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Prenatal metals exposure and pre-adolescents’ emotional and behavioral problems

Supplementary Methods

Measurements of metals
Concentrations of metals were determined in spot urine samples (1) taken at the first (mean [SD]= 13.13 [1.47] weeks of gestation) and third (mean [SD]= 33.08 [2.13] weeks of gestation) trimesters of pregnancy. Two spot urine samples during pregnancy, one at the first and the other at the third trimester, were collected and mean calculated of both measures in order to obtain an estimation of metals exposure during pregnancy. Most part of the measured metals have a long half-life, of several months, or even years in the case of lead or cadmium. So, this approach was considered as appropriate for the assessment of the exposure to metals since 24-hour urine samples would be more suitable for compounds with shorter half-life, such as pyrethroids or organophosphate pesticides.
In the Gipuzkoa and Valencia cohorts, the urine samples were analysed at the University of Granada as follows: the samples were kept frozen at -20°C until the analysis. A calibration curve was prepared in ultrapure water (Milli-Q) with 2% HNO3 (Merck) and 1% HCl (Merck) using appropriate standard metal solutions (Agilent Technologies). Urine samples were diluted 1:10 in ultrapure water (Milli-Q) with 2% HNO3 (Merck) and 1% HCl (Merck). Appropriate blanks were analysed to correct the results. The multi-element analyses were performed on an Agilent 8900 triple quadrupole ICP-MS/MS (Agilent Technologies, Santa Clara, CA, USA). The instrument was tuned and performance parameters were checked prior to analysis. To ensure the quality of the results, a multi-element 400 µg/L internal standard solution with Sc, Ge, Ir and Rh was added to the samples online. Furthermore, suitable certified reference materials [National Institute of Standards and Technology NIST (USA) Trace Elements in Natural Water Standard Reference Material SRM 1640a and Seronorm (Sero, Billingstad, Norway) Trace Elements Urine L1 and L2 (references 210605 and 210705 respectively)] were reanalysed together with a blank and an intermediate calibration standard every 12 samples. Additionally, one in every 12 samples was reanalysed at the end of each session. 
On the other hand, in the Sabadell cohort, urine samples were analysed at the Institute of Environmental Assessment and Water Research (Barcelona) by inductively coupled plasma mass spectrometry (Q-ICP-MS). Prior to instrumental analysis, urine samples were digested and diluted as follows: 3 mL of urine were introduced in Teflon vessels together with 3 mL of Instra-Analysed 65% HNO3 (J.T. Baker, Germany) and 1.5 mL of Instra-Analysed 30% H2O2 (Baker) and they were left in an oven at 90°C overnight. Once all liquid had evaporated, the resulting solid samples were dissolved with 3 mL of 4% HNO3 dilution, placed in 7 mL glass bottles and subsequently stored in a refrigerator until instrumental analysis. An internal standard of indium (10 ppb) was introduced and, depending on the density, samples were diluted with MilliQ water to 30 mL or 60 mL to prevent spectral interferences. ICP-MS analysis was performed by an X‑SERIES II device from Thermo Fisher Scientific. One Milli-Q water blank was processed in each batch of samples to control for possible contamination. A Bio-Rad Level 1 (Lyphochek Urine Metals Control 1-69131; Marnes-la-Coquette, France) urine reference was extensively used to evaluate analytical performance. This reference material provided certified values for As, Cd, Co, Cr, Cu, Mn, Ni, Pb, Sb, Tl, Zn and Se. Prior to digestion, the lyophilized reference urine samples were reconstituted with 25 mL of MilliQ water as recommended by the manufacturer. One aliquot of this standard was analysed within each batch of samples as a control. The instrumental limit of detection (LOD) for most metals was 0.2 ng/mL except in the cases of Cu, Mo and Zn, in which it was 1.0, 2.0 and 2.5 ng/mL.
Concentrations below the LOD obtained from both laboratories were replaced with the LOD divided by 2 for analysis. Limits of detection (LOD) are reported elsewhere (2).
As speciation
Speciation analysis was carried out according to a previously validated method (3). An external calibration was used for quantification. It contained arsenate, MMA, DMA and AB in the concentration range 0.05 – 100 µg As/L. Hydrogen peroxide (10 % v/v) was added to stabilize the species. For quality control, the CRMs SRM 1640a (n = 1), SRM 2669 I (n = 8) and SRM 2669 II (n = 8) were prepared similar to the urine samples and investigated as well. The 1 µg As/L calibration standard was injected regularly to control the stability of the measurement. Every 10th sample was also re-measured for the same purpose.
HPLC (1200, Agilent Technologies) coupled to ICPMS/MS (8800, Agilent Technologies) was employed for speciation analysis. The arsenic signal was recorded in oxygen reaction mode at m/z 75  91, with addition of CO2 for signal enhancement. 
Total arsaenic concentrations and the sum of arsenic species were compared. When the difference was more than 15 %, either the total arsenic or the speciation analysis was repeated.
[bookmark: _Hlk39498290]In populations with moderate-high fish/seafood consumption, the sum of DMA+MMA+iAs could not be properly reflect the exposure to inorganic As, because organic As from seafood contributes to DMA levels and total arsenic (4). To eliminate the influence of seafood arsenicals, we calibrated the arsenic species concentrations using a mathematical method proposed by Jones et. al (5). In brief, AB concentrations were used as a marker to seafood consumption. Using a linear regression model, iAs, DMA and MMA concentrations were regressing the measured concentrations of iAs, MMA, and DMA on arsenobetaine and creatinine concentrations (all measures were log-2 transformed) in three separate models. The new calibrated iAs, MMA and DMA concentrations were calculated adding the residual of each metabolite model to a constant (mean level of each metabolite estimated from participants with AB<1µg/L). Methylation efficiency was determined by calculating the percentage of the individual calibrated metabolites (iAs, MMA and DMA) over the sum of those species.
Limits of detection (LOD) of AB, DMA, MMA and iAs for Valencia´s samples were 0.02, 0.02, 0.03 and 0.03 µg/L and for Gipuzkoa´s samples they were 0.02, 0.03, 0.03 and 0.02 µg/L. Where samples were below LOD, ½ LOD was assigned for statistical analysis (2.8% of samples for MMA levels and 2.3% of samples for iAs levels).  
Measure of creatinine
Creatinine concentrations were also measured in the same urine samples at the first and third trimesters of pregnancy by DRI® Creatinine-Detected® Test using AV680 from Beckman Coulter. Urinary metal concentrations were expressed for descriptive purposes in µg/g of creatinine to control for differences in urine dilution. 
Prenatal exposure to air pollutants
Land-use regression (LUR) was employed to predict NO2 and PM2.5 levels at the women’s residential addresses using the information from empirical measures and Geographical Information Systems data (altitude, distance to roads, traffic and land uses). Estimations of the women's PM2.5 exposures during pregnancy followed different procedures in each cohort. In the case of Gipuzkoa, daily PM2.5 levels were measured at seven sites in the study area throughout the whole period of the pregnancies. In the case of Sabadell, PM2.5 measurements were taken 3 times a day for 14 days in different seasons in 2009. In the case of Valencia, PM2.5 measurements were taken five times in five different months (twice in the summer and once in each of the other seasons) at four monitoring sites between April 2004 and June 2005, coinciding with the pregnancy of the participating women. 
Genotyping 
DNA was extracted from child blood following the Chemagen protocol at the Spanish National Genotyping Centre (CEGEN) (INMA Sabadell and Valencia) or the Flexigene DNA protocol at the Basque Biobank (INMA Gipuzkoa). Child genotypes were obtained from genome-wide genotypic data assessed with the Illumina HumanOmni1-Quad v1.0 Beadchip (INMA Sabadell and Valencia) or the Infinium Global Screening Array (GSA) (INMA Gipuzkoa) (total N= 1221). The standard quality control thresholds were applied (6). SNPs were directly genotyped or imputed with the European panel from the Haplotype Reference Consortium with an imputation accuracy higher than 0.93. Since genotypic frequencies between the two arrays were not significantly different, data from the 3 cohorts was pooled. All the SNPs were in Hardy-Weinberg equilibrium (Supplemental Table S2).
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Supplemental Figures and Tables captions
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Supplemental Figure S1. Adjusted multivariable models for each outcome and metals exposure indicating if the included variables are the exposure variable (the metal), core model variables (coming from the outcome core model), confounding variables (those variables coming from the exposure core model that changed the exposure coefficient >10%) or the adjusting variables forced in all models.
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Supplemental Figure S2. Significant modification effect with increasing lead (Pb) and zinc (Zn) concentrations due to sex with respect to internalizing problems (A, B), externalizing problems (C, D), and total problems (E, F), respectively. IRRs mean the risk of a one-point of increase in the score with one unit of metals concentration increase.
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Supplemental Figure S3. Sex modification effect plots for the total inorganic arsenic on total externalizing (A) and total (B) problems score, dimethylated arsenic on externalizing (C) and total (D) problems, monomethylated on externalizing score (E), and nickel on internalizing problems (F) and total problems (G). IRRs mean the risk of a one-point of increase in the score with one unit of metals concentration increase.
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Supplemental Figure S4. Sex modification effect plots for the total cobalt on internalizing problems (A) and total problems score (B), selenium on internalizing problems (C) and total problems (D), and thallium on externalizing problems (E) and total problems (F). IRRs mean the risk of a one-point of increase in the score with one unit of metals concentration increase.
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Supplemental Figure S5. Non-Graphical Cattell's Scree Test.
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Supplemental Figure S6. Plotting of the rotated factor loadings and similarities for each metal in principal component analysis with varimax normalized rotation.

Supplemental Table S1. Sociodemographic, dietary and environmental characteristics of the study participants and differences between the included and non-included population (those without double urine measures of metals or children’s behavioural problems indices measurements at 9 years old). INMA Project (Gipuzkoa, Sabadell and Valencia, Spain, 2003-2005).
	
	Included
	Non-included
	

	
	(n = 1003)
	(n = 560)
	

	Covariates
	N (%)a
	N (%)a
	p-valueb

	Cohort
	
	
	

	 Gipuzkoa
	350 (34.9)
	192 (34.3)
	0.001

	 Sabadell
	278 (27.7)
	114 (20.4)
	

	 Valencia
	375 (37.4)
	254 (45.4)
	

	Maternal country of birth
	
	
	

	Spain
	917 (92.1)
	508 (90.7)
	0.574

	Latin America
	54 (5.4)
	30 (5.4)
	

	Other
	25 (2.5)
	19 (3.4)
	

	Maternal educational level
	
	
	

	Up to primary
	249 (24.9)
	130 (23.2)
	0.505

	Secondary
	385 (38.5)
	232 (41.4)
	

	University
	365 (36.5)
	197 (35.2
	

	Parity
	
	
	

	0
	552 (55.1)
	305 (54.5)
	0.868

	1
	376 (37.6)
	217 (38.8)
	

	≥2
	73 (7.3)
	38 (6.8)
	

	Zone of residence
	
	
	

	Rural
	52 (5.2)
	35 (6.2)
	0.615

	Semi-urban
	178 (17.7)
	102 (18.2)
	

	Urban
	773 (77.1)
	422 (75.4)
	

	Maternal working during pregnancy
	
	
	

	No
	133 (13.3)
	82 (14.6)
	0.445

	Yes
	870 (86.7)
	478 (85.4)
	

	Parental social class
	
	
	

	I+II (high)
	329 (32.8)
	182 (32.5)
	0.445

	III
	255 (25.4)
	158 (25.2)
	

	IV+V (low)
	419 (41.8)
	220 (39.3)
	

	Maternal smoking habit before pregnancy
	
	
	

	No
	690 (69.9)
	376 (67.1)
	0.455

	Yes
	297 (30.1)
	177 (31.6)
	

	Maternal smoking habit during pregnancy
	
	
	

	No
	822 (83.4)
	441 (78.8)
	0.096

	Yes
	164 (16.6)
	111 (19.8)
	

	Exposure to tobacco smoke during pregnancy
	
	
	

	No
	351 (36.0)
	199 (35.5)
	0.956

	Yes
	624 (64.0)
	351 (62.7)
	

	Frequency of cars passing near the house (pregnancy)
	
	
	

	Constantly
	364 (36.8)
	204 (36.4)
	0.004

	Frequently
	262 (26.5)
	109 (19.5)
	

	Little bit
	266 (26.9)
	189 (33.8)
	

	Never
	96 (9.7)
	50 (8.9)
	

	Frequency of heavy traffic passing near the house (pregnancy)
	
	
	

	Constantly
	154 (15.6)
	87 (15.5)
	0.028

	Frequently
	147 (14.9)
	59 (10.5)
	

	Little bit
	299 (30.3)
	154 (27.5)
	

	Never
	387 (39.2)
	253 (45.2)
	

	House proximity to a greenhouse (pregnancy)
	
	
	

	Yes
	62 (6.3)
	47 (8.4)
	0.120

	No
	927 (93.7)
	506 (90.4)
	

	House proximity to a crop field (pregnancy)
	
	
	

	Yes
	310 (31.4)
	216 (38.6)
	0.002

	No
	678 (68.6)
	337 (60.2)
	

	House proximity to industrial activity (pregnancy)
	
	
	

	Yes
	299 (30.3)
	174 (31.1)
	0.645

	No
	689 (69.7)
	379 (67.7)
	

	Child’s sex
	
	
	

	Male
	511 (51.4)
	287 (51.2)
	0.997

	Female
	484 (48.6)
	271 (48.4)
	

	
	Mean (SD)
	
	

	Maternal age (years)
	30.60 (4.11)
	30.66 (4.12)
	0.901

	BMI before pregnancy (Kg/m2)
	23.32 (4.10)
	23.54 (4.41)
	0.518

	Maternal food consumption during pregnancy
	
	
	

	Dairy products (servings/day)
	2.83 (1.39)
	2.85 (1.43)
	0.925

	Eggs (servings/day)
	0.40 (0.18)
	0.39 (0.16)
	0.352

	Meat (servings/day)
	1.13 (0.47)
	1.11 (0.50)
	0.425

	Red meat (servings/day)
	0.35 (0.19)
	0.44 (0.25)
	0.189

	White meat (servings/day)
	0.46 (0.27)
	0.34 (0.19)
	0.613

	Processed meat (servings/day)
	0.32 (0.27)
	0.33 (0.29)
	0.751

	Seafood (servings/day)
	0.70 (0.37)
	0.75 (0.40)
	0.039

	Lean fish (servings/day)
	0.30 (0.22)
	0.31 (0.21)
	0.240

	Oily fish (servings/day)
	0.31 (0.23)
	0.33 (0.26)
	0.051

	Others (servings/day)
	0.10 (0.09)
	0.11 (0.10)
	0.090

	Vegetables (servings/day)
	2.29 (1.19)
	2.26 (1.13)
	0.758

	Fruits (servings/day)
	2.65 (1.66)
	2.54 (1.57)
	0.209

	Nuts (servings/day)
	0.06 (0.08)
	0.05 (0.08)
	0.214

	Legumes (servings/day)
	0.26 (0.17)
	0.27 (0.18)
	0.445

	Cereals and pasta (servings/day)
	0.80 (0.49)
	0.85 (0.48)
	0.016

	Potatoes (servings/day)
	0.53 (0.31)
	0.53 (0.30)
	0.994

	Bread (servings/day)
	1.81 (1.22)
	1.77 (1.23)
	0.526

	Sweets (servings/day)
	3.85 (2.86)
	3.77 (2.78)
	0.624

	Non-alcoholic drinks (servings/day)
	6.10 (2.03)
	6.16 (2.04)
	0.240

	Coffee and teas (servings/day)
	0.97 (0.98)
	0.96 (0.94)
	0.863

	Alcoholic drinks (servings/day)
	0.02 (0.09)
	0.03 (0.10)
	0.175

	Animal fat (servings/day)
	0.05 (0.15)
	0.06 (0.17)
	0.943

	Vegetal oil (servings/day)
	1.99 (1.33)
	2.05 (1.31)
	0.174

	Processed foods (servings/day)
	0.73 (0.47)
	0.71 (0.44)
	0.589

	Dressings (servings/day)
	0.78 (1.05)
	0.74 (1.02)
	0.275

	Proximity to a street with traffic (meters) (pregnancy)
	261.64 (765.36)
	287.33 (763.09)
	0.915

	Agricultural and wetland areas near the house (%) (pregnancy)
	7.85 (14.43)
	8.49 (13.58)
	0.018

	Urban fabric land use near the house (%) (pregnancy)
	45.52 (24.02)
	44.05 (24.29)
	0.294

	Green urban areas near the house (%) (pregnancy)
	4.50 (7.87)
	3.98 (7.35)
	0.552

	PM2.5 during pregnancy (μg/m3)
	14.70 (2.41)
	14.92 (2.32)
	0.100

	NO2 during pregnancy (μg/m3)
	30.77 (13.48)
	30.71 (13.28)
	0.953

	Child age at the time of the test (years)
	8.60 (0.73)
	8.64 (0.72)
	0.296

	Metals concentrations (both measures, µg/g cr.)
	GM (CI)
	
	

	Arsenic (As)
	49.59 (47.21,52.08)
	-
	-

	Cadmium (Cd)
	0.27 (0.26,0.28)
	-
	-

	Cobalt (Co)
	0.68 (0.66,0.71)
	-
	-

	Copper (Cu)
	9.33 (8.98,9.71)
	-
	-

	Molybdenum (Mo)
	50.81 (49.69,51.96)
	-
	-

	Nickel (Ni)
	1.51 (1.45,1.58)
	-
	-

	Lead (Pb)
	1.44 (1.37,1.50)
	-
	-

	Antimony (Sb)
	0.45 (0.41,0.49)
	-
	-

	Selenium (Se)
	24.71 (23.95,25.50)
	-
	-

	Thallium (Tl)
	0.26 (0.25,0.27)
	-
	-

	Zinc (Zn)
	406.37 (394.44,418.67)
	-
	-


aMissing values for some variables not included in percentages
bFisher exact test was carried out between categorical covariates
cMann-Whitney U-test was carried out between continuous covariates
BMI: Body Mass Index; CI: confident interval 95%; cr.: creatinine; GM: geometric mean; NO2: nitrogen dioxide; SD: standard deviation; PM2.5: particulate matter (<2.5 μm of diameter); SD: Standard Deviation


Supplemental Table S2. Single Nucleotide Polymorphisms included in the study, INMA Project (Gipuzkoa, Sabadell and Valencia, 2003–2005).
	
	
	
	
	
	
	
	Internalizing problems
	Externalizing problems
	Total problems

	SNPs
	Gene
	Genotypes
	N
	%
	P-value HWE*
	MAF*
	Mean (SD)
	P-valuea
	Mean (SD)
	P-valuea
	Mean (SD)
	P-valuea

	rs769449
	APOE
	GG
	653
	91.2
	0.217
	0.05
	6.91 (5.61)
	0.778
	6.85 (6.18)
	0.246
	23.93 (18.67)
	0.435

	Intron variant (Chr19)
	
	GA
	63
	8.8
	
	
	6.71 (5.18)
	
	5.89 (6.23)
	
	25.86 (18.95)
	

	rs429358
	APOE
	TT
	609
	85.1
	0.374
	0.08
	6.84 (5.54)
	0.534
	6.85 (6.22)
	0.369
	25.78 (18.93)
	0.767

	Missense variant (Chr 19)
	
	TC
	107
	14.9
	
	
	7.20 (5.71)
	
	6.28 (5.98)
	
	25.19 (18.93)
	

	rs7412
	APOE
	CC
	636
	88.6
	0.555
	0.06
	6.86 (5.52)
	0.601
	6.76 (6.29)
	0.932
	25.66 (19.10)
	0.886

	Missense variant (Chr 19)
	
	CT
	80
	11.3
	
	
	7.20 (5.95)
	
	6.81 (5.29)
	
	25.96 (17.51)
	

	rs6265
	BDNF
	CC
	445
	62.1
	0.680
	0.21
	6.71 (5.61)
	0.250
	6.79 (6.37)
	0.989
	25.58 (19.80)
	0.936

	Missense variant (Chr 11)
	
	CT
	241
	33.7
	
	
	7.05 (5.40)
	
	6.72 (5.98)
	
	25.75 (17.61)
	

	
	
	TT
	30
	4.2
	
	
	8.37 (6.11)
	
	6.80 (5.15)
	
	26.87 (15.92)
	

	rs11030104
	BDNF
	AA
	422
	58.9
	0.925
	0.24
	6.26 (5.62)
	0.386
	6.78 (6.31)
	0.835
	25.62 (19.68)
	0.976

	Intronic variant (Chr 11)
	
	AG
	254
	35.5
	
	
	6.94 (5.43)
	
	6.83 (6.14)
	
	25.72 (18.11)
	

	
	
	GG
	40
	5.6
	
	
	8.03 (5.82)
	
	6.20 (5.08)
	
	26.30 (15.93)
	

	rs2049045
	BDNF
	GG
	445
	62.1
	0.680
	0.21
	6.73 (5.60)
	0.271
	6.79 (6.37)
	0.987
	25.60 (19.79)
	0.939

	Intronic variant (Chr 11)
	
	GC
	241
	33.7
	
	
	7.02 (5.42)
	
	6.71 (5.98)
	
	25.71 (17.64)
	

	
	
	CC
	30
	4.2
	
	
	8.37 (6.11)
	
	6.80 (5.15)
	
	26.87 (15.92)
	

	rs10835210
	BDNF
	CC
	226
	31.6
	0.186
	0.43
	7.18 (5.34)
	0.480
	6.93 (6.10)
	0.794
	26.09 (17.76)
	0.925

	Intronic variant (Chr 11)
	
	CA
	363
	50.7
	
	
	6.65 (5.57)
	
	6.76 (6.18)
	
	25.57 (18.83)
	

	
	
	AA
	127
	17.7
	
	
	7.09 (5.97)
	
	6.46 (6.39)
	
	25.35 (21.19)
	

	rs11030119
	BDNF
	GG
	401
	56.0
	0.617
	0.27
	7.14 (5.68)
	0.396
	6.70 (6.06)
	0.811
	25.91 (18.94)
	0.889

	Intronic variant (Chr 11)
	
	GA
	254
	35.5
	
	
	6.53 (5.45)
	
	6.94 (6.38)
	
	25.60 (19.07)
	

	
	
	AA
	61
	8.5
	
	
	6.82 (5.27)
	
	6.44 (6.24)
	
	24.68 (18.38)
	

	rs7934165
	BDNF
	GG
	188
	26.2
	0.419
	0.47
	7.34 (5.51)
	0.051
	6.91 (6.24)
	0.575
	26.34 (18.24)
	0.279

	Intronic variant (Chr 11)
	
	GA
	362
	50.6
	
	
	6.40 (5.28)
	
	6.53 (6.03)
	
	24.62 (18.06)
	

	 
	
	AA
	166
	23.2
	
	
	7.48 (6.14)
	
	7.10 (6.46)
	
	27.29 (21.32)
	

	rs962369
	BDNF
	TT
	404
	56.4
	0.678
	0.26
	7.13 (5.67
	0.428
	6.68 (6.06)
	0.712
	24.39 (18.55)
	0.855

	Intronic variant (Chr 11)
	
	TC
	253
	35.3
	
	
	6.55 (5.45)
	
	6.99 (6.37)
	
	25.72 (19.05)
	

	
	
	CC
	59
	8.2
	
	
	6.76 (5.34)
	
	6.34 (6.29)
	
	24.39 (18.55)
	

	rs1695
	GSTP1
	AA
	356
	49.7
	0.261
	0.31
	6.85 (5.56)
	0.923
	6.77 (6.13)
	0.964
	25.68 (19.22)
	0.994

	Missense variant (Chr 11)
	
	AG
	297
	41.5
	
	
	6.99 (5.56)
	
	6.71 (6.28)
	
	25.76 (18.42)
	

	 
	
	GG
	63
	8.8
	
	
	6.76 (5.70)
	
	6.94 (6.16)
	
	25.46 (19.82)
	

	rs1138272
	GSTP1
	CC
	641
	89.5
	0.464
	0.05
	7.00 (5.68)
	0.161
	6.86 (6.34)
	0.223
	26.01 (19.36)
	0.186

	Missense variant (Chr 11)
	
	CT
	75
	10.5
	
	
	6.04 (4.42)
	
	5.94 (4.63)
	
	22.96 (14.48)
	

	rs662
	PON1
	TT
	335
	46.8
	0.564
	0.30
	6.62 (5.48)
	0.040
	6.72 (6.25)
	0.035
	24.88 (18.61)
	0.032

	Missense variant (Chr 7)
	
	TC
	308
	43.0
	
	
	7.45 (5.86)
	
	7.20 (6.29)
	
	27.54 (19.70)
	

	
	
	CC
	73
	10.2
	
	
	5.85 (4.38)
	
	5.12 (5.14)
	
	21.65 (14.99)
	


Chr: Chromosome; HWE: Hardy-Weinberg Equilibrium; MAF: Minor Allele Frequency; SD: Standard Deviation SNPs: Single Nucleotide Polymorphisms
* HWE and MAF have been calculated for the whole genotyped SNPs in the study population (n=1221)
a ANOVA p-value


Supplemental Table S3. Children’s behavioural problems indices measurements at 9 years old according to sociodemographic, dietary and environmental characteristics of the study participants. INMA Project (Gipuzkoa, Sabadell and Valencia, Spain, 2003-2014).
	
	Internalizing problems
	Externalizing problems
	Total problems

	
	Mean (SD)
	p-valuea
	Mean (SD)
	p-valuea
	Mean (SD)
	p-valuea

	Total sample (n=1003)
	7.01 (5.49)
	-
	6.76 (6.07)
	-
	26.04 (18.49)
	-

	Cohort
	
	
	
	
	
	

	 Gipuzkoa
	5.84 (4.71)
	<0.001
	5.89 (5.46)
	<0.001
	21.60 (15.61)
	<0.001

	 Sabadell
	7.72 (5.98)
	
	6.66 (6.66)
	
	27.41 (20.36)
	

	 Valencia
	7.59 (5.63)
	
	7.63 (6.05)
	
	29.15 (18.76)
	

	Maternal country of birth
	
	
	
	
	
	

	Spain
	6.95 (5.50)
	0.096
	6.72 (6.09)
	0.337
	25.78 (18.53)
	0.027

	Latin America
	8.30 (5.18)
	
	7.46 (5.16)
	
	31.16 (14.82)
	

	Other
	8.41 (5.66)
	
	7.73 (6.12)
	
	31.78 (19.59)
	

	Maternal educational level
	
	
	
	
	
	

	Up to primary
	8.70 (6.24)
	<0.001
	8.25 (6.95)
	<0.001
	32.60 (21.80)
	<0.001

	Secondary
	7.34 (5.37)
	
	7.42 (6.08)
	
	27.55 (17.91)
	

	University
	5.86 (4.94)
	
	5.39 (5.26)
	
	21.34 (15.87)
	

	Parity
	
	
	
	
	
	

	0
	7.39 (5.56)
	0.015
	6.95 (6.06)
	0.195
	27.06 (18.38)
	0.055

	1
	6.37 (5.13)
	
	6.52 (5.88)
	
	24.49 (17.67)
	

	≥2
	7.66 (6.77)
	
	6.48 (7.42)
	
	26.49 (23.98)
	

	Zone of residence
	
	
	
	
	
	

	Rural
	6.77 (4.83)
	0.008
	6.54 (5.86)
	0.356
	24.10 (17.38)
	0.071

	Semi-urban
	5.81 (4.42)
	
	6.11 (5.45)
	
	22.96 (15.41)
	

	Urban
	7.34 (5.73)
	
	6.94 (6.22)
	
	26.95 (19.18)
	

	Maternal working during pregnancy
	
	
	
	
	
	

	No
	8.08 (5.83)
	0.011
	7.89 (7.08)
	0.079
	30.74 (20.43)
	0.003

	Yes
	6.87 (5.43)
	
	6.60 (5.91)
	
	25.41 (18.13)
	

	Parental social class
	
	
	
	
	
	

	I+II (high)
	5.91 (4.53)
	<0.001
	5.76 (5.42)
	<0.001
	21.65 (15.34)
	<0.001

	III
	7.15 (5.72)
	
	6.84 (6.30)
	
	26.50 (19.38)
	

	IV+V (low)
	8.08 (6.02)
	
	7.75 (6.37)
	
	30.34 (19.78)
	

	Maternal smoking habit during pregnancy
	
	
	
	
	
	

	No
	6.72 (5.39)
	<0.001
	6.38 (5.79)
	<0.001
	24.87 (17.87)
	<0.001

	Yes
	8.52 (5.91)
	
	8.88 (7.00)
	
	32.49 (20.58)
	

	Exposure to tobacco smoke during pregnancy
	
	
	
	
	
	

	No
	6.28 (4.99)
	0..001
	5.93 (5.48)
	0.001
	23.18 (16.20)
	<0.001

	Yes
	7.49 (5.76)
	
	7.30 (6.35)
	
	27.96 (19.61)
	

	Frequency of cars passing near the house (pregnancy)
	
	
	
	
	
	

	Constantly
	7.24 (5.84)
	0.921
	6.83 (5.98)
	0.340
	26.75 (18.68)
	0.434

	Frequently
	6.93 (5.69)
	
	7.05 (6.52)
	
	26.44 (19.83)
	

	Little bit
	7.00 (5.20)
	
	6.84 (6.03)
	
	26.08 (18.09)
	

	Never
	6.54 (4.62)
	
	5.59 (5.12)
	
	22.61 (15.41)
	

	Frequency of heavy traffic passing near the house (pregnancy)
	
	
	
	
	
	

	Constantly
	7.45 (5.97)
	0.429
	5.97 (5.71)
	0.184
	26.07 (18.92)
	0.508

	Frequently
	7.22 (5.58)
	
	7.43 (6.61)
	
	27.70 (19.14)
	

	Little bit
	6.62 (5.39)
	
	6.52 (5.78)
	
	24.82 (17.72)
	

	Never
	7.07 (5.39)
	
	7.02 (6.17)
	
	26.43 (18.72)
	

	House proximity to a greenhouse (pregnancy)
	
	
	
	
	
	

	Yes
	8.32 (5.50)
	0.019
	8.06 (6.26)
	0.041
	29.15 (19.31)
	0.138

	No
	6.92 (5.49)
	
	6.68 (6.03)
	
	25.86 (18.43)
	

	House proximity to a crop field (pregnancy)
	
	
	
	
	
	

	Yes
	7.37 (5.65)
	0.121
	7.07 (5.94)
	0.111
	27.16 (18.70)
	0.108

	No
	6.82 (5.41)
	
	6.61 (6.12)
	
	25.50 (18.38)
	

	House proximity to industrial activity (pregnancy)
	
	
	
	
	
	

	Yes
	7.35 (5.60)
	0.175
	6.99 (6.13)
	0.390
	26.69 (19.12)
	0.548

	No
	6.86 (5.45)
	
	6.66 (6.02)
	
	25.78 (18.22)
	

	Child’s sex
	
	
	
	
	
	

	Male
	7.28 (5.90)
	0.528
	7.51 (6.55)
	<0.001
	28.07 (19.86)
	0.002

	Female
	6.74 (5.02)
	
	5.98 (5.43)
	
	23.94 (16.71)
	

	
	Mean (SD)
	Correlationb
	
	Correlationb
	
	Correlationb

	Maternal age (years)
	30.60 (4.11)
	-0.025
	
	-0.022
	
	-0.047

	BMI before pregnancy (Kg/m2)
	23.32 (4.10)
	0.120*
	
	0.132*
	
	0.139*

	Maternal food consumption during pregnancy
	
	
	
	
	
	

	Dairy products (servings/day)
	2.83 (1.39)
	-0.010
	
	-0.017
	
	-0.020

	Eggs (servings/day)
	0.40 (0.18)
	-0.010
	
	0.001
	
	-0.012

	Meat (servings/day)
	1.13 (0.47)
	0.065*
	
	0.130*
	
	0.124*

	Red meat (servings/day)
	0.35 (0.19)
	0.052
	
	0.098*
	
	0.092*

	White meat (servings/day)
	0.46 (0.27)
	0.017
	
	0.032
	
	0.044

	Processed meat (servings/day)
	0.32 (0.27)
	0.048
	
	0.103*
	
	0.091*

	Seafood (servings/day)
	0.70 (0.37)
	-0.009
	
	0.002
	
	-0.003

	Lean fish (servings/day)
	0.30 (0.22)
	-0.048
	
	-0.040
	
	-0.045

	Oily fish (servings/day)
	0.31 (0.23)
	0.019
	
	0.023
	
	0.018

	Others (servings/day)
	0.10 (0.09)
	0.023
	
	0.041
	
	0.047

	Vegetables (servings/day)
	2.29 (1.19)
	0.013
	
	-0.003
	
	0.004

	Fruits (servings/day)
	2.65 (1.66)
	-0.045
	
	-0.009
	
	-0.031

	Nuts (servings/day)
	0.06 (0.08)
	0.032
	
	0.036
	
	0.028

	Legumes (servings/day)
	0.26 (0.17)
	0.016
	
	0.005
	
	0.005

	Cereals and pasta (servings/day)
	0.80 (0.49)
	-0.018
	
	-0.025
	
	-0.018

	Potatoes (servings/day)
	0.53 (0.31)
	0.077*
	
	0.072*
	
	0.085*

	Bread (servings/day)
	1.81 (1.22)
	0.065*
	
	0.066*
	
	0.077*

	Sweets (servings/day)
	3.85 (2.86)
	0.004
	
	0.018
	
	0.014

	Non-alcoholic drinks (servings/day)
	6.10 (2.03)
	0.003
	
	0.033
	
	0.012

	Coffee and teas (servings/day)
	0.97 (0.98)
	0.016
	
	0.058
	
	0.043

	Alcoholic drinks (servings/day)
	0.02 (0.09)
	0.048
	
	0.030
	
	0.042

	Animal fat (servings/day)
	0.05 (0.15)
	-0.009
	
	0.003
	
	-0.006

	Vegetal oil (servings/day)
	1.99 (1.33)
	0.024
	
	-0.008
	
	-0.014

	Processed foods (servings/day)
	0.73 (0.47)
	-0.003
	
	0.045
	
	0.028

	Dressings (servings/day)
	0.78 (1.05)
	0.050
	
	0.017
	
	0.029

	Proximity to a street with traffic (meters) (pregnancy)
	261.64 (765.36)
	-0.013
	
	0.018
	
	-0.002

	Agricultural and wetland areas near the house (%) (pregnancy)
	7.85 (14.43)
	-0.006
	
	-0.015
	
	-0.009

	Urban fabric land use near the house (%) (pregnancy)
	45.52 (24.02)
	-0.004
	
	-0.034
	
	-0.023

	Green urban areas near the house (%) (pregnancy)
	4.50 (7.87)
	0.016
	
	0.037
	
	0.031

	PM2.5 during pregnancy (μg/m3)
	14.70 (2.41)
	-0.009
	
	-0.009
	
	-0.015

	NO2 during pregnancy (μg/m3)
	30.77 (13.48)
	0.055
	
	0.030
	
	0.049

	Child age at the time of the test (years)
	8.60 (0.73)
	0.011
	
	-0.013
	
	-0.003

	Metals concentrations (both measures, µg/g cr.)
	GM (CI)
	
	
	
	
	

	Total Arsenic (tAs)
	49.59 (47.21,52.08)
	-0.064*
	
	-0.037
	
	-0.040

	Unmetabolised inorganic Arsenic (iAs)**
	0.32 (0.30, 0.34)
	-0.001
	
	-0.062
	
	-0.033

	Monomethylated Arsenic (MMA)**
	0.34 (0.32, 0.36)
	0.073*
	
	0.054
	
	0.082*

	Dimethylated Arsenic (DMA)**
	6.83 (6.52, 7.15)
	0.011
	
	0.010
	
	0.014

	Arsenobetaine (AB)**
	20.21 (18.37, 22.23)
	-0.004
	
	-0.027
	
	-0.011

	Cadmium (Cd)
	0.27 (0.26,0.28)
	0.026
	
	0.045
	
	0.029

	Cobalt (Co)
	0.68 (0.66,0.71)
	0.022
	
	-0.029
	
	-0.005

	Copper (Cu)
	9.33 (8.98,9.71)
	0.051
	
	0.021
	
	0.043

	Molybdenum (Mo)
	50.81 (49.69,51.96)
	0.024
	
	-0.033
	
	-0.015

	Nickel (Ni)
	1.51 (1.45,1.58)
	0.033
	
	0.011
	
	0.021

	Lead (Pb)
	1.44 (1.37,1.50)
	0.028
	
	0.015
	
	0.023

	Antimony (Sb)
	0.45 (0.41,0.49)
	-0.028
	
	-0.033
	
	-0.042

	Selenium (Se)
	24.71 (23.95,25.50)
	0.006
	
	0.008
	
	0.019

	Thallium (Tl)
	0.26 (0.25,0.27)
	-0.013
	
	-0.003
	
	-0.002

	Zinc (Zn)
	406.37 (394.44,418.67)
	0.038
	
	0.050
	
	0.051


a Kruskal-Wallis test was carried out between CBCL scores and categorical covariates and Spearman test for assessing correlation between CBCL scores and continuous covariates.
b Spearman test adjusted for cohort was performed between CBCL scores and continuous covariates. Correlation coefficient is shown and * is added when the test significance showed p-vale <0.05.
BMI: Body Mass Index; CBCL: Child Behaviour Checklist; CI: confident interval; GM: geometric mean; NO2: nitrogen dioxide; SD: standard deviation; PM2.5: particulate matter (<2.5 μm of diameter); SD: Standard Deviation
**only available for Gipuzkoa and Valencia cohorts.


Supplemental Table S4. Incidence risk ratio (IRR) coefficients for each metal (mean of the two trimesters) for the multivariable adjusted models (maximum sample size = 1003), for the same models setting the sex reference, for the same models excluding Sabadell cohort as sensitivity models (maximum sample size = 729), linear/non-linear relationship according to the AIC and plotting criteria, and models only considering one trimester of exposure.
	
	
	
	Internalizing problems
	
	Externalizing problems
	
	Total problems

	
	
	N
	IRR (CI 95%)
	p-value
	N
	IRR (CI 95%)
	p-value
	
	IRR (CI 95%)
	p-value

	Total Arsenic
	Adjusted model
	996
	0.997 (0.960, 1.036)
	0.880
	998
	1.018 (0.972, 1.066)
	0.437
	996
	1.005 (0.971, 1.040)
	0.768

	 
	Male sex (female reference)
	996
	0.963 (0.915, 1.014)¥
	0.140
	998
	1.003 (0.942, 1.068)
	0.925
	996
	0.986 (0.943, 1.033)
	0.553

	 
	Female sex (male reference)
	996
	1.036 (0.982, 1.093)¥
	0.183
	998
	1.033 (0.970, 1.101)
	0.305
	996
	1.025 (0.977, 1.076)
	0.293

	 
	Sensitivity model
	724
	1.018 (0.973, 1.064)
	0.417
	724
	1.029 (0.978, 1.083)
	0.244
	724
	1.020 (0.980, 1.061)
	0.313

	 
	Relationship (break-point µg/L)
	996
	Non-Linear (60.1)
	0.071*
	998
	Non-Linear (158.8)
	0.253
	996
	Non-Linear (63.6)
	0.250

	
	Only first trimester exposure
	996
	0.986 (0.957, 1.015)
	0.322
	998
	1.011 (0.976, 1.047)
	0.528
	996
	1.002 (0.976, 1.029)
	0.888

	
	Only third trimester exposure
	996
	1.025 (0.992, 1.059)
	0.137
	998
	1.010 (0.971, 1.051)
	0.622
	996
	1.015 (0.985, 1.046)
	0.317

	Total iAs
	Adjusted model
	704
	1.015 (0.961, 1.072)
	0.589
	704
	1.053 (0.988, 1.122)
	0.096*
	704
	1.028 (0.979, 1.080)
	0.246

	 
	Male sex (female reference)
	704
	1.033 (0.959, 1.112)
	0.386
	704
	1.102 (1.008, 1.205)
	0.021**
	704
	1.061 (0.991, 1.136)
	0.073*

	 
	Female sex (male reference)
	704
	0.996 (0.924, 1.075)
	0.924
	704
	1.010 (0.929, 1.100)
	0.810
	704
	0.988 (0.934, 1.067)
	0.956

	 
	Relationship (break-point µg/L)
	704
	Non-Linear (12.6)
	0.189
	704
	Non-Linear (12.6)
	0.004**
	704
	Non-Linear (12.6)
	0.017**

	MMA
	Adjusted model
	704
	1.069 (1.016, 1.125)
	0.009**
	704
	1.073 (1.012, 1.137)
	0.016**
	704
	1.059 (1.013, 1.107)
	0.011**

	 
	Male sex (female reference)
	704
	1.065 (0.996, 1.139)
	0.056*
	704
	1.082 (1.004, 1.164)
	0.038**
	704
	1.053 (0.993, 0.115)
	0.078*

	 
	Female sex (male reference)
	704
	1.074 (0.999, 1.153)
	0.050*
	704
	1.062 (0.974, 1.156)
	0.156
	704
	1.067 (1.000, 1.138)
	0.042**

	 
	Relationship (break-point µg/L)
	704
	Non-Linear (0.95)
	0.019**
	704
	Non-linear (0.72)
	0.034**
	704
	Non-Linear (0.92)
	0.023**

	DMA
	Adjusted model
	704
	1.016 (0.964, 1.070)
	0.546
	704
	1.051 (0.990, 1.118)
	0.090*
	704
	1.028 (0.981, 1.078)
	0.233

	 
	Male sex (female reference)
	704
	1.032 (0.961, 1.109)
	0.377
	704
	1.093 (1.004, 1.192)
	0.029**
	704
	1.056 (0.989, 1.128)
	0.087*

	 
	Female sex (male reference)
	704
	0.999 (0.930, 1.074)
	0.982
	704
	1.015 (0.937, 1.102)
	0.708
	704
	1.002 (0.941, 1.068)
	0.950

	 
	Relationship (break-point µg/L)
	704
	Non-Linear (13.1)
	0.115
	704
	Non-Linear (5.2)
	0.005**
	704
	Non-Linear (5.6)
	0.018**

	Unmet iAs
	Adjusted model
	704
	0.998 (0.956, 1.041)
	0.908
	704
	0.989 (0.942, 1.039)
	0.647
	704
	0.984 (0.948, 1.022)
	0.400

	 
	Male sex (female reference)
	704
	1002 (0.945, 1.061)
	0.959
	704
	1.011 (0.948, 1.079)
	0.735
	704
	0.993 (0.945, 1.043)
	0.778

	 
	Female sex (male reference)
	704
	0.993 (0.935, 1.055)
	0.819
	704
	0.962 (0.895, 1.033)
	0.251
	704
	0.974 (0.923, 1.028)
	0.316

	 
	Relationship (break-point µg/L)
	704
	Non-Linear (0.48)
	0.607
	704
	Non-Linear (0.57)
	0.566
	704
	Non-Linear (0.57)
	0.579

	AB
	Adjusted model
	704
	1.006 (0.979, 1.034)
	0.643
	704
	1.004 (0.974, 1.035)
	0.798
	704
	1.006 (0.982, 1.029)
	0.638

	 
	Male sex (female reference)
	704
	0.992 (0.954, 1.030)
	0.648
	704
	1.005 (0.963, 1.049)
	0.799
	704
	1.006 (0.973, 1.040)
	0.699

	 
	Female sex (male reference)
	704
	1.019 (0.983, 1.057)
	0.289
	704
	1.003 (0.962, 1.044)
	0.904
	704
	1.005 (0.973, 1.037)
	0.767

	 
	Relationship (break-point µg/L)
	704
	Non-Linear (74.2)
	0.128
	704
	Non-Linear (333.8)
	0.801
	704
	Non-Linear (388.6)
	0.786

	Cadmium
	Adjusted model
	945
	1.033 (0.978, 1.091)
	0.242
	945
	1.061 (0.995, 1.131)
	0.071*
	945
	1.031 (0.981, 1.082)
	0.226

	 
	Male sex (female reference)
	945
	1.021 (0.954, 1.092)
	0.547
	945
	1.057 (0.978, 1.142)
	0.162
	945
	1.019 (0.960, 1.082)
	0.533

	 
	Female sex (male reference)
	945
	1.046 (0.977, 1.120)
	0.202
	945
	1.065 (0.980, 1.156)
	0.134
	945
	1.043 (0.980, 0.110)
	0.181

	 
	Sensitivity model
	729
	1.034 (0.972, 1.001)
	0.286
	729
	1.046 (0.975, 1.123)
	0.211
	729
	1.024 (0.969, 1.082)
	0.407

	 
	Relationship (break-point µg/L)
	945
	Linear
	
	945
	Linear
	
	945
	Linear
	

	
	Only first trimester exposure
	945
	1.002 (0.956, 1.050)
	0.942
	945
	1.025 (0.970, 1.083)
	0.382
	945
	1.005 (0.963, 1.048)
	0.835

	
	Only third trimester exposure
	945
	1.031 (0.979, 1.086)
	0.243
	945
	1.038 (0.976, 1.104)
	0.223
	945
	1.030 (0.983, 1.079)
	0.207

	Cobalt
	Adjusted model
	1002
	1.043 (0.995, 1.094)
	0.072*
	1002
	1.009 (0.953, 1.068)
	0.749
	1002
	1.030 (0.986, 1.075)
	0.173

	 
	Male sex (female reference)
	1002
	1.027 (0.965, 1.094)
	0.401
	1002
	0.984 (0.912, 1.061)
	0.669
	1002
	1.009 (0.953, 1.068)
	0.754

	 
	Female sex (male reference)
	1002
	1.060 (0.995, 1.129)
	0.061*
	1002
	1.037 (0.960, 1.120)
	0.341
	1002
	1.051 (0.992, 1.113)
	0.079*

	 
	Sensitivity model
	729
	1.085 (1.020, 1.154)
	0.009**
	729
	1.055 (0.983, 1.132)
	0.136
	729
	1.059 (1.003, 1.120)
	0.036**

	 
	Relationship (break-point µg/L)
	1002
	Non-Linear (0.16)
	0.076*
	1002
	Non-Linear (0.56)
	0.719
	1002
	Non-Linear (0.56)
	0.118

	
	Only first trimester exposure
	1002
	1.019 (0.974, 1.066)
	0.420
	1002
	0.982 (0.930, 1.038)
	0.519
	1002
	0.999 (0.959, 1.042)
	0.976

	
	Only third trimester exposure
	1002
	1.030 (0.988, 1.074)
	0.160
	1002
	0.998 (0.948, 1.050)
	0.946
	1002
	1.027 (0.986, 1.064)
	0.211

	Copper
	Adjusted model
	906
	1.075 (1.010, 1.144)
	0.021**
	906
	1.068 (0.991, 1.151)
	0.077*
	906
	1.062 (1.003, 1.123)
	0.034**

	 
	Male sex (female reference)
	906
	1.077 (0.998, 1.161)
	0.058*
	906
	1.057 (0.965, 1.157)
	0.232
	906
	1.058 (0.987, 1.133)
	0.111

	 
	Female sex (male reference)
	906
	1.073 (0.998, 1.155)
	0.053*
	906
	1.079 (0.987, 1.179)
	0.082*
	906
	1.065 (0.997, 1.138)
	0.055*

	 
	Sensitivity model
	729
	1.082 (1.012, 1.157)
	0.018**
	729
	1.089 (1.007, 1.177)
	0.027**
	729
	1.067 (1.005, 1.133)
	0.029**

	 
	Relationship (break-point µg/L)
	906
	Linear
	
	906
	Linear
	
	906
	Linear 
	

	
	Only first trimester exposure
	906
	0.996 (0.952, 1.042)
	0.852
	906
	1.004 (0.951, 1.060)
	0.892
	906
	0.994 (0.954, 1.036)
	0.785

	
	Only third trimester exposure
	906
	1.061 (0.989, 1.139)
	0.101
	906
	1.032 (0.948, 1.124)
	0.461
	906
	1.055 (0.988, 1.125)
	0.107

	Molibdenum
	Adjusted model
	1002
	1.080 (1.004, 1.161)
	0.040**
	906
	1.035 (0.947, 1.132)
	0.444
	1002
	1.035 (0.970, 1.105)
	0.302

	 
	Male sex (female reference)
	1002
	1.052 (0.954, 1.160)
	0.302
	906
	1.009 (0.895, 1.137)
	0.880
	1002
	0.998 (0.913, 1.089)
	0.956

	 
	Female sex (male reference)
	1002
	1.105 (1.007, 1.211)
	0.037**
	906
	1.059 (0.945, 1.186)
	0.322
	1002
	1.069 (0.984, 1.162)
	0.118

	 
	Sensitivity model
	729
	1.102 (1.015, 1.198)
	0.022**
	729
	1.070 (0.971, 1.178)
	0.170
	729
	1.062 (0.987, 1.142)
	0.113

	 
	Relationship (break-point µg/L)
	1002
	Non-Linear (15.8)
	0.085*
	906
	Non-Linear (27.6)
	0.393
	1002
	Non-Linear (27.2)
	0.086*

	
	Only first trimester exposure
	1002
	1.035 (0.978, 1.096)
	0.244
	906
	1.021 (0.952, 1.094)
	0.566
	1002
	1.017 (0.966, 1.070)
	0.538

	
	Only third trimester exposure
	1002
	1.032 (0.967, 1.101)
	0.347
	906
	0.999 (0.921, 1.084)
	0.982
	1002
	1.010 (0.951, 1.073)
	0.742

	Nickel
	Adjusted model
	975
	1.063 (1.006, 1.124)
	0.029**
	969
	1.024 (0.959, 1.094)
	0.486
	969
	1.045 (0.994, 1.098)
	0.088*

	 
	Male sex (female reference)
	975
	1.104 (1.030, 1.184)¥
	0.006**
	969
	1.071 (0.985, 1.166)¥
	0.110
	969
	1.079 (1.013, 1.151)
	0.020**

	 
	Female sex (male reference)
	975
	1.032 (0.969, 1.101)¥
	0.328
	969
	0.989 (0.916, 1.068)¥
	0.779
	969
	1.020 (0.963, 1.080)
	0.511

	 
	Sensitivity model
	729
	1.097 (1.030, 1.170)
	0.004**
	729
	1.066 (0.991, 1.148)
	0.088*
	729
	1.086 (1.026, 1.150)
	0.004**

	 
	Relationship (break-point µg/L)
	975
	Linear 
	
	969
	Linear
	
	969
	Linear 
	

	
	Only first trimester exposure
	975
	1.048 (1.001, 1.096)
	0.045**
	969
	1.013 (0.960, 1.068)
	0.651
	969
	1.022 (0.982, 1.065)
	0.294

	
	Only third trimester exposure
	975
	1.033 (0.988, 1.080)
	0.170
	969
	1.007 (0.954, 1.062)
	0.809
	969
	1.030 (0.989, 1.073)
	0.156

	Lead
	Adjusted model
	968
	1.057 (1.006, 1.110)
	0.028**
	968
	1.069 (1.006, 1.135)
	0.027**
	974
	1.046 (1.000, 1.093)
	0.046**

	 
	Male sex (female reference)
	968
	1.073 (1.011, 1.138)
	0.019**
	968
	1.096 (1.020, 1.177)
	0.011**
	974
	1.051 (0.996, 1.107)
	0.065*

	 
	Female sex (male reference)
	968
	1.041 (0.982, 1.104)
	0.174
	968
	1.043 (0.970, 1.120)
	0.244
	974
	1.041 (0.986, 1.098)
	0.140

	 
	Sensitivity model
	729
	1.068 (1.011, 1.128)
	0.017**
	729
	1.084 (1.017, 1.155)
	0.011**
	729
	1.061 (1.011, 1.114)
	0.015**

	 
	Relationship (break-point µg/L)
	968
	Linear
	
	968
	Linear
	
	974
	Linear
	

	
	Only first trimester exposure
	968
	1.018 (0.981, 1.057)
	0.341
	968
	1.017 (0.972, 1.064)
	0.467
	974
	1.012 (0.979, 1.047)
	0.471

	
	Only third trimester exposure
	968
	1.038 (0.984, 1.094)
	0.160
	968
	1.047 (0.983, 1.115)
	0.147
	974
	1.038 (0.989, 1.089)
	0.120

	Antimony
	Adjusted model
	974
	0.999 (0.945, 1.056)
	0.958
	974
	1.019 (0.954, 1.088)
	0.577
	974
	0.997 (0.949, 1.048)
	0.916

	 
	Male sex (female reference)
	974
	0.987 (0.931, 1.047)
	0.661
	974
	1.021 (0.952, 1.095)
	0.559
	974
	0.992 (0.941, 1.046)
	0.755

	 
	Female sex (male reference)
	974
	1.011 (0.953, 1.072)
	0.724
	974
	1.017 (0.949, 1.090)
	0.638
	974
	1.003 (0.952, 1.057)
	0.919

	 
	Sensitivity model
	729
	0.984 (0.918, 1.055)
	0.648
	729
	1.005 (0.931, 1.087)
	0.895
	729
	0.992 (0.935, 1.054)
	0.809

	 
	Relationship (break-point µg/L)
	974
	Non-Linear (0.57)
	0.248
	974
	Non-Linear (0.42)
	0.269
	974
	Non-Linear (0.51)
	0.172

	
	Only first trimester exposure
	974
	0.988 (0.943, 1.035)
	0.608
	974
	1.008 (0.953, 1.067)
	0.782
	974
	0.991 (0.950, 1.035)
	0.684

	
	Only third trimester exposure
	974
	1.003 (0.960, 1.048)
	0.904
	974
	1.008 (0.957, 1.064)
	0.745
	974
	0.996 (0.958, 1.037)
	0.849

	Selenium
	Adjusted model
	959
	1.061 (0.971, 1.158)
	0.186
	981
	1.034 (0.931, 1.147)
	0.528
	959
	1.056 (0.975, 1.144)
	0.177

	 
	Male sex (female reference)
	959
	1.001 (0.907, 1.105)
	0.979
	981
	1.001 (0.890, 1.123)
	0.993
	959
	1.019 (0.930, 1.114)¥
	0.688

	 
	Female sex (male reference)
	959
	1.129 (1.022, 1.248)
	0.016**
	981
	1.074 (0.953, 1.211)
	0.236
	959
	1.095 (1.001, 1.197)¥
	0.048**

	 
	Sensitivity model
	729
	1.111 (0.983, 1.255)
	0.085*
	729
	1.116 (0.969, 1.285)
	0.118
	729
	0.120 (1.005, 1.249)
	0.036**

	 
	Relationship (break-point µg/L)
	959
	Linear
	
	981
	Linear
	
	959
	Linear
	

	
	Only first trimester exposure
	959
	0.978 (0.905, 1.057)
	0.578
	981
	0.996 (0.914, 1.085)
	0.923
	959
	1.007 (0.940, 1.079)
	0.834

	
	Only third trimester exposure
	959
	1.046 (0.977, 1.120)
	0.208
	981
	1.017 (0.936, 1.105)
	0.671
	959
	1.037 (0.974, 1.104)
	0.263

	Thallium
	Adjusted model
	996
	1.032 (0.977, 1.089)
	0.255
	1002
	1.047 (0.982, 1.117)
	0.159
	1002
	1.040 (0.991, 1.091)
	0.113

	 
	Male sex (female reference)
	996
	1.011 (0.945, 1.083)
	0.741
	1002
	1.017 (0.937, 1.103)
	0.679
	1002
	1.017 (0.937, 1.103)
	0.679

	 
	Female sex (male reference)
	996
	1.057 (0.981, 1.138)
	0.148
	1002
	1.086 (0.993, 1.187)
	0.074*
	1002
	1.070 (1.001, 1.143)
	0.050*

	 
	Sensitivity model
	729
	1.030 (0.973, 1.089)
	0.305
	729
	1.047 (0.982, 1.116)
	0.159
	729
	1.039 (0.989, 1.091)
	0.13

	 
	Relationship (break-point µg/L)
	996
	Linear
	
	1002
	Linear
	
	1002
	Linear
	

	
	Only first trimester exposure
	996
	1.035 (0.986, 1.086)
	0.168
	1002
	1.038 (0.980, 1.100)
	0.205
	1002
	1.031 (0.987, 1.076)
	0.170

	
	Only third trimester exposure
	996
	0.999 (0.959, 1.040)
	0.956
	1002
	1.012 (0.964, 1.063)
	0.615
	1002
	1.012 (0.975, 1.050)
	0.524

	Zinc
	Adjusted model
	992
	1.041 (0.980, 1.105)
	0.196
	992
	1.057 (0.982, 1.139)
	0.138
	992
	1.043 (0.987, 1.102)
	0.132

	 
	Male sex (female reference)
	992
	1.006 (0.931, 1.087)
	0.882
	992
	1.025 (0.932, 1.126)
	0.613
	992
	1.023 (0.953, 1.097)
	0.539

	 
	Female sex (male reference)
	992
	1.076 (0.996, 1.162)
	0.061*
	992
	1.094 (0.992, 1.204)
	0.061*
	992
	1.064 (0.991, 1.141)
	0.078*

	 
	Sensitivity model
	729
	1.058 (0.980, 1.141)
	0.150
	729
	1.068 (0.979, 1.165)
	0.141
	729
	1.052 (0.983, 1.125)
	0.144

	 
	Relationship (break-point µg/L)
	992
	Non-Linear (392.6)
	0.390
	992
	Non-Linear (346.3)
	0.130
	992
	Non-Linear (385.7)
	0.139

	
	Only first trimester exposure
	992
	0.998 (0.945, 1.052)
	0.930
	992
	1.012 (0.948, 1.079)
	0.724
	992
	1.004 (0.957, 1.054)
	0.865

	
	Only third trimester exposure
	992
	1.028 (0.973, 1.086)
	0.337
	992
	1.057 (0.985, 1.133)
	0.114
	992
	1.040 (0.988, 1.094)
	0.134


¥ significance of the interaction term <0.05; * significance of the metal levels <0.1; ** <0.05; ***<0.001. Break-point points and p-values for the smooth terms for non-linear models are showed regardless of the indicated linear or non-linear relationship according to the best AIC criterion and plotting. As speciation is only available for Gipuzkoa and Valencia cohorts (n=729). IRRs mean the risk of a one-point of increase in the score with one unit of metals concentration increase.

Supplemental Table S5. Rotated factor loadings and similarities for each metal in principal component analysis with varimax normalized rotation.
	  Metal
	RC1
	RC2
	RC3

	Cobalt
	0.32
	0.53
	0.08

	Nickel
	0.67
	0.05
	0.04

	Copper
	0.83
	-0.06
	0.08

	Zinc
	0.18
	0.79
	0.06

	Selenium
	0.59
	0.46
	0.30

	Molybdenum
	0.43
	0.58
	0.18

	Cadmium
	0.63
	0.41
	0.07

	Antimony
	-0.58
	0.66
	0.03

	Thallium
	0.42
	0.21
	0.06

	Lead
	0.77
	0.15
	0.09

	Arsenobetaine
	0.22
	-0.29
	0.66

	Dimethylarsenic
	0.18
	0.04
	0.87

	Monomethylarsenic
	-0.05
	0.44
	0.64

	Unmetabolised arsenic
	-0.03
	0.31
	0.63

	Total variance (%)
	0.24
	0.18
	0.15

	Cumulative variance (%)
	0.24
	0.42
	0.57

	Adjusted multivariate model
	IRR (CI 95%), p-value
	IRR (CI 95%), p-value
	IRR (CI 95%), p-value

	Internalizing problems
	1.092 (0.989, 1.209), 0.085
	0.995 (0.902, 1.097), 0.920
	1.010 (0.954, 1.070), 0.730

	Externalizing problems
	1.055 (0.939, 1.186), 0.359
	0.998 (0.893, 1.114), 0.965
	1.020 (0.952, 1.093), 0.550

	Total problems
	1.083 (0.991, 1.185), 0.075
	0.9880 (0.899, 1.067), 0.632
	1.004 (0.954, 1.057), 0.876


Greatest factor loadings are in bold for each principal rotated component.
RC: rotated component.
IRRs mean the risk of a one-point of increase in the score with one unit of metals concentration increase.
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