
u n i ve r s i t y  o f  co pe n h ag e n  

Gestational age at birth and body size from infancy through adolescence

findings from analyses of individual data on 253,810 singletons in 16 birth cohort
studies
Vinther, JL; Cadman, T.; Avraam, D.; Ekstrøm, CT; Sørensen, TI; Elhakeem, A; Santos, AC;
de, Moira AP; Heude, B; Iñiguez, C; Pizzi, C; Simons, E; Voerman, E; Andersen, AN

DOI:
10.1101/2022.06.01.22275859

Publication date:
2022

Document version
Early version, also known as pre-print

Document license:
CC BY

Citation for published version (APA):
Vinther, JL., Cadman, T., Avraam, D., Ekstrøm, CT., Sørensen, TI., Elhakeem, A., Santos, AC., de, M. AP.,
Heude, B., Iñiguez, C., Pizzi, C., Simons, E., Voerman, E., & Andersen, AN. (2022). Gestational age at birth and
body size from infancy through adolescence: findings from analyses of individual data on 253,810 singletons in
16 birth cohort studies. medRxiv https://doi.org/10.1101/2022.06.01.22275859

Download date: 23. maj. 2023

https://doi.org/10.1101/2022.06.01.22275859
https://curis.ku.dk/portal/da/persons/johan-lerbech-vinther(c75566eb-a88f-4d1a-8906-b7fd719a5e64).html
https://curis.ku.dk/portal/da/persons/claus-thorn-ekstroem(561f3c43-6e7c-4749-ade5-ad5feee6a77f).html
https://curis.ku.dk/portal/da/persons/thorkild-ia-soerensen(2cb8cf47-6b6b-4010-bdf6-9ec77c7deed3).html
https://curis.ku.dk/portal/da/persons/annemarie-nybo-andersen(249beb4b-1fec-4854-b57d-d2bf355767db).html
https://curis.ku.dk/portal/da/publications/gestational-age-at-birth-and-body-size-from-infancy-through-adolescence(ab0931ea-92f6-4fa9-b1f2-82ddc6426f99).html
https://curis.ku.dk/portal/da/publications/gestational-age-at-birth-and-body-size-from-infancy-through-adolescence(ab0931ea-92f6-4fa9-b1f2-82ddc6426f99).html
https://curis.ku.dk/portal/da/publications/gestational-age-at-birth-and-body-size-from-infancy-through-adolescence(ab0931ea-92f6-4fa9-b1f2-82ddc6426f99).html
https://doi.org/10.1101/2022.06.01.22275859


1 

 

Full title: Gestational age at birth and body size from infancy through adolescence: find-1 

ings from analyses of individual data on 253,810 singletons in 16 birth cohort studies 2 

Short title: Gestational age at birth and body size from infancy to adolescence in 16 3 

birth cohort studies 4 

 5 

Johan L. Vinther MSc1*; Tim Cadman PhD2; Demetris Avraam PhD3; Claus T. Ekstrøm PhD4; Thorkild I.A. Sørensen 6 

MD.dr.med.sci1,5; Ahmed Elhakeem PhD2; Ana C. Santos PhD6,7; Angela Pinot de Moira PhD1; Barbara Heude PhD8; Car-7 

men Iñiguez PhD9,10,11; Costanza Pizzi PhD12; Elinor Simons MD.PhD13,14; Ellis Voerman PhD 15,16; Eva Corpeleijn PhD17; 8 

Faryal Zariouh MSc18; Gilian Santorelli MSc19; Hazel M. Inskip PhD20,21; Henrique Barros PhD6,7; Jennie Carson MSc22,23; 9 

Jennifer R. Harris PhD24; Johanna L. Nader PhD25; Justiina Ronkainen PhD26; Katrine Strandberg-Larsen1, Loreto Santa-10 

Marina MSc10,28,28; Lucinda Calas MSc8; Luise Cederkvist PhD1; Maja Popovic PhD12; Marie-Aline Charles MD.MPH18; 11 

Marieke Welten MSc15,16; Martine Vrijheid PhD10,29,30; Meghan Azad PhD13,31,32; Padmaja Subbarao MD.MSc33,34,35; Paul 12 

Burton MD3; Puishkumar J. Mandhane MD.PhD36; Rae-Chi Huang MD.PhD22,37; Rebecca C. Wilson PhD38; Sido Haakma 13 

MSc39; Sílvia Fernández-Barrés PhD10,29,30; Stuart Turvey MBBS.DPhil41; Susana Santos PhD15,16; Suzanne C. Tough PhD42; 14 

Sylvain Sebert PhD26; Tanis Fenton PhD42; Theo J. Moraes MD.PhD33; Theodosia Salika MSc21; Vincent W.V. Jaddoe 15 

MD.PhD15,16; Deborah A. Lawlor PhD2,43; Anne-Marie Nybo Andersen MD.PhD1 16 

 17 

*Corresponding author:  18 

E-mail: johan.vinther@sund.ku.dk (JLV) 19 

 20 

1 Section of Epidemiology, Department of Public Health, University of Copenhagen, Denmark, 2 Population Health Science, 21 

Bristol Medical School, Bristol BS8 2BN, United Kingdom, 3 Population Health Sciences Institute, Newcastle University, 22 

Newcastle, United Kingdom, 4 Section of Biostatistics, Department of Public Health, University of Copenhagen, Denmark, 23 

5 Novo Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health and Medical Sciences, University of 24 

Copenhagen, Copenhagen, Denmark 6 EPIUnit – Instituto de Saúde Pública, Universidade do Porto, Portugal, 7 Departa-25 

mento de Ciências da Saúde Pública e Forenses e Educação Médica, Faculdade de Medicina, Universidade do Porto, Portu-26 

gal, 8 Université de Paris Cité, Inserm, INRAE, Centre of Research in Epidemiology and StatisticS (CRESS), F-75004 Paris, 27 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.22275859doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

mailto:johan.vinther@sund.ku.dk
https://doi.org/10.1101/2022.06.01.22275859
http://creativecommons.org/licenses/by/4.0/


2 

 

France, 9 Department of Statistics and Operational Research. Universitat de València. València. Spain, 10 Spanish Consor-28 

tium for Research on Epidemiology and Public Health (CIBERESP), Madrid, Spain, 11 FISABIO - Universitat Jaume I - 29 

Universitat de València Epidemiology and Environmental Health Joint Research Unit. Spain, 12 Cancer Epidemiology Unit, 30 

Department of Medical Sciences, University of Turin, Turin, Italy, 13 Section of Allergy and Immunology, Department of 31 

Pediatrics and Child Health, University of Manitoba, Winnipeg, MB, Canada, 14 The Children's Hospital Research Institute 32 

of Manitoba (CHRIM), 15 The Generation R Study Group, Erasmus MC, University Medical Center Rotterdam, Rotterdam, 33 

the Netherlands, 16 Department of Pediatrics, Erasmus MC – Sophia Children’s Hospital, University Medical Center Rot-34 

terdam, Rotterdam, the Netherlands, 17 Department of Epidemiology, University of Groningen, University Medical Center 35 

Groningen, Groningen, the Netherlands, 18 Ined, Inserm, EFS, joint unit Elfe, France, 19 Born In Bradford, Bradford Insti-36 

tute for Health Research, United Kingdom, 20 MRC Lifecourse Epidemiology Centre, University of Southampton, South-37 

ampton General Hospital, Southampton, SO16 6YD, United Kingdom, 21 NIHR Southampton Biomedical Research Centre, 38 

University of Southampton and University Hospital Southampton NHS Foundation Trust, Southampton, United Kingdom, 39 

22 Telethon Kids Institute, Australia, 23 University of Western Australia, School of Population and Global Health, Perth, 40 

Australia, 24 Center for Fertillity and Health, The Norwegian Institute of Public Health, Oslo, Norway, 25 Department of 41 

Genetics and Bioinformatics, Division of Health Data and Digitalisation, Norwegian Institute of Public Health, Oslo, Nor-42 

way, 26 Center for Life-course Health research, University of Oulu, Finland, 27 Biodonostia Health Research Institute, San 43 

Sebastian, Spain, 28 Health Department of Basque Government, Sub-directorate of Public Health of Gipuzkoa,San Sebas-44 

tian, Spain, 29 ISGlobal, Barcelona, Spain, 30 Universitat Pompeu Fabra, Barcelona, Spain, 31 Developmental Origins of 45 

Chronic Diseases in Children Network (DEVOTION), Children’s Hospital, 32 Department of Food and Human Nutritional 46 

Sciences, University of Manitoba, Winnipeg, MB, Canada, 33 Translational Medicine Program, Department of Pediatrics, 47 

The Hospital for Sick Children, Toronto, Canada, 34 Department of Medicine, McMaster University, Hamilton, ON, Can-48 

ada, 35 Dalla Lana School of Public Health, University of Toronto, Toronto, Canada, 36 Department of Pediatrics, University 49 

of Alberta, Edmonton, Canada, 37 Edith Cowan University, School of Medicine and Health Sciences, Australia, 38 Institute 50 

of Population Health, University of Liverpool, Liverpool, United Kingdom, 39 University of Groningen, University Medical 51 

Center Groningen, Genomics Coordination Center, Groningen, The Netherlands, 40 CIBER Epidemiología y Salud Pública 52 

(CIBERESP), Spain, 41 Department of Pediatrics, BC Children’s Hospital, University of British Columbia, Vancouver, BC, 53 

Canada, 42 Department of Community Health Sciences, Cumming School of Medicine, University of Calgary, 3280 Hospi-54 

tal Drive NW, Calgary, AB T2N4Z6, Canada, 43 MRC Integrative Epidemiology Unit at the University of Bristol, Bristol 55 

BS8 2PS, United Kingdom  56 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.22275859doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275859
http://creativecommons.org/licenses/by/4.0/


3 

 

Abstract 57 

Background 58 

Preterm birth is the leading cause of perinatal morbidity and mortality, and is associated with adverse developmental and 59 

long-term health outcomes, including several cardio-metabolic risk factors. However, evidence about the association of 60 

preterm birth with later body size derives mainly from studies using birth weight as proxy of prematurity rather than actual 61 

length of gestation. We investigated the association of gestational age at birth (GA) with body size from infancy through 62 

adolescence. 63 

 64 

Methods and Findings 65 

We conducted a two-stage Individual Participant Data (IPD) meta-analysis using data from 253,810 mother-children dyads 66 

from 16 general population-based cohort studies in Europe, North America and Australasia to estimate the association of 67 

GA with standardized Body Mass Index (BMI) and overweight (including obesity) adjusted for confounders. Using a feder-68 

ated analytical tool (DataSHIELD), we fitted linear and logistic regression models in each cohort separately, and combined 69 

the regression estimates and standard errors through random-effects study-level meta-analysis providing an overall effect 70 

estimate at early infancy (>0.0-0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood 71 

(>5.0-9.0 years), late childhood (>9.0-14.0 years) and adolescence (>14.0-19.0 years). 72 

GA was positively associated with BMI in the first decade of life with mean differences in BMI z-score (0.01-0.02) per week 73 

of increase in GA, however preterm infants reached similar levels of BMI as term infants by adolescence. The association 74 

of GA with risk of overweight revealed a similar pattern of results from late infancy through mid-childhood with an increased 75 

odds of overweight (OR 1.01-1.02) per week increase in GA. By adolescence, however, GA was slightly negatively associ-76 

ated with risk of overweight (OR 0.98 [95% CI: 0.97:1.00]) per week of increase in GA, and children born very preterm had 77 

increased odds of overweight (OR 1.46 [95% CI: 1.03; 2.08]) compared with term. 78 

The findings were consistent across cohorts and sensitivity analyses, despite considerable heterogeneity in cohort character-79 

istics.  80 

 81 

Conclusion  82 

Higher GA is potentially clinically important for higher BMI in infancy, while the association attenuates consistently with 83 

age. By adolescence, preterm children have on average a similar mean BMI to those born term. 84 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.22275859doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275859
http://creativecommons.org/licenses/by/4.0/


4 

 

Introduction 85 

Today, one in ten infants are born preterm (<37 completed weeks’ gestation) with an increased risk of perinatal mortality 86 

and morbidity that may persist and develop over the life-course (1-3). Global estimates show an increase in preterm birth 87 

between 2000 and 2014, but the proportions vary between countries (4). 88 

Previous systematic reviews and meta-analyses (5-7) have reported an association of gestational age at birth (GA) with 89 

conventional cardio-metabolic risk factors, including increased blood pressure, impaired glucose regulation, and insulin 90 

resistance in those born preterm (8-11). An infant born preterm adapts to extrauterine conditions entering a phase of growth 91 

that possibly expresses a mismatch with the environment outside utero leading to alterations in body composition (12-17). 92 

It has been hypothesized that these changes increase susceptibility to being overweight for preterm birth through various 93 

pathways and mechanisms, including catch-up weight (16, 18-22). However, later body size in preterm cohorts is not well 94 

characterized and most studies define populations by birth weight rather than actual length of gestation (17, 23). It is recog-95 

nized that determinants and consequences of gestational duration are quite different from those of foetal growth (23), and 96 

that birth weight reflects both gestational duration and foetal growth (24), hence being at potential intermediate variable on 97 

the causal pathway (25). 98 

Studies have shown that infants born extremely (23-27 weeks gestation) and very preterm  (28-31 weeks gestation) typically 99 

experience postnatal growth failure followed by catch-up weight and length gain within the first two years of life (20). 100 

Growth in preterm children remains different from that of full term peers through childhood and into school age (26-32). 101 

However, studies on growth in preterm cohorts across key stages of growth development (33) and at more advanced gesta-102 

tional age are scarce (10, 20, 34). Several methodological considerations and sample characteristics complicate the interpre-103 

tation and comparability of findings on the relationship between GA with later body size (5, 6, 35-37). This includes differ-104 

ences in study design; using birth weight as a proxy for GA; sample size; age at outcome; conditions under which variables 105 

are examined; type of statistical analysis; and availability of confounders. 106 

In this study, we use the novel approach and unique opportunity of federated analysis of individual participant data in a 107 

secure manner provided by the EU Child Cohort Network (38, 39), an international network of European and Australasian 108 

birth cohort data. We base our study on 16 cohorts and 253,810 mother-child dyads, which enables us to extend previous 109 

research by including information on repeated body size measures during a long follow-up across a wide range of GA, and 110 

overcome the methodological limitations identified above. 111 

The overall aim of this study was to determine the association between GA (completed weeks and clinical categories) and, 112 

respectively, body mass index (BMI) and overweight (including obesity) from infancy through adolescence in birth cohort 113 

studies representing diverse contexts.  114 
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Methods 115 

Inclusion criteria and participating cohorts 116 

In December 2019, we invited pregnancy and birth cohort studies within the EU Child Cohort Network from the LifeCycle 117 

and the EUCAN-Connect consortia (38-40). Cohorts were eligible for inclusion if they had information for live-born single-118 

tons on GA and at least one offspring measurement of BMI in one of six age-periods: early infancy (>0.0-0.5 years), late 119 

infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late childhood (>9.0-14.0 years), 120 

adolescence (>14.0-19.0 years).  121 

The following 16 cohorts participated in the study: Avon Longitudinal Study of Parents and Children, UK (ALSPAC) 122 

(n=10,452) (41), All Our Families, Canada (AOF) (n=2,263) (42), Born in Bradford, UK (BIB) (n=13,097) (43), CHILD 123 

Cohort Study (CHILD) (n=2,984) (44), Danish National Birth Cohort, Denmark (DNBC) (n=81,117) (45), The EDEN 124 

mother-child cohort on the prenatal and postnatal determinants of child health and development, France (EDEN) (n=1,765) 125 

(46), French Longitudinal Study of Children, France (ELFE) (n=15,506) (47), The Generation 21 Birth Cohort, Portugal 126 

(G21) (n=6,439) (48), The GECKO Drenthe Cohort, The Netherlands (GECKO) (n=2,768) (49), The Generation R Study, 127 

The Netherlands (GEN-R) (n=8,641) (50), The Environment and Childhood Project, Spain (INMA) (n=1,936) (51), The 128 

Norwegian Mother, Father and Child Study, Norway (MoBa) (n=86,553) (52), The Northern Finland Birth Cohort 1986, 129 

Finland (NFBC1986) (n=8,325) (53-55), The NINFEA (Nasita e INFanzia: gli Effetti dell’Ambiente) birth cohort study, 130 

Italy (NINFEA) (n=6,515) (56), The Raine Study, Australia (The Raine Study) (n=2,443) (57), and The Southampton Women 131 

Survey, UK (SWS) (n=3,007) (58).  132 

 133 

Data Access and Federated Analysis on DataSHIELD 134 

In this study, we used pseudonymized data stored on local secure data servers in their original location (59-62), and harmo-135 

nised according to protocols in the EU Child Cohort Network (39). Cohort-specific description about methods for ascertain-136 

ing and defining variables are documented in the EU Child Cohort Network catalogue (https://data-catalogue.molgenis-137 

cloud.org/catalogue/catalogue/#/) and the Maelstrom Catalogue (http://maelstrom-research.org) for studies in LifeCycle and 138 

EUCAN-Connect, respectively. Data were analysed remotely through the open-source software, DataSHIELD, which allows 139 

both federated study level and Individual Participant Data (IPD) meta-analysis with active disclosure protection (63-65). 140 

Fourteen cohorts gave permission to analyse their data via DataSHIELD, and two cohorts (AOF, CHILD) via data transfer 141 

agreements. 142 

  143 
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Gestational age at birth 144 

Information on GA (in days) was available as harmonised IPD with source of delivery information obtained from medical 145 

records in the majority of cohorts (S1 Table, S1 Text). GA was rounded to completed weeks, and further categorized into 146 

five groups (66): 28-33 weeks (very preterm), 34-36 weeks (late preterm), 37-38 weeks (early term), 39-41 weeks (full term) 147 

and 42-43 weeks (post term).  148 

 149 

Offspring BMI and overweight and obesity 150 

Information on height (cm) and weight (kg) was available as harmonised IPD measured in either a clinical setting, or self-151 

reported by parents or index child (Table S1). BMI was calculated as weight (kg) / (height (m))2 (67), and sex-and-age 152 

specific BMI z-scores were calculated per month using external WHO standards (68) and references (69). We defined over-153 

weight (including obesity) following WHO cut-offs, separately for children <5 years (>2 standard deviations above WHO 154 

Child Growth Standard median) and ≥5 years (>1 standard deviation above WHO Growth Reference median). In several 155 

cohorts (ALSPAC, BIB, DNBC, GEN-R, INMA, NINFEA, NFBC1986, the Raine Study, SWS), multiple measurements of 156 

BMI were available for the same child within one or more of the six age-groups. In such cases, the latest measurement was 157 

chosen.  158 

 159 

Confounders 160 

Confounders were selected a priori as factors that were known or plausible causes of variation in GA and subsequent body 161 

size with a directed acyclic graph used in discussions to select the final set of confounders (S2 Table). The resulting con-162 

founders were: maternal education (ISCED-2011/97, low/medium/high) (S1 Text) (70), maternal height (continuous, m), 163 

maternal pre-pregnancy BMI (continuous, kg/m2), maternal smoking during pregnancy (yes/no), maternal age at child’s birth 164 

(continuous, years); gestational diabetes (yes/no); gestational hypertension (yes/no); pre-eclampsia (yes/no), maternal ethnic 165 

background (western/non-western/mixed) (S1 Text), and parity (nulliparous/parous). For the objective of this study, we did 166 

not include birth weight as it may distort interpretation of the results being an intermediate variable on the causal pathway 167 

(25).  168 

 169 

Statistical Analysis 170 

Distributions of GA at birth, body size measures and confounders were obtained for each cohort separately, and for all 171 

cohorts combined.  172 
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We conducted a two-stage meta-analysis to estimate associations between GA with BMI and overweight, adjusted for con-173 

founders. We fitted a linear regression model to examine the associations of GA in weeks and in clinical categories with 174 

BMI z-scores. Models were fitted in each cohort separately, and cohort-specific coefficients and standard errors were com-175 

bined and assigned weights using random-effects model to attain overall effect estimates (71, 72). The analyses were per-176 

formed separately for the six age-groups (>0.0-0.5 years, >0.5-2.0 years, >2.0-5.0 years, >5.0-9.0 years, >9.0-14.0 years, 177 

>14.0-19.0 years). To examine the associations between GA in weeks and in clinical categories and odds of overweight 178 

(compared with normal weight) we used a binomial logistic regression model. 179 

The main results are those from regression analyses adjusted for the maximum set of baseline confounders available within 180 

each cohort. Models were adjusted for maternal age at child’s birth, height, education, pre-pregnancy BMI, and parity in all 181 

cohorts. Models were additionally adjusted for maternal ethnic background, gestational hypertension, gestational diabetes, 182 

and preeclampsia in cohorts where these were available (Table 1).  183 

Results are presented with 95% confidence intervals, and I2 statistics (73). We examined between-study heterogeneity by 184 

meta-regression in meta-analyses with considerable heterogeneity reflected by either I2 > 75% or I2 ~ 75% with effect esti-185 

mates in different directions. The meta-regressions were conducted to determine which study characteristics were inde-186 

pendently associated with between-study heterogeneity. In addition, we undertook ‘Leave-one-out’-analysis for cross-vali-187 

dation to explore the influence of each study on the overall estimate (74), while sub-group analysis with sex (boys vs. girls), 188 

maternal education (high vs. low/medium), and maternal smoking in pregnancy (no vs. yes) was performed to measure the 189 

robustness of our findings. 190 

Statistical analyses were performed using DataSHIELD (dsBaseClient v6.1.0, https://github.com/datashield/ 191 

dsBaseClient/releases)  and the Statistical Software R (v4.1) (75). We used the ds.getWGSR and ds.glmSLMA functions 192 

and the dh.makeStrata function from the ds.Helper-package in addition to the rma-package v3.0.2 (76). Forest plots were 193 

created using Excel 2016. 194 

 195 

Ethical approval 196 

Cohort-specific ethical approvals and consent from participants are listed in Supplementary Information (S3-S4 Appendix).  197 
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Results 198 

Descriptive statistics 199 

A total of 253,810 mother-child dyads in 16 cohort studies from 11 countries had information on GA and at least one meas-200 

urement of offspring BMI.  201 

Descriptive information including characteristics of GA at birth, body size measures and covariates for study participants 202 

are displayed separately for each cohort and for the cohorts combined in Table 1-3. 203 

There were distinct differences in the cohort-specific sample sizes (n=1,765-86,553), distributions of maternal education 204 

(range: 2.2% to 77.5% for low), maternal ethnicity (range: 42.2% to 99.0% for Western; 0.5% to 55.9% for non-Western; 205 

0.0% to 9.9% for mixed); maternal pre-pregnancy overweight (range: 16.9% to 50.2%), gestational hypertension (range: 206 

1.9% to 19.3%), and parity (range for nulliparous: 34.2% to 72.7%) (Table 1). 207 

The mean gestational age was 39.8 weeks and overall 5.5% were born preterm (range: 3.1% to 7.5%), 17.8 % (range: 11.8% 208 

to 31.6%) were born early term, 69.9% were born full term (range 61.1% to 73.6%), and 6.7% (range: 0.2% to 15.4%) were 209 

born post term (Table 2). The majority of the cohorts had study participants included for analysis in all five categories of 210 

GA, except CHILD (34-43 weeks gestation).   211 

From infancy to age 19 years, 711,856 measurements of BMI were available for 253,810 children. The number of cohorts 212 

and participants with data on BMI and overweight varied across the six age-bands with most cohorts and participants in 213 

infancy and mid-childhood and fewest in adolescence, where four cohorts (ALSPAC, DNBC, NFBC1986, the Raine Study) 214 

contributed with data on 36,895 individuals. The proportion of children classified as overweight also varied between cohorts, 215 

and across age-bands due to different cut-offs used for children < five years and in children ≥ five years (Table 3). 216 

The percentage of missing values for baseline characteristics is presented in Supplementary Information (S4 Table). 217 

 218 

Gestational age at birth and BMI z-scores  219 

The overall estimates for the associations of GA in completed weeks and clinical categories with BMI z-score are displayed 220 

in Fig. 1 and Fig. 2.  221 

There was a positive association of GA with BMI in early infancy (>0.0-0.5 years): 0.02 SD per week increase in GA [95% 222 

CI: 0.00, 0.05] was associated with a BMI z-score of -0.55 [95% CI: -0.82, -0.28] for very preterm and -0.15 [95% CI: -223 

0.26, -0.05] for late preterm compared to full term. Results attenuated through childhood and continuing to decrease to zero 224 

by adolescence (0.00 [95% CI: -0.02, 0.02]) with no difference in BMI z-score between preterm and full term peers.  225 
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Between-study heterogeneity was examined through meta-regression in four age-bands (>0.0-0.5 years, >5.0-9.0 years, >9.0-226 

14.0 years, >14.0-19.0 years) having considerable heterogeneity, with largest I2-statistics (96.4%) in early infancy (S4 Ta-227 

ble). We examined age at measurement, child sex, maternal education and maternal smoking in pregnancy as between-study 228 

characteristics. The meta-regression found age at measurement to be significantly associated with heterogeneity in early 229 

infancy (β=-0.03, se=0.008, p<0.01); maternal education in late childhood (β=0.001, se=0.001, p=0.05), and both maternal 230 

education (β=0.001, se=0.001, p<0.01) and smoking in pregnancy (β=0.01, se=0.003, p=0.01) in adolescence.  231 

The ‘Leave-one-out’ analyses gave similar overall effect estimates in all age-bands and did not change between-study het-232 

erogeneity markedly (S2 Fig.), however in adolescence leaving out ALSPAC changed the I2 from 70.4% to 0.4% (S2 Fig. 233 

F). Sub-group analyses were consistent with the main findings across sex (S3 Fig.), maternal educational level (S4 Fig.), 234 

and pregnancy smoking-status (S5 Fig.). 235 

 236 

Gestational age at birth and overweight  237 

The overall estimates for the associations of GA in completed weeks and clinical categories with odds of overweight are 238 

displayed in Fig. 3 and Fig. 4.  239 

There was a positive association of GA with odds of overweight (OR 1.02 per week increase in GA) in late infancy [95% 240 

CI: 1.00, 1.03] and early childhood [95% CI: 0.99, 1.05]. Results attenuated through childhood and continued to decrease to 241 

below one by late childhood. In adolescence (>14.0-19.0 years), there was a negative association of GA with odds of over-242 

weight with very preterm having a significantly increased risk of overweight (OR 1.46 [95% CI: 1.03, 2.08] compared with 243 

full term peers.  244 

None of the five age-bands had considerable between-study heterogeneity (I2 < 55%); hence, we did not perform meta-245 

regression for the associations of GA with odds of overweight. The ‘Leave-one-out’ analyses were consistent with the main 246 

findings without changing the overall effect estimate in any of the age-bands or any notable changes in the between-study 247 

heterogeneity (S7 Fig.). The subgroup-analysis showed no difference in the associations of GA with odds of overweight for 248 

sex (S8 Fig.), maternal educational level (S9 Fig.) or pregnancy smoking-status (S10 Fig.).   249 
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Discussion 250 

In this two-stage meta-analysis using individual participant data on 253,810 live-born singletons from 16 birth cohorts, we 251 

found a potentially important association in early infancy between GA and BMI, and in adolescence for the association of 252 

GA with odds of overweight. Difference in BMI z-score between categories of GA attenuated markedly after infancy 253 

throughout adolescence. A similar trend was observed for the association of GA with odds of overweight; however, by 254 

adolescence increased odds of overweight was observed in very preterm compared with full term peers. Despite heteroge-255 

neity in cohort characteristics, our main findings were consistent across cohorts and the supplementary analyses showed 256 

associations to be robust. 257 

 258 

Interpretation of main findings 259 

Previous studies (26-28, 77) and a meta-analysis (35) have shown consistent results for the association of GA with BMI in 260 

childhood with lower BMI in preterm children compared with full term peers, although several methodological issues should 261 

be taken into account when interpreting these findings. In contrast, surprisingly few studies have examined the association 262 

of GA with later overweight, particularly in childhood.  263 

Existing evidence for the association of GA and BMI rely on small sample sizes from different countries; different GA-264 

categorization and reference group; and variations in use of BMI indices (z-scores or natural units, external or internal 265 

reference, IOTF or WHO reference). In our study, we observed a positive overall estimate for the association between GA 266 

and BMI in early infancy through mid-childhood with lower BMI z-score in very and late preterm compared to full term 267 

peers. In addition, we found age to be the main driver of between-study heterogeneity in early infancy suggesting that GA 268 

has a potentially important association in infancy. Our findings are in line with descriptive results from Australia (26) and 269 

Sweden (27). In an Australian cohort the authors reported lower BMI z-scores among 225 extremely preterm compared with 270 

253 term controls at both 2 and 5 years, and researchers in Sweden found a lower mean BMI z-scores at 2 and 5 years among 271 

152 Swedish children born between 32-37 weeks compared with a large reference population. Our study showed a weaker 272 

association that most likely is explained by adjustment for confounders, but also methodological differences.  273 

Our analyses revealed that the overall associations between GA and BMI attenuated in mid- and late childhood, but very 274 

and late preterm children remained at a lower BMI compared to their full term counterparts. Similar associations were 275 

reported in studies from Brazil and United Kingdom on 203 and 497 children aged 6 and 8-12 years, respectively (28, 77). 276 

Moreover, the study from Brazil compared BMI z-scores in 350 very (<33 weeks) and late preterm (34-36 weeks) aged 18 277 

years with 3,027 early and full term peers using the WHO Growth Reference. In line with our findings, children born preterm 278 
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in Brazil reached similar BMI levels of term counterparts by adolescence supporting that the overall association attenuates 279 

through childhood (20, 26).  280 

A rapid phase of growth has been proposed to evolve into increased susceptibility of later overweight (21, 78-80), but only 281 

few studies have examined the relationship between GA and later overweight in childhood or adulthood (10, 29, 30, 81). 282 

The overall effect estimates from our main analysis showed a weak association between GA and overweight from early 283 

infancy through mid-childhood with only very preterm in mid-childhood being at lower odds of overweight than full term 284 

peers. In contrast, a cohort study from Chile based on 153,635 children aged 6-8 years reported that term children are a lower 285 

risk of overweight (OR 0.84 [95% CI: 0.79, 0.88]) than preterm peers (reference group, (≤37 weeks) (29). However, as 286 

highlighted by the authors, a major limitation of their study was the lack of information on obstetric maternal characteristics 287 

and maternal pre-pregnancy BMI.  288 

In accordance with a cohort study from the United Kingdom on 11,765 children aged 11 years (30), we found no difference 289 

in odds of overweight between preterm and full term children in late childhood (>9.0-14.0 years). 290 

Our study extends previous research by examining the association between GA and overweight in adolescence, and across 291 

key stages of growth development throughout childhood. Moreover, our study design and large sample size enables an 292 

examination of odds of overweight in preterm adolescents, and provides insights about this association across a wide range 293 

of GA. This distinction between degrees of preterm births is important as decreasing length of gestation is associated with 294 

increased risk of mortality, disability, and morbidity across the lifespan (82). Also, considering preterm births as not being 295 

homogeneous in causes and consequences was highlighted by others (83, 84) as an important approach when interpreting 296 

such results, but a major limitation in current evidence (6, 7, 34).   297 

Our main analysis suggested that very preterm have an increased odds of overweight in adolescence compared with full term 298 

peers. Despite heterogeneity in characteristics for the cohorts (ALSPAC, DNBC, NFBC1986 and the Raine Study) included 299 

for this age-band, our supplementary analyses addressed robustness in our findings. Our results are further supported by 300 

findings from two comparable studies conducted in Finland and Australia, where an increased odds of overweight was 301 

reported in preterm aged 23 and 35 years, respectively (81, 85). 302 

In summary, this study sheds new light on factors influencing BMI and the odds of developing overweight from infancy 303 

through adolescence. Our analysis revealed that although preterm infants are relatively small at birth, they reach similar 304 

levels of BMI and odds of overweight by adolescence as full term counterparts. The underlying mechanisms from the current 305 

observational data are unknown. However, in accordance with previous findings, our pattern of results suggests that preterm 306 

infants may be at an increased odds of overweight later in life, even though mean BMI in preterm and full term are similar. 307 
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In addition, it should be noted that mediating exposures such as birth weight, congenital anomalies and breast feeding prac-308 

tices may also affect the relationship between GA and later body size.  309 

 310 

Strengths and limitations 311 

An important strength in the current study is the large sample size with information on more than 250,000 mother-child 312 

dyads, from 16 prospective pregnancy and birth cohorts in Europe, North America, and Australasia. We used comprehensive 313 

obstetric and maternal data as well as multiple BMI measurements following birth through adolescence, which allowed us 314 

to adjust analyses. Additionally, the large sample size enabled us to assess associations successively using clinical categories 315 

of preterm birth to age 19 years. We also examined the robustness of our findings performing several sensitivity analyses. 316 

Furthermore, the federated analysis approach using DataSHIELD proves a key advantage since it enables identical and 317 

reproducible analysis across multiple cohorts (39, 86, 87).  318 

The limitations include the considerable variations that exist in the measurement and availability of both exposures, covari-319 

ates, and outcomes. However, this was explored by meta-regressions on multiple covariates showing that study characteris-320 

tics were independently associated with between-study heterogeneity only in the associations of GA with BMI. Age at 321 

measurement was the main contributor to heterogeneity in early infancy, but not in childhood and adolescence. This suggests 322 

that GA is important for BMI in early life, but attenuates consistently as children get older. In late childhood and adolescence, 323 

maternal education and maternal smoking in pregnancy were independently associated with the observed heterogeneity.  324 

Residual confounding may be another limitation in this study as the confounders are harmonised across studies, which gives 325 

the lowest common denominator. Several large cohorts (DNBC, MOBA, NFBC1986, the Raine study) had no available 326 

information on maternal ethnic background (Table S1), which could bias our results. However, we had reports that the 327 

cohorts were homogeneous (>95% western) (45, 52, 53, 56), hence we do not assume this affected our findings.  328 

As survival rates and postnatal treatment for preterm infants have improved in the last 20 years (3), distribution and charac-329 

teristics of GA in the earliest cohorts are likely to differ from that in populations born more recently, with the former poten-330 

tially being more selected and healthy later (34, 88). We do, however, not assume this would affect our overall estimates 331 

markedly.   332 
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Conclusions 333 

Higher GA is potentially clinically important for higher BMI in infancy, while the association attenuates consistently with 334 

age. By adolescence, preterm children have on average a similar mean BMI to those born full term.  335 
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Table 1. Baseline characteristics of study participants in the 16 participating cohorts  

 

  
Study  

population 

Year of  

birth 

Sex (%),  

female 

Gestational 

age at birth 

(weeks), mean 

(SD) 

Maternal age 

at birth 

(years), mean 

(SD) 

Maternal  

education 

(%),  

low 

Maternal  

education 

(%),  

medium 

Maternal  

education 

(%),  

high 

Maternal ethnic  

background (%),  

western 

Maternal ethnic  

background (%),  

non-western 

Maternal ethnic  

background (%),  

mixed 

Maternal 

height at 

birth (cm), 

mean (SD) 

Pre-pregnancy  

BMI (kg/m2), 

mean (SD) 

Pre-pregnancy  

overweight 

(%) 

Maternal  

smoking in  

pregnancy 

(%) 

Gestational  

diabetes 

(%) 

Gestational  

hyperten-

sion (%) 

Maternal  

preeclamp-

sia (%) 

Parity,  

nulliparity 

(%) 

All Cohorts  

(N=16) 
253,811 1985-2017 49.1 39.8 (1.8) 30.0 (4.7) 16.9 30.5 52.6 77.6 18.7 3.7 167.1 (6.5) 23.7 (4.3) 28.6 18.0 2.0 7.4 1.6 47.7 

ALSPAC, 

United Kingdom 
10,452 1991-1993 49.6 39.9 (1.7) 28.8 (4.6) 14.5 68.9 16.7 98.4 1.6 0.0 164.1 (6.7) 22.6 (4.4) 20.5 25.4 0.5 14.7 1.9 45.4 

AOF, 

Canada 
2,263 2008-2011 47.4 38.9 (1.7) 31.3 (4.4) 77.5 20.2 2.3 81.7 16.7 1.6 165.9 (7.0) 24.5 (5.2) 34.8 10.7 5.1 7.4 6.8 50.8 

BIB, 
United Kingdom 

13,097 2007-2011 48.4 39.5 (1.8) 27.6 (5.6) 56.8 15.8 27.4 42.2 55.9 1.9 161.6 (6.5) 26.0 (5.6) 50.2 16.3 8.0 7.1 2.6 39.5 

CHILD, 
Canada 

2,984 2009-2012 47.5 39.5 (1.4) 31.8 (4.6) 8.3 28.7 63.0 73.3 20.6 6.1 165.0 (6.9) 24.2 (5.0) 32.5 18.7 4.2 7.6 1.3 37.5 

DNBC, 
Denmark 

81,117 1996-2003 49.6 39.9 (1.8) 30.1 (4.2) 26.4 21.9 51.7    168.8 (6.1) 23.6 (4.2) 27.4 25.4 0.9 12.6 2.4 47.6 

EDEN, 
France 

1,765 2003-2006 48.0 39.7 (1.7) 29.6 (4.8) 6.1 38.8 55.1 99.0 0.5 0.5 163.6 (6.2) 23.2 (4.6) 25.9 25.5 6.5 1.9 2.6 45.3 

ELFE, 
France 

15,506 2011 48.8 39.6 (1.5) 30.4 (4.9) 7.2 32.9 59.9 81.1 12.0 6.9 165.0 (6.3) 23.4 (4.8) 26.6 19.3 6.9 2.0 1.5 46.1 

G21, 
Portugal 

6,439 2005-2006 48.6 39.2 (1.6) 29.3 (5.4) 46.0 28.8 25.3 95.5 2.6 2.0 160.8 (6.2) 24.0 (4.3) 31.0 37.5 6.5 1.9 2.0 58.0 

GECKO, 
The Netherlands 

2,768 2006-2008 49.6 39.8 (1.6) 30.7 (4.4) 35.6 28.6 35.8 95.7 2.7 1.7 171.6 (6.3) 24.7 (4.7) 37.3 15.6 2.5 7.9 2.6 40.5 

GEN-R, 
The Netherlands 

8,641 2002-2006 49.6 40.3 (1.8) 30.6 (5.2) 10.3 44.6 45.0 56.8 33.3 9.9 167.5 (7.5) 23.6 (4.3) 27.8 26.0 1.1 3.8 2.2 55.3 

INMA, 
Spain 

1,936 2004-2008 48.6 39.9 (1.5) 31.8 (4.2) 24.1 40.9 35.0 95.6 4.4 0.0 162.8 (6.2) 23.5 (4.2) 25.1 31.5 4.4   55.5 

MoBa, 
Norway 

86,553 1999-2009 48.7 39.8 (1.8) 30.3 (4.5) 2.2 31.8 66.0    168.2 (5.9) 24.0 (4.2) 31.0 8.7 0.4 4.9 0.1 47.7 

NFBC1986, 

Finland 
8,325 1985-1986 49.1 39.8 (1.6) 27.8 (5.5) 38.9 37.3 23.7    163.2 (5.5) 22.3 (3.5) 16.9 23.8  4.0 2.5 34.2 

NINFEA, 

Italy 
6,515 2005-2017 49.3 39.7 (1.7) 33.2 (4.3) 4.6 32.5 62.9    165.0 (6.2) 22.5 (3.8) 19.0 8.0 8.1 3.3 2.2 72.7 

The Raine study, 

Australia 
2,443 1989-1992 48.7 39.2 (2.0) 27.8 (5.8) 52.7 27.1 20.2 89.4 10.6 0.0 163.6 (6.6) 22.3 (4.2) 17.7 27.5 1.8 19.3 4.9 47.7 

SWS, 

United Kingdom 
3,007 1999-2007 48.0 39.7 (1.8) 30.2 (3.8) 12.0 59.3 28.7 95.7 3.7 0.6 163.3 (6.5) 25.2 (4.8) 41.3 15.6 1.3 3.3 2.8 51.5 

 
 

Note: Percentages include non-missing, and empty cells represent no available data.  

Abbreviations: SD = Standard Deviation, BMI = Body Mass Index 
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Table 2. Distribution of gestational age groups in the 16 participating cohorts 

  

Gestational age at birth (completed weeks) 

Very preterm  

28-33 weeks (%) 

Late preterm,  

34-36 weeks (%) 

Early term,  

37-38 weeks (%) 

Full term,  

39-41 weeks (%) 

Post term,  

42-43 weeks (%) 

All Cohorts 

(N=16) 
1.2 4.3 17.8 69.9 6.7 

ALSPAC, 

United Kingdom 
1.2 4.2 17.0 69.9 7.7 

AOF, 

Canada 
1.3 5.0 26.1 67.4 0.2 

BIB, 

United Kingdom 
1.4 4.6 22.5 70.2 1.3 

CHILD, 

Canada 
 4.2 23.5 71.5 0.8 

DNBC, 

Denmark 
1.3 4.3 16.4 69.5 8.6 

EDEN, 

France 
1.4 4.0 18.9 73.6 2.0 

ELFE, 

France 
0.5 4.9 20.6 73.5 0.5 

G21, 

Portugal 
1.4 5.8 31.6 61.1 0.2 

GECKO, 

The Netherlands 
0.7 4.3 19.9 70.4 4.7 

GEN-R, 

The Netherlands 
1.0 3.5 11.8 68.4 15.4 

INMA, 

Spain 
0.4 2.7 19.3 71.8 5.8 

MoBa, 

Norway 
1.4 4.4 16.7 70.0 7.6 

NFBC1986, 

Finland 
1.3 3.5 17.5 73.9 3.9 

NINFEA, 

Italy 
1.1 4.5 21.2 69.2 4.0 

The Raine study, 

Australia 
2.1 5.4 20.8 65.9 5.8 

SWS 

United Kingdom 
1.5 4.4 17.3 72.4 4.5 

 

Note: Empty cells represent no available data 
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Table 3. Distribution and age of body size measurements in the 16 participating cohorts 

  

Early Infancy 

>0-0.5 years (1-6 months) 

Late Infancy  

>0.5-2 years (7-24 months) 

Early Childhood 

>2-5 years (25-60 months) 

Mid Childhood 

>5-9 years (61-108 months) 

Late Childhood 

>9-14 years (109-168 months) 

Adolescence 

>14-19 years (169-227 months) 

N 

Age in 

months 

(SD) 

BMI  

z-score 

Overweight  

(%) 
N 

Age in 

months (SD) 

BMI  

z-score 

Overweight  

(%) 
N 

Age in 

months (SD) 

BMI  

z-score 

Overweight  

(%) 
N 

Age in 

months (SD) 

BMI  

z-score 

Over-

weight  

(%) 

N 
Age in 

months (SD) 

BMI  

z-score 

Overweight  

(%) 
N 

Age in 

months (SD) 

BMI  

z-

score 

Overweight  

(%) 

All Cohorts 

(N=16) 
185,428 4.5 (1.3) -0.19 2.1 186,419 14.7 (4.0) 0.36 5.4 106,916 44.7 (10.5) 0.34 6.0 154,863 88.0 (10.8) 0.17 21.1 78,230 136.7 (14.4) 0.08 21.0 54,155 211.8 (10.1) 0.12 18.2 

ALSPAC, 

United Kingdom 
1,014 3.8 (0.2) -0.10 1.4 1,368 17.2 (2.8) 0.78 8.1 1,261 47.1 (5.4) 0.63 7.0 8,298 97.9 (11.4) 0.40 28.0 9,202 156.5 (13.7) 0.29 27.1 7,703 206.5 (11.0) 0.23 22.8 

AOF, 

Canada 
    1,412 17.2 (2.8) 0.83 18.0 1,878 44.1 (11.8) 0.21 6.6 1,745 92.9 (12.5) 0.00 21.8         

BIB, 

United Kingdom 
11,724 1.9 (1.1) -0.59 0.6 10,384 19.2 (5.5) 0.19 5.1 9,813 51.8 (9.2) 0.48 8.5 8,241 93.6 (12.7) 0.29 28.8 1,141 119.5 (6.6) 0.37 34.8     

CHILD, 

Canada 
    2,847 12.7 (5.9) 0.31 6.8 2,750 46.5 (10.2) 0.48 7.0 1,652 61.9 (2.3) 0.28 18.2         

DNBC, 

Denmark 
51,411 5.2 (0.4) -0.32 2.1 51,429 12.4 (1.0) 0.29 6.0     42,930 84.1 (3.5) 0.02 15.4 44,070 136.3 (7.4) -0.14 15.0 38,351 216.3 (3.9) 0.11 17.5 

EDEN, 

France 
1,701 5.0 (0.8) -0.28 1.1 1,721 19.3 (4.8) 0.35 4.4 1,524 47.8 (8.0) 0.12 2.3 1,240 86.8 (13.8) 0.05 16.3 807 133.9 (9.2) -0.10 19.8     

ELFE, 

France 
13,876 3.8 (0.9) -0.25 1.5 13,628 14.2 (5.0) 0.19 3.7 12,002 46.4 (9.5) 0.05 3.2 7,812 86.7 (16.6) -0.05 16.0 492 109.3 (0.3) -0.08 14.2     

G21, 

Portugal 
        5,048 51.2 (3.4) 0.63 10.6 5,604 85.2 (4.2) 0.74 37.6 4,884 121.9 (4.2) 0.72 42.7     

GECKO, 

The Netherlands 
2,714 5.0 (0.7) -0.18 1.1 2,683 17.3 (3.6) 0.50 4.5 2,247 41.9 (7.6) 0.33 4.1 2,258 70.4 (4.2) 0.43 22.8 2,178 127.5 (5.4) 0.26 24.6     

GEN-R, 

The Netherlands 
6,252 4.4 (1.2) -0.17 1.7 6,973 17.8 (3.6) 0.68 7.9 6,452 42.1 (6.6) 0.38 5.4 6,609 74.3 (6.7) 0.46 25.5 5,591 117.5 (3.9) 0.35 26.3     

INMA, 

Spain 
1,873 4.9 (0.9) -0.14 1.6 1,927 17.6 (3.1) 0.47 6.0 1,611 52.7 (2.8) 0.61 9.1 1,417 93.5 (8.2) 0.81 40.4 937 130.8 (7.8) 0.73 43.3     

MOBA, 

Norway 
83,416 4.5 (1.3) -0.06 2.4 75,091 18.5 (4.2) 0.37 4.3 48,835 41.4 (11.1) 0.35 6.1 52,132 91.7 (9.7) 0.11 20.7         

NFBC1986, 
Finland 

5,671 5.2 (0.7) 0.05 2.6 5,795 18.5 (4.2) 0.64 6.9 5,470 49.8 (7.6) 0.35 3.8 8,081 92.6 (8.8) 0.32 24.4 5,318 157.3 (9.8) 0.22 22.8 6,535 195.0 (8.3) -0.01 15.2 

NINFEA, 

Italy 
5,036 4.7 (1.5) -0.39 2.6 6,032 17.2 (4.2) 0.41 7.8 4,721 51.2 (5.1) 0.06 5.1 2,724 86.8 (4.2) 0.08 21.7 1,005 131.2 (16.6) 0.04 21.5     

The Raine study, 

Australia 
    2,220 13.9 (1.6) 0.45 4.9 584 26.2 (1.6) 0.06 2.6 2,107 93.9 (9.0) 0.39 25.4 1,732 133.8 (15.1) 0.52 32.9 1,566 196.3 (14.5) 0.41 26.3 

SWS 

United Kingdom 
740 5.8 (0.1) 0.21 3.2 2,909 14.8 (5.2) 0.69 8.7 2,720 41.5 (7.5) 0.53 6.3 2,013 84.3 (10.2) 0.29 22.4 873 111.4 (2.6) 0.19 25.7     

 

Note: Percentages include non-missing, and empty cells represent no available data  

Abbreviations: N = Sample Size, SD = Standard Deviation 
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Fig 1. Forest plot of associations between gestational age at birth (completed weeks) and BMI z-score  

 

Values are overall estimates from IPD meta-analyses of the study-specific linear regression model estimates, where cohorts were assigned weights 

under the random-effects model. Overall estimates reflect a mean difference in BMI z-scores per week increase in gestational at birth in early infancy 

(>0-0.5 years), late infancy (>0.5-2.0 years), early childhood (>2-5 years), mid childhood (>5-9 years), late childhood (>9-14 years), and adolescence 

(>14-19 years). Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy 

BMI, maternal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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Fig 2. Forest plot of associations between gestational age at birth (clinical categories) and BMI z-score  

Values are overall estimates from IPD meta-analyses of the study-specific linear regression model estimates, where cohorts were assigned weights 

under the random-effects model. Overall estimates reflect a mean BMI z-scores compared to full term (reference category) in early infancy (>0-0.5 

years), late infancy (>0.5-2.0 years), early childhood (>2-5 years), mid childhood (>5-9 years), late childhood (>9-14 years), and adolescence (>14-

19 years). Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, 

maternal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific var-

iables were not available in few cohorts (see Table 1), hence not adjusted for.  
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Fig 3. Forest plot of associations between gestational age at birth (completed weeks) and odds of over-

weight  

 

Values are overall estimates from IPD meta-analyses of the study-specific logistic regression model estimates, where cohorts were assigned weights 

under the random-effects model. Overall estimates reflect odds ratio for overweight per week increase in gestational at birth in early infancy (>0-0.5 

years), late infancy (>0.5-2.0 years), early childhood (>2-5 years), mid childhood (>5-9 years), late childhood (>9-14 years), and adolescence (>14-

19 years). Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, 

maternal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific var-

iables were not available in few cohorts (see Table 1), hence not adjusted for.  
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Fig 4. Forest plot of associations between gestational age at birth (clinical categories) and odds of over-

weight 

Values are overall estimates from IPD meta-analyses of the study-specific logistic regression model estimates, where cohorts were assigned weights 

under the random-effects model. Overall estimates reflect odds ratio for overweight compared to full term (reference category) in early infancy (>0-

0.5 years), late infancy (>0.5-2.0 years), early childhood (>2-5 years), mid childhood (>5-9 years), late childhood (>9-14 years), and adolescence 

(>14-19 years). Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy 

BMI, maternal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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study characteristic 
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S1 Table Cohort-specific study characteristics and information on exposure and outcome measurements 

Cohort Cover Area 
Timing of Recruitment  

(note) 

Source of Delivery Information 

 

Source of Anthropometrics  

 

ALSPAC1,2,3 

United Kingdom 

 City of Bristol and  

surrounding areas of  

Southwest England 

In pregnancy  

(median: 14 weeks) 

A combination of Last Menstrual Period and Ultra-Sound. 

Mothers reported the date of their last menstrual period on 

entry to the study, from which gestational age was calcu-

lated. Where there was conflicting information regarding 

last menstrual period from clinical or pediatric estimates, 

the clinical records were reviewed, and dating was based on 

the earliest ultrasound scan.  

Weight and height measures were obtained from numer-

ous sources from birth to 18 years, including from mid-

wives, health visitors, linkage to child health records, and 

ALSPAC research clinics.  Birth weight/length data were 

available from obstetric records. Child health records 

were used for measures up to 4 years. ALSPAC research 

clinics were used for measures from 4-18 years 

AOF 

Canada 
 City of Calgary and Alberta 

 In pregnancy  

(< 24 weeks)  

A combination of Last Menstrual Period  

and Ultra-Sound 

Data are collected and reported by mothers through self-

report questionnaires during pregnancy, post-partum, and 

post-birth (1-8 years)  

BIB 

United Kingdom 
City of Bradford 

In pregnancy  

(~26 weeks) 

A combination of Last Menstrual Period  

and Ultra-Sound 

Maternity records; BiB cohort and sub-cohort studies; 

Healthy Child Programme; GP, National Child Measure-

ment Programme 

CHILD 

Canada 

 4 urban centers in Canada 

(Vancouver, Edmonton, 

Winnipeg, Toronto) and 1 ru-

ral site (Morden/Winkler 

Manitoba)  

In pregnancy  

(~18 weeks) 

A combination of Last Menstrual Period  

and Ultra-Sound 

Measured at clinical examinations by trained research 

personnel (3 months, 1 year, 3 year, 5 year and 8 year) 

using standardized assessment tools and protocol. 

DNBC4,5,6 

Denmark 
Denmark  

In pregnancy  

(16 weeks) 

A combination of Last Menstrual Period  

and Ultra-Sound 

Reported by parents from routine visits at GP (5 & 12 

months, and 7 years) and self-reported (11 years) 

EDEN 

France 
Poitiers and Nancy 

In pregnancy  

(<24 weeks) 

A combination of Last Menstrual Period 

 and Ultra-Sound 

Measured at clinical examinations (birth to 5 years) and 

collected from GP repots on child's health booklets 

ELFE 

France 
France (Metropolitan)  At birth 

A combination of Last Menstrual Period  

and Ultra-Sound 
Collected from GP reports on child's health booklets 

G21 

Portugal 
Metropolitan Area of Porto  At birth 

A combination of Last Menstrual Period  

and Ultra-Sound 
Measured by Trained Researchers (all ages) 

GECKO 

The Netherlands 
Province of Drenthe  

In pregnancy  

(3rd trimester) 

A combination of Last Menstrual Period 

and Ultra-Sound 
Measured by Youth Health Services (all ages) 
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GENR 

The Netherlands 
City of Rotterdam  

In pregnancy  

(<18 weeks, 69%) until birth 

Ultra-sound for participants prenatally included; Medical 

records or self-recorded for participants postnatally included 

Measured at routine visits in community child health cen-

tres (2-48 months), and at GENR Research Center (6 & 

10 years) 

INMA7 

Spain 

3 areas of Spain (Gipuzkoa, 

Sabadell, Valencia) 

In pregnancy  

(10-13 weeks) 

A combination of Last Menstrual Period 

 and Ultra-Sound 
Measured in a clinical setting 

MoBa8 

Norway 
Norway                                        

In pregnancy  

(17-18 weeks)4 
Ultra-Sound 

Parent-report based on health cards (6 weeks, 3-18 

months), and parent-reported (2-8 years) 

NFBC869 

Finland 

Provinces of Oulu and Lap-

land 
In pregnancy 

A combination of Last Menstrual Period (58%),  

Ultra-Sound (40%) and hospital records (2%)5 

Measured from antenatal cards, school nurse records, and 

questionnaires 

NINFEA 

Italy 
Italy In pregnancy 

A combination of Last Menstrual Period  

and Ultra-Sound 
Reported by parents 

The Raine Study 

Australia 
Metropolitan Area of Perth  

In pregnancy  

(16-18 weeks) 
A combination of Last Menstrual Period and Ultra-Sound Measured in a clinical setting (all ages) 

SWS9 

United Kingdom 

City of Southampton  

and surrounding area 

Before pregnancy  

(median: -130 weeks) 
A combination of Last Menstrual Period and Ultra-Sound 

Measurements of children by research nurses ( at 

birth,v6, 12, 24 months, 3-4 years, 6 years, 8 years) 

Measurements of mothers by research nurses (pre-preg-

nancy, around 11 and 34 weeks of gestation) 

1Iles-Caven, Y., Northstone, K., & Golding, J. Gestation at completion of prenatal questionnaires in ALSPAC.  Wellcome open research 2020; 5, 100.  

2Nicola J. Wiles, Tim J. Peters, Jon Heron, David Gunnell, Alan Emond, Glyn Lewis, for the ALSPAC Study Team. Fetal Growth and Childhood Behavioral Problems: Results from the ALSPAC Cohort. Am J Epidemiol. 

2006;163(9):829–837 

3Howe LD, Tilling K, Lawlor DA. Accuracy of height and weight data from child health records. Arch Dis Child. 2009 Dec;94(12):950-954 

4 Olsen J, Melbye M, Olsen SF, Sorensen TI, Aaby P, Andersen AM, et al. The Danish National Birth Cohort - its background, structure and aim.  Scand J Public Health. 2001; 29(4):300-307. 

5 Morgen CS, Andersen PK, Mortensen LH, Howe LD, Rasmussen M, Due P, et al.  Socioeconomic disparities in birth weight and body mass index during infancy through age 7 years: a study within the Danish National Birth 

Cohort. BMJ Open. 2017:20: 7(1):e011781.  

6 Morgen CS, Ängquist L, Baker JL, Andersen AMN, Sørensen TIA, Michaelsen KF. Breastfeeding and complementary feeding in relation to body mass index and overweight at ages 7 and 11 y: a path analysis within the 

Danish National Birth Cohort. The American Journal of Clinical Nutrition. 2018: 107(3):313-322 

7 Guxens M, Ballester F, Espada M, Fernández MF, Grimalt JO, Ibarluzea J, et al. INMA Project. Cohort Profile: the INMA--INfancia y Medio Ambiente--(Environment and Childhood) Project. Int J Epidemiol. 2012 

41(4):930-940 

7 Schreuder P, Alsaker E. The Norwegian Mother and Child Cohort Study (MoBa) – MoBa recruitment and logistics. Norsk Epidemiologi 2014; 24 (1-2): 23-27 

8 Sipola-Leppänen M, Vääräsmäki M, Tikanmäki M, Hovi P, Miettola S, Ruokonen A, et al. Cardiovascular risk factors in adolescents born preterm.  Pediatrics 2014; 134(4):e1072 

9 Inskip HM, Godfrey KM, Robinson SM, Law CM, Barker DJ, Cooper C, et al. Cohort profile: The Southampton Women's Survey.  Int J Epidemiol. 2006;35(1):42-48 
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S2 Table Directed Acyclic Graph for the association between GA and Body Size 
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S3 Table. Percentage of missing values for cohort-specific baseline characteristics 

 

Note: Empty cells represent no available data  

Abbreviations: N = Sample Size, BMI = Body Mass Index 

N
Maternal Age at 

Child's Birth

Maternal 

Education
Maternal Ethnicity

Maternal 

Height

Pre-pregnancy 

BMI

Smoking in 

Pregnancy

Gestational 

Diabetes

Gestational 

Hypertension

Maternal 

Preeclampsia
Parity

ALSPAC

United Kingdom
10,542 8.8 5.3 6.2 7.0 15.4 11.5 5.7 2.4 0.4 4.3

AOF

Canada
2,263 0.0 0.2 0.4 0.5 1.3 0.0 0.0 0.0 0.0 0.8

BIB

United Kingdom
13,097 0.0 23.8 17.2 18.9 64.5 17.3 6.6 18.3 18.3 3.7

CHILD

Canada
2,984 0.0 3.4 0.9 3.1 31.8 2.3 0.0 16.3 2.3 0.1

DNBC

Denmark
81,117 0.0 11.1 5.0 6.4 1.5 0.0 25.3 1.6 0.0

EDEN

France
1,765 0.0 0.6 13.8 1.4 2.0 0.3 0.1 0.1 1.1 0.2

ELFE

France
15,506 0.3 0.0 6.7 0.3 1.3 0.9 3.9 1.8 1.8 1.2

G21

Portugal
6,439 0.1 0.6 5.2 0.2 2.0 43.8 0.5 0.5 0.0 1.8

GECKO

The Netherlands
2,768 0.9 7.0 6.8 5.3 8.5 1.0 13.8 2.6 8.2 1.5

GEN-R

The Netherlands
8,641 0.0 10.3 5.4 3.7 23.4 14.0 3.9 12.1 12.1 2.8

INMA

Spain
1,936 0.0 2.0 1.8 0.9 0.9 1.2 7.1 4.5

MoBa

Norway
86,553 0.2 5.9 2.2 3.5 0.0 1.1 4.1 4.1 1.1

NFBC1986

Finland
8,325 0.0 12.3 0.8 2.2 0.5 19.1 20.3 0.3

NINFEA

Italy
6,514 0.0 0.7 2.1 2.2 1.2 8.8 8.4 8.2 4.8

 The Raine study

Australia
2,443 0.2 0.5 0.0 0.0 2.8 0.0 0.0 2.7 2.7 0.0

SWS

United Kingdom
3,007 0.0 0.3 0.3 0.5 0.9 4.6 0.0 0.0 0.0 0.1
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S4 Table Results of individual variable meta-regression models showing values of β, se(β), and the significance of β for each study characteristic  

Age-band Study Characteristics β se(β) p-value 

Early infancy (>0.0-0.5 years) 

Age at measurement, months -0.0296 0.0076 <0.01 

Sex, female (%) 0.0016 0.0096 0.87 

Maternal education, low (%) 0.0011 0.0006 0.10 

Maternal smoking in pregnancy, yes (%) -0.0005 0.0011 0.68 

Mid-childhood (>5.0-9.0 years) 

Age at measurement, months 0.0006 0.0005 0.27 

Sex, female (%) 0.0042 0.0047 0.38 

Maternal education, low (%) 0.0002 0.0003 0.59 

Maternal smoking in pregnancy, yes (%) 0.0000 0.0005 0.94 

Late childhood (>9.0-14.0 years) 

Age at measurement, months 0.0001 0.0005 0.83 

Sex, female (%) 0.0019 0.0071 0.77 

Maternal education, low (%) 0.0009 0.0005 0.05 

Maternal smoking in pregnancy, yes (%) 0.0002 0.0007 0.74 

Adolescence (>14.0-19.0 years) 

Age at measurement, months -0.0007 0.0012 0.58 

Sex, female (%) -0.0020 0.0034 0.55 

Maternal education, low (%) 0.0012 0.0005 <0.01 

Maternal smoking in pregnancy, yes (%) 0.0074 0.0030 0.01 
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S1 Fig. Forest plot of associations between GA (completed weeks) and BMI z-score 

Estimates from study-specific linear regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect mean differences in BMI z-score per week increase in gestational age at birth in (A) early infancy 

(>0.0-0.5 years), (B) late infancy (>0.5-2.0 years), (C) early childhood (>2.0-5.0 years), (D) mid-childhood (>5.0-9.0 years), (E) 

late childhood (>9.0-14.0 years), (F) adolescence (>14.0-19.0 years) 

A 

 

B 
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C  

 

D  
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E  

 

F 

 

 
Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S2 Fig. Forest plot of ‘Leave-one-out’ analysis for the association between GA (in weeks) and BMI z-score 

Estimates from study-specific linear regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect mean differences in BMI z-score per week increase in gestational age at birth in (A) early infancy 

(>0.0-0.5 years), (B) late infancy (>0.5-2.0 years), (C) early childhood (>2.0-5.0 years), (D) mid-childhood (>5.0-9.0 years), (E) 

late childhood (>9.0-14.0 years), (F) adolescence (>14.0-19.0 years) 

A 

 

B 

 

  

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.22275859doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275859
http://creativecommons.org/licenses/by/4.0/


40 

 

C 

 

D 
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E 

 

F  

 

      
Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S3 Fig. Forest plot of associations between GA (completed weeks) and BMI z-score by sex 

Estimates from study-specific linear regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect mean differences in BMI z-score per week increase in gestational age at birth in early infancy (>0.0-

0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late childhood (>9.0-

14.0 years), adolescence (>14.0-19.0 years). 

 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S4 Fig. Forest plot of associations between GA (completed weeks) and BMI z-score by maternal education 

Estimates from study-specific linear regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect mean differences in BMI z-score per week increase in gestational age at birth in early infancy (>0.0-

0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late childhood (>9.0-

14.0 years), adolescence (>14.0-19.0 years). 

 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S5 Fig. Forest plot of associations between GA (completed weeks) and BMI z-score by maternal smoking in pregnancy 

Estimates from study-specific linear regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect mean differences in BMI z-score per week increase in gestational age at birth in early infancy (>0.0-

0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late childhood (>9.0-

14.0 years), adolescence (>14.0-19.0 years). 

 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S6 Fig. Forest plot of associations between GA (completed weeks) and odds of overweight 

Estimates from study-specific logistic regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect odds ratio of overweight (vs. normal weight) per week increase in gestational age at birth in (A) early 

infancy (>0.0-0.5 years), (B) late infancy (>0.5-2.0 years), (C) early childhood (>2.0-5.0 years), (D) mid-childhood (>5.0-9.0 

years), (E) late childhood (>9.0-14.0 years), (F) adolescence (>14.0-19.0 years) 

A 

 

 

B 
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E  

 

 

F 

 

 
Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S7 Fig. Forest plot of ‘Leave-one-out’ analysis for the association between GA (completed weeks) and odds of overweight 

Estimates from study-specific logistic regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect odds ratio of overweight (vs. normal weight) per week increase in gestational age at birth in (A) early 

infancy (>0.0-0.5 years), (B) late infancy (>0.5-2.0 years), (C) early childhood (>2.0-5.0 years), (D) mid-childhood (>5.0-9.0 

years), (E) late childhood (>9.0-14.0 years), (F) adolescence (>14.0-19.0 years) 

A 

 

B 
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E 

 

F  

 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, ma-

ternal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Spe-

cific variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S8 Fig. Forest plot of associations between GA (completed weeks) and odds of overweight by sex 

Estimates from study-specific logistic regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect odds ratio of overweight (vs. normal weight) per week increase in gestational age at birth in early 

infancy (>0.0-0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late 

childhood (>9.0-14.0 years), adolescence (>14.0-19.0 years). 

 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S9 Fig. Forest plot of associations between GA (completed weeks) and odds of overweight by maternal education 

Estimates from study-specific logistic regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect odds ratio of overweight (vs. normal weight) per week increase in gestational age at birth in early 

infancy (>0.0-0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late 

childhood (>9.0-14.0 years), adolescence (>14.0-19.0 years). 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S10 Fig. Forest plot of associations between GA (completed weeks) and odds of overweight by maternal smoking in preg-

nancy 

Estimates from study-specific logistic regression models were assigned weights under the random-effects model to attain overall 

estimates. Results reflect odds ratio of overweight (vs. normal weight) per week increase in gestational age at birth in early 

infancy (>0.0-0.5 years), late infancy (>0.5-2.0 years), early childhood (>2.0-5.0 years), mid-childhood (>5.0-9.0 years), late 

childhood (>9.0-14.0 years), adolescence (>14.0-19.0 years). 

 

Models are adjusted for sex of child, maternal age at child’s birth, maternal education, maternal height, maternal pre-pregnancy BMI, mater-

nal smoking during pregnancy, parity, maternal ethnic background, gestational diabetes, gestational hypertension, pre-eclampsia. Specific 

variables were not available in few cohorts (see Table 1), hence not adjusted for.  
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S1 Text. Information about variable classification and coding 

Gestational Age at Birth 

Each cohort decided the most accurate available measure of GA, but a priority was given to last menstrual period (LMP), unless 

it varied from an ultrasound-based (US) estimate by more than 1 week, in which ultrasound was used. If LMP was not available, 

US was used. If LMP or US was not available, information from a maternal report was used. 

 

Maternal Education 

Maternal education was classified according to International Classification of Education 97/2011 (ISCED 97/2011) as either 

high, medium or low. High includes short cycle tertiary, Bachelor, Masters, Doctoral or equivalent (ISCED-2011: 5-8, ISCED-

97: 5-6); Medium includes Upper Secondary, Post-secondary non-tertiary (ISCED-2011: 3-4, ISCED-97: 3-4); Low includes No 

education, early childhood, pre-primary, primary, lower secondary or second stage of basic education (ISCED-2011: 0-2, 

ISCED-97: 0-2). 

 

Maternal Ethnic Background 

Maternal ethnic background was based on (a) colour of mother (white/Caucasian, non-white/non-Caucasian) or (b) country of 

origin of parents (western, non-western or mixed), where western countries include European Union, Andorra, Australia, Can-

ada, Iceland, Liechtenstein, Monaco, New Zealand, Norway, San Marino, Switzerland, USA and Vatican City. Non-western 

countries include all other countries, while mixed refers to one parent from a western country and one parent from a non-western 

country. The distinction between and definition of western and non-western is chosen in accordance with Statistics Denmark 

(https://www.dst.dk/Site/Dst/SingleFiles/GetArchiveFile.aspx?fi=91448101625&fo=0&ext=kvaldel, guidelines, which is a con-

tinuation of a former UN-definition   
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S1 Appendix. Cohort-specific sources of funding/support  

ALSPAC 

Core funding for the Avon Longitudinal Study of Parents and Children (ALSPAC) is provided by the UK Medical Research 

Council and Wellcome (217065/Z/19/Z) and the University of Bristol. A comprehensive list of grants funding is available on 

the ALSPAC website (http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf). DAL and AK work 

in a unit that is supported by the University of Bristol and UK Medical Research Council (MC_UU_00011/6) and DAL holds a 

European Research Council Advanced Grant (ERC grant agreement no 669545) and is a NIHR Senior Investigator (NF-0616-

10102). The funders had no role in the design of the study, the collection, analysis, or interpretation of the data; the writing of 

the manuscript, or the decision to submit the manuscript for publication. The views expressed in this paper are those of the 

authors and not necessarily those of any funder. 

 

AOF 

All Our Families is funded through Alberta Innovates Interdisciplinary Team Grant #200700595, the Alberta Children’s Hos-

pital Foundation, the Canadian Institutes of Health Research, and the Social Sciences and Humanities Research Council. Initial 

funding to investigate maternal and infant outcomes during the perinatal period was provided by Three Cheers for the Early 

Years, Alberta Health Services. Expansion of the cohort, to include collection of biological specimens to predict determinants 

of adverse birth outcomes, was funded by Alberta Innovates Health Solutions [Interdisciplinary Team Grant #200700595] and 

the Global Alliance to Prevent Prematurity and Stillbirth [GAPPS award #12006]. Subsequent collaborations focusing on the 

developmental trajectories of AOB children have been supported by numerous grants, including the Social Sciences and Hu-

manities Research Council, Alberta Health Services, the Alberta Children’s Hospital Foundation, the Alberta Centre for Child, 

Family and Community Research, Upstart the United Way of Calgary, Women and Children’s Health Research Institute, the 

Canadian Foundation for Fetal Alcohol Research and the Max Bell Foundation. 

 

BIB 

BiB receives core infrastructure funding from the Wellcome Trust (WT101597MA) and a joint grant from the UK Medical 

Research Council (MRC) and Economic and Social Science Research Council (ESRC) (MR/N024397/1). This study has re-

ceived support from the British Heart Foundation (CS/16/4/32482), US National Institutes of Health (R01 DK10324), Euro-

pean Research Council under the European Union's Seventh Framework Programme (FP7/2007-2013) / ERC grant agreement 

no 669545, and National Institute for Health Research ARC Yorkshire and Humber (NIHR200166. PMW receives funding 
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from the National Institute for Health Research Applied Research Collaboration for Greater Manchester. The views expressed 

are those of the author(s), and not necessarily those of the NHS, the NIHR or the Department of Health and Social Care.  

 

CHILD 

The CHILD Cohort Study was launched in 2008 with funding from AllerGen NCE Inc. and the Canadian Institutes of Health 

Research (CIHR). Additional funding has been provided for the core study by Genome Canada and local provincial funding 

and philanthropic support. The funders had no role in the design of the study, the collection, analysis, or interpretation of the 

data; the writing of the manuscript, or the decision to submit the manuscript for publication. The views expressed in this paper 

are those of the authors and not necessarily those of any funder 

 

DNBC 

The Danish National Birth Cohort was established with a significant grant from the Danish National Research Foundation. 

Additional support was obtained from the Danish Regional Committees, the Pharmacy Foundation, the Egmont Foundation, 

the March of Dimes Birth Defects Foundation, the Health Foundation and other minor grants. The DNBC Biobank has been 

supported by the Novo Nordisk Foundation and the Lundbeck Foundation. Follow-up of mothers and children have been sup-

ported by the Danish Medical Research Council (SSVF 0646, 271-08-0839/06-066023, O602-01042B, 0602-02738B), the 

Lundbeck Foundation (195/04, R100-A9193), The Innovation Fund Denmark 0603-00294B (09-067124), the Nordea Founda-

tion (02-2013-2014), Aarhus Ideas (AU R9-A959-13-S804), University of Copenhagen Strategic Grant (IFSV 2012), and the 

Danish Council for Independent Research (DFF – 4183-00594 and DFF - 4183-00152). AP is funded by a Lundbeck Founda-

tion fellowship (R264-2017-3099) 
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EDEN 

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 Eu-

ropean 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). 

 

ELFE 

The Elfe  cohort received funding from the National Research Agency Investment for the Future program [ANR-11-EQPX-

0038]; French National Institute for Research in Public Health (IRESP TGIR 2009-2001 program); Ministry of Higher Educa-

tion and Research; Ministry of Environment; Ministry of Health; French Agency for Public Health; Ministry of Culture; and 

National Family Allowance Fund. 

 

G21 

Generation XXI was supported by the European Regional Development Fund (ERDF) through the Operational Programme 

Competitiveness and Internationalization and national funding from the Foundation for Science and Technology (FCT), Portu-

guese Ministry of Science, Technology and Higher Education under the project “HIneC: When do health inequalities start? 

Understanding the impact of childhood social adversity on health trajectories from birth to early adolescence” (POCI-01-0145-

FEDER-029567; Reference PTDC/SAU-PUB/29567/2017). It is also supported by the Unidade de Investigação em Epidemio-

logia - Instituto de Saúde Pública da Universidade do Porto (EPIUnit) (UIDB/04750/2020), Administração Regional de Saúde 

Norte (Regional Department of Ministry of Health) and Fundação Calouste Gulbenkian; PhD Grant SFRH/BD/108742/2015 

(to SS) co-funded by FCT and the Human Capital Operational Programme (POCH/FSE Program). This project received fund-

ing from the European Union's Horizon 2020 research and innovation programme under the project ; EUCAN-Connect grant 

agreement No 824989. ACS is founded by a FCT Investigator contracts IF/01060/2015.  

 

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.22275859doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275859
http://creativecommons.org/licenses/by/4.0/


58 

 

GECKO 

The GECKO Drenthe birth cohort was funded by an unrestricted grant of Hutchison Whampoa Ltd, Hong Kong and supported 

by the University of Groningen , Well Baby Clinic Foundation Icare, Noordlease, Paediatric Association Of The Netherlands, 

Youth Preventive Health Care Drenthe and European Union’s Horizon 2020 research and innovation programme (LifeCycle, 

Grant Agreement No. 733206 LifeCycle). 

 

Generation R 

The general design of the Generation R Study is made possible by financial support from the Erasmus MC, University Medical 

Center, Rotterdam, Erasmus University Rotterdam, Netherlands Organization for Health Research and Development 

(ZonMw), Netherlands Organisation for Scientific Research (NWO), Ministry of Health, Welfare and Sport and Ministry of 

Youth and Families. This project received funding from the European Union's Horizon 2020 research and innovation pro-

gramme (LIFECYCLE, grant agreement No 733206, 2016; EUCAN-Connect grant agreement No 824989; ATHLETE, grant 

agreement No 874583). VJ received funding from a Consolidator Grant from the European Research Council (ERC-2014-

CoG-648916). The study sponsors had no role in the study design, data analysis, interpretation of data, or writing of this report. 

 

INMA 

INMA-Valencia was funded by Grants from UE (FP7-ENV-2011 cod 282957 and HEALTH.2010.2.4.5-1), Spain: ISCIII 

(G03/176; FIS-FEDER: PI09/02647, PI11/01007, PI11/02591, PI11/02038, PI13/1944, PI13/2032, PI14/00891, PI14/01687, 

and PI16/1288; Miguel Servet-FEDER CP11/00178, CP15/00025, and CPII16/00051), and Generalitat Valenciana: FISABIO 

(UGP 15-230, UGP-15-244,and UGP-15-249). INMA-Gipuzkoa was funded by grants from the Instituto de Salud Carlos III 

(FISFIS PI06/0867, FISPS09/0009) 0867,Red INMA G03/176) and the Departamento de Salud del Gobierno Vasco 

(2005111093 and 2009111069) and the Provincial Government of Guipúzcoa (DFG06/004 and FG08/001). INMA-Sabadell 

was funded by grants from ISCIII (Red INMA G03/176; CB06/02/0041; FIS-FEDER: PI041436; PI081151; PI12/01890; 

CP13/00054; PI15/00118; CP16/00128; PI16/00118; PI16/00261; PI18/00547), CIBERESP, Generalitat de Catalunya-CIRIT 

(1999SGR 00241), Generalitat de Catalunya-AGAUR (2009 SGR 501, 2014 SGR 822), Fundació La Marató de TV3 

(090430), Spanish Ministry of Economy and Competitiveness (SAF2012-32991 incl. FEDER funds), Agence Nationale de 

Securite Sanitaire de l’Alimentation de l’Environnement et du Travail (1262C0010; EST-2016 RF-21), and the European 

Commission (261357, 308333, 603794 and 634453). ISGlobal acknowledges support from the Spanih Ministry of Science, 

Innovation and Universities through the “Centro de Excelencia Severo Ochoa 2019-2023” Program (CEX2018-000806-S), and 

support from the Generalitat de Catalunya through the CERCA Program. 
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MoBa 

The Norwegian Mother, Father and Child Cohort Study is supported by the Norwegian Ministry of Health and Care Services 

and the Ministry of Education and Research. JN received funding, in part, from the European Union's Horizon 2020 research 

and innovation programme (LIFECYCLE, grant agreement No 733206), The work of JRH was partly supported by the Re-

search Council of Norway through its Centres of Excellence funding scheme, project number 262700. 

 

NINFEA 

The NINFEA cohort was initially funded by the Compagnia SanPaolo Foundation and the Piedmont Region. It received fund-

ing from European projects: CHICOS (FP7 grant number HEALTH-FP7-2009-241604, LifeCycle (H2020 grant number 

733206), ATHLETE (H2020 grant number 874583). 

 

NFBC1986 

NFBC1986 received financial support from EU QLG1-CT-2000-01643 (EUROBLCS, grant number E51560), NorFA (grant 

numbers 731, 20056 and 30167) and USA / NIH 2000 G DF682 (grant number 50945). Financial support for data generation, 

research and supporting staff was received from the Academy of Finland (grant numbers: 104781, 120315, 129269, 1114194, 

24300796, 285547 (EGEA)); University Hospital Oulu, Biocenter, University of Oulu, Finland (grant number: 75617); NIHM 

(grant number: MH063706, Smalley and Jarvelin for NFBC1986 data collection), Juselius Foundation; NIH/NIMH (grant 

number: 5R01MH63706:02); the European Commission: EURO-BLCS, Framework 5 award QLG1-CT-2000-01643 (for 

NFBC1986 data collection), ENGAGE project and grant agreement HEALTH-F4-2007 (grant number: 201413); EU H2020-

HCO-2004  iHEALTH Action (grant number: 643774), EU H2020-PHC-2014 DynaHealth Action (grant number: 633595); 

ALEC Action (grant number: 633212); ERDF European Regional Development Fund (grant number: 539/2010 A31592);  the 

Medical Research Council (MRC), UK (grant numbers: G0500539, G0600705, G1002319, MR/M013138/1), EU H2020-SC1-

2016-2017 LifeCycle Action (grant number: 733206). The programme is currently funded by EU H2020-SC1-2016-2017 

LifeCycle Action (grant number: 733206), EU-H2020 EUCAN Connect (grant number: 824989) and H2020-SC1-2019 LongI-

Tools (grant number 874739). 

 

The Raine study 
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The Raine study has been funded by program and project grants from the Australian National Health and Medical Research 

Council (NHMRC), the Commonwealth Scientific and Industrial Research Organisation, Healthway and the Lions Eye Insti-

tute in Western Australia. The Raine study Gen2-17 year follow-up was funded by the NHMRC Program Grant (Stanley et al, 

ID 353514). The Raine study participation in LIFECYCLE was funded by a grant from the National Health and Medical Re-

search Council, Australia (GNT114285). The University of Western Australia (UWA), Curtin University, the Raine Medical 

Research Foundation, the Telethon Kids Institute, the Women’s and Infant’s Research Foundation (KEMH), Murdoch Univer-

sity, The University of Notre Dame Australia and Edith Cowan University provide funding for the Core Management of the 

Raine Study. RCH was supported by NHMRC fellowship (Grant Number 1053384). JC is supported by NHMRC EU (Grant 

Number 114285). 

 

SWS 

The SWS is supported by grants from the Medical Research Council, National Institute for Health Research Southampton Bio-

medical Research Centre, British Heart Foundation, University of Southampton and University Hospital Southampton National 

Health Service Foundation Trust, and the European Union’s Seventh Framework Programme (FP7/2007-2013), project Early 

Nutrition (grant 289346) and from the European Union's Horizon 2020 research and innovation programme (LIFECYCLE, 

grant agreement No 733206). Study participants were drawn from a cohort study funded by the Medical Research Council and 

the Dunhill Medical Trust. 
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S2 Appendix. Cohort-specific acknowledgments  

 

ALSPAC  

We are extremely grateful to all of the families who took part in ALSPAC, the midwives for their help in recruiting them, and 

the whole ALSPAC team, which includes interviewers, computer and laboratory technicians, clerical workers, research scien-

tists, volunteers, managers, receptionists and nurses. 

 

AOF 

The authors acknowledge the tremendous contribution and support of AOF participants and AOF team members. We are ex-

tremely grateful to the investigators, coordinators, research assistants, graduate and undergraduate students, volunteers, clerical 

staff and managers. 

 

BIB  

The authors acknowledge that Born in Bradford is only possible because of the enthusiasm and commitment of the children 

and parents in Born in Bradford. We are grateful to all participants, health professionals and researchers who have made Born 

in Bradford happen.  

 

CHILD 

We thank the CHILD Cohort Study (CHILD) participant families for their dedication and commitment to advancing health 

research. Visit CHILD at childcohort.ca. 

 

DNBC  

The authors would like to thank the participants, the first Principal Investigator of DNBC Prof. Jørn Olsen, the scientific mana-

gerial team, and DNBC secretariat for being, establishing, developing and consolidating the Danish National Birth Cohort.  

 

EDEN  
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The authors thank the cohort participants and the EDEN mother-child study group, whose members are: I. Annesi-Maesano, 

J.Y. Bernard, J. Botton, M.A. Charles, P. Dargent-Molina, B. de Lauzon-Guillain, P. Ducimetière, M. de Agostini, B. Foliguet, 

A. Forhan, X. Fritel, A. Germa, V. Goua, R. Hankard, B. Heude, M. Kaminski, B. Larroque†, N. Lelong, J. Lepeule, G. Mag-

nin, L. Marchand, C. Nabet, F Pierre, R. Slama, M.J. Saurel-Cubizolles, M. Schweitzer, O. Thiebaugeorges. 

 

ELFE 

The authors are grateful to 1)  the former members of the Elfe unit without whom the project would never have started: Henri 

Léridon, initiator and former Principal Investigator of the project, Stéphanie Vandentorren, Claudine Pirus, and Ando Rakoton-

irina; 2) the expertise and assistance of members of the unit for support functions,  3) all the researchers who contribute to the 

projects as members of the Elfe thematic groups and especially their coordinators; 4) all the field research assistants and inter-

viewers; 5) and above all, all the Elfe families who have placed their confidence in us and given up their time to the study    

 

G21 

The authors gratefully acknowledge the families enrolled in Generation XXI for their kindness, all members of the research 

team for their enthusiasm and perseverance, and the participating hospitals and their staff for their help and support. 

 

GECKO 

The authors are grateful to the families who took part in the GECKO Drenthe study, the midwives, gyneacologists, nurses, and 

the general practitioners and all health professionals at the Preventive Child Healthcare Drenthe for their help in the recruit-

ment and the measurements, and the GECKO Drenthe study team. 

 

Generation R  

The authors gratefully acknowledge the contribution of participants, research collaborators, general practitioners, hospitals, 

midwives, and pharmacies in Rotterdam. 

 

  

 . CC-BY 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.22275859doi: medRxiv preprint 

https://doi.org/10.1101/2022.06.01.22275859
http://creativecommons.org/licenses/by/4.0/


63 

 

INMA  

The authors would particularly like to thank all the participants for their generous collaboration.  The authors are grateful to 

Silvia Fochs, Nuria Pey, Mireia Garcia, Maria Victoria Estraña, Maria Victoria Iturriaga, Cristina Capo and Josep LLuch for 

their assistance in contacting the families and administering the questionnaires. 

 

MoBa  

The authors are grateful to all the participating families in Norway who take part in this on-going cohort study.  

 

NFBC1986  

The authors thank all cohort members and researchers who have participated in the NFBC studies. We also wish acknowledge 

the work of the NFBC project center. 

 

NINFEA  

The authors thank all families participating in the NINFEA cohort.  

 

The Raine study  

The authors would like to acknowledge the Raine study participants and their families for their ongoing participation in the 

study and the Raine study team for study co-ordination and data collection. We also thank the NHMRC for their long term 

contribution to funding the study over the last 30 years. The core management of the Raine study is funded by The University 

of Western Australia, Curtin University, Telethon Kids Institute, Women and Infants Research Foundation, Edith Cowan Uni-

versity, Murdoch University, The University of Notre Dame Australia and the Raine Medical Research Foundation.   

 

SWS  

The authors are grateful to the women and their children in Southampton who gave their time to take part in the Southampton 

Women’s Survey and to the research nurses and other staff who collected and processed the data. 
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S3 Appendix. Cohort-specific ethics approval 

 

ALSPAC 

Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics 

Committees 

 

AOF 

The All Our Families study was approved by the Child Health Research Office and the Conjoint Health Research Ethics Board 

of the Faculties of Medicine, Nursing, and Kinesiology, University of Calgary, and the Affiliated Teaching Institutions (Ethics 

ID 20821 and 22821). 

 

BiB 

Ethics approval has been obtained for the main platform study and all of the individual substudies from the Bradford Research 

Ethics Committee 

 

CHILD 

Ethics approvals for the study were obtained at recruitment and at each data collection phase from all four Canadian sites.  

 

DNBC 

The DNBC complies with the Declaration of Helsinki and was approved by the Danish National Committee on Biomedical 

Research Ethics 

 

EDEN 

The study received approval from the ethics committee (CCPPRB) of Kremlin Bicêtre on 12 December 2002 and from CNIL 

(Commission Nationale Informatique et Liberté), the French data privacy institution 
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ELFE 

Ethical approvals for data collection in maternity units and for each data collection wave during follow-up were obtained from 

the national advisory committee on information processing in health research (CCTIRS: Comité Consultatif sur le Traitement 

de l’Information en matière de Recherche dans le domaine de la Santé), the national data protection authority (CNIL: Comis-

sion Nationale Informatique et Liberté) and, in case of invasive data collection such as biological sampling, the committee for 

protection of persons engaged in research (CPP: Comité de Protection des Personnes). The ELFE study was also approved by 

the national committee for statistical information (CNIS: Conseil National de l’Information Statistique). 

 

G21 

Generation XXI was approved by the Portuguese Data Protection Authority and by the Ethics Committee of Hospital São João, 

and data confidentiality and protection were guaranteed in all procedures according to the Declaration of Helsinki. Signed in-

formed consent was obtained for all adults and children participants had it signed by their legal guardian at every study waves. 

 

GECKO 

The GECKO Drenthe study complies with the Declaration of Helsinki and was approved by the Medical Ethics Committee of 

the University Medical Center Groningen (UMCG). 

 

Generation R 

The general design, all research aims and the specific measurements in the Generation R Study have been approved by the 

Medical Ethical Committee of the Erasmus Medical Center, Rotterdam. New measurements will only be embedded in the 

study after approval of the Medical Ethical Committee. 

 

INMA 

The INMA project was approved by the ethics committee in each area. 
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MoBa 

The establishment and data collection in MoBa was previously based on a license from the Norwegian Data protection agency 

and approval from The Regional Committee for Medical Research Ethics, and it is now based on regulations related to the 

Norwegian Health Registry Act. 

 

NINFEA 

The Ethical Committee of the San Giovanni Battista Hospital and CTO/CRF/Maria Adelaide Hospital of Turin approved the 

NINFEA study (approval N. 0048362, and subsequent amendments)  

 

NFBC1986 

The study was performed according to the Declaration of Helsinki, and approved by the Ethics committee of the Northern Os-

trobothnia Hospital District in Finland  

 

The Raine study 

The original cohort study received approval from the King Edward Memorial Hospital for women ethics committee in 1989 

(DD/JS/459), and all subsequent follow-ups also received institutional human research ethics committee (HREC) approval 

prior to commencing. All participants were provided with participant information sheets and parents (Gen1) provided informed 

consent, and the child (Gen2) provided assent. When the Raine study Gen2 participants turned 18 years of age, ethics approval 

was further received from the University of Western Australia HREC (RA/4/1/2100) to contact and obtain consent from Raine 

study participants for any data that was collected before they were 18 to be used for future research. A further UWA HREC 

was provided to all a single ‘overarching’ approval code that recognises all previous approvals under which previous data 

and/or bio-samples were collected. This approval was received on 29 April 2020 and provides a single consolidated approval 

(RA/4/20/5722) for use of research data and/or bio-samples held in the Raine study data collection. 

 

SWS 

The study had full approval at each wave from the Southampton and Southwest Hampshire Local Research Ethics Committee. 
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S4 Appendix. Cohort-specific consent to participate 

 

ALSPAC 

Informed consent for the use of data collected via questionnaires and clinics was obtained from participants following the rec-

ommendations of the ALSPAC Ethics and Law Committee at the time. 

 

AOF 

Participants provided informed consent at the time of recruitment and were provided copies of the consent form for their rec-

ords. 

 

BiB 

All participants gave written informed consent. 

 

CHILD 

Informed consent of CHILD Cohort Study participants was obtained upon enrolment and at each subsequent data collection 

phase. 

 

DNBC 

Informed consent was obtained from participants upon enrolment 

 

EDEN 

Women gave written informed consent for themselves and their child. Fathers gave written informed consent for themselves.  

 

ELFE 

Informed consent was signed by the parents or the mother alone, with the father being informed of his right to deny consent for 

participation  
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G21 

Written informed consent was signed by any of the parents or legal representative of each participant at the baseline and in all 

subsequent follow up evaluations. Even with consent of the parents, when the child is not willing to participate, no measure-

ments were performed. From the age of 13 years, children were also asked for their informed consent.  

 

GECKO 

Parents of all participants in the study gave written informed consent. 

 

Gen R 

Participants are asked for their written informed consent for the four consecutive phases of the study (prenatally, birth to 4 

years, 4–12 years, and from 12 years onwards). At the start of each phase, mothers and their partners receive written and oral 

information about the study. Even with consent of the parents, when the child is not willing to participate actively, no measure-

ments are performed. From the age of 12 years, children are asked for written informed consent 

 

INMA 

All participants provided written informed consent before enrolment to the study 

 

MoBa 

MoBa is conducted according to the guidelines laid down in the declaration of Helsinki, and written informed consent was ob-

tained from all participants. A detailed protocol of the study including the consent can be found elsewhere 

(http://www.fhi.no/morogbarn). 

 

NINFEA 

Informed consent was obtained from all the participants at enrolment and at each follow-up. 

 

NFBC1986 
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Each participant and a guardian gave signed informed consent 

 

The Raine study 

All participants were provided with participant information sheets and parents (Gen1) provided informed consent, and the child 

(Gen2) provided assent. When the Raine study Gen2 participants turned 18 years of age, ethics approval was further received 

from the University of Western Australia HREC (RA/4/1/2100) to contact and obtain consent from Raine study participants for 

any data that was collected before they were 18 to be used for future research. 

 

SWS 

All participants gave written informed consent for each data collection wave of the study. 
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