models for birthweight were also adjusted for gestational age and included a miRNA-gestational age interaction term.

	miRNA
	Associations with Gestational age
	Associations with Birthweight

	
	
	Indirect Effects
	Direct Effects
	Total Effects

	
	Coefficient (95% CI)
	P-value
	Coefficient (95% CI)
	P-value
	Coefficient (95% CI)
	P-value
	Coefficient (95% CI)
	P-value

	let7g
	-0.25 (-0.58, 0.07)
	0.128
	-6.6 (-27, 1.3)
	0.210
	8.6 (-66.5, 78.9)
	0.834
	2 (-73.7, 73.8)
	0.994

	mir124a
	-0.11 (-0.88, 0.65)
	0.771
	-3.3 (-35.6, 5.6)
	0.634
	39.3 (-84.1, 179.2)
	0.574
	36 (-90.3, 178.9)
	0.624

	mir127
	-0.05 (-0.26, 0.16)
	0.637
	-0.9 (-8, 1.8)
	0.654
	31.4 (-8.5, 77.7)
	0.134
	30.5 (-10, 76.5)
	0.146

	mir1290
	-0.31 (-0.58, -0.03)
	0.031
	-7.3 (-22.7, 0.5)
	0.146
	-3.8 (-61.3, 57.5)
	0.988
	-11.2 (-69.3, 50.9)
	0.778

	mir130a
	0.11 (-0.21, 0.43)
	0.491
	2.9 (-1.9, 18.6)
	0.422
	-25.3 (-104.4, 50.5)
	0.484
	-22.4 (-102, 47.6)
	0.538

	mir135b
	0.15 (-0.17, 0.46)
	0.367
	1.4 (-3.9, 14.6)
	0.760
	10.4 (-55, 78.8)
	0.798
	11.8 (-56.6, 81.3)
	0.768

	mir138
	-0.04 (-0.32, 0.25)
	0.793
	-0.4 (-9.3, 2.6)
	0.742
	-47 (-103, -15.1)
	0.016
	-47.4 (-104, -14.4)
	0.014

	mir149
	0.06 (-0.33, 0.44)
	0.772
	0.9 (-5, 12.6)
	0.852
	-2.9 (-67.3, 63.1)
	0.944
	-2 (-66, 65.4)
	0.946

	mir15a
	-0.01 (-0.3, 0.29)
	0.966
	1.6 (-4.5, 14.9)
	0.642
	-0.5 (-66.4, 60.9)
	0.994
	1.1 (-63.7, 61.5)
	0.930

	mir16
	-0.16 (-0.42, 0.1)
	0.221
	-3.4 (-15.5, 1)
	0.278
	18.2 (-24.5, 65.5)
	0.400
	14.8 (-30.5, 62.3)
	0.508

	mir181a
	-0.04 (-0.27, 0.19)
	0.703
	-0.7 (-8.5, 0.8)
	0.622
	-36.4 (-74.9, -2.2)
	0.042
	-37.1 (-77, -3)
	0.026

	mir181c
	-0.01 (-0.35, 0.32)
	0.950
	0.4 (-2.5, 8.7)
	0.828
	-42.8 (-92.8, 6.3)
	0.086
	-42.4 (-93.5, 5.5)
	0.084

	mir185
	-0.44 (-0.91, 0.03)
	0.069
	-10.3 (-35.6, 1.8)
	0.164
	-44.2 (-147.9, 60.4)
	0.400
	-54.5 (-158.1, 46.8)
	0.284

	mir195
	-0.15 (-0.41, 0.12)
	0.272
	-2.5 (-13.7, 2.9)
	0.444
	3.1 (-59.5, 63.3)
	0.994
	0.6 (-61.7, 62.6)
	0.946

	mir199a
	0.3 (-0.05, 0.64)
	0.093
	8.1 (-0.3, 24.7)
	0.092
	-27.4 (-88.9, 34.6)
	0.368
	-19.3 (-77.2, 45.8)
	0.530

	mir200c
	0.23 (-0.15, 0.61)
	0.246
	4.2 (-3.1, 19.3)
	0.388
	-47.4 (-137.3, 32.9)
	0.238
	-43.2 (-137.1, 35.3)
	0.276

	mir205
	0.28 (-0.17, 0.72)
	0.229
	7 (-1.7, 22.4)
	0.186
	-29.1 (-111.2, 47.3)
	0.506
	-22.1 (-104.5, 55.7)
	0.642

	mir20b
	-0.07 (-0.35, 0.2)
	0.600
	-0.1 (-10.4, 10.7)
	0.926
	8 (-51.8, 69.1)
	0.854
	7.9 (-54.7, 70.4)
	0.874

	mir21
	0.09 (-0.23, 0.42)
	0.583
	1.8 (-5.3, 10.5)
	0.614
	12 (-69.9, 90.4)
	0.756
	13.8 (-65.9, 92.4)
	0.714

	mir222
	-0.04 (-0.34, 0.26)
	0.791
	-1 (-12.3, 5.4)
	0.836
	10.9 (-52.7, 67.1)
	0.868
	9.9 (-53.4, 67.2)
	0.906

	mir27a
	-0.37 (-0.68, -0.05)
	0.023
	-7.5 (-23.2, 0)
	0.082
	-29.6 (-112.2, 24.1)
	0.276
	-37.1 (-119.5, 16.3)
	0.190

	mir296
	0.08 (-0.28, 0.45)
	0.651
	3.5 (-1.6, 16.8)
	0.326
	-30.8 (-87.6, 26.9)
	0.238
	-27.3 (-81, 32.1)
	0.324

	mir30c
	-0.01 (-0.29, 0.27)
	0.932
	-0.2 (-7.9, 2.4)
	0.964
	9.7 (-40.1, 66.9)
	0.706
	9.5 (-39.7, 67.5)
	0.720

	mir320b
	-0.1 (-0.39, 0.2)
	0.523
	-1.4 (-11.7, 6)
	0.722
	18.3 (-42.1, 73.7)
	0.564
	17 (-43, 72.8)
	0.578

	mir3245p
	0.28 (0.06, 0.50)
	0.015
	3.7 (-4.5, 13.5)
	0.428
	12.5 (-36.4, 58.8)
	0.582
	16.2 (-31.8, 59.1)
	0.498

	mir328
	0.30 (0.10, 0.50)
	0.004
	1.2 (-7.3, 12.1)
	0.754
	28.9 (-12.4, 66.3)
	0.194
	30.1 (-10.4, 65)
	0.155

	mir331
	0.04 (-0.23, 0.32)
	0.758
	0.1 (-3.6, 5.6)
	0.998
	52 (-3.5, 104.1)
	0.072
	52 (-3.6, 103.3)
	0.068

	mir3373p
	-0.08 (-0.34, 0.18)
	0.533
	-1.2 (-13.3, 4)
	0.694
	14.2 (-38, 65.3)
	0.580
	13.1 (-38.3, 68.6)
	0.616

	mir34b
	0.03 (-0.3, 0.36)
	0.871
	-0.5 (-8.5, 11)
	0.924
	28.9 (-37.8, 92.2)
	0.386
	28.4 (-38.1, 93)
	0.370

	mir34c
	0.01 (-0.22, 0.25)
	0.910
	0.7 (-5.7, 9.8)
	0.770
	10 (-39.7, 52.1)
	0.688
	10.6 (-39, 54.3)
	0.648

	mir373
	-0.11 (-0.42, 0.21)
	0.515
	-3 (-17.4, 1.8)
	0.420
	2.2 (-62.6, 79.3)
	0.954
	-0.8 (-69.5, 70.8)
	1.000

	mir376b
	-0.13 (-0.53, 0.26)
	0.509
	-2.5 (-17.4, 5.1)
	0.594
	-16.2 (-98.8, 66.4)
	0.692
	-18.7 (-101.3, 63)
	0.644

	mir424
	0.2 (-0.04, 0.43)
	0.102
	3.4 (-1.2, 17.4)
	0.280
	-29.5 (-79.9, 12.9)
	0.166
	-26 (-73.7, 15)
	0.216

	mir454
	-0.06 (-0.39, 0.27)
	0.725
	2 (-5.8, 18.3)
	0.658
	30.4 (-53.2, 113.3)
	0.446
	32.4 (-52.6, 116.7)
	0.404

	mir455
	0.3 (-0.08, 0.68)
	0.127
	5.7 (-0.9, 24.6)
	0.220
	50.1 (-22.4, 121.4)
	0.176
	55.8 (-18.2, 124.8)
	0.134

	mir489
	-0.03 (-0.26, 0.21)
	0.828
	0.2 (-4.9, 6.9)
	0.880
	23.5 (-20.4, 72.5)
	0.324
	23.7 (-19.6, 73.2)
	0.312

	mir518e
	-0.23 (-0.57, 0.1)
	0.175
	-4.4 (-20.4, 0.9)
	0.236
	-24.8 (-111.9, 62.5)
	0.722
	-29.2 (-117.6, 61.9)
	0.662

	mir518f
	-0.15 (-0.44, 0.15)
	0.327
	-2.2 (-17.8, 2.5)
	0.568
	-45.4 (-112.4, 23)
	0.212
	-47.6 (-113.1, 22.8)
	0.188

	mir522
	-0.06 (-0.37, 0.24)
	0.684
	-1.7 (-13.3, 1.8)
	0.480
	25.9 (-30.1, 77)
	0.382
	24.3 (-32.1, 75.4)
	0.444

	mir524
	-0.05 (-0.37, 0.28)
	0.783
	-0.1 (-9.2, 4.1)
	0.910
	-48.2 (-120.1, 17.1)
	0.144
	-48.4 (-120.2, 17.1)
	0.146

	mir5423p
	0.11 (-0.16, 0.38)
	0.431
	3.2 (-3.8, 15.5)
	0.410
	24.3 (-36.6, 72.9)
	0.444
	27.5 (-35.2, 77.1)
	0.398

	mir625
	-0.02 (-0.33, 0.3)
	0.920
	-0.6 (-11.1, 7.4)
	0.880
	43.3 (-17.7, 106.7)
	0.190
	42.7 (-19.3, 107.9)
	0.200

	mir629
	-0.23 (-0.53, 0.08)
	0.151
	-4.2 (-16.7, 0.3)
	0.184
	7.7 (-49.2, 56.7)
	0.786
	3.5 (-56.9, 52.1)
	0.924

	mir720
	0.02 (-0.18, 0.23)
	0.815
	1 (-3.8, 8.9)
	0.734
	43.1 (5.1, 80.8)
	0.025
	44.1 (5.8, 82.5)
	0.025

	mir8863p
	0.09 (-0.28, 0.45)
	0.643
	0.7 (-5.6, 8.9)
	0.878
	-3.9 (-75.5, 66.8)
	0.914
	-3.2 (-76.2, 68)
	0.932

	mir9
	0.12 (-0.14, 0.38)
	0.366
	1.2 (-1.5, 12.4)
	0.658
	-6.9 (-52.4, 35.1)
	0.754
	-5.7 (-51.5, 36.9)
	0.798

	mir99a
	-0.04 (-0.45, 0.36)
	0.831
	-0.4 (-9.8, 3.9)
	0.922
	5.3 (-83.1, 91.7)
	0.882
	4.9 (-88.1, 91.1)
	0.900

	mir99b
	0.12 (-0.19, 0.42)
	0.453
	2.2 (-3.1, 11.1)
	0.480
	31.4 (-28.6, 82.9)
	0.268
	33.6 (-25.2, 86.9)
	0.252

	hsamir15a
	-0.01 (-0.3, 0.29)
	0.966
	1.6 (-4.5, 14.9)
	0.642
	-0.5 (-66.4, 60.9)
	0.994
	1.1 (-63.7, 61.5)
	0.930





	Table S6. Quality of qRT-PCR data.

	miRNAs
	Discovery Phase (n =154)
	[bookmark: _GoBack]Replication Phase (n =364)

	
	No. missing
	Mean Ct
	SDs (σ)
	CV
	No. missing
	Mean Ct
	SDs (σ)
	CV

	let-7g
	12
	21.72
	1.09
	0.050
	0
	17.91
	1.32
	0.074

	miR-127
	2
	17.97
	2.15
	0.120
	0
	16.78
	1.28
	0.076

	miR-1290
	52
	23.23
	2.26
	0.097
	0
	18.04
	2.25
	0.125

	miR-130a
	1
	17.84
	1.68
	0.094
	0
	16.09
	1.15
	0.072

	miR-135b
	3
	21.91
	1.66
	0.076
	0
	18.16
	1.40
	0.077

	miR-138
	5
	22.63
	1.71
	0.075
	0
	20.98
	1.57
	0.075

	miR-149
	1
	17.46
	1.43
	0.082
	0
	17.77
	1.24
	0.070

	miR-15a
	17
	23.53
	1.29
	0.055
	0
	21.70
	1.37
	0.063

	miR-16
	2
	17.01
	1.49
	0.088
	0
	14.27
	1.39
	0.098

	miR-181a
	15
	17.31
	1.55
	0.090
	0
	15.34
	1.24
	0.081

	miR-181c
	11
	23.75
	1.42
	0.060
	3
	20.65
	1.53
	0.074

	miR-185
	2
	23.33
	1.34
	0.057
	0
	20.64
	1.66
	0.080

	miR-195
	7
	21.55
	1.27
	0.059
	0
	18.65
	1.34
	0.072

	miR-199a
	8
	23.99
	1.51
	0.063
	0
	22.23
	1.38
	0.062

	miR-200c
	7
	15.27
	1.53
	0.100
	0
	13.85
	1.26
	0.091

	miR-205
	2
	20.03
	1.46
	0.073
	0
	19.51
	1.47
	0.075

	miR-20b
	3
	22.79
	1.26
	0.055
	0
	19.07
	1.43
	0.075

	miR-21
	3
	16.01
	1.58
	0.098
	0
	14.19
	1.45
	0.102

	miR-222
	7
	15.58
	1.56
	0.100
	0
	13.13
	1.40
	0.107

	miR-27a
	1
	18.16
	1.70
	0.094
	0
	17.00
	1.19
	0.070

	miR-296
	10
	22.33
	1.74
	0.078
	1
	21.53
	1.45
	0.067

	miR-30c
	12
	14.14
	2.24
	0.158
	0
	14.24
	1.45
	0.102

	miR-320B
	3
	21.69
	1.70
	0.078
	0
	18.68
	1.24
	0.067

	miR-324-5p
	10
	21.39
	1.93
	0.090
	0
	19.31
	1.15
	0.059

	miR-328
	2
	19.15
	1.63
	0.085
	0
	19.67
	1.16
	0.059

	miR-331
	0
	18.12
	1.76
	0.097
	0
	18.64
	1.34
	0.072

	miR-337-3p
	16
	25.33
	1.44
	0.057
	0
	21.67
	1.14
	0.053

	miR-34b
	33
	23.31
	1.90
	0.082
	0
	21.62
	1.33
	0.061

	miR-34c
	10
	24.19
	1.42
	0.059
	0
	24.42
	1.56
	0.064

	miR-373
	10
	23.66
	1.75
	0.074
	0
	21.93
	1.58
	0.072

	miR-376b
	65
	26.24
	1.14
	0.043
	4
	25.36
	1.55
	0.061

	miR-424
	18
	21.07
	1.62
	0.077
	0
	17.84
	1.08
	0.060

	miR-454
	54
	20.36
	1.95
	0.096
	0
	16.86
	1.47
	0.087

	miR-455
	11
	22.07
	1.34
	0.061
	0
	18.95
	1.21
	0.064

	miR-489
	33
	22.18
	1.67
	0.075
	4
	18.55
	1.66
	0.090

	miR-518e
	1
	17.43
	1.37
	0.079
	0
	14.24
	1.17
	0.082

	miR-518f
	74
	16.41
	1.66
	0.101
	1
	15.51
	1.19
	0.077

	miR-522
	22
	16.45
	1.29
	0.078
	0
	14.18
	1.22
	0.086

	miR-524
	60
	24.26
	1.27
	0.052
	0
	18.72
	1.02
	0.054

	miR-542-3p
	6
	23.95
	1.53
	0.064
	0
	22.74
	1.04
	0.046

	miR-625
	5
	23.93
	1.12
	0.047
	0
	17.89
	1.34
	0.075

	miR-629
	3
	23.91
	1.19
	0.050
	0
	21.87
	1.27
	0.058

	miR-720
	10
	15.25
	1.53
	0.101
	0
	14.15
	1.69
	0.120

	miR-886-3p
	3
	19.71
	2.29
	0.116
	0
	18.40
	1.57
	0.085

	miR-9
	31
	23.39
	1.19
	0.051
	0
	22.64
	1.29
	0.057

	miR-99a
	6
	16.10
	1.65
	0.103
	1
	13.62
	1.64
	0.121

	miR-99b
	1
	16.27
	1.74
	0.107
	0
	16.02
	1.11
	0.069

	miR-124a
	26
	24.05
	2.53
	0.105
	0
	23.35
	1.67
	0.072

	miR-364
	5
	22.90
	1.08
	0.047
	0
	19.84
	1.26
	0.064

	miR-532
	1
	19.29
	1.28
	0.067
	0
	17.75
	1.46
	0.082

	miR-532-3p
	2
	20.24
	1.37
	0.067
	0
	19.57
	1.15
	0.059

	Abbreviations, Ct = cycle threshold; SD = standard deviation; CV = Coefficient of variance (SD / mean Ct).



Supplemental Figure Legend 1: Venn diagram showing the list of miRNAs selected in Phase 1 based on their associations with the extreme birthweight groups and/or gestational age. 
