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Abstract: Background

Childhood obesity is increasing globally with widening socioeconomic inequalities. It is
unclear if differences in the accumulation and intensity distribution of children’s
physical activity is contributing to these rising disparities. We investigated if the
intensity patterning of physical activity differs between socioeconomic groups across
Europe and if this relationship differs by national level income inequality and age to
help explain obesity disparities.

Methods

We pooled and harmonised individual-participant accelerometer-assessed activity and
socioeconomic position (SEP) data from 36 European child studies. Included
participants were between 5 to 16 years of age with valid accelerometer data (≥480
minutes of daily wear time on 3 days), parental education and anthropometric
measurements. Study-level multivariable linear regression models were run to assess
differences in moderate-vigorous physical activity (MVPA), vigorous physical activity
(VPA) and adiposity by socioeconomic position (by parental education). Effects were
pooled in random effect meta-analyses.

Findings

26,915 participants (mean age: 10·1y [SD:1.2]; 51·7% female) from 16 European
countries met the inclusion criteria. Meta-analyses revealed proportionally more
average daily minutes of VPA were performed by children from a higher
socioeconomic position (High vs low SEP, b: 0·57, 95%CI: 0·28, 0·85 mins), despite
lower overall levels of physical activity (MVPA; b: -1·51, 95%CI: -2·36, -0·67 mins).
Higher intensity activity in children from a higher socioeconomic position was paralleled
by lower levels of adiposity measured by BMI z-score (b: -0·20, 95%CI: -0·24, -0·16).
Stepwise differences were apparent moving from low to medium to high
socioeconomic position [e.g. BMI z-score: (Low vs Med SEP; b: -0·10, 95%CI: -0·14, -
0·07) (Low vs High SEP; b: -0·20, 95%CI: -0·24, -0·16)]. Inequalities in VPA and BMI z-
score widened with age and were not affected by national level income inequality.

Interpretation
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Lower levels of adiposity in children from a higher socioeconomic position are
paralleled by relatively higher amounts of VPA despite overall lower levels of MVPA.
Physical activity promotion efforts should focus on providing opportunities for less
affluent children to be vigorously active.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation
This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 1 

Title: Socioeconomic patterning of children’s accelerometer-assessed physical activity 
intensities and adiposity: a pooled analysis of individual-level data for 26,915 children and 
adolescents from 36 European cohorts 

 
 
Corresponding author: 

Rebecca Love  
MRC Epidemiology Unit & Centre for Diet and Activity Research (CEDAR) 
University of Cambridge School of Clinical Medicine,  
Box 285, Institute of Metabolic Science,  
Cambridge Biomedical Campus,  
Cambridge  
CB2 0QQ 
Email: rel54@cam.ac.uk  
Telephone: +44(0)1223769189 
 
 
Authors:  
 
 
Author affiliations:  

ALSPAC (Children of the 90s), Bristol Medical School, University of Bristol, Oakfield House, 
Oakfield Grove, Bristol, BS8 2BN, UK (Kate Northstone) 
 
Centre d'Investigation Clinique de Lille, Antenne pédiatrique du CIC, Hôpital Jeanne de Flandre, 
CHRU de Lille (Laurent Beghin) 
 
Centre for Diet and Activity Research (CEDAR), MRC Epidemiology Unit, University of 
Cambridge, Cambridge, UK (Rebecca Love, Jean Adams, Esther MF van Sluijs) 
 
Centre for Exercise, Nutrition & Health Sciences, School for Policy Studies, University of Bristol 
(Russell Jago, Angie Page)  
 
Centre for Research and Innovation in Education (inED), Research Centre in Physical Activity, 
Health and Leisure (CIAFEL), Department of Sport Science, High School of Education, 
Polytechnic Institute of Porto, Portugal (Susana Vale)  
 
Centre Hospitalier Universitaire Vaudois, Laussanne, Switzerland (Jardena Puder)  
 
CREA – Research Centre for Food and Nutrition, Rome, Italy (Angela Polito) 
 
Comprehensive Pneumology Center Munich (CPC-M), Member of the German Center for Lung 
Research (DZL) (Holger Schulz) 

Manuscript

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

mailto:rel54@cam.ac.uk


 2 

 
Department of chronic diseases, National Institute for Health Development, Hiiu 42, Tallinn, 
Estonia (Kenn Konstabel) 
 
Department of Epidemiological Methods and Etiologic Research, Leibniz Institute for Prevention 
Research and Epidemiology - BIPS, Bremen, Germany (Ole Sprengeler, Wolfgang Ahrens) 
 
Department of Movement and Sports Sciences, Ghent University, Gent, Belgium (Greet Cardon) 
 
Department of Nutrition, Exercise and Sports, University of Copenhagen, Frederiksberg, 
Denmark (Mads F. Hjorth, Anders Mikael Sjödin)  
 
Department of Public Health and Primary Care, Faculty of Medicine and Health Sciences, Ghent 
University, Belgium (Stefaan De Henauw, Nathalie Michels)  
 
Department of Sports Medicine, Norwegian School of Sport Sciences, Oslo, Norway (Ulf 
Ekelund, Jostein Steene-Johannessen, Lars Bo Andersen) 
 
Department of Sports Science and Clinical Biomechanics, Centre of Research in Childhood 
Health, Research Unit for Exercise Epidemiology, University of Southern Denmark, Odense, 
Denmark. (Line Grønholt Olesen, Peter Lund Kristensen) 
 
Department of Sports Science and Clinical Biomechanics, The University of Southern Denmark, 
Odense, Denmark (Lars B. Christiansen) 
 
Epidemiology, Biostatistics and Prevention Institute, Group Children, Physical Activity and 
Health (CHIPAH), University of Zürich, Hirschengraben 84 (Susi Kriemler) 
 
Exercise and Health Laboratory, Faculty of Human Faculty of Human Kinetics, Universidade de 
Lisboa, Lisbon, Portugal (Luis B. Sardinha) 
 
Faculty of Education, Arts and Sport, Western Norway University of Applied Sciences, Bergen, 
Norway (Lars Bo Andersen) 
 
Facultad de Ciencias de la Actividad FIsica y del Deporte (INEF) (Amelia Guadalupe Grau) 
 
GENUD research group, Facultad de Ciencias de la Salud, Universidad de Zaragoza, Insituto 
Agroalimentario de Aragón (IA2), Instituto de Investigación Sanitaria Aragón (IIS Aragón), 
Centro de Investigación Biomédica en Red Fisiopatología de la Obesidad y Nutrición (CIBEROBN) 
(Luis A. Moreno, José Antonio Casajús)  
 
Institute for Physical Education and Sport, University of Malta, Malta (Andrew Decelis) 
 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 3 

Institute of Epidemiology, Helmholtz Zentrum München, German Research Center for 
Environmental Health, Neuherberg, Germany (Claudia Flexeder, Agnes Luzak, Holger Schulz, 
Marie Standl) 
 
Institute of Food Sciences (ISA), Consiglio Nazionale delle Ricerche( CNR), Avellino, Italy (Paola 
Russo) 
 
Institute of Health & Society and Human Nutrition Research Centre, Newcastle University, 
Newcastle upon Tyne, UK (Laura Basterfield) 
 
International Agency for Research on Cancer, World Health Organization, Lyon, France (Inge 
Huybrechts)   
 
National Institute of Public Health, University of Southern Denmark, Denmark (Mette Toftager) 
 
Population Health Research Institute, St George's, University of London, UK (Christopher G 
Owen, Claire M Nightingale) 
 
Research Centre in Physical Activity, Health and Leisure (CIAFEL), Faculty of Sport, University of 
Porto, Porto, Portugal (Jorge Mota)  
 
School of Public Health and Community Medicine, Institute of Medicine, Sahlgrenska Academy, 
University of Gothenburg, Gothenburg, Sweden (Lauren Lissner) 
 
 
Author email addresses:   

Agnes Luzak (agnes.luzak@helmholtz-muenchen.de) 
Amelia Guadalupe Grau (amelia.guadalupe@upm.es) 
Anders Mikael Sjödin (amsj@nexs.ku.dk) 
Andrew Decelis (andrew.decelis@um.edu.mt) 
Angela Polito (angela.polito@crea.gov.it) 
Angie Page (a.s.page@bristol.ac.uk)  
Christopher G Owen (cowen@sgul.ac.uk) 
Claire M Nightingale (cnightin@sgul.ac.uk) 
Claudia Flexeder (claudia.flexeder@helmholtz-muenchen.de)  
Esther MF van Sluijs (ev234@medschl.cam.ac.uk) 
Greet Cardon (greet.cardon@ugent.be)  
Holger Schulz (schulz@helmholtz-muenchen.de)  
Inge Huybrechts (HuybrechtsI@iarc.fr) 
Jardena J Puder (jardena.puder@chuv.ch) 
Jean Adams (jma79@medschl.cam.ac.uk) 
Jorge Mota (jmota@fade.up.pt) 
José Antonio Casajús (joseant@unizar.es) 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

mailto:agnes.luzak@helmholtz-muenchen.de
mailto:amelia.guadalupe@upm.es
mailto:amsj@nexs.ku.dk
mailto:andrew.decelis@um.edu.mt
mailto:angela.polito@crea.gov.it
mailto:a.s.page@bristol.ac.uk
mailto:cowen@sgul.ac.uk
mailto:cnightin@sgul.ac.uk
mailto:claudia.flexeder@helmholtz-muenchen.de
mailto:ev234@medschl.cam.ac.uk
mailto:greet.cardon@ugent.be
mailto:schulz@helmholtz-muenchen.de
mailto:HuybrechtsI@iarc.fr
mailto:jardena.puder@chuv.ch
mailto:jma79@medschl.cam.ac.uk
mailto:jmota@fade.up.pt
mailto:joseant@unizar.es


 4 

Jostein Steene-Johannessen (jostein.steene-johannessen@nih.no)  
Kate Northstone (kate.northstone@bristol.ac.uk) 
Kenn Konstabel (kenn.konstabel@tai.ee)  
Lars Bo Andersen (Lars.Bo.Andersen@hvl.no)  
Lars B. Christiansen (lbchristiansen@health.sdu.dk)  
Laura Basterfield (laura.basterfield@newcastle.ac.uk) 
Lauren Lissner (lauren.lissner@gu.se)  
Laurent Beghin (Laurent.BEGHIN@CHRU-LILLE.FR) 
Line G. Olesen (lgolesen@health.sdu.dk)  
Luis A. Moreno (lmoreno@unizar.es)  
Luis B. Sardinha (lsardinha@fmh.utl.pt) 
Mads F. Hjorth (madsfiil@nexs.ku.dk)  
Marie Standl (marie.standl@helmholtz-muenchen.de)  
Mette Togtager (mtoftager@health.sdu.dk) 
Nathalie Michels (Nathalie.Michels@UGent.be) 
Ole Sprengeler (sprengel@leibniz-bips.de)  
Paola Russo (prusso@isa.cnr.it) 
Peter Lund Kristensen (plkristensen@health.sdu.dk) 
Rebecca Love (rel54@cam.ac.uk)  
Russell Jago (russ.jago@bristol.ac.uk) 
Stefaan De Henauw  (stefaan.dehenauw@ugent.be)  
Susana Vale (susanavale@hotmail.com) 
Susi Kriemler (susi.kriemlerwiget@uzh.ch)  
Ulf Ekelund (ulf.ekelund@nih.no) 
Wolfgang Ahrens (ahrens@leibniz-bips.de) 
 

 

 

 

 

 

 
 

 

 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed

mailto:jostein.steene-johannessen@nih.no
mailto:kate.northstone@bristol.ac.uk
mailto:kenn.konstabel@tai.ee
mailto:Lars.Bo.Andersen@hvl.no
mailto:lbchristiansen@health.sdu.dk
mailto:laura.basterfield@newcastle.ac.uk
mailto:lauren.lissner@gu.se
mailto:Laurent.BEGHIN@CHRU-LILLE.FR
mailto:lgolesen@health.sdu.dk
mailto:lmoreno@unizar.es
mailto:lsardinha@fmh.utl.pt
mailto:madsfiil@nexs.ku.dk
mailto:madsfiil@nexs.ku.dk
mailto:madsfiil@nexs.ku.dk
mailto:marie.standl@helmholtz-muenchen.de
mailto:mtoftager@health.sdu.dk
mailto:Nathalie.Michels@UGent.be
mailto:sprengel@leibniz-bips.de
mailto:prusso@isa.cnr.it
mailto:plkristensen@health.sdu.dk
mailto:rel54@cam.ac.uk
mailto:russ.jago@bristol.ac.uk
mailto:stefaan.dehenauw@ugent.be) 
mailto:susanavale@hotmail.com
mailto:susi.kriemlerwiget@uzh.ch
mailto:ulf.ekelund@nih.no
mailto:ahrens@leibniz-bips.de


 5 

Acknowledgements: 

Funding for this study and the work of authors Jean Adams, Esther M F Van Sluijs and Rebecca 
Love was supported, wholly or in part, by the Centre for Diet and Activity Research (CEDAR), a 
UKCRC Public Health Research Centre of Excellence (RES-590-28-0002). Funding from the British 
Heart Foundation, Department of Health, Economic and Social Research Council, Medical 
Research Council, and the Wellcome Trust, under the auspices of the UK Clinical Research 
Collaboration, is gratefully acknowledged. Rebecca Love is funded by a Gates Cambridge 
Scholarship. The work of Esther M F van Sluijs was supported by the Medical Research Council 
(MC_UU_12015/7). Funding for the work of Ulf Ekelund and Jostein S Johannessen was 
supported by an excellence is science research grant from the Research Council of Norway 
(249932/F20).  

We would like to thank all participants and funders of the original studies that contributed data 
to this accelerometer database. This database was initiated and funded by the Determinants of 
Diet and Physical Activity knowledge hub. This work is supported by the Joint Programming 
Initiative “Healthy Diet for a Healthy Life”. The funding agencies are as follows: Italy: the 
Ministry of Agricultural, Food and Forestry Policies; Ireland: The Health Research Board; The 
Netherlands: The Netherlands Organisation for Health Research and Development (ZonMw); 
and Norway: The Research Council of Norway, Division for Society and Health. We would like to 
thank all authors that contributed to the DEDIPAC Physical Activity Dataset, specifically those 
who were willing, but we were unable to include in this analysis.  

We would also like to thank all participants and funders of the original studies that contributed 
data to ICAD. We gratefully acknowledge the contribution of Professor Chris Riddoch, Professor 
Ken Judge and Dr. Pippa Griew to the development of ICAD. The ICAD Collaborators include: 
Prof LB Andersen, University of Southern Denmark, Odense, Denmark (Copenhagen School 
Child Intervention Study (CoSCIS)); Prof S Anderssen, Norwegian School for Sport Science, Oslo, 
Norway (European Youth Heart Study (EYHS), Norway); Prof G Cardon, Department of 
Movement and Sports Sciences, Ghent University, Belgium (Belgium Pre-School Study); Centers 
for Disease Control and Prevention (CDC), National Center for Health Statistics (NCHS), 
Hyattsville, MD USA (National Health and Nutrition Examination Survey (NHANES)); Prof A 
Cooper, Centre for Exercise, Nutrition and Health Sciences, University of Bristol, UK (Personal 
and Environmental Associations with Children's Health (PEACH)); Dr. R Davey, Centre for 
Research and Action in Public Health, University of Canberra, Australia (Children's Health and 
Activity Monitoring for Schools (CHAMPS)); Prof U Ekelund, Norwegian School of Sport 
Sciences, Oslo, Norway; Dr. DW Esliger, School of Sports, Exercise and Health Sciences, 
Loughborough University, UK; Dr. NC Møller, University of Southern Denmark, Odense, 
Denmark (European Youth Heart Study (EYHS), Denmark); Dr. P Hallal, Postgraduate Program in 
Epidemiology, Federal University of Pelotas, Brazil (1993 Pelotas Birth Cohort); Prof KF Janz, 
Department of Health and Human Physiology, Department of Epidemiology, University of Iowa, 
Iowa City, US (Iowa Bone Development Study); Dr. K Kordas, School of Social and Community 
Medicine, University ofBristol, UK (Avon Longitudinal Study of Parents and Children (ALSPAC)); 
Dr. S Kriemler, Epidemiology, Biostatistics and Prevention Institute, University of Zürich, 
Switzerland (Kinder-Sportstudie (KISS)); Dr. A Page, Centre for Exercise, Nutrition and Health 
Sciences, University of Bristol, UK; Prof R Pate, Department of Exercise Science, University of 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 6 

South Carolina, Columbia, US (Physical Activity in Pre-school Children (CHAMPS- US) and Project 
Trial of Activity for Adolescent Girls (Project TAAG)); Dr. JJ Puder, Service of Endocrinology, 
Diabetes and Metabolism, Centre Hospitalier Universitaire Vaudois, University of Lausanne, 
Switzerland (Ballabeina Study); Prof J Reilly, Physical Activity for Health Group, School of 
Psychological Sciences and Health, University of Strathclyde, Glasgow, UK(Movement and 
Activity Glasgow Intervention in Children (MAGIC)); Prof. J Salmon, School of Exercise and 
Nutrition Sciences, Deakin University, Melbourne, Australia (Children Living in Active 
Neigbourhoods (CLAN)); Prof LB Sardinha, Exercise and Health Laboratory, Faculty of Human 
Movement, Technical University of Lisbon, Portugal (European Youth Heart Study (EYHS), 
Portugal); Dr. LB Sherar, School of Sports, Exercise and Health Sciences, Loughborough 
University, UK; Dr. A Timperio, Centre for Physical Activity and Nutrition Re- search, Deakin 
University Melbourne, Australia (Healthy Eating and Play Study (HEAPS)); Dr. EMF van Sluijs, 
MRC Epidemiology Unit, University of Cambridge, UK (Sport, Physical activity and Eating 
behavior: Environmental Determinants in Young people (SPEEDY)). The UK Medical Research 
Council and the Wellcome Trust (Grant ref.: 102215/2/13/ 2) and the University of Bristol 
provide core support for ALSPAC. 
 
The pooling of the ICAD data was funded through a grant from the National Prevention 
Research Initiative (Grant Number: G0701877) 
(http://www.mrc.ac.uk/research/initiatives/national-prevention-research-initiative-npri/). The 
funding partners relevant to this award are: British Heart Foundation; Cancer Research UK; 
Department of Health; Diabetes UK; Economic and Social Research Council; Medical Research 
Council; Research and Development Office for the Northern Ireland Health and Social Services; 
Chief Scientist Office; Scottish Executive Health Department; The Stroke Association; Welsh 
Assembly Government and World Cancer Research Fund. This work was additionally supported 
by the Medical Research Council [MC_UU_12015/3; MC_UU_12015/7], The Research Council of 
Norway (249932/F20), Bristol University, Loughborough University and Norwegian School of 
Sport Sciences.  
 
The GINIplus Study group consists of the following: Institute of Epidemiology, Helmholtz 
Zentrum München, German Research Center for Environmental Health, Neuherberg (Heinrich J, 
Brüske I, Schulz H, Flexeder C, Zeller C, Standl M, Schnappinger M, Ferland M, Thiering E, Tiesler 
C); Department of Pediatrics, Marien-Hospital, Wesel (Berdel D, von Berg A); Ludwig-
Maximilians-University of Munich, Dr von Hauner Children’s Hospital (Koletzko S); Child and 
Adolescent Medicine, University Hospital rechts der Isar of the Technical University Munich 
(Bauer CP, Hoffmann U); IUF- Environmental Health Research Institute, Düsseldorf (Schikowski 
T, Link E, Klümper C, Krämer U, Sugiri D).  
 
The LISA Study group consists of the following: Helmholtz Zentrum München, German Research 
Center for Environmental Health, Institute of Epidemiology, Munich (Heinrich J, Schnappinger 
M, Brüske I, Ferland M, Schulz H, Zeller C, Standl M, Thiering E, Tiesler C, Flexeder C); 
Department of Pediatrics, Municipal Hospital “St. Georg”, Leipzig (Borte M, Diez U, Dorn C, 
Braun E); Marien Hospital Wesel, Department of Pediatrics, Wesel (von Berg A, Berdel D, Stiers 
G, Maas B); Pediatric Practice, Bad Honnef (Schaaf B); Helmholtz Centre of Environmental 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 7 

Research – UFZ, Department of Environmental Immunology/Core Facility Studies, Leipzig 
(Lehmann I, Bauer M, Röder S, Schilde M, Nowak M, Herberth G , Müller J); Technical University 
Munich, Department of Pediatrics, Munich (Hoffmann U, Paschke M, Marra S); Clinical Research 
Group Molecular Dermatology, Department of Dermatology and Allergy, Technische Universität 
München (TUM), Munich (Ollert M, J. Grosch). 
 
The GINIplus study was mainly supported for the first 3 years by the Federal Ministry for 
Education, Science, Research and Technology (interventional arm) and Helmholtz Zentrum 
Munich (former GSF) (observational arm). The 4-year, 6-year and 10-year follow-up 
examinations of the GINIplus study were covered by the respective budgets of the five study 
centres (Helmholtz Zentrum Munich (former GSF), Research Institute at Marien-Hospital Wesel, 
LMU Munich, TU Munich, and from 6 years onwards also from IUF – Leibniz Research-Institute 
for Environmental Medicine at the University of Düsseldorf) and a grant from the Federal 
Ministry for Environment (IUF Düsseldorf, FKZ 20462296). The 15 year follow-up examination of 
the GINIplus study was partially supported by the Commission of the European Communities, 
the 7th Framework Programme, MeDALL project, as well as by the companies Mead Johnson 
and Nestlé.  
 
The LISA study was mainly supported for the first 2 years by the Federal Ministry for Education, 
Science, Research and Technology, the Helmholtz Centre for Environmental Research – UFZ in 
Leipzig, and the Helmholtz Zentrum Munich (former GSF). The 4-year, 6-year, 10-year and 15-
year follow-up examinations were covered from the respective budgets of the four study 
centres: Helmholtz Zentrum Munich, Research Institute at Marien-Hospital Wesel, and UFZ 
Leipzig, and also IUF – Leibniz Research Institute for Environmental Medicine at the University 
of Düsseldorf at age 6 and 10 years. The 15-year follow-up examination of the LISA study was 
also supported by the Commission of the European Communities, the 7th Framework 
Programme, and the MeDALL project. 
 
The contribution of Profesor Jens Troelsen, University of Southern Denmark, to the Danish 
Space project are greatfully acknowledged. The contributions of Professor Peter H Whincup, 
Population Health Research Institute, St George’s, University of London, UK (Child Heart and 
Health Study in England (CHASE))’ are very much appreciated. Lastly, we acknowledge and very 
much appreciate the inputs of Dr Dénes Molnár (University if Pécs Medical School), Kurt 
Widhalm (University Clinic for Pediatrics Vienna, Department of Nutritional Medicine), Michael 
Tornaritis (Research and education Institute of Child Health, Cyprus), Neils Wedderkoop 
(Universit of Southern Denmark), Peter Lund Christansen (University of Southern Denmark) for 
their contributions to their respective studies.  

 

Potential conflicts of interest:  

All authors declare that they have no conflicts of interest. 

 

Key words:  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 8 

Physical activity, Obesity, Children, Adolescents, Inequalities, ICAD, ALSPAC  

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



 9 

ABSTRACT 

Background: Childhood obesity is increasing globally with widening socioeconomic inequalities. 
It is unclear if differences in the accumulation and intensity distribution of children’s physical 
activity is contributing to these rising disparities. We investigated if the intensity patterning of 
physical activity differs between socioeconomic groups across Europe and if this relationship 
differs by national level income inequality and age to help explain obesity disparities. 

Methods: We pooled and harmonised individual-participant accelerometer-assessed activity 
and socioeconomic position (SEP) data from 36 European child studies. Included participants 
were between 5 to 16 years of age with valid accelerometer data (≥480 minutes of daily wear 
time on 3 days), parental education and anthropometric measurements. Study-level 
multivariable linear regression models were run to assess differences in moderate-vigorous 
physical activity (MVPA), vigorous physical activity (VPA) and adiposity by socioeconomic 
position (by parental education). Effects were pooled in random effect meta-analyses.  

Findings: 26,915 participants (mean age: 10·1y [SD:1.2]; 51·7% female) from 16 European 
countries met the inclusion criteria. Meta-analyses revealed proportionally more average daily 
minutes of VPA were performed by children from a higher socioeconomic position (High vs low 
SEP, b: 0·57, 95%CI: 0·28, 0·85 mins), despite lower overall levels of physical activity (MVPA; b: -
1·51, 95%CI: -2·36, -0·67 mins). Higher intensity activity in children from a higher socioeconomic 
position was paralleled by lower levels of adiposity measured by BMI z-score (b: -0·20, 95%CI: -
0·24, -0·16). Stepwise differences were apparent moving from low to medium to high 
socioeconomic position [e.g. BMI z-score: (Low vs Med SEP; b: -0·10, 95%CI: -0·14, -0·07) (Low 
vs High SEP; b: -0·20, 95%CI: -0·24, -0·16)]. Inequalities in VPA and BMI z-score widened with 
age and were not affected by national level income inequality. 

Interpretation: Lower levels of adiposity in children from a higher socioeconomic position are 
paralleled by relatively higher amounts of VPA despite overall lower levels of MVPA. Physical 
activity promotion efforts should focus on providing opportunities for less affluent children to 
be vigorously active.  

Funding: BHF, CRUK, ESCR, MRC, Wellcome Trust, Research Council of Norway  
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INTRODUCTION  2 

Rates of obesity are increasing fastest within low-socioeconomic populations globally.1,2 Given 3 

the association of obesity and some non-communicable diseases (NCDs), these differences are 4 

amplifying inequalities in morbidity and premature mortality across the life-course.3 5 

Concerningly, these differences manifest early, with evidence revealing worsening 6 

socioeconomic differences in childhood obesity, with increasingly higher rates of obesity in 7 

more deprived groups.4,5 In practice, we have limited understanding of the factors driving 8 

widening socioeconomic inequalities in childhood adiposity.  9 

The benefits of physical activity that have been observed during childhood and adolescence in 10 

promoting health and well-being, and reducing future disease risk have led to an international 11 

focus on its promotion across populations.6 Current international physical activity guidelines 12 

recommend children accumulate ‘at least 60 minutes of moderate-to-vigorous physical activity 13 

(MVPA) daily’.7 The guidelines secondarily recommend that vigorous activities are incorporated 14 

three times a week, without further specification.  15 

Unlike in adults, the literature on the relationship between socioeconomic position (SEP) and 16 

levels of MVPA in children is inconclusive. Some studies conclude children from lower SEP 17 

backgrounds engage in slightly less MVPA while many others found no pattern of effect.8,9 The 18 

majority of studies using objectively measured physical activity illustrate no apparent 19 

socioeconomic patterning in children’s adherence to international physical activity guidelines. 20 

This evidence base does not reflect known socioeconomic inequalities in adiposity and other 21 

health outcomes in children.  22 
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Dose response evidence demonstrates that the association between MVPA and adiposity is 23 

driven by duration and intensity of activity.10,11 Vigorous physical activity (VPA) is strongly 24 

associated with lower levels of adiposity and associated risk factors independent of its effect on 25 

energy expenditure.12 Additionally, higher intensities of physical activity in the vigorous range 26 

have been shown to be most strongly associated with metabolic health in children.13 Analyses 27 

in both European and international studies have identified VPA to act as a key factor 28 

discriminating between children who have normal versus an unhealthy weight (overweight or 29 

obese).14,15 30 

Despite this evidence, in line with current guidelines, most epidemiological research and 31 

intervention trials target and assess the aggregate measure of MVPA. Considering the distinct 32 

characteristics of moderate physical activity (MPA) (e.g. walking to school) versus VPA (e.g. 33 

organized sport participation), it is conceivable that differences exists between socioeconomic 34 

groups.16 Evidence demonstrates that some activities that drive VPA, such as organized sport, 35 

are socially patterned due to unequal access, support and costs.17 By repeatedly using the 36 

aggregate measure of MVPA we may be overlooking important differences between socio-37 

economic subgroups.  38 

Global analyses suggest that countries with political and economic systems that produce 39 

greater income inequality have poorer child and adolescent health outcomes and higher rates 40 

of NCDs in adulthood.18 An investigation within a low-income country setting revealed that 41 

children accumulate high amounts of incidental MPA but low amounts of VPA, which is 42 

associated with low cardiorespiratory fitness and poorer health outcomes.19 An ensuing 43 

analysis from a high-income country context revealed that children from lower individual SEP 44 
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 12 

accumulate MVPA from lower intensity distributions than socioeconomically affluent children.16 45 

Overall, we have limited understanding of whether the influence of individual SEP on physical 46 

activity intensities changes between national contexts with varying levels of economic 47 

inequality, thus differentially driving inequalities in obesity and ultimately NCDs.  48 

Accelerometer measurement is critical to accurately understand intensity differences in 49 

physical activity behavior and address this question.  50 

Using a large international harmonised accelerometer dataset from 36 studies across 16 51 

countries, the objective of this analysis was to determine if there are socio-economic 52 

differences in the intensity patterning of physical activity in European children and investigate if 53 

individual level inequalities are driven by national level income inequality and age.  54 
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METHODS  55 

The DEDIPAC (DEterminants of DIet and Physical ACtivity) Knowledge Hub was established 56 

in 2013 by a multidisciplinary consortium of 68 research centers from member states across 57 

the European Union.20 A central aim of the hub was the standardization and harmonization 58 

of existing European studies to describe population levels of behavior, including physical 59 

activity. The analyses presented here use data from the DEDIPAC database on children’s 60 

accelerometer-assessed activity, which pooled and harmonized all available accelerometer 61 

data in European children and adolescents (5-16 years of age), and is based at the 62 

Norwegian School of Sports Science, Oslo, Norway.  63 

Following a systematic literature search, principal investigator teams of studies eligible for 64 

inclusion were contacted. Those that agreed to take part signed data sharing agreements 65 

and accelerometer and descriptive data files were transferred to the analytic team. The full 66 

details of this search and harmonization process are described elsewhere,21  and details of 67 

the original studies included in Supplementary File 1. All data were stored, managed and 68 

processed following the data policies of the Norwegian School of Sports Science.  69 

Data from all studies included within the DEDIPAC database were considered for inclusion in 70 

this analysis.  71 

Selection criteria and strategy 72 

Following initial scoping investigations of the availability of socioeconomic data within 73 

DEDIPAC studies, parental education (preferably maternal) was selected as the indicator of 74 

SEP. This decision was made in consideration of evidence evaluating the reliability of 75 

measures of SEP in child and adolescent populations 22,23 and pragmatically based on data 76 

availability within the included studies.  77 
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Studies from the DEDIPAC children’s accelerometer database were included if 1) study 78 

authors approved the use of their data for this analysis, 2) the study did not receive food 79 

industry sponsorship (in accordance with institutional policy) and 3) authors were able to 80 

provide education data on the study participants’ parents (with a preference for maternal 81 

education).  82 

Lead study authors were contacted in July 2018 with an analysis proposal requesting their 83 

participation (Included in Supplementary File 2). Those that agreed to participate were 84 

asked to send parental education data for all included participants, using the same ID 85 

numbers as initially used when they provided data as part of the DEDIPAC consortium. 86 

Where multiple waves of follow-up were available for a cohort, inclusion was restricted to 87 

the first.  88 

Data processing  89 

Accelerometer data 90 

Physical activity was assessed across all studies using Actigraph accelerometers. The details 91 

of physical activity data collection by individual study, including years and months of data 92 

collection, design, accelerometer model and epoch length are outlined in Supplementary 93 

File 3. A 60-second epoch length was used for the purpose of data harmonisation within the 94 

DEDIPAC database. Accelerometer data were considered daily, across 06:00 – 23:00 hours, 95 

with a minimum wear time for a valid day of 480 minutes.24 Inclusion was restricted to 96 

participants with three or more valid days of accelerometer wear-time irrespective of 97 

weekday or weekend days.25 Evenson cut points were used to calculate the average daily 98 

minutes spent in MPA (2296-4011 cpm), VPA ( 4012 cpm) and MVPA per day. Evenson cut 99 

points were used based on demonstrated validity and accuracy of classification among 100 

children of all ages.26 101 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3551423

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



 

 15 

Values of average daily minutes of MPA at the individual participant level? were assessed, 102 

and the maximum observations deemed to be within reasonable limits (99th percentile: 185 103 

mins per day). For average daily minutes of VPA, five participants with observations above 104 

360 minutes (6 hours) were set to 360. As there is no single accepted standard for 105 

identifying extreme values of MVPA, alternative approaches including the exclusion of 106 

values outside the upper 99th percentile and 3·5 standard deviations from the mean, were 107 

tested; this did not impact the findings.  108 

Socioeconomic position (SEP)  109 

Parental education was used as the measure of SEP. A priori prioritization decision were 110 

made as follows: a) maternal education was prioritized over paternal education and 111 

combined parental measures; b) a hierarchy of operationalisation of education constructs 112 

was developed with educational institutions attended/completed preferred to  113 

qualifications attained which was preferred to years of education completed; c) data 114 

collection via parental self-report was prioritized over partner-proxy report and lastly child 115 

report.  116 

Parental education was harmonised into a three-level SEP variable categorized as (Low) ‘up 117 

to and including completion of compulsory education’, (Middle) ‘some post-compulsory 118 

education or vocational training’, and (High) ‘completed undergraduate or postgraduate 119 

university education’. Classification decisions were made based on input of the authors and 120 

by consulting standards of education within the national context of what constitutes 121 

compulsory vs post-compulsory education.27 This harmonisation procedure is equivalent to 122 

that conducted for the International Children’s Accelerometery Database with full details of 123 

the harmonisation process for each study outlined in Supplementary File 4. For the 124 
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remainder of the paper, low, medium and high SEP are used to refer to these three 125 

categories.  126 

 127 

Body Mass Index 128 

Body Mass Index (BMI) z-score was used to characterise the adiposity of participants. Child 129 

anthropometric measurements (weight (kg) and height (cm)) were transformed to age and 130 

sex adjusted BMI z-scores using the World Health Organizations Child Growth Standards 131 

2007.28 All studies used objective measurement methods. Children and adolescents were 132 

subsequently categorized into weight categories representing ‘normal weight’, ‘overweight’ 133 

and ‘obese’ using international BMI cut-offs (WHO Child Growth Standards). BMI z-score 134 

and associated categories were calculated using extensions to the Stata egen functions 135 

zanthro and zbmicat.29  136 

National variation in inequality 137 

The Gini coefficient was used as indicator of national level income inequality. The Gini 138 

coefficient measures the income distribution within a country and the extent to which that 139 

distribution deviates from a perfectly even distribution representing absolute equality. A 140 

Gini coefficient of 0 represents perfect equality while an index of 100 denotes complete 141 

inequality. Data outlining the Gini coefficient of the 16 included countries was obtained 142 

from the World Bank.30  143 

Statistical Analysis  144 

All analyses were conducted using STATA 15·1 (Statacorp, College Station, Texas, USA). Drop 145 

out analyses were conducted to determine differences between the analytic and excluded 146 

sample. These were conducted through chi-square tests, on the overall dataset, across SEP, 147 
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BMI, age and gender. Continuous summary statistics at the study level were calculated using 148 

a weighted mean by participant size.  149 

Two-stage individual level meta-analyses were conducted using the Stata command 150 

ipdmetan.31 This command first fits the data to the specific model for each individual study, 151 

then pools the study effects and variances into a meta-analysis model using inverse-152 

variance weighting. In the first stage, multivariable linear regressions were fitted to analyse 153 

differences in 1) absolute mean daily minutes of VPA 2) absolute mean daily minutes of 154 

MVPA and 3) BMI z-score, across the three categories of SEP, by study. Unadjusted models 155 

were run, with adjustments for each identified confounding factor sequentially tested and 156 

added. The respective final models are adjusted for: 1) mean minutes of MPA, 157 

accelerometer wear time, age and sex, 2) accelerometer wear time, age and sex, and 3) age 158 

and sex. In the second stage, individual study estimates were pooled through a meta-159 

analysis approach and results displayed as forest plots. For each model, estimates were 160 

plotted in two forest plots using low SEP as the reference category. The first outlines the 161 

effect of low (reference category) versus middle SEP; and the second low (reference 162 

category) versus high SEP. Heterogeneity was assessed across all models using the I2 163 

statistic. By convention, I2 values of 25% were considered low, 50% moderate and 75% 164 

high.32   165 

Subgroup meta-analyses by the Gini coefficient were pre-planned to explore differences in 166 

the socioeconomic patterning of VPA, MVPA and BMI across low, medium and high national 167 

level income inequality. Given the wide range of children included in the analyses, subgroup 168 

meta-analyses were also planned by age for children below and above 10 years of age.  169 
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Additionally, to visually examine differences in physical activity intensity distributions, a 170 

figure was developed presenting the proportion of VPA within overall physical activity (mins 171 

of MVPA) stratified by low, medium and high SEP.  172 

Role of the funding source 173 

The funders of the study had no role in the study design, data analysis, data interpretation 174 

and writing of this report. The corresponding author (RL) had full access to all the data and 175 

has final responsibility for analyses presented.   176 

 177 

RESULTS 178 

Of the 43 studies included in the DEDIPAC children’s accelerometer database, 40 met the 179 

inclusion criteria for this study and were sent data requests. We received and successfully 180 

harmonised SEP data for 36 studies. Each country within a multinational study was treated 181 

as one study. Figure 1 outlines the flow of studies and participants at each stage, including 182 

the stepwise reasons for exclusion. From an initial pool of 39,516 participants following data 183 

harmonisation, 14% participants were excluded due to missing parental education data, an 184 

additional 17% did not meet the accelerometer processing criteria. Thus, 26,915 individual 185 

participants from 16 European countries were included in the final analytic sample. Less 186 

than 1% (N=200) of participants were not included in the BMI meta-analysis due to missing 187 

height and/or weight data.  188 

Of the 26,915 included study participants 51·7% were female and average age was 10·1 189 

years. When split by BMI categories, 8·6% of participants were underweight, 73·2% a 190 

healthy weight, 14·1% overweight and 4·1% obese. On average, participants accumulated 191 

34·9 (standard deviation (SD): 16·7) minutes of MPA and 12·7 (SD: 12·5) minutes of VPA and 192 

762·0 (SD: 121·4) minutes of wear time per day. Sociodemographic and physical activity 193 
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summary characteristics of the analytic sample are outlined in Table 1 and included by 194 

individual study in Supplementary File 6.   195 

Drop out analyses revealed that participants in the analytic sample were more likely to be 196 

from a higher SEP, have a lower BMI z-score, be older and more likely to be female than 197 

those in the excluded sample.  198 

Unadjusted models for VPA alongside supplementary models of the comparative effect of 199 

MPA, adjusted for VPA, accelerometer wear time, age and sex, are included in 200 

Supplementary File 5.  201 

 202 

VPA, MVPA and BMI by individual level socioeconomic position 203 

Table 2 and Figures 2-4 show the results of the meta-analyses. Lower SEP children spend 204 

less time per day in VPA, despite higher levels of overall MVPA (Low vs. High SEP; VPA, 0·57 205 

mins) (95% CI: 0·28, 0·85 mins); MVPA, -1·51 mins (95% CI: -2·36, -0·67 mins)).  Figure 5 206 

shows the proportion of VPA in overall MVPA, by level of activity, with participants grouped 207 

by SEP. This figure reveals that irrespective of MVPA level, children from higher SEP 208 

backgrounds accumulate a greater proportion of their daily MVPA from VPA. Parallel 209 

differences in adiposity were evident with higher SEP being associated with lower BMI z-210 

scores (Low vs High SEP, -0·20 (95% CI: -0·24, -0·16)). These relationships demonstrated 211 

stepwise increases moving from low to medium to high SEP.  212 

Exploration of heterogeneity by national level income inequality and age  213 

Overall heterogeneity, assessed through the I2 statistic, ranged from low to moderate (12-214 

45%) across all models.32  215 
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Subsequent subgroup meta-analyses by low, medium and high national income inequality 216 

revealed no substantially consistent patterning in effect estimates across VPA, MVPA or BMI 217 

z-score (See Table 3 and forest plots in Supplementary File 8). The only pronounced 218 

difference across all estimates was that lower levels of MVPA with increasing individual SEP 219 

were not present in countries with low income inequality.  220 

Subgroup meta-analyses by age revealed distinct patterning. Lower amounts of MVPA with 221 

increasing SEP only manifested in participants 10 years of age and older. Inequalities in VPA 222 

and BMI z-score became more pronounced with increasing age (See Table 4 and forest plots 223 

in Supplementary File 9). 224 

DISCUSSION 225 

Our analyses of 26,915 participants with accelerometer-assessed physical activity suggest 226 

that children with a higher SEP spend more time engaged in VPA despite lower overall levels 227 

of MVPA. These differences mirror higher BMI z-scores observed in lower socioeconomic 228 

subgroups and follow a stepwise trend from low to middle to high SEP. These relationships 229 

are consistent across European countries irrespective of national level income inequality 230 

and become more pronounced in children aged over 10 years.   231 

Although the differences observed are relatively small (e.g. 0·60 and 1·5 minutes per day; 232 

and 0·20 z-score units for VPA, MVPA and BMI z-score, between low and high 233 

socioeconomic subgroups of children, respectively), we suggest that the trend of higher 234 

intensity activity accumulated by more affluent children despite lower levels of overall 235 

activity are relevant at a population level and may have implications for the parallel trend in 236 

widening inequalities in adiposity. This is in consideration of evidence that VPA is more 237 

strongly associated with lower adiposity and more strongly associated with 238 

cardiorespiratory fitness than MPA or MVPA, and suggest that these benefits are attained at 239 
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only 10 minutes of VPA per day.33 Thus, even small improvements at a population level 240 

could result in meaningful public health benefit. Longitudinal analyses have demonstrated 241 

that metabolic syndrome at 36 years was independently associated with a greater shift from 242 

VPA to lower intensity activity earlier in life.34 We further suggest that the lower levels of 243 

VPA in low SEP children are meaningful in light of recent evidence demonstrating that age-244 

related declines in VPA are greater in socioeconomically disadvantaged adolescents.35 245 

Considering these faster rates of age-related decline and assuming a prospective association 246 

between VPA and adiposity, the differences revealed in this analysis can be assumed to 247 

worsen as participants age and have implications for the parallel trend in widening 248 

inequalities in adiposity.  249 

This work substantially adds to the current limited knowledge on the association between 250 

SEP and children’s physical activity behaviour. To date, the relationship between SEP and 251 

physical activity in children has been inconclusive, with a recent umbrella review concluding 252 

this is due to weak research designs and a lack of accuracy in the activity and socioeconomic 253 

assessment methods used.36 Accelerometer measurement enables the valid and reliable 254 

assessment of physical activity across socioeconomic subgroups of children,37 unlike self-255 

reported data which are  likely to be differentially biased.38 Additionally, self-reported data 256 

are challenging to accurately harmonise between national contexts due to inconsistent data 257 

collection and assessment methodologies.39 The dataset developed for this analysis is the 258 

largest to date with both harmonised accelerometer-assessed activity and individual SEP 259 

data, both in terms of the number of children included and variety of contexts. The inclusion 260 

of 16 countries represents the widest diversity of accelerometer data combined to date 261 

across the European context. The harmonisation of parental education data across country 262 

settings to create comparable SEP categories adds further value. Through capturing 263 
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knowledge-related assets, parental education is a strong predictor of children’s health and 264 

enables cross-country comparisions.40,41  265 

Our finding of a patterning of increased VPA despite lower levels of MVPA in children from 266 

high socioeconomic backgrounds is novel as few previous analyses have investigated this 267 

relationship. While prior studies have looked at activity intensity,42 the majority have not 268 

accounted for MPA or are unable  to investigate differences across socioeconomic 269 

subgroups due to sample homogeneity.  270 

The findings presented indicate that the central focus of physical activity promotion and 271 

guidelines on MVPA may be masking meaningful inequalities between socioeconomic 272 

groups. We echo prior calls for a greater focus on VPA in physical activity guidelines 273 

including more specific dose recommendations.43 Only five of the 16 countries included in 274 

this analysis have children’s physical activity guidelines that include a recommendation 275 

regarding the frequency of engaging in VPA with only one (Denmark) specifying a dose that 276 

‘vigorous intensity activities of at least 30 minutes, at least 2-3 times a week’ should be 277 

incorporated. Further research is needed to determine the most appropriate dose of VPA 278 

including consideration of what quantity is feasible for children as a target.  279 

There are multiple reasons why the differences in VPA and MVPA by SEP reported here may 280 

exist. Organised sports (which are more associated with the accumulation of VPA) are 281 

engaged in more by more versus less socio-economically advantaged children due to costs 282 

and other differences in access.17,44,45 These and other barriers, including parental time 283 

commitments, 46 seem to systematically influence low SEP children’s access to activities that 284 

facilitate VPA. 285 
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There is an evident need for the development of programs that effectively engage children 286 

in physical activity of a sufficient intensity to accrue health benefits. While there are 287 

examples of interventions successfully improving levels of VPA,47 these are limited in size, 288 

quality and without a focus on the SEP of children. We highlight recent concerning evidence 289 

of a lack of effectiveness of school-based activity interventions across all SEP subgroups of 290 

children,48 and raise the need for the assessment and maximisation of implementation 291 

fidelity within intervention development efforts.  292 

Findings from this study should be interpreted with caution in consideration of its 293 

limitations. The recruitment and sampling procedures differed between the 36 included 294 

studies. In some, but not all, studies, stratified sampling was adopted to ensure that low 295 

socioeconomic groups were well represented. Similarly, the assessment methods used to 296 

measure SEP varied between studies in terms of the respondent (e.g. maternal versus 297 

paternal) and the constructs assessed (e.g. educational institutions attended vs. years of 298 

education). Furthermore, it is possible that the relationship between education and access 299 

to resources is different between countries, accordingly influencing the lived reality of the 300 

socioeconomic groups in unpredictable manners. We were unable to control for potiential 301 

confounders including sleep and diet. Lastly, this analysis used intermediate physical activity 302 

intensities which may raise issues of collinearity based on more recent methodological 303 

analyses from the field.13,49  304 

Accelerometers underestimate activity involving vertical movement (e.g. cycling) and those 305 

for which accelerometers should not to be worn (e.g. aquatic activities or contact sports).50 306 

If these activities are socioeconomically or culturally patterned, they may affect the 307 

associations observed. However, considering that organised activities are more frequent in 308 
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higher SEP children and linked to VPA, this mechanism, if anything, would have led to an 309 

underestimation of the associations observed.17,44,45 Lastly, to maximise data use, 310 

accelerometer data were harmonised using 60 second epoch lengths, which may have 311 

affected the findings. It may be conceivable that using longer epoch lengths, short bursts of 312 

high intensity activity are combined with lower intensity activity, leading to an under-313 

estimation of MVPA and VPA.51  314 

 315 

 316 

CONCLUSION 317 

In conclusion, our study illustrates that lower levels of adiposity in children from a higher 318 

socioeconomic position are paralleled by relatively higher amounts of VPA despite overall 319 

lower levels of MVPA. Physical activity promotion efforts should focus on providing 320 

opportunities for less affluent children to be vigorously active. The development and testing 321 

of interventions are needed to determine how this can be effectively achieved.322 
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RESEARCH IN CONTEXT  
 
Evidence before this study  

We searched PubMed with the terms “Child” OR “Youth” AND “Socioeconomic” OR 

“Socioeconomic status” OR “Socioeconomic position” OR “Disparities” AND  

“Physical activity” OR “Objectively-assessed physical activity” OR “Accelerometer 

measurement”. We found four high quality systematic reviews and a large number of 

primary research studies that addressed if socioeconomic position (SEP) is related to 

children’s physical activity (PA). Findings are varied, inconsistent and inconclusive, with the 

most up to date systematic review concluding no established associations between PA and 

SEP in children. There is overall uncertainty regarding if socioeconomic differences exist in 

PA intensity. We found no multi-country studies that investigated differences in PA 

intensities between socioeconomic groups, and the potential contribution to obesity 

inequalities. It, furthermore, is unclear if associations between SEP and PA intensity differ 

across national contexts. 

 

Added value of this study  

We found that children with a higher SEP spend more time engaged in vigorous physical 

activity (VPA) despite lower overall levels of moderate-to-vigorous physical activity (MVPA). 

These differences mirror increases in BMI z-score observed in lower socioeconomic 

subgroups and follow a stepwise trend from low to middle to high SEP. These relationships 

are consistent across European countries existing irrespective of national level income 

inequality and become more pronounced with age.   

 

Implications of all the available evidence  
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The study findings suggest children from a lower socioeconomic position with higher levels 

of adiposity participate in relatively higher amounts of MVPA, yet lower amounts of VPA. 

There is a need for greater focus on VPA, including in national PA guidelines comprising 

more specific dose recommendations and in research to determine the most appropriate 

daily dose of VPA. Policy-makers should focus on the provision of programs and 

opportunities that effectively engage children in PA of a sufficient intensity to accrue health 

benefits, with a specific focus on less affluent children.  
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Figure legends  

Figure 1: Flow chart of study and participant selection: DEDIPAC children’s accelerometer and SEP 
database 

Figure 2: Multivariate meta-analysis of individual participant data (N=26,915) by study: Multivariable 
linear regressions of MVPA (mins/day) by three levels of socioeconomic position (SEP) 1) Low 
[reference category] vs. medium SEP, 2) Low [reference category] vs high SEP, adjusted for daily 
accelerometer wear time, age and sex 

 
Note for figure: The box area of each study is proportional to the inverse of the variance, and the 
horizontal lines show the 95% CI. Study is listed on the y-axis with effect estimates and weight given 
to each study indicated in the right-hand columns.  The pooled estimate based on a fixed-effects 
model is shown by a dashed vertical line and diamond (95% CI)’. 

 
 

Figure 3: Multivariate meta-analysis of individual participant data (N=26,915) by study: Multivariable 
linear regressions of VPA (mins/day) by three levels of socioeconomic position (SEP) 1) Low 
[reference category] vs. medium SEP, 2) Low [reference category] vs high SEP adjusted for MPA, 
daily accelerometer wear time, age and sex 
 
Note for figure: The box area of each study is proportional to the inverse of the variance, and the 
horizontal lines show the 95% CI. Study is listed on the y-axis with effect estimates and weight given 
to each study indicated in the right-hand columns.  The pooled estimate based on a fixed-effects 
model is shown by a dashed vertical line and diamond (95% CI)’. 

 
 
Figure 4: Multivariate meta-analysis of individual participant data (N=26,915) by study: Multivariable 
linear regressions of BMI z-score by three levels of socioeconomic position (SEP) 1) Low [reference 
category] vs. medium SEP, 2) Low [reference category] vs high SEP, adjusted for age and sex 
 
Note for figure: The box area of each study is proportional to the inverse of the variance, and the 
horizontal lines show the 95% CI. Study is listed on the y-axis with effect estimates and weight given 
to each study indicated in the right-hand columns.  The pooled estimate based on a fixed-effects 
model is shown by a dashed vertical line and diamond (95% CI)’. 

 

 
Figure 5: The proportion (%) of VPA within MVPA minutes per day by level of SEP: DEDIPAC 
children’s accelerometer and SEP database (N=26,915) 
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Table 1. Characteristics of analytic sample: DEDIPAC children’s accelerometer and SEP 
database (N=26,915 participants) 1 

Continuous variables Mean (SD) 

Age in years  10·1 (1·17) 

Bmi z-score 0·3 (1·1) 

VPA mean mins per day 2 12·7 (12·5) 

MPA mean mins per day 2 34·9 (16·7) 

Accelerometer wear time, mean mins per day 2 762·0 (121·4) 

Categorical variables % (N) 

Gender  
Males 48·3% (13,000) 

Females 51·7% (13,915) 

BMI categories 

Underweight 8·6% (2,288) 

Normal weight  73·2% (19,568) 

Overweight 14·1% (3,776) 

Obese 4·1% (1,083) 

Socioeconomic position (SEP) 

Low (Up to and including 
competition of compulsory 
education) 

24·0% (6,467)  

Middle (Some post compulsory 
education including vocational 
training) 

38·7% (10,427) 

High (Completed undergraduate or 
postgraduate education) 

37·2% (10,021) 

1 All characteristics by individual study are included in Supplementary File 6. 

2 Physical activity characteristics by level of SEP are outlined in Supplementary File 7.  
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Table 2. Summary of overall effect estimates of meta-analyses of individual participant data of multivariable linear regressions 
of identified variable by SEP: DEDIPAC children’s accelerometer and SEP database (N=26,915)1 

Level of SEP  2 

 

Low SEP (reference 
category) vs.  

MVPA 3 VPA 4 BMI z-score 5 

Differences in mins 
(95% CI)  

I2 Differences in mins 
 (95% CI) 

I2 Differences in z-score 
(95% CI) 

I2 

Medium SEP -1·20 (-2·02, -0·38) 11·7% 0·12 (-0·15, 0·38) 1·7% -0·10 (-0·14, -0·07) 27·0% 

High SEP  -1·51 (-2·36, -0·67) 24·1% 0·57 (0·28, 0·85) 28·5% -0·20 (-0·24, -0·16) 45.1% 
1 N-participants included in BMI z-score analysis is 26,715 
2  Low SEP: compulsory education, Medium SEP: some post-compulsory education and High SEP: undergraduate or postgraduate education 
3 Model adjusted for daily accelerometer wear time, age & sex 
4 Model adjusted for daily accelerometer wear time, moderate physical activity, age & sex 
5 Model adjusted for age & sex 
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Table 3. Summary of overall effect estimates of multivariate subgroup meta-analyses of individual participant data by low, medium and high 
national level income inequality: DEDIPAC children’s accelerometer and SEP database (N=26,915) 1 
Mean differences 
 (95% CI) 2 MVPA VPA BMI z-score 

In
d

iv
id

u
al

 le
ve

l o
f 

SE
P

 

Low SEP 
(ref cat) vs 

Low national 
level income 

inequality 

Medium 
national 

level income 
inequality 

High 
national 

level income 
inequality 

Low national 
level income 

inequality 

Medium 
national 

level income 
inequality 

High 
national 

level income 
inequality 

Low national 
level income 

inequality 

Medium 
national 

level income 
inequality 

High 
national 

level income 
inequality 

Medium 
SEP 

-1·18  
(-2·84, 0·47) 

-1·43  
(-3·37, 0·51) 

-1·13  
(-2·21, -0·06) 

0·17  
(-0·36, 0·71) 

0·31  
(-0·41, 1·03) 

0·05  
(-0·29, 0·39) 

-0·04  
(-0·11, 0·04) 

-0·15  
(-0·23, -0·06) 

-0·12  
(-0·18, -0·07) 

High SEP 
-1·33  

(-2·86, 0·20) 
-0·94  

(2·97, 1·09) 
-1·81  

(-2·96, -0·64) 
0·68  

(0·12, 1·23) 
1·17 

(0·41, 1·93) 
0·38  

(0·02, 0·75) 
-0·17  

(-0·24, -0·11) 
-0·22  

(-0·31, -0·13) 
-0·22  

(-0·28, -0·16) 
1 N-participants included in BMI z-score analysis is 26,715 
2 Forest plots for all of the estimates presented are included in Supplementary File 8.  
 

Table 4. Summary of overall effect estimates of multivariate subgroup meta-analyses of individual participant data split by age (under 10 years 
of age versus over 10 years of age): DEDIPAC children’s accelerometer and SEP database (N=26,915) 1 
Mean differences 
 (95% CI) 2 MVPA VPA BMI z-score 

In
d

iv
id

u
al

 
le

ve
l o

f 
SE

P
 Low SEP 

(ref cat) vs 
Under 10 Above 10 Under 10 Above 10 Under 10 Above 10 

Medium 
SEP 

-0·59 (-2·06, 0·87) -1·50 (-2·78, -0·21) 0·02 (-0·36, 0·41) 0·26 (-0·19, 0·71) -0·13 (-0·23, -0·03) -0·10 (-0·17, -0·04) 

High SEP -0·93 (-2·84, 0·97) -1·83 (-2·90, -0·77) 0·46 (0·07, 0·86) 0·86 (0·24, 1·48) -0·18 (-0·27, -0·09) -0·22 (-0·29, -0·15) 
1 N-participants included in BMI z-score analysis is 26,715 
2 Forest plots for all of the estimates presented are included in Supplementary File 9.  
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