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ALSPAC: The Avon Longitudinal Study of Parents and Children
Design and study population: The Avon Longitudinal Study of Parents and Children is a prospective birth cohort based in Bristol, UK (Boyd et al. 2013; Fraser et al. 2013). Pregnant women resident in Avon, UK with expected dates of delivery between 1st April 1991 and 31st December 1992 were invited to take part in the study. 20,248 pregnancies were identified as being eligible and the initial number of pregnancies enrolled was 14,541. Of the initial pregnancies, there was a total of 14,676 foetuses, resulting in 14,062 live births and 13,988 children who were alive at 1 year of age.
When the oldest children were approximately 7 years of age, an attempt was made to bolster the initial sample with eligible cases who had failed to join the study originally. This resulted in an additional 913 children being enrolled. The total sample size for analyses using any data collected after the age of seven is therefore 15,447 pregnancies, resulting in 15,658 foetuses. Of these 14,901 children were alive at 1 year of age. 
Of the original 14,541 initial pregnancies, 338 were from a woman who had already enrolled with a previous pregnancy, meaning 14,203 unique mothers were initially enrolled in the study. As a result of the additional phases of recruitment, a further 630 women who did not enroll originally have provided data since their child was 7 years of age. This provides a total of 14,833 unique women (G0 mothers) enrolled in ALSPAC as of September 2021. 
Please note that the study website contains details of all the data that is available through a fully searchable data dictionary and variable search tool (http://www.bristol.ac.uk/alspac/researchers/our-data/). 
Ethics: 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 UK Human Tissue Act (2004). Informed consent for the use of data collected via questionnaires and clinics was obtained from participants following the recommendations of the ALSPAC Ethics and Law Committee at the time.
Breastfeeding definitions: Information on breastfeeding was obtained from questionnaires administered to the mothers at 4-week, 6-month and 15-months following birth. Questionnaires included the following questions: 
1) At 4 weeks: How have you fed your baby since they were born? (any breastfeeding / none) in first 4 weeks
2) At 15 months: Were they breastfed? (yes, still being breastfed; yes but now stopped; never breastfed)
3) At 15 months: How old were they when breastfeeding stopped? (age in months)
4) At 6 months: Has your baby had any of the following..? [list of 39 items including items including non-breast milks, a range of commonly fed foods and non-milk drinks] and age started (months). 
4) At 15 months: Since 6 months has your baby had any of the following..? [list of 62 items including non-breast milks, a range of commonly fed foods, non-milk drinks and foods not specified in questionnaire] and age started (months).

Categories of breastfeeding and breastfeeding duration were based on the combined information across these questionnaires and were defined as described in the analysis plan. For exclusive breastfeeding, it is to be noted that there was no information on the introduction of water in ALSPAC. It is therefore possible that this was introduced before the exclusive breastfeeding duration reported. All ages were reported in whole months.
Covariate definitions: Maternal education was coded: 1: none, certificate of secondary education, or vocational; 2: O level; 3: A level; 4: Degree level or above. Other covariates were coded as per the analysis plan using data collected from mother questionnaire data, clinic data and data extracted from obstetric notes.
Blood collection and DNA extraction: DNA was extracted using standard procedures from cord blood spots, whole blood or buffy coats from ALSPAC children at birth, in childhood (mean age 7.5 years) and adolescence (mean age 17.1 years) as part of the Accessible Resource for Integrated Epigenomic Studies (ARIES) 3. 
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: DNA was bisulfite-converted using the Zymo EZ-96 DNA Methylation kit  and DNA methylation was measured using the Illumina Infinium HumanMethylation450 BeadChip (450K). The arrays were scanned using an Illumina iScan and initial quality review was assessed using GenomeStudio (version 2011.1). The DNA methylation data were subject to quality control and functional normalization using default parameters of the meffil R package 4. Following normalization, duplicate samples and population stratification samples were removed from the sample. Where twins and siblings were present in the dataset, one sample per family was kept at random.
To account for unmeasured batch effects, ten surrogate variables were generated for each EWAS using the sva R package 5. The full model matrix contained both the variable of interest and the adjustment variables. The null model matrix contained the adjustment variables. Surrogate variables were then included in the EWAS as additional covariables in the model.
Blood cellular composition: In childhood samples, six white blood cell types (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes) were estimated using the Houseman method 6 implemented in meffil 4. In cord blood samples, seven blood cell types were estimated. This was implemented in meffil using a cell reference panel for cord blood samples which estimates nucleated red blood cells (nRBCs) in addition to cell types described above 7. meffil normalizes each sample individually to the cell type reference dataset to avoid having cell count estimates depend on the other samples being included in the normalization. 
Funding: The UK Medical Research Council and Wellcome (Grant ref: 217065/Z/19/Z) and the University of Bristol provide core support for ALSPAC. This publication is the work of the authors and MB will serve as guarantor for the contents of this paper. A comprehensive list of grants funding is available on the ALSPAC website (http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf). This research was specifically funded by the BBSRC BBI025751/1 and BB/I025263/1 and the MRC (MC_UU_12013/1, MC_UU_12013/2, and MC_UU_12013/8). DC, HRE and CLR work in the Medical Research Council Integrative Epidemiology Unit at the University of Bristol, which is supported by the Medical Research Council and the University of Bristol (MC_UU_00011/5). HL was supported by a Child Development Fund Research grant from The Waterloo Foundation (Ref no. 1119-4977). ALSPAC data were analysed under research proposal B4310.
Data Access: Data are available to researchers by request from the Avon Longitudinal Study of Parents and Children Executive Committee (http://www.bristol.ac.uk/alspac/researchers/access/) as outlined in the study's access policy http://www.bristol.ac.uk/medialibrary/sites/alspac/documents/researchers/data-access/ALSPAC_Access_Policy.pdf.
Acknowledgements: We are extremely grateful to all the families who took part in this study, the midwives for their help in recruiting them, and the whole ALSPAC team, which includes interviewers, computer and laboratory technicians, clerical workers, research scientists, volunteers, managers, receptionists and nurses. 

BAMSE: Barn/Children, Allergy, Milieu, Stockholm, Epidemiology
Design and study population: BAMSE is a prospective population-based birth cohort study of 4089 children born between 1994-1996 in four municipalities of Stockholm County and followed during childhood and adolescence. Details regarding the study design, inclusion criteria, enrolment and data collection are described elsewhere 8. At recruitment, when the child was around 2 months of age, parents filled in a questionnaire with information on residential characteristics, as well as socioeconomic and lifestyle factors. At the age of 1, 2, 4, and 8 years, the parents completed questionnaires focusing on children’s symptoms related to respiratory and allergic diseases, as well as various exposures. The survey response rates were 96%, 94%, 91%, and 84%, respectively. Further, clinical examinations with blood sampling were conducted at ages 4 and 8 years on 2,605 (63.7%) and 2,470 (60.4%) children, respectively. The present study is based on children of European ancestry who had blood DNA methylation data measured at age 4 and/or 8 years and information on breastfeeding and covariates.
Ethics: The study was approved by the Regional Ethical Review Board, Karolinska Institutet, Stockholm, Sweden, and written informed consent was obtained from the parents of all participating children. 
Breastfeeding definitions: Data on breastfeeding was retrieved from questionnaires administered to the parents at the 1-year follow-up. The exact questions included were: 
1) How long was your child breastfed (weeks)? 
2) How long was your child fed exclusively on breast milk (un-supplemented with formula or gruel) (weeks)? 
Based on them, any breastfeeding was defined as “time of breastfeeding since birth (regardless of formula and food introduction)”; and exclusive breastfeeding as “time of exclusive breastfeeding duration since birth according to the WHO criteria (only breast milk, no formula, solids, water, water drinks or juices)”. Categories of any breastfeeding and exclusive breastfeeding were created as indicated by the analysis plan. Any and exclusive breastfeeding are expressed in complete months of breastfeeding.
Covariate definitions: Information on mode of delivery, maternal height and weight in early pregnancy, birth weight, gestational age, maternal age and parity was collected from the Birth Registry. Parity was categorized into “0” and “≥1”. Child´s sex, maternal smoking status during pregnancy, maternal education data were collected from a questionnaire administered at enrolment. Maternal education was categorized into “low” (9-year compulsory school), “medium” (3-4-year secondary school), and “high” (University or college degree). Current age was collected at the time of blood sampling at 4- and 8-year follow-ups, respectively. Ever doctor’s diagnosis of asthma was a selection factor in the 8-year BAMSE EpiGene data.
Blood collection and DNA extraction: For the present study, we used data from the 4- and 8-year follow-ups. The BAMSE-MeDALL subset consisted of 270 paired samples collected at 4 and 8 years. An additional independent methylation dataset at age 8 years (BAMSE-EpiGene) included 470 samples from asthma cases and healthy controls, of which 89 samples overlapped with the above mentioned BASME-MeDALL 8-year dataset, and were excluded from this dataset. DNA from peripheral blood samples was extracted using the Qiagen QIAamp blood kit or equivalent protocols, followed by a precipitation-based concentration using Abmion GlycoBlue. DNA concentration was determined by Nanodrop measurement and picogreen quantification.
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Methylation data were produced in two different laboratories as part of two different projects: in the Genome Analysis Facility of the University Medical Center Groningen (UMCG) in The Netherlands as part of the MeDALL (Mechanisms of the Development of Allergy) project (BAMSE-MeDALL, at 4 and 8 years), and in the Mutation Analysis Facility (MAF) at Karolinska Institutet, Stockholm Sweden (BAMSE-EpiGene, at 8 years) 9. Both laboratories used the Illumina Infinium HumanMethylation450 BeadChip (450K). In brief, an aliquot (500 ng) of DNA per sample underwent bisulfite conversion using the Zymo EZ-96 DNA Methylation kit. Samples were plated onto 96-well plates in a random order and processed with the 450K array. Quality control of analyzed samples was performed using standardized criteria. DNA methylation data were pre-processed by using the minfi R from the original idat files 10. Samples that did not provide significant methylation signals in more than 10% of probes (detection p-value >0.01) were excluded from further analysis. Samples were also excluded in cases of low staining efficiency, low single base extension efficiency, low stripping efficiency of DNA from probes after single base extension, poor hybridization performance, poor bisulphite conversion and high negative control probe staining. For BAMSE-EpiGene at 8 years, samples were excluded in case of sample call rate <99%, color balance >3, low staining efficiency, poor extension efficiency, poor hybridization performance, low stripping efficiency after extension and poor bisulfite conversion. We also applied the multidimensional scaling (MDS) plot to evaluate gender outliers based on chromosome X data, which produced two separated clusters for male and female. Samples that did not belong to the distinct cluster were removed. Furthermore, we applied the median intensity plot for methylated and unmethylated intensity by using the minfi R package (samples below the 10.5 cutoff were excluded) 10. Applying these criteria resulted in exclusion of 8 samples, respectively. Probes with a single nucleotide polymorphism in the single base extension site with a frequency of >10 % at 4 years, and of >5% at 8- years were excluded 11, as were probes with non-optimal binding (non-mapping or mapping multiple times to either the normal or the bisulphite-converted genome), and the probed belonging to chr X and chr Y, resulting in the exclusion of 46,206 and 46,799 probes (4- and 8-year DNA), leaving a total of 439,306 and 438,713 probes, respectively, in the analyses. Furthermore, we implemented “DASEN” recommended from wateRmelon package to do signal correction and normalization 12.
Batch correction in BAMSE-MeDALL was attained including the significant (permutation p-value <1E-04) principal components derived from the 613 negative control probes presented in 450K arrays. After 10,000 permutations 3 PCs were retained, and in addition, one batch was also accounted for in the models, based on the bisulfite treatment. The beta-values were batch corrected incorporating these 3 PCs in linear model at 4 and 8 years 13. In BAMSE-EpiGene, the covariate batch was accounted for in the models, based on the bisulfite treatment date at 8 years. 
Blood cellular composition: Estimation of six white blood cell types (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes) by Houseman method 6 was performed using the default implementation of the estimateCellCounts function in the minfi package 10.
Funding: BAMSE was supported by the Region Stockholm, the Swedish Asthma and Allergy Association’s Research Foundation and the Swedish Cancer and Allergy Foundation, the Swedish Heart-Lung Foundation, MeDALL (Mechanisms of the Development of ALLergy) a collaborative project conducted within the European Union (grant agreement No. 261357), Stockholm County Council (ALF), Swedish foundation for strategic research (SSF) (RBc08-0027), the Strategic Research Programme (SFO) in Epidemiology at Karolinska Institutet and the Swedish Research Council Formas. O. Gruzieva is supported by the Swedish Research Council (grant no. 2020-01886), and the Swedish Research Council for Health, Working life and Welfare (FORTE grant no. 2017-01146).
Acknowledgements: We would like to thank all participating BAMSE children and parents for the participation in the study. In addition, we would like to acknowledge Sandra Ekström, Alexandra Lövquist and André Lauber at the BAMSE secretary for invaluable support, as well as Mutation Analysis Facility (MAF) at Karolinska Institutet for genome-wide methylation analysis, and Ingrid Delin for excellent technical assistance. The computations were performed on resources provided by SNIC through Uppsala Multidisciplinary Center for Advanced Computational Science (UPPMAX) under Project sens2017589. 
BIS: The Barwon Infant Study
Design and study population: The Barwon Infant Study is a population-derived pre-birth longitudinal cohort with antenatal recruitment 14, based in the Barwon region in the south-east of Australia. Recruitment took place from 2010 to 2013 (n=1158 women). Following birth, 1,074 infants were eligible for inclusion in the study, with inclusion and exclusion criteria detailed elsewhere 14. Maternal and child reviews, including biosampling, clinical assessments and questionnaires, have been conducted at multiple time points (28 weeks antenatal, birth, age 1, 3, 6, 9, 12, 18 months and age 2 and 4 years). Follow-up of participants is ongoing, and the 10-year review is currently underway. For this present study, 745 infants had available breastfeeding and cord blood DNA methylation data.
Ethics: Ethics for the Barwon Infant Study was granted by the Barwon Health Human Research Ethics Committee (HREC 10/24). Written informed consent was obtained from all participating mothers.
Breastfeeding definitions: Breastfeeding data was collected via questionnaires at multiple time points. Specific relevant questionnaire items at each time point were:
1. How is your baby currently being fed, with regard to milk?
2. If your child has been given infant formula since last review, […] [tell me] your child's age in completed weeks at commencement and cessation for each type of infant formula.
3. Age of cessation of breastfeeding
4. Has your baby been given any fluids such as, water, sugar water, cow's milk, rice milk, goat's milk, fruit juice, other than breast milk or infant formula since last review?
5. If yes, […]. Please tell me your baby's age in completed weeks at commencement and cessation of each type of fluid or food.
Age of cessation of breastfeeding was used to determine duration of any breastfeeding in completed weeks, with duration set to 0 weeks if breastfeeding was never commenced. The age of introduction of any formula milk or fluids/food other than breast milk was used to define duration of exclusive breastfeeding in completed weeks (i.e., the number of weeks of breastfeeding prior to the commencement of any other  feeding, if any), with duration set to 0 if breastfeeding was never commenced or other feeding was commenced within the first week of life.
Covariate definitions: Information on maternal age (years), education (dichotomized as university level education completed/lower than university level), parity (first birth/second or more birth), and smoking during pregnancy (any smoking during second or third trimester/none) was collected from antenatal questionnaires. Infant sex, mode of delivery (caesarean/vaginal), gestational age (days), and birth weight (grams) were collected from hospital records.
Blood collection and DNA extraction: Cord blood was collected at delivery and aliquots were stored at -80°C after processing by the hospital laboratory. DNA was extracted using the Qiagen QIAamp DNA QIAcube HT Kit in line with manufacturer instructions. DNA concentration was measured using Nanodrop.
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Cord blood genome-wide DNA methylation (n=948 participants) was measured using the Illumina Infinium HumanMethylation450 BeadChip (450K) performed by Erasmus Human Genomics Facility (HuGe-F). Resulting intensity data was processed using the MissMethyl 15 and minfi 10 packages in R. Sample quality was assessed, and after removal of samples with mean detection p-value greater than 0.01 (n=1 sample), 947 participants remained. Normalisation was performed using normal-exponential convolution out-of-bounds (‘noob’) background correction 16 and beta-mixture quantile normalization (BMIQ) 17. Following normalisation, probes with poor quality (detection p-value >0.01) and cross-reactive probes were removed, with 798,280 probes remaining for further analysis. Sentrix plate (batch) was included as a technical covariate in models.
Blood cellular composition: Cell composition of samples was estimated with methylation values using the Houseman method 6, with a cord-blood specific reference panel 7. 
Funding: The establishment work and infrastructure for the BIS was provided by the Murdoch Children’s Research Institute (MCRI), Deakin University and Barwon Health. Subsequent funding was secured from the National Health and Medical Research Council of Australia, The Jack Brockhoff Foundation, the Scobie Trust, the Shane O’Brien Memorial Asthma Foundation, the Our Women’s Our Children’s Fund-Raising Committee Barwon Health, The Shepherd Foundation, the Rotary Club of Geelong, the Ilhan Food Allergy Foundation, GMHBA Limited and the Percy Baxter Charitable Trust, Perpetual Trustees and the Minderoo Foundation. In-kind support was provided by the Cotton On Foundation and CreativeForce. Research at Murdoch Children’s Research Institute is supported by the Victorian Government's Operational Infrastructure Support Program. This work is also supported by project grants from the National Health and Medical Research Council, Australia (NHMRC) (GTN1030701 and GTN1164212).
Acknowledgements: The authors thank the BIS participants for the generous contribution they have made to this project. The authors also thank current and past staff for their efforts in recruiting and maintaining the cohort and in obtaining and processing the data and biospecimens.

CHOP: Childhood Obesity: Early Programming by Infant Nutrition
Design and study population: Children were recruited during the first 8 weeks of life and were either part of a double blind randomised clinical trial with two parallel study groups of formula fed infants or part of an observational reference group of breast-fed infants 18. The study formulas with differing protein content were given during the first year of life. Infants of uncomplicated singleton pregnancies were enrolled in 5 study centres (Belgium, Germany, Italy, Poland, Spain). Children were included in the breastfeed group if mothers intended to breastfeed for at least 3 months. Details about the family, the socio economic status, pregnancy, current health and other parameters were assessed at baseline and multiple time points during the course of the study until 11 years of age. Anthropometric measures were assessed using standard operating procedures at visits. 3-day food protocols were used monthly until 9 months of age and frequently thereafter. 
Ethics: The study was conducted according to the principles expressed in the Declaration of Helsinki. The local ethics committees of each study center approved all study procedures: Belgium (Comitè d’Ethique de L’Hopital Universitaire des Enfants Reine Fabiola; no. CEH 14/02), Germany (Bayerische Landesärztekammer Ethik-Kommission; no. 02070), Italy (Azienda Ospedaliera San Paolo Comitato Etico; no. 14/2002), Poland (Instytut Pomnik–Centrum Zdrowia Dziecka Komitet Etyczny; no 243/KE/2001), and Spain (Comité ético de investigación clinica del Hospital Universitario de Tarragona Joan XXIII). Written informed parental consent was obtained for each infant.
Breastfeeding definitions: Data on breastfeeding and exclusivity of breastfeeding was retrieved from food protocols as well as questionnaires administered at visits to the mothers at inclusion/baseline, 3, 4, 6, 9 and 12 months of life. The exact questions included were: 
1) How is the child fed right now? Only breastfeeding / Breastfeeding for more than 90 % of the time / Breastfeeding for less than 90 % of the time / Only formula feeding
2) In case of formula-fed children- please specify (more than one answer possible): Exclusively formula feeding right now / Formula feeding for more than 10 % of the time (i.e. >3 bottles/week) right now (breast fed for rest of time) / Formula feeding for less or equal to 10 % of the time (i.e. <3 bottles/week) right now (breast fed for rest of time) / Switched from breast feeding to formula feeding in the first 8 weeks of life
3) Please specify: switched at the |____| day of life. 
4)  Child gets formula. 
5) Child gets cow milk. 
6) Already started introducing solid foods.

Information of different questions was combined according to the protocol of the study. “Ever” breastfed was assigned if any breastfeeding recorded in food protocols or indicated in questionnaires. “Never” breastfed was defined as formula-fed at baseline without having switched from breastfeeding. Duration of breastfeeding was categorized into <4 months, 4-6 months, 6-12 months and >12 months. Categorization was done based on the last date (months) of breastmilk feeding or the date of the last questionnaire indicating any breastfeeding. For those who indicated a switch to formula feeding before inclusion into the study, the age at switching was used. Exclusive breastfeeding was defined as absent if the child was never breastfed or not exclusively breastfed at the time of study entry. The duration of exclusive breastfeeding was defined on the basis of breastfeeding duration and the first time point at which any other solid food intake, cow’s milk or formula intake was reported. Water or tea consumption was not considered. A continuous variable with time of any or exclusive breastfeeding was not available in the study.
Covariate definitions: Maternal age, parity, active maternal smoking during pregnancy and maternal education were assessed through a questionnaire administered to the mothers by trained interviewers during recruitment to the study. Pre-pregnancy BMI of mothers was reported in the first questionnaire at baseline; maternal height was measured in study visits.  Ethnic origin of the child was defined based on the country of birth. Gestational age, type of delivery, birth weight and sex were collected through medical records. 
Blood collection and DNA extraction: During the child’s physical examination at age 11 years, blood was drawn to collect peripheral blood cells from buffy coats. Genomic DNA was extracted from buffy coats using a standard precipitation procedure.
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: DNA methylation was measured in blood of 421 children using the Illumina Infinium HumanMethylation450 BeadChip (450K). Bisulfite conversion of 800 ng genomic DNA was conducted with the Zymo EZ-96 DNA Methylation Kit and converted DNA samples were hybridized on the 450K according to the manufacturer’s instructions. DNA extraction, bisulfite conversion and methylation analysis were performed at the Genome Analysis Center of Helmholtz Zentrum Muenchen, Munich, Germany. DNA samples were randomly assigned to each of the 33 450K slides each containing 12 arrays and processed in one batch by the same laboratory staff to reduce potential batch effects. 
Data pre-processing and normalization were performed mainly according to the approach of 19. Sample plate was used in models to adjust as a technical covariate.
Blood cellular composition: Heterogeneity of cell mixture distribution in the samples were assessed and accounted for by Houseman’s method 6. 
Funding: The studies and research reported herein were partially supported by the Commission of the European Community, specific RTD Programme “Quality of Life and Management of Living Resources,” within the 5th Framework Programme (research grant nos. QLRT-2001-00389 and QLK1- CT-2002-30582) ; the 6th Framework Programme (contract no. 007036); the European Union’s Seventh Framework Programme (FP7/2007-2013), project EarlyNutrition under grant agreement no. 289346 and the European Research Council Advanced Grant ERC-2012-AdG – no.322605 META-GROWTH, the European Joint Programming Initiative Project BiomarKids co-funded by the German Ministry of Education and Research (01EA2203A), and the German Federal Ministry of Education and Research as part of the German Center for Child and Adolescent Health (DZKJ), 01GL2406A. BK is the Else Kröner- Seniorprofessor of Paediatrics co-funded by the Else Kröner Fresenius Foundation, Bad Homburg, Germany, LMU and LMU University Hospitals, Munich, Germany.
Acknowledgements: The authors thank the participating families and all project partners for their enthusiastic support of the project work. We also want to thank Ricardo Closa-Monasterolo, Dariusz Gruszfeld, Elvira Verduci, Annick Xhonneux, Joaquin Escribano as our partners in the CHOP study. 

DCHS: Drakenstein Child Health Study
Design and study population: The DCHS, a population-based birth cohort, has been described previously 20. Mothers were enrolled prenatally in their second trimester and followed through pregnancy at two primary care clinics serving two distinct populations (predominantly black African ancestry or predominantly mixed ancestry). Mother-child pairs were followed from birth and infants enrolled in the DCHS were followed until at least 10 years of age. All births occurred at a single, central facility, Paarl Hospital, South Africa. The present study is based on children from the DCHS with DNA methylation data from cord blood, genotyping data and information on breastfeeding and covariates.
Ethics: Ethical approval for human subjects’ research was obtained from the Human Research Ethics Committee of the Faculty of Health Sciences of University of Cape Town (HREC UCT REF 401/2009; HREC UCT REF 525/2012). Written informed consent was signed by the mothers on behalf of herself and her infant for participation in this study. 
Breastfeeding definitions: Data on breastfeeding was collected from mothers at 6-10 and 14 weeks, 6 months, 9 months, 12 months, 18 months, 24 months and 30 months after birth.
At 6-10 weeks, 14 weeks, 6 months and 9 months, questions included:
1) Is baby currently breastfed?
2) How many times has baby been breastfed from the time he/she woke up this morning?
3) Has baby ever been breastfed?
4) At what age (months) did baby stop breastfeeding?
5) Has baby ever been fed with formula?
6) At what age (weeks) did baby start receiving formula?
7) How many times has baby been given formula from the time he/she woke up this morning
8) What formula is baby currently receiving?
9) How many scoops of powder are added for the formula?
10) How many milliliters of water are added for the formula?
11) Has the baby been referred to a local clinic to receive nutrition support?
12) Is baby currently receiving any solid food? 
 
At 12 months, questions were limited to:
1) Is baby currently breastfed?
2) Is baby currently receiving baby formula
3) Has baby ever been given any solid food?
 
At 18 months, questions were limited to:
1) Is baby currently breastfed?
2) Is baby currently receiving a milk formula?
Additional questions included were:
3)  Is the child receiving cow’s milk?
4)  What type of cow’s milk?
5)  How many glasses of cow’s milk per day?
6)  Is the child on any solid food?
7)  At what age was solid food introduced?
8)  What was the first solid food introduced?
9)  Is the child on any supplements? 

At 24 and 30 months, two new questions were introduced:
1) How many meals (solid foods) does your child receive per day?
2) How many snacks does your child receive per day?
An additional smaller subset of questions was asked:
3) Is baby currently breastfed?
4) What type of cow’s milk?
5) Is the child receiving cow’s milk
6) Is the child on any supplements?
Duration of any initiated breastfeeding was calculated as “the total duration of breastfeeding from the first hour following birth to 24 months”, whilst exclusive breastfeeding was calculated as “the duration of breastfeeding up until the first introduction of formula and/or solid foods” (where water is incorporated in formula), based on responses from the questionnaires. Then, these variables were categorized as indicated in the analysis plan. Any and exclusive breastfeeding are expressed in  whole number of months at last report of any breastfeeding or exclusive breastfeeding respectively. 
Covariate definitions: Parity and maternal education were assessed through a questionnaire administered face-to-face to the mothers by trained interviewers between 28-32 weeks of pregnancy. Maternal education was assessed using the question “How far did you get in school?” and the following levels were created: primary education, some secondary education, completed secondary education, and any tertiary education. Maternal age (in years) was computed as the difference between child date of delivery and maternal date of birth. Active maternal smoking during pregnancy was measured using urine cotinine levels during pregnancy, where participants with cotinine levels >=500 ng/ml were classified as active smokers. Maternal pregnancy BMI was calculated using weight and height measured between 28-32 weeks of gestation. Type of delivery, birth weight and sex were collected through medical records. Gestational age was recorded from ultrasound measurements in the second trimester of pregnancy. In cases where no ultrasound measurement was available, the expected date of delivery was calculated using symphysis-fundal height, recorded by trained clinical staff at enrolment, or date of last normal menstrual period.
Blood collection and DNA extraction: DNA was isolated from cord blood samples that were collected at time of delivery 21. DNA methylation was assessed with the Illumina Infinium HumanMethylation450 BeadChip (450K) (n=156) and the Illumina Infinium MethylationEPIC BeadChip (EPIC) (n=160). 
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Raw IDAT files were imported to RStudio where intensity values were converted into beta values. The 450K and EPIC datasets were then combined using the minfi package 10 resulting in 316 samples and 453,093 common probes. Background subtraction, color correction and normalization were performed using the preprocessFunnorm function 22. Samples were determined to be outliers if detected using two or more of the following methods: detectOutlier function from the lumi package 23, Hannum’s method 24 using the locFDR package 25 and both the outlyx and pfilter functions from the wateRmelon package 12. However, no samples we detected in more than one method and so none were removed for this reason. Samples containing maternal blood contamination (n = 33) were identified using a panel of markers that can be used to identify this contamination and removed 21. After the completion of pre-processing technical replicates (n = 7) and samples where reported sex did not match sex chromosome methylation signatures (n=3) were removed leaving a total of 273 samples remaining for downstream analysis. Probes with NAs in ≥1% of samples or had a detection p-value ≥1E-16 in ≥1% of samples were removed (n=10,868). Probes which bind to the sex chromosomes were removed due to the distribution differences observed (n = 9,896). Probes whose sequence contains a SNP either at the CpG site being measured or at the site of the single base pair extension with a minor allele frequency ≥1% 2627 were removed (n=13,598). Autosomal probes which were in silico predicted to non-specifically bind to sex chromosomes in the genome were also removed (n = 9,698) leaving a total of 409,033 probes remaining for downstream analysis 2627. Thus, after sample and probe filtering, 273 samples and 409,033 probes remained for downstream analyses (see supplementary methods for details). Technical batch effects (plate, position, chip) were removed using ComBat 28 from the R package sva 5.
Blood cellular composition: Cord blood cell type composition was predicted using the most recent cord blood reference data set 7 and the IDOL algorithm and probe selection 29. 
Funding: The Drakenstein Child Health Study was funded by the Bill & Melinda Gates Foundation (OPP 1017641& OPP 1017579), Medical Research Council South Africa, National Research Foundation South Africa, Wellcome Trust (221372/Z/20/z ). Additional support for the DNA methylation work was by the Eunice Kennedy Shriver National Institute of Child Health and Human Development of the National Institutes of Health (NICHD) under Award Number R21HD085849, and the Fogarty International Center (FIC). AH was supported by the HERCULES Center (NIEHS P30ES019776).  
Acknowledgements: The authors thank the study and clinical staff at Paarl Hospital, Mbekweni and TC Newman clinics, the Western Cape Health Department for their support of the study, and the families and children who participated in this study.  The authors also thank Dr. Michael S. Kobor and his team at the University of British Columbia for the generation, pre-processing and quality control of the DNA methylation data (data generation: Julia L MacIsaac, David TS Lin, Katia E Ramadori; pre-processing/quality control: Nicole Gladish). 

GenR: The Generation R Study
Design and study population: The Generation R Study is a prospective population-based cohort in Rotterdam, the Netherlands. All pregnant women residing in Rotterdam with a delivery date between April 2002 and January 2006 were invited to participate. In total, 9,778 mothers were enrolled in the study 30. For the present study children of European ancestry with DNA methylation measured at birth, 5 years or 9 years and information on breastfeeding and covariates were selected.
Ethics: The Medical Ethical Committee of Erasmus MC, University Medical Center Rotterdam, approved the study and an informed consent was obtained for all participants. 
Breastfeeding definitions: As described previously 31, data on breastfeeding initiation and continuation were retrieved from delivery reports and postal maternal-administered questionnaires at 2, 6, and 12 months after birth. Briefly, mothers were asked whether they ever breastfed their child (yes or no) and at which postnatal age (months) they stopped breastfeeding.
Duration of exclusive breastfeeding was defined by using information collected by recall in a short food-frequency questionnaire (FFQ) on the age at which other types of milk or solids were introduced in the first 6 months of life. Information on the introduction of solid foods included fruit and vegetable snacks and was obtained from the same FFQ. Information on water intake was not considered in the breastfeeding definitions. Any and exclusive breastfeeding are expressed in complete months of breastfeeding.      
Covariate definitions: Data on maternal age, educational level and parity were collected by questionnaires in early pregnancy. Maternal body mass index was calculated from measured height in early pregnancy and maternal weight. Pre-pregnancy maternal weight was self-reported in early pregnancy. If that was missing, measured weight at intake (<16 weeks of gestational age) was used. Maternal smoking during pregnancy was assessed by questionnaires in each trimester of pregnancy. Birthweight, gestational age at birth, sex of the child and type of delivery were obtained from community midwife and hospital registries. Current age of the child was recorded at the visit to the research center. 
Blood collection and DNA extraction: DNA extracted (using the salting-out method) from blood samples taken at birth (cord blood), at the 5-year follow-up and at the 9-year follow-up was used for this analysis. 
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Methylation was assessed at birth, 5 years after birth and 9 years after birth. Briefly, 500 ng DNA per sample underwent bisulfite conversion using the Zymo EZ-96 DNA Methylation kit. Samples were plated onto 96-well plates in no specific order. 
Quality control and normalization of the Illumina Infinium HumanMethylation450 BeadChip (450K) data was performed according to the CPACOR workflow 19. In detail, the IDAT files were read using the minfi package 10. Probes that had a detection p-value above background (based on sum of methylated and unmethylated intensity values) ≥1E-16 were set to missing per array. Next, the intensity values were stratified by autosomal and non-autosomal probes and 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 on the sum of methylated+unmethylated+100 intensities. Arrays with observed technical problems such as failed bisulfite conversion, hybridization or extension, as well as arrays with a mismatch between sex of the proband and sex determined by the chr X and Y probe intensities were removed from subsequent analyses. Additionally, only arrays with a call rate >95% per sample were processed further. Probes on the X and Y chromosomes were excluded from the dataset. We corrected the analyses for batch effect by including the 450K sample plate number in our regression analyses. The final dataset contained information on 458,563 CpGs for 1,396 samples at birth, 493 samples at age 5 and 464 samples at age 9.
Blood cellular composition: For the cord blood DNA methylation analyses, we used a cord blood methylation based reference set to estimate cell type composition 7. This method estimates the relative proportions of six white blood cell subtypes (CD4+ T-lymphocytes, CD8+ T-lymphocytes, CD56+ natural killer cells (NK), B-lymphocytes, monocytes, granulocytes) and nucleated red blood cells (nRBC). For the childhood analyses, cell type correction was applied using the reference-based Houseman method 6 in the minfi R package 10, using the adult Reinius reference 32. This method estimates the relative proportions of six white blood cell subtypes (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes), based on a standard reference population.
Funding: The general design of the Generation R Study is made possible by financial support from the Erasmus MC, Erasmus University Rotterdam, the Netherlands Organization for Health Research and Development and the Ministry of Health, Welfare and Sport.  The EWAS data were funded by a grant to VWJ from the Netherlands Genomics Initiative (NGI)/Netherlands Organisation for Scientific Research (NWO) Netherlands Consortium for Healthy Aging (NCHA; project nr. 050-060-810), by funds from the Genetic Laboratory of the Department of Internal Medicine, Erasmus MC, and by a grant from the National Institute of Child and Human Development (R01HD068437). V.W.J. received a grant from the Netherlands Organization for Health Research and Development (VIDI 016.136.361) and a Consolidator Grant from the European Research Council (ERC-2014-CoG-648916). This project received funding from the European Union’s Horizon 2020 research and innovation programme (733206, LIFECYCLE; 633595 DynaHEALTH; 848158, EarlyCause; 874739, LongITools; 874583, ATHLETE; 824989, EUCAN-Connect) and from the European Joint Programming Initiative “A Healthy Diet for a Healthy Life” (JPI HDHL, NutriPROGRAM project, ZonMw the Netherlands no.529051022 and PREcisE project ZonMw the Netherlands no.529051023). Normalization of new data: Helmholtz International Fellow Award HIFA-0174 -RA-30/19
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Glaku: Glycyrrhizin in Licorice Study
Design and study population: The adolescents of the Glaku (Glycyrrhizin in Licorice) cohort came from an urban community-based cohort comprising 1049 infants of European descent born between March and November 1998 in Helsinki, Finland (Strandberg et al., 2001). In 2009–2011, initial cohort members who had given permission to be contacted and whose addresses were traceable (N = 920, 87.7% of the original cohort in 1998) were invited to a follow-up, of which 692 (75.2%) could be contacted by phone (mothers of the adolescents). Of them, 451 (65.2% of those who could be contacted by phone, 49% of the invited) participated in a follow-up at a mean age of 12.3 years (SD = 0.5, range 11.0–13.2 years). The current study only includes children of European ancestry.  
Ethics: Informed consent was obtained from all participants. The study protocol was approved by the ethical committees of the City of Helsinki and the Uusimaa Hospital District.
Breastfeeding definitions: Breastfeeding data were obtained from a child health clinic card (every mother visited the child health clinic several times during pregnancy and a at 6, 8 and 12 months after delivery). Partial and complete breastfeeding was assessed by the nurse at the regular visits at the maternity and child health clinics and the data were recorded on the child health clinic card by the nurse when the mother stopped breastfeeding.   
Exclusive breastfeeding was defined as complete months of no other food or drink than breast milk. For any breastfeeding, complete months of partial breastfeeding were added to the exclusive breastfeeding months. Then, these variables were categorized as indicated in the analysis plan, however, since only one individual was breastfed less than or equal to 4 months, the categorical variable of any breastfeeding was not included in the study.
Covariate definitions: Child age and sex were derived from the Finnish social security number. Data on child birth weight, gestational age (based on ultrasound scans), parity, delivery mode, maternal early-pregnancy BMI were derived from the birth register. Smoking during pregnancy was self-reported and categorized as “yes” or “no”. The maternal education was assessed by question “What is the highest education level you have achieved” with 8 categories: For the analysis, the following levels were used: 1) from primary to post-secondary degree; 2) bachelor’s degree; 3) master’s degree or doctoral dissertation. We performed multi-dimensional scaling (MDS) analysis on the identity by state matrix of quality-controlled genome-wide genotypes obtained with the Human OmniExpress Exome 1.2 bead chip (Illumina Inc., San Diego, CA) at the Tartu University, Estonia according to the standard protocols. The first three components depicted the origin admixture and were included as covariates in the regression analyses.
Blood collection and DNA extraction: DNA was extracted from child blood samples collected through venepuncture at the mean age of 12.3 years (range 11.1-13.2 years). DNA was extracted at the National Institute for Health and Welfare, Helsinki, Finland and the Department of Medical and Clinical Genetics, University of Helsinki, Finland [LJMT1].
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Venous blood samples were collected at the 2009-2011 follow-up according to standard procedures. DNA was extracted at the National Institute for Health and Welfare, Helsinki, Finland and the Department of Medical and Clinical Genetics, University of Helsinki, Finland and methylation analyses were performed at the Max Planck Institute in Munich, Germany. DNA was bisulphite-converted using the Zymo EZ-96 DNA Methylation kit. Genome-wide methylation status of over 850 000 CpG sites was measured using the Illumina Infinium MethylationEPIC BeadChip (EPIC) according to the standard protocol in 240 blood samples. The arrays were scanned using the iScan System. The quality control pipeline was set up using the R-package minfi 10. Methylation beta-values were normalized using the funnorm function 22. One sample showed density artefacts after normalization and was removed from further analysis. We excluded any probes on chromosome X or Y, probes containing SNPs and cross-hybridizing probes according to different sources 112633.Furthermore, any CpGs with a detection p-value >0.01 in at least 25% of the samples were excluded. The final dataset contains 812,943 CpGs and 239 IDs. We used ComBat to adjust for the batch effect of row 28 5.
Blood cellular composition: The Houseman method (Houseman et al 2012) was applied with Reinius reference data 32 using the estimateCellCounts function from the minfi package 10 to estimate the proportions of six white blood cell subtypes (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes).Funding: The study has been supported by Academy of Finland, University of Helsinki, Hope and Optimism Initiative, Finnish Foundation for Pediatric Research, Sigrid Juselius Foundation, Jalmari and Rauha Ahokas Foundation, Signe and Ane Gyllenberg Foundation, Yrjo Jahnsson Foundation, Juho Vainio Foundation, Emil Aaltonen Foundation, and Ministry of Education and Culture, Finland. The 352 samples were genotyped at the Genotyping and Sequencing Core Facility of the Estonian Genome Centre, University of Tartu.
Acknowledgements: We thank all the Glaku children and their parents for their enthusiastic participation. We also thank all the research nurses, research assistants, and laboratory personnel involved in the Glaku study.

HELIX: The Human Early Life Exposome Study
Design and study population: Human Early Life Exposome (HELIX) study represents a collaborative project across six established and ongoing longitudinal population-based birth cohort studies in Europe: the Born in Bradford (BiB) study in the UK, the Étude des Déterminants pré et postnatals du développement et de la santé de l’Enfant (EDEN) study in France, the INfancia y Medio Ambiente (INMA) cohort in Spain, the Kaunus cohort (KANC) in Lithuania, the Norwegian Mother and Child Cohort Study (MoBa) and the RHEA Mother Child Cohort study in Crete, Greece. The HELIX project aims to measure and describe multiple environmental exposures from the different exposome domains during early life (pregnancy and childhood) and associate these with omics markers and child health outcomes 34. The current study uses data from all the cohorts, except for KANC. We used data from European ancestry children.
Ethics: The six HELIX cohorts have the required permissions by national ethics committees for their cohort recruitment and follow-up visits and for secondary use of pre-existing samples and data. The work in HELIX was covered by new ethics approvals in each country. At enrolment in the HELIX project, families were asked to sign an informed consent form for the specific HELIX work including clinical examination and biospecimen collection and analysis. An Ethics Task Force was established to support the HELIX project on ethical issues, for advice on the project’s ethical compliance, identification and alerting to changes in legislation where applicable. Specific procedures are in place within HELIX to safeguard the privacy of study subjects and confidentiality of data. 
Breastfeeding definitions: Breastfeeding was obtained through questionnaires administered to the mothers during the HELIX follow up assessment (child’s age: 6-11 years). Questions included were: Was this child breastfed? and How old was your child when he/she completely stopped being breastfed? 
Any breastfeeding was defined as child ever and never breastfed. Any breastfeeding duration was expressed in months, plus weeks and days.  Then, any breastfeeding duration was categorized as indicated in the analysis plan. There was no information for exclusive breastfeeding available. 
Covariate definitions:
· Maternal age at delivery was self-reported by the mother (expressed as years). 
· Maternal BMI was calculated from self-reported height and weight (EDEN, MoBa and BIB), self-reported height and measured weight (INMA), and measured height and self-reported weight (Rhea).
· Maternal smoking during pregnancy was determined by questionnaire and defined as no smoking at any point during pregnancy vs at least some smoking during pregnancy
· Parity: Parity was defined as the number of previous pregnancies resulting in either a livebirth or a stillbirth
· Type of delivery was obtained from obstetric records.
· Maternal education was defined based on maternal self-reports and was categorized in low/middle (primary or secondary school) and high (university degree or higher).
· Newborn sex was obtained from obstetric records. 
· Gestational age: Whenever possible, gestation duration (in weeks) was defined as the interval between the start of the last menstruation and delivery; when the date of the last menstruation was missing, ultrasound-based estimates were used; when both measures were missing, obstetrician estimates were used. 
· Birthweight: It was collected as part of the study protocol of each cohort and harmonized in the context of the European Study of Cohort for Air Pollution Effects (ESCAPE) project. 
· Child ethnic group was derived from mother reports of her own and partners ethnic group during pregnancy, country of birth or maternal tongue. Participants with non-white European ethnicity (or not born in the country of the cohort or not speaking the language of the country as their maternal tongue)   were excluded from all analyses.
· Cohort: analyses were adjusted by Helix Cohort: EDEN, INMA, BIB, MoBa and RHEA. 

Blood collection and DNA extraction: DNA was extracted from child blood samples collected through venepuncture at the mean age of 8.33 years. Briefly, DNA was extracted using the Chemagen kit (Perkin Elmer) in batches of 12 samples. Samples were extracted by cohort. DNA concentration was determined in a NanoDrop 1000 UV-Vis Spectrophotometer (ThermoScientific) and with Quant-iT™ PicoGreen® dsDNA Assay Kit (Life Technologies).
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: DNA methyaltion was assessed with the Illumina Infinium HumanMethylation450 Beadchip (450K), following manufacturer’s protocol. Briefly, 700 ng of DNA were bisulfite-converted using the Zymo EZ-96 DNA Methylation kit following the manufacturer’s standard protocol, and DNA methylation measured using the Infinium protocol. A HapMap sample was included in each plate. In addition, 24 HELIX inter-plate duplicates were included. Samples were randomized taking into account cohort, sex and panel. Samples from the panel study (same subject) were processed in the same array. Two samples were repeated due to their overall low quality. The final number of analyzed samples including HapMap samples was 1,361. 
DNA methylation data were pre-processed using the minfi package 10. Probes not reaching a call rate of 98% after stablishing the detection p-value to 1E-16 19 were excluded. Two samples were filtered due to overall quality: one had a call rate <98% and the other did not pass quality control parameters of the MethylAid package 35. Then, data was normalized with the functional normalization method, which also includes Noob background subtraction and dye-bias correction 36. After that, several quality control checks were performed. First, we checked sex consistency using the shinyMethyl package 37 and two samples were excluded. Genetic consistency of duplicates and samples from the same participant was checked with the 450K genotypes. In addition, genetic consistency was evaluated in those samples that had GWAS data and two of them were excluded. Principal component analysis showed no differential clusters, however a degree of grouping within the cluster was observed for some biological variables (sex, cohort) and for some technical variables. Duplicated samples and HapMap samples were removed as well as control probes, probes designed to detect SNPs and probes to measures methylation levels at non-CpG sites. The final dataset contained 386518 probes.
Blood cellular composition: Cell type proportions were estimated using the estimateCellCounts function in the minfi R package 10,  based on the method developed by Houseman 6, and the Reinius reference panel 32. This estimated the proportion of CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes in each sample.
Funding: The study has received funding from the European Community’s Seventh Framework Programme (FP7/2007-206) under grant agreement no 308333—the HELIX project. Born in Bradford (BiB) is supported by a Wellcome programme grant (WT223601/Z/21/Z: Age of Wonder) and an infrastructure grant (WT101597MA). INfancia y Medio Ambiente (INMA) data collections were supported by grants from the Instituto de Salud Carlos III, CIBERESP, and the Generalitat de Catalunya-CIRIT. KANC was funded by the grant of the Lithuanian Agency for Science Innovation and Technology (6-04-2014_31V-66). The Norwegian Mother, Father and Child Cohort Study (MoBa) is supported by the Norwegian Ministry of Health and Care Services and the Ministry of Education and Research. The Rhea project was financially supported by European projects, and the Greek Ministry of Health (Program of Prevention of Obesity and Neurodevelopmental Disorders in Preschool Children, in Heraklion district, Crete, Greece: 2011–2014; 'Rhea Plus': Primary Prevention Program of Environmental Risk Factors for Reproductive Health, and Child Health: 2012–2015). The EDEN study was supported by Foundation for medical research (FRM), National Agency for Research (ANR), National Institute for Research in Public health (IRESP: TGIR cohorte santé 2008 program), French Ministry of Health (DGS), French Ministry of Research, INSERM Bone and Joint Diseases National Research (PRO-A), and Human Nutrition National Research Programs, Paris-Sud University, Nestlé, French National Institute for Population Health Surveillance (InVS), French National Institute for Health Education (INPES), the European Union FP7 programmes (FP7/2007–2013, HELIX, ESCAPE, ENRIECO, Medall projects), Diabetes National Research Program (through a collaboration with the French Association of Diabetic Patients (AFD)), French Agency for Environmental Health Safety (now ANSES), Mutuelle Générale de l’Education Nationale a complementary health insurance (MGEN), French national agency for food security, French-speaking association for the study of diabetes and metabolism (ALFEDIAM). 
The study has received funding from the European Joint Programming Initiative “A Healthy Diet for a Healthy Life” (JPI HDHL and Instituto de Salud Carlos III) under the grant agreement no AC18/00006 (NutriPROGRAM project). The work was also supported by MICINN (MTM2015-68140-R) and Centro Nacional de Genotipado-CEGEN-PRB2-ISCIII. We acknowledge support from the Spanish Ministry of Science and Innovation and the State Research Agency through the “Centro de Excelencia Severo Ochoa 2019-2023” Program (CEX2018-000806-S), and support from the Generalitat de Catalunya through the CERCA Program.
Acknowledgements: We would like to thank all the children and their families for their generous contribution. 

HOME: The Health Outcomes and Measures of the Environment (HOME) Study 
Design and study population: The HOME Study is a prospective pregnancy and birth cohort study that enrolled 468 pregnant women from the greater Cincinnati, Ohio region from 2003 to 2006 and conducted longitudinal follow-up on children shortly after birth and at 4 weeks and 1, 2, 3, 4, 5, 8, and 12 years of age. As previously described, the HOME Study was designed to quantify the effects of low-level environmental toxicant exposures on children’s risk of allergy, asthma, obesity and neurobehavioral disorders 3839. The present study is based on participants of all races/ethnicities who had complete breastfeeding, covariate, and DNA methylation data available at either delivery or age 12 years.
Ethics: Mothers or caregivers provided written informed consent for themselves and their child to participate in the study. At the 12 year visit, adolescents provided written informed assent after study protocols were explained and their questions answered. 
Breastfeeding definitions: At 4 weeks and 3, 6, 9, 12, 18, 24, 30, and 36 months, women completed standardized interviewer-administered surveys by phone or in-person about breastfeeding practices. At each visit, surveys included questions about the duration of any breastfeeding (in weeks), as well as timing (in weeks) of the introduction of water, juice or other liquids, formula, non-human milk, and solid foods into the infant diet. 
We deﬁned any breastfeeding as the number of months plus weeks that the mother reported any breastfeeding, irrespective of supplementation with formula, liquids, or solid foods. Using variables about the introduction of water, juice, other liquids, formula, and solids, we calculated the weeks of exclusive breastfeeding (following American Academy of Pediatrics guidelines) (AAP, 2012).  
Covariate definitions: Maternal age, parity, active smoking during pregnancy, and education were assessed using standardized computer-assisted questionnaires administered by trained interviewers during a baseline study visit during the 2nd trimester. Maternal pre-pregnancy BMI was calculated using pre-pregnancy weight and height abstracted from medical charts. Race and ethnicity were defined as non-Hispanic White, non-Hispanic Black, and other (included Hispanic), based on maternal self-report. Type of delivery, birth weight, and sex were abstracted from medical records. Gestational age was calculated based on the date of last menstrual period, ultrasound, or Ballard scores, and the birth date. 
Blood collection and DNA extraction: Blood samples were collected at delivery (cord blood) and at 12 years of age and then stored at −80⁰C before performing DNA methylation analysis. Venous cord blood samples were collected immediately after birth via venipuncture. Trained phlebotomists obtained fasting blood samples from the children at 12 years of age.  We extracted genomic DNA (gDNA) from 100 ml whole blood using the Qiagen DNeasy Blood & Tissue Kit with RNase A, following the protocols provided by the manufacturer.
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Trained staff at the Genomics, Epigenomics and Sequencing Core at the University of Cincinnati College of Medicine quantiﬁed DNA methylation at 866,836 CpG sites per sample using the Illumina Inﬁnium HumanMethylationEPIC BeadChip (EPIC). All the laboratory work was performed according to Illumina’s protocols. Brieﬂy, gDNA (250 ng) was subject to sodium bisulﬁte conversion using the Zymo EZ-96 DNA Methylation kit. Bisulﬁte-modiﬁed DNA was then whole-genome ampliﬁed, enzymatically fragmented, and hybridized to the EPIC array, which was analyzed using an Illumina Hi-Scan System. Paired samples (at delivery and at 12 years of age) were randomly assigned to positions on the same BeadChip, balanced by child sex.
Standard protocols were followed for the normalization and quality control of raw DNA methylation data 4041. Briefly, we removed samples with >5% high detection p-values (p-value >1E-07; n= 4) and probes with at least one high detection p-value using the same cutoff. We also removed sex chromosomes, loci associated with single-nucleotide polymorphisms (SNPs) and cross-hybridizing probes, as previously described 42. This resulted in 669,622 autosomal probes included in the analysis. We used Noob (preprocessNoob: minfi Bioconductor package) for background correction and dye bias normalization 10. Additionally, we used Beta Mixture Quantile dilation (BMIQ) to correct the probe design bias 17 and employed ComBat to adjust for potential batch effects 41. The ComBat() function of the sva package 528 was used to correct for batch effects at the BeadChip level using a parametric Empirical Bayes procedure 28. 
Blood cellular composition: To account for heterogeneity in leukocyte and nucleated red blood cells across participants, we estimated the relative proportions of cell types in blood samples using estimateCellCounts2 function in the R package ‘FlowSorted.Blood.EPIC’ 43. We calculated the proportions of seven cell types (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes, nucleated red blood cells (nRBC) in cord blood using an umbilical cord blood reference dataset 7. For child blood samples at age 12 years, we estimated the proportions of six cell types (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes in each sample) using an adult reference dataset 44.
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INMA: INfancia y Medio Ambiente - (Environment and Childhood) Project
Design and study population: The Infancia y Medio Ambiente (INMA) (Environment and Childhood Project) is a population-based mother-child cohort study 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 45. More information about INMA project is available through our webpage http://www.proyectoinma.org/. Present study is based on European ancestry children from INMA Sabadell subcohort who has blood DNA methylation at age 4y and information on breastfeeding and covariates.
Ethics: The study was approved by the ethical committees of the centers involved in the study, and written informed consent was obtained from all the participants. 
Breastfeeding definitions: Data on breastfeeding was retrieved from questionnaires administered to the mothers at visit 6 and 14 months. The exact questions included were: 
1) What type of feeding you’re your child received? Exclusive breastfeeding, exclusive formula feeding or breast milk and formula milk combined. 
2) Are you still breastfeeding your child? If you stop, please indicate the exact age of your child when you stop. 
3) If you introduce formula, when did you introduce formula milk? 
4) When did you introduce a food different from breast milk or formula? 
5) Have you given water or herbal infusions to your child? When did you introduce them?
Based on them we defined any breastfeeding as “time of breastfeeding since birth (regardless of formula and food introduction)”; and exclusive breastfeeding as “time of exclusive breastfeeding duration since birth according to the WHO criteria (only breast milk, no formula, solids, water, water drinks or juices)”. The variable was calculated as breastfeeding duration until time of introduction of formula, solids, water, or juices. Any and exclusive breastfeeding was expressed in weeks and then converted to months.       
Covariate definitions: Maternal age, parity, active maternal smoking during pregnancy and maternal education were assessed through a questionnaire administered face-to-face to the mothers by trained interviewers in week 32 of pregnancy. Maternal pre-pregnancy BMI was calculated using self-reported pre-pregnancy weight and height measured at 12 weeks of gestation. Ethnic origin of the child was defined based on country of birth and ethnic origin of the father and the mother. Type of delivery, birth weight and sex were collected through medical records. Gestational age was calculated based on the last menstrual period and the birth date.
Blood collection and DNA extraction: DNA from cord blood and whole blood collected at age 4y 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).
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: 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 Illumina Infinium HumanMethylation450 Beadchip (450K). Briefly, 500 ng of DNA was bisulfite-converted using the Zymo EZ-96 DNA Methylation kit following the manufacturer’s standard protocol, and DNA methylation measured using the 450K array. DNA methylation data were preprocessed using the minfi package 10.
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 35 were removed. Then, we removed 3 samples whose sex was wrongly predicted using shinyMethyl 37. Following guidelines of Lehne et al. 19, 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 sexual chromosomes, cross-hybridizing or containing SNPs were flagged but not removed at this point. ComBat was applied to remove laboratory batch effect using the sva package 5  28. Finally, duplicated samples were removed. The final dataset consisted of 194 samples and 476,946 probes at age 4y and 300 and 470,000 probes at birth (as negative control).
Blood cellular composition: Cord blood cell proportions were estimated using the Gervin reference panel 7, the IDOL algorithm 29 for selection of 517 CpGs (for 450K and EPIC arrays) 43, and the constrained projection-quadratic programming algorithm by Houseman 6 for deconvolution of 7 main blood cell types. Child and adult blood cell proportions were estimated using the Reinius reference panel 32 with the pickCompProbes method (minfi) for CpG selection, and the Houseman algorithm 6 for deconvolution of 6 main blood cell types.
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IOW: Isle of Wight Birth Cohort
Design and study population: A whole population birth cohort was established on the Isle of Wight, UK, in 1989 to prospectively study the natural history of allergic diseases from birth onwards 4647. Both the Isle of Wight and the study population are 99% Caucasian. Children were followed up at the ages of 1 (n=1,167), 2 (n=1,174), 4 (n=1,218), 10 (n=1,373), and 18 years (n=1,313). Demographic information of parents and offspring, status of allergic diseases, phenotypic measures on allergic sensitization, IgE, and lung function, and environmental exposures, along with other phenotypic measures, were collected at birth and updated at each follow-up.  Present study is based on children who has blood DNA methylation at age 10 and 18 years and information on breastfeeding and covariates.
Ethics: Ethics approvals were obtained from the Isle of Wight Local Research Ethics Committee (now named the National Research Ethics Service, NRES Committee South Central –Southampton B) at recruitment and for the 1, 2, 4, 10 and 18 years follow-up. Of the 1536 children born between January 1, 1989, and February 28, 1990, written informed consent was obtained from parents to enroll 1456 newborns. 
Breastfeeding definitions: Breastfeeding duration was assessed at follow-up visits at 1 and 2 yrs of age. For each participant, the exposure of breastfeeding duration was defined as “the total number of weeks a mother breastfed her child, irrespective of the introduction of water, formula feeding and/or solid foods”. Exclusive breastfeeding duration was defined as “the number of weeks a child was breastfed until the introduction of formula feed and/or solid foods”. None of the participants were given water before this point. Any and exclusive breastfeeding are expressed as complete months and weeks.
Covariate definitions: Maternal covariates were collected via questionnaires collected at recruitment, before and during pregnancy. Maternal age was derived from mothers’ date of birth. In case of maternal BMI, we used BMI at 1st trimester.  Maternal smoking status and parity were collected from the responses from the questionnaires. Maternal smoking status in pregnancy (Yes/No) was defined as any smoking in pregnancy or no smoking in pregnancy. Maternal socioeconomic status was used as the proxy for maternal education and defined by maternal socio-economic cluster information (high, low, low-low, low-mid, and mid). Newborn birthweight was collected from stored clinical records. The outliers for observe birthweight values +/-5 SD from the mean was checked. Gestational age and delivery method were checked and collected from the maternity notes.
Blood collection and DNA extraction: Peripheral blood was obtained at the age of 10 and DNA was extracted from whole blood using using the kit Infinium MethylationEPIC and Infinium HumanMethylation450 BeadChips  from Illumina (Illumina, San Diego, CA, USA).
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: For age 10 subjects, we measured DNA methylation from whole blood processed with the Illumina Infinium MethylationEPIC BeadChip (EPIC). CPACOR pipeline 19 was used for quality control and normalization of the data. Methylation markers on 65 single nucleotide polymorphism (SNP) and sex chromosomes were removed. We applied Illumina background correction to all intensity values. Any intensity values having detection p-values >=1E-16 were set as missing data. Samples with call rate <98% were excluded. A quantile normalization was applied using limma on intensity values separately based on six different probe-type categories (Type-I M red, Type-I U red, Type-I M green, Type-I U green, Type-II red, and Type-II green). Beta values were then calculated from these normalized intensity values. Indicator of different batches that DNA methylation data were generated were included as a covariate to adjust for batch effect and ComBat was used to remove any batch effect using batch numbers for each sample 28. The final dataset consisted of 83 samples and 724,509 probes at age 10y.
Blood cellular composition: Estimation of six different white blood cell types (CD8+ T and CD4+ T lymphocytes, B lymphocytes, natural killer cells (NK), monocytes, and granulocytes) by Houseman method 6 was performed using the default implementation of the estimateCellCounts function in the minfi package 10.
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POGO / German GDM: Postpartum Outcomes in mothers with Gestational diabetes and their Offspring / The prospective German GDM study
Design and study population: The POGO study is a cross-sectional study of mother-child pairs in Germany 48. The primary objective is to investigate potential mechanisms and pathways leading to postpartum development of type 2 diabetes in women with gestational diabetes (GDM), and to the development of overweight/obesity and metabolic disorders in offspring exposed to GDM in utero. Details about recruitment, data and sample collection are described elsewhere 48. Briefly, mothers with or without GDM and their offspring (delivery between 1998-2009) were invited to attend one clinical visit at the clinical study center at the Institute for Diabetes Research, Munich, Germany, within 1-10 years after child's delivery. 
The prospective German GDM study has followed women with GDM and their offspring from 1989/1999 onwards. Between 1989 and 1999, 302 patients with GDM were recruited from hospitals in Germany and participated in at least one follow-up contact after delivery 49. The primary objective is to identify early clinical and/or metabolic markers contributing to a higher risk to develop post-partum diabetes in mothers and overweight/obesity in their offspring. 
The current study analyses together 58 mother-child pairs from POGO and 33 from German GDM, all of European ancestry and complete data. All the mothers presented gestational diabetes during pregnancy.
Ethics: POGO: The study was approved by the Ethics Committee of the Technical University, Munich (No. 2937). Written informed consent was obtained from each participant; for the children, informed consent was obtained from both parents. 
German GDM: All patients gave written informed consent to participate in the study. The study was approved by the ethical committee of Bavaria, Germany (Bayerische Landesärztekammer Nr. 95357). 
Breastfeeding definitions: Data on breastfeeding in relation to later metabolic status/health has been previously published for both studies 5051.
POGO: Women provided data on breastfeeding via a standardized questionnaire at the clinical visit 1-10 years after delivery 50. The exact questions included were: 
1) Have you breastfed your child? 
2) If yes, have you breastfed <3 or ≥3 months? 
3) How long have you breastfed in total (months)? 
4) Have you exclusively breastfed your child (regardless of water and/or unsweetened tea)? If yes, how long have you exclusively breastfed your child (months)?

German GDM: Data on breastfeeding were retrieved by a standardized questionnaire when the child was aged 9 months. In case the child was still being breastfed at 9 months of age, the same questionnaire was completed again when the child was 2 years of age 51. The exact questions included were: 
1) Have you breastfed your child? 
2) When did you introduce other food/drinks than breastmilk for the first time (irrespective of water and/or unsweetened tea)? 
3) How long did you breastfed your child (months)?

Based on the questions we defined any breastfeeding as have you breastfed your child (yes/no) and any breastfeeding duration as completed months of breastfeeding (regardless of introduction of other fluids or foods). Breastfeeding duration was reported in complete months.
Covariate definitions: POGO: Data on maternal age at delivery, parity, gestational age, sex, birth weight of the child, type of delivery and BMI at first pregnancy visit (routinely recorded at visit to gynecologist) were retrieved from the mother's pregnancy booklet, which is issued to every pregnant woman in Germany for complete documentation of antenatal care visits, and from the patient file. Information regarding active maternal smoking during pregnancy, nationality and child’s age were collected by a standardized questionnaire at study entry 4850.
German GDM: Data on maternal age at delivery, numbers of preceding pregnancies, duration of gestation, type of delivery, sex, birth weight of the child, active maternal smoking during pregnancy and BMI at the first pregnancy visit were obtained shortly after delivery by a standardized questionnaire or clinical records 4951. Child’s age at blood sampling was obtained at the respective clinical visit.
Models were adjusted for study (POGO or German GDM). We did not adjust for maternal smoking as no mother reported smoking in pregnancy.
Blood collection and DNA extraction: Whole blood was collected from the children during a visit at the study center at a mean (SD) age of 5.3 (3.1) years, with a range of 0.72 to 13.6 years, according to standardized procedures. DNA was isolated subsequently from whole blood using the salting out method and frozen at -80°C. Purification of DNA was done using the Genomic DNA Clean & Concentrator kit (Zymo Research) followed by DNA quantification using the Quant-iT PicoGreen dsDNA assay kit (ThermoFisher). DNA quality was assessed using a NanoDrop (ThermoFisher).
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: DNA methylome analyses and data pre-processing were performed at Imperial College London, Department of Genomics of Common Disease, as part of the DynaHealth project 52. Samples from the two studies were processed simultaneously. Briefly, 800 ng of DNA was bisulfite-converted using the Zymo EZ-96 DNA Methylation kit according to manufacturer’s protocol with alternative incubation conditions as recommended by Illumina. After conversion, genome-wide DNA methylation of 854,307 CpG sites were measured using the Illumina Infinium MethylationEPIC BeadChip (EPIC) according to manufacturer’s instructions. The beadchips were imaged by an Illumina iScan instrument using the scanning software v3.3.29. Initial quality assessment was performed using GenomeStudio (v2011.1, using the methylation module v1.9.0). All samples underwent Illumina normalization as well as background correction. Probes were excluded from analyses if more than 95% of values were above the detection p-value threshold (p-value >1E-16). Furthermore, samples with more than 95% of probes above the detection p-value threshold (p-value >1E-16) were excluded. To account for potential batch effects in the data, we used the functional normalization approach 22, using the first 10 PCs of the EPIC array control probes. In addition, we included sentrix position as batch variable in all models. The final dataset consists of 91 samples and 841,179 probes.
Blood cellular composition: Cell type proportions were estimated for six cell types according to the Houseman method using the FlowSorted.blood.EPIC R package 43.
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Viva
Design and study population: Viva is a longitudinal pre-birth cohort established to examine the effects of events during early development on lifetime health outcome (Oken E. et al. IJE 2015). Recruitment and characteristics of the cohort have been described in detail elsewhere (Oken E. et al. IJE 2015). Between April 1999 and November 2002, the study recruited women in early pregnancy from eight obstetric offices of a multispecialty group practice in eastern Massachusetts (USA). Exclusion criteria included multiple gestation, inability to answer questions in English, gestational age >=22 weeks at recruitment, and plans to move away from the study area before delivery. Of 2,670 enrolled participants, 2,128 were still enrolled at delivery and had a live birth. The current analysis sample was restricted to n=268 European ancestry children with DNA methylation data in mid-childhood, breastfeeding information and covariates.
Ethics: At the first study visit, which immediately followed the woman’s initial clinical prenatal visit, we obtained written informed consent. Children provided verbal assent at the mid-childhood visit and mothers also provided genetic consent to use mid-childhood blood for DNA methylation. The Institutional Review Board of Harvard Pilgrim Health Care approved the project in line with ethical standards established by the Declaration of Helsinki.
Breastfeeding definitions: We used the 6-month and 12-month questionnaires after birth to derive duration of any breastfeeding and exclusive breastfeeding. On both questionnaires, we asked:
1) Have you ever breastfed your child? 
2) Are you still breastfeeding your child? 
3) How old was your child when you stopped breastfeeding? 
On both questionnaires, we also asked about timing of introduction of formula and complementary liquids and solids, which we used to derive exclusive breastfeeding duration. We did not assess the timing of introduction of water in Viva, so exclusive breastfeeding duration was derived without considering water introduction. 
Any breastfeeding duration was reported in months, truncated at 12 months (min=0 to max=12 months). Exclusive breastfeeding duration was reported in months (min=0 to max=7 months).
Covariate definitions: Mothers reported their education, parity, and pre-pregnancy weight and height (from which we calculated pre-pregnancy BMI) on questionnaires in early pregnancy.  Maternal age at delivery was derived using self-reported date of birth of the mother and delivery date of the baby. Fetal sex, birthweight and mode of delivery were obtained through medical records. Gestational age was calculated using the date of the last menstrual period, unless the early second trimester ultrasound assessment differed by more than 10 days, in which case the ultrasound dating was used.  Due to a low number of women who reported sustained smoking during pregnancy in the Viva cohort, we ran the analysis with the smoking variable as ‘any smoking in pregnancy’, which was assessed through questionnaires in early and mid-pregnancy. Mothers reported their child’s race and ethnicity in early childhood, and the analysis was restricted to non-Hispanic white children.
Blood collection and DNA extraction: At the mid-childhood visit, trained research assistants collected a blood sample from the antecubital vein. Genomic DNA was extracted using the Qiagen Puregene kit. 
Genome-wide DNA methylation data acquisition, quality control, normalization and batch correction: Methods for genome-wide DNA methylation analysis have been published 5455. In brief, we bisulfite-converted buffy coat DNA (Zymo EZ-96 DNA Methylation kit) in peripheral leukocytes from mid-childhood. We shipped samples to Illumina Inc., where they are analyzed using the Illumina Infinium HumanMethylation450 BeadChip (450K).
Data were processed using the minfi package in R 10. We performed background and dye-bias correction via normal-exponential out-of-band processing (Noob) and corrected for probe-type bias using the Beta Mixture Quantile dilation (BMIQ) method 17. We excluded samples that failed on the array (n=5), that were low-quality (n=6), that had a genotype mismatch when compared with a blood sample from the same individual at a different timepoint (n=4) and that had a predicted sex mismatch with recorded sex (n=3). For this analysis, we further restricted to white participants who had recorded responses to questionnaires about breastfeeding, for a total analytic sample size of 268. We excluded probes that were on the sex chromosomes or that had a detection p-value less than 0.05 in greater than 5% of samples, contributing a total of 467,471 probes to the meta-analysis. We controlled for batch by using the ComBat method while protecting for the exposure of interest and covariates 28. We performed analyses using ComBat to account for batch effect for each breastfeeding exposure individually (each ComBat output was specific to the breastfeeding variable of interest and specific covariates in the respective model). 
Blood cellular composition: We estimated cell types proportions in child blood by applying the Houseman projection method 6 using a reference panel of nucleated cells isolated from adult blood cells 32.
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