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Table S1. Results of the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and DNA methylation in cord blood with p values < 1.0 x 10-4 – model 3
See separate Excel sheet





















Table S2. Results of the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and DNA methylation in cord blood with p values <1.0 x 10-4 – model 1
See separate Excel sheet



	

















Table S3. Results of the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and DNA methylation in cord blood with p values <1.0 x 10-4 – model 2
See separate Excel sheet
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Table S4.  Associations of DNA methylation at the three CpGs identified in the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and offspring DNA methylation, additionally adjusted for gestational age at birth (a) and for birth weight (b).
a.
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value
	I2

	cg02806645
	3
	138725153
	PRR23A
	-2.6 x10-4
	4.0 x10-5
	1.3 x10-10
	0

	cg06322988
	3
	138725189
	PRR23A
	-1.1 x10-4
	2.1 x10-5
	8.4 x10-8
	0

	cg04468817
	16
	2903392
	PRSS22
	-1.2 x10-4
	2.4 x10-5
	1.9 x10-7
	0


Chr, chromosome; SE, standard error; I2, I-square.
Effect estimates represent the difference in DNA methylation per 1 µg/L increase in maternal early-pregnancy serum ferritin concentrations. The model was adjusted for gestational age at serum ferritin measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, cell-type proportions, batch, and gestational age at birth. 

b.
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value
	I2

	cg02806645
	3
	138725153
	PRR23A
	-2.5 x10-4
	4.0 x10-5
	4.0 x10-10
	0

	cg06322988
	3
	138725189
	PRR23A
	-1.3 x10-4
	2.4 x10-5
	1.1 x10-7
	0

	cg04468817
	16
	2903392
	PRSS22
	-1.1 x10-4
	2.1 x10-5
	9.8 x10-8
	24


Chr, chromosome; SE, standard error; I2, I-square.
Effect estimates represent the difference in DNA methylation per 1 µg/L increase in maternal early-pregnancy serum ferritin concentrations. The model was adjusted for gestational age at serum ferritin measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, cell-type proportions, batch, gestational age at birth, and birth weight. 


Table S5. Results of the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and DNA methylation in cord blood excluding mothers with C-reactive protein concentrations > 10 mg/L with p values <1.0 x 10-4
See separate Excel sheet

















Table S6.  Associations of DNA methylation at the three CpGs identified in the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and offspring DNA methylation, additionally adjusted for Mediterranean diet (a) and for the first genetic principal component (PC1) (b).
a.
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value
	FDR
	I2

	cg02806645
	3
	138725153
	PRR23A
	-2.3 × 10−4
	4.1 × 10−5
	3.5 × 10−8
	1.7 × 10−2
	0

	cg06322988
	3
	138725189
	PRR23A
	-9.9 × 10−5
	2.2 × 10−5
	6.3 × 10−6
	1.7 × 10−1
	0

	cg04468817
	16
	2903392
	PRSS22
	-1.2 × 10−4
	2.4 × 10−5
	8.5 × 10−7
	1.5 × 10−1
	38


Chr, chromosome; FDR, False Discovery Rate; SE, standard error; I2, I-square.
Effect estimates represent the difference in DNA methylation per 1 µg/L increase in maternal early-pregnancy serum ferritin concentrations. The model was adjusted for gestational age at serum ferritin measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, cell-type proportions, batch, and maternal Mediterranean diet score. 

b.
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value
	FDR
	I2

	cg02806645
	3
	138725153
	PRR23A
	-2.2 × 10−4
	4.2 × 10−5
	1.3 × 10−7
	3.1 × 10−2
	0

	cg06322988
	3
	138725189
	PRR23A
	-1.0 × 10−4
	2.2 × 10−5
	4.3 × 10−6
	1.8 × 10−1
	0

	cg04468817
	16
	2903392
	PRSS22
	-1.3 × 10−4
	2.5 × 10−5
	4.4 × 10−7
	4.3 × 10−2
	21


Chr, chromosome; FDR, False Discovery Rate; SE, standard error; I2, I-square.
Effect estimates represent the difference in DNA methylation per 1 µg/L increase in maternal early-pregnancy serum ferritin concentrations. The model was adjusted for gestational age at serum ferritin measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, cell-type proportions, batch, and the first genetic principal component (PC1). 


Table S7. Maternal and child characteristics of the ALSPAC study
	
	ALSPAC Study
n = 311

	Maternal characteristics
	

	     Age, years
	29.2 ± 4.4

	     Pre-pregnancy body mass index, kg/m2
	22.9 ± 3.6

	     Gestational age at serum ferritin
     measurement, weeks
	40.0 (36.0, 42.0)

	     Education, higher
	  152 (48.9)

	     Continued smoking during pregnancy
	49 (15.8)  

	     Serum ferritin, µg/L
	133.5 (37.1, 512.6)

	Child characteristics
	

	     Sex, male
	159 (51.1)

	     Gestational age at birth, weeks
	40.0 (36.0, 42.0)

	
	


Values are means ± SD, medians (95% range) or numbers of subjects (valid %).













Table S8. Results of the epigenome-wide association study results of maternal early-pregnancy transferrin concentrations and DNA methylation in cord blood with p values <1.0 x 10-4
See separate Excel sheet


















Table S9. Results of the epigenome-wide association study results of maternal early-pregnancy TSAT and DNA methylation in cord blood with p values <1.0 x 10-4
See separate Excel sheet


















Table S10. Results of the epigenome-wide association study results of maternal early-pregnancy serum iron and DNA methylation in cord blood with p values <1.0 x 10-4
See separate Excel sheet

















Table S11. Differentially Methylated Regions of the associations of maternal early-pregnancy TSAT concentrations with offspring DNA methylation in cord blood
	DMR
	CpGs
	Effect
	SE
	p value
	Nearest genes
	Gene Group

	chr 16: 67225165-67225924
	cg05376405
cg09652746
cg03412237
cg02440872
	1.0 x10-4
	1.9 x10-5
	3.7 x10-8
	E2F4
	TSS1500
TSS200


chr, chromosome; DMR, differentially methylated region; TSAT, transferrin saturation; TSS, transcription start site.
 *DMRs were identified from the results of the epigenome-wide association studies of maternal early-pregnancy TSAT and DNA methylation in cord blood for individual CpGs, which used results from robust linear regression models that were adjusted for gestational age at TSAT measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, cell-type proportions, and batch.









Table S12. Associations of DNA methylation at the three CpGs identified in the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and cord blood DNA methylation in the EWAS of other maternal iron markers
a. Transferrin saturation
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value

	cg02806645
	3
	138725153
	PRR23A
	-4.0 x10-4
	2.1 x10-4
	6.1 x10-2

	cg06322988
	3
	138725189
	PRR23A
	-1.4 x10-4
	1.1 x10-4
	1.8 x10-1

	cg04468817
	16
	2903392
	PRSS22
	-2.6 x10-4
	1.4 x10-4
	5.8 x10-2


Chr, chromosome; SE, standard error.
Effect estimates represent the difference in DNA methylation per % increase in maternal early-pregnancy transferrin saturation. The model was adjusted for gestational age at transferrin saturation measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, child age, cell-type proportions, and batch. 

b. Serum iron
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value

	cg02806645
	3
	138725153
	PRR23A
	-3.1 x10-4
	3.4 x10-4
	3.7 x10-1

	cg06322988
	3
	138725189
	PRR23A
	-9.3 x10-5
	1.7 x10-4
	5.8 x10-1

	cg04468817
	16
	2903392
	PRSS22
	-2.6 x10-4
	2.2 x10-4
	2.4 x10-1


Chr, chromosome; SE, standard error.
Effect estimates represent the difference in DNA methylation per 1 μmol/L increase in maternal early-pregnancy serum iron concentrations. The model was adjusted for gestational age at serum iron measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, child age, cell-type proportions, and batch. 

c. Transferrin
	CpG
	Chr
	Position
	Gene
	Effect
	SE
	p value

	cg02806645
	3
	138725153
	PRR23A
	1.9 x10-2
	5.4 x10-3
	5.3 x10-4

	cg06322988
	3
	138725189
	PRR23A
	8.9 x10-3
	2.9 x10-3
	2.0 x10-3

	cg04468817
	16
	2903392
	PRSS22
	8.1 x10-3
	3.5 x10-3
	2.0 x10-2


Chr, chromosome; SE, standard error.
Effect estimates represent the difference in DNA methylation per 1 g/L increase in maternal early-pregnancy transferrin concentrations. The model was adjusted for gestational age at transferrin measurement, maternal age at intake, educational level, pre-pregnancy body mass index, smoking, child sex, child age, cell-type proportions, and batch. 














Table S13. Correlations of blood methylation levels with brain methylation levels at the three CpGs identified in the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and cord blood DNA methylation
	CpG
	Chr
	Gene
	Brain area
	Correlation
	n
	p value

	cg02806645
	3
	PRR23A
	PFC
	0.56
	74
	2.6 x10-7

	
	
	
	EC
	0.53
	71
	1.7 x10-6

	
	
	
	STG
	0.52
	75
	1.9 x10-6

	
	
	
	CER
	0.42
	71
	3.2 x10-4

	cg06322988
	3
	PRR23A
	PFC
	0.54
	74
	6.7 x10-7

	
	
	
	EC
	0.51
	71
	6.6 x10-6

	
	
	
	STG
	0.57
	75
	9.0 x10-8

	
	
	
	CER
	0.56
	71
	3.0 x10-7

	cg04468817
	16
	PRSS22
	PFC
	0.25
	74
	2.9 x10-2

	
	
	
	EC
	0.46
	71
	5.6 x10-5

	
	
	
	STG
	0.47
	75
	2.4 x10-5

	
	
	
	CER
	0.26
	71
	2.7 x10-2


Chr, chromosome; CER, cerebellum; EC, entorhinal cortex; PFC, prefrontal cortex; STG, superior temporal gyrus.









Table S14. Associations of DNA methylation at the three CpGs identified in the meta-analysis of epigenome-wide association study results of maternal early-pregnancy serum ferritin concentrations and cord blood DNA methylation in the EWAS of neurodevelopmental outcomes: ADHD symptoms (a), autism spectrum disorder (ASD) (b), and IQ (c) (1-3).
a. ADHD symptoms
	CpG
	Chromosome
	Position
	Gene
	p value

	cg02806645
	3
	138725153
	PRR23A
	0.05

	cg06322988
	3
	138725189
	PRR23A
	0.18

	cg04468817
	16
	2903392
	PRSS22
	0.39



b. Autism Spectrum Disorder (ASD)
	CpG
	Chromosome
	Position
	Gene
	p value

	cg02806645
	3
	138725153
	PRR23A
	0.68

	cg06322988
	3
	138725189
	PRR23A
	0.20

	cg04468817
	16
	2903392
	PRSS22
	0.19



c. IQ
	CpG
	Chromosome
	Position
	Gene
	p value

	cg02806645
	3
	138725153
	PRR23A
	0.86

	cg06322988
	3
	138725189
	PRR23A
	0.20

	cg04468817
	16
	2903392
	PRSS22
	0.52







Cohort-specific methods
Avon Longitudinal Study of Parents and Children (ALSPAC)
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a prospective pregnancy cohort study, which enrolled 14,541 pregnant women residing in Avon, United Kingdom who had expected delivery dates between April 1st, 1991 and December 31st, 1992. As described previously, detailed information has been collected on these participants and their offspring at regular intervals (4, 5). Details of all data collected for ALSPAC are available through a fully searchable data dictionary, which is publicly available: http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/. As part of the Accessible Resources for Integrated Epigenomic Studies (ARIES, http://www.ariesepigenomics.org.uk/) project, DNA methylation was generated for 1,018 mother-offspring pairs from the ALSPAC cohort, using the Infinium HumanMethylation450 BeadChip array (Illumina Inc., San Diego, United States). ARIES participants were selected based on availability of DNA samples at two time points for the mother (antenatal and at follow-up when the offspring were adolescents). Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees. Consent for biological samples has been collected in accordance with the Human Tissue Act (2004). Informed consent for the use of data collected via questionnaires and clinics was obtained from the participants following the recommendations of the ALSPAC Ethics and Law Committee at the time.

Iron status assessment
Ferritin was measured in cord heparin plasma at the ALSPAC laboratory using the DELFIA time resolved fluoroimmunoassay system. Ferritin assays were duplicated where possible and a coefficient of variation of approximately 4% was obtained.

DNA methylation
Methods for methylation measurements in ALSPAC have been described previously (6). Briefly, cord blood was collected according to standard procedures. DNA methylation assays and data pre-processing were performed at the University of Bristol as part of the ARIES project. DNA was extracted using standard protocol and was bisulfite-converted using the Zymo EZ DNA MethylationTM kit (Zymo, Irvine, CA). DNA methylation was then measured using the Infinium HM450 BeadChip assay (Illumina Inc, San Diego, CA), according to the standard protocol. Arrays were scanned using an Illumina iScan. An initial review of data quality was assessed using GenomeStudio (version 2011.1). A semi-random approach (sampling criteria were in place to ensure that all time points were represented on each array) was used to distribute ARIES samples across slides to minimize the possibility of potential confounding by batch. Data were normalised using the meffil R package (Min et al, 2018) using the functional normalisation approach. Blood cell type proportions was estimated using the “Salas” reference set in the ‘’FlowSorted.CordBlood.Combined.450K’’ Bioconductor package for cell type correction and normalised using meffil R package (7). QC steps included removal of sex chromosomes, SNPs and control probes with a detection p value over 0.05 for over 5% of samples. Methylation outliers were removed using the IQR*3 (Tukey) method.

Covariates
Maternal age at intake was determined by questionnaire at the time of recruitment. Maternal pre-pregnancy body mass index (BMI) was calculated from self-reported height and pre-pregnancy weight, which were collected by questionnaire during the first trimester of pregnancy. In ALSPAC, maternal education was defined based on the UK highest qualification achieved by the mothers. Maternal smoking during pregnancy was determined by questionnaire at the time of recruitment and defined in this study as no smoker, if mother was a never smoker or quit before second trimester, or otherwise a smoker. Newborn sex was obtained from obstetric records. Gestational age was calculated (in days) based on the date of the mother’s last menstrual period (LMP) when the mother was certain of this, but for uncertain LMPs and conflicts with clinical assessment the ultrasound assessment was used. Where maternal report and ultrasound assessment conflicted, an experienced obstetrician reviewed clinical records and made a best estimate. Gestational age in weeks was used in the analyses. We attempted to control for technical batch effects by generating 20 surrogate variables using the SVA R package (Leek et al. 2019, R package version 3.34.0) and including these directly in our models. Participants with non-white European ancestry were excluded from all analyses. Child ethnic group was derived from mother reports of her own and partners ethnic group during pregnancy.

Generation R Study
This study was embedded in the Generation R Study, a prospective population-based cohort from early fetal life onwards in Rotterdam, the Netherlands (8). The study design of the cohort has been described previously (8). The study has been approved by the Medical Ethical Committee of the Erasmus University Medical Center in Rotterdam (MEC 198.782/2001/31). Written informed consent was obtained for all participants (8). In total, 8,879 pregnant women were enrolled during pregnancy, of whom 6,159 had measurements of iron blood markers available. DNA methylation was measured in cord blood of a randomly selected European-ancestry subset of 1,396 participant. Out of these, 1,131 had measurements on early-pregnancy iron markers available. We excluded participants with missing covariates (n = 216), twin pregnancies and in case of multiple (non-twin) children per mother, we excluded one of each sibling pair, based on data completeness or, if equal, randomly (n = 5). The population for analysis of this study comprised 910 mother-newborn pairs.

Iron status assessment
Maternal non-fasting venous blood samples were collected during early pregnancy (median = 13.2 weeks (95% range 9.6 - 17.6 weeks)) (9). Serum ferritin was quantified using the electrochemiluminescence immunoassay “ECLIA” on the Cobas e411 analyzer (Roche, Almere, the Netherlands). TSAT was calculated using serum iron and transferrin levels (TSAT [%] = (serum iron [μmol/L] * 100) / (transferrin [g/L] * 25.1)) to reflect the iron-bound part of the total iron binding capacity (10). Serum iron was determined by the C502 module on the Cobas 8000 (Roche, Almere, the Netherlands) using a colorimetric assay. Transferrin was measured using the C502 module on the Cobas 8000 (Roche, Almere, the Netherlands), an immunoturbidimetric assay. 

DNA methylation
DNA was extracted from cord blood using the salting-out method. Five hundred nanograms of DNA per sample underwent bisulfite conversion using the EZ-96 DNA Methylation kit (Shallow) (Zymo Research Corporation, Irvine, CA, USA). Samples were plated randomly onto 96-well plates. Samples were processed with the Illumina Infinium HumanMethylation450 (450 k) BeadChip (Illumina Inc., San Diego, CA, USA). Quality control of analyzed samples was performed using standardized criteria. Quality control and normalization of the array data was performed according to the Control Probe Adjustment and reduction of global CORrelation (CPACOR) workflow using R (11, 12). Probes that had a detection p value ≥ 1E−16 were set to missing per array. Additionally, the intensity values were quantile normalized for each of the six probe-type categories separately: type II red/green, type I methylated red/green, and type I unmethylated red/green. Beta values were calculated as proportion of methylated intensity value to the sum of (methylated and unmethylated intensities plus 100). Arrays with observed technical problems including failed bisulfite conversion, hybridization or extension, and arrays with a sex mismatch were removed from subsequent analyses. Only arrays with a call rate > 95% per sample were processed further. Probes on the X and Y chromosomes were excluded from the analyses. Outlying methylation beta values were excluded using the following method: values < (25th percentile – 3*interquartile range (3IQR)) and values > (75th percentile +3IQR) were removed (13).

Covariates
Information on maternal age, pre-pregnancy weight, educational level, and maternal smoking was obtained from questionnaires during pregnancy (8). Maternal height was measured at the intake visit without shoes. Pre-pregnancy BMI was calculated (self-reported pre-pregnancy weight in kilograms divided by height measured at enrolment in meters, squared). C-reactive protein (CRP) levels were measured in the same non-fasting venous blood samples that were used for the measurement of the iron markers, using an immunoturbidimetric assay on the Architect System (Abbot Diagnostics B.V., Hoofddorp, The Netherlands). Information on gestational age at birth, child sex, and birth weight was obtained from medical records. Plate number was included as a covariate in the analyses to adjust for batch effects. We estimated the relative proportions of six white blood cell subtypes (CD4+ T lymphocytes, CD8+ T lymphocytes, natural killer cells, B lymphocytes, monocytes, and granulocytes) and nucleated red blood cells using the cord blood-specific Salas reference (14).

INMA
The INMA—INfancia y Medio Ambiente— (Environment and Childhood) Project is a network of birth cohorts in Spain that aim to study the role of environmental pollutants in air, water and diet during pregnancy and early childhood in relation to child growth and development. In this study data on the cohort set up in Sabadell (Catalonia, Spain) between 2004 and 2008 was evaluated, further details explained elsewhere (15). The study has been approved by Ethical Committee of each participating center and written consent was obtained from participating parents. INMA Sabadell study has 622 children at birth, however cord blood DNA methylation was available for 391 children, and only 385 individuals had serum ferritin measurements. Considering complete cases (no missing in any of the covariates used) a final sample of 376 individuals was evaluated. 

Iron status assessment
Maternal whole blood samples were collected during early pregnancy (median 13.2 weeks of gestation (95% CI: 11.0, 17.2 weeks)), by venipuncture under fasting conditions and stored between −70 and −80 °C until analysis. Maternal plasma ferritin concentrations were quantified in samples from Sabadell cohort by time-resolved fluorescence immunoassay (DELFIA Ferritin kit A069–101), at the Gipuzkoa Public Health Laboratory.

DNA methylation
Cord blood was extracted using the Chemagen kit (Perkin Elmer). DNA concentration was determined by NanoDrop spectrophotometer (Thermo Scientific) and with the Quant-iT PicoGreen dsDNA Assay Kit (Life Technologies). Methylation data was produced in two different laboratories as part of two different projects: in the Genome Analysis Facility of the University Medical Center Groningen (UMCG) in Holland, and in the Bellvitge Biomedical Research Institute (IDIBELL, Barcelona). Both laboratories used the recommended Illumina protocol for the Infinium 450k beadchip. Briefly, 500 nanograms of DNA was bisulfite-converted using the EZ 96-DNA methylation kit following the manufacturer’s standard protocol, and DNA methylation measured using the Illumina Infinium 450k beadchip. DNA methylation data were preprocessed using the minfi package (16). A series of steps were completed for quality control and data analysis. The first step was low quality sample removal. First, 2 samples with bad overall quality or with low detection p value according to the output of the MethylAid package were removed (17). Then, we removed 3 samples whose sex was wrongly predicted using shinyMethyl (18). Following guidelines of Lehne work (11), we increased the stringency of the detection p value threshold to 10-16 and we filtered 18 samples with a call rate lower than 98%. The second step was normalizing data with functional normalization. Correlation between SNP in replicates samples was checked and probes not measuring SNPs were discarded. 7,136 probes with a call rate lower than 95% were also removed. Probes in sex chromosomes, crosshibridizing or containing SNPs were flagged but not removed at this point. ComBat was applied to remove batch effect (19). Finally, duplicated samples were removed, prioritizing MeDALL samples over BREATHE samples. The final dataset consisted of 391 at age 0 years and 476,946 probes. For the current study we used European ancestry children.

Covariates
Information on maternal age, pre-pregnancy weight, education level and maternal smoking was collected by questionnaires (15). Maternal height was measured during the first prenatal visit. Pre-pregnancy BMI was calculated (self-reported pre-pregnancy weight in kilograms divided by height measured at enrolment in meters, squared). Maternal blood was collected at recruitment (mean ± SD, 13.4 ± 1.7 weeks of gestation). Serum CRP values were determined by turbidimetric assay using a Hitachi modular analyzer system (Roche Modular DPP, Hitachi Ltd, Tokyo, Japan) at the Laboratori de Referencia de Catalunya. The minimum detectable concentration of CRP was 0.2 mg/dL. For participants who had a CRP value below the detection limit (15.9%), we imputed a value of half of the detection limit. Gestational age at blood sampling was calculated based on last menstrual period (LMP) reported at recruitment and confirmed using estimates based on ultrasound examination in the 12th week of gestation. When the difference between the LMP reported at recruitment and estimated from the ultrasound was ≥ 7 days (n = 91; 16%), we estimated LMP using a quadratic regression formula defined by Westerway et al. (20). Birth weight was obtained from clinical records. We estimated the relative proportions of six white blood cell subtypes (CD4+ T lymphocytes, CD8+ T lymphocytes, natural killer cells, B lymphocytes, monocytes, and granulocytes) and nucleated red blood cells using a cord blood-specific reference (14).
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