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Abstract

Increased sedentariness has been linked to the growing prevalence of obesity in children, but some 

longitudinal studies suggest that sedentariness may be a consequence rather than a cause of 

increased adiposity. We used Mendelian randomization to examine the causal relations between 

body mass index (BMI) and objectively assessed sedentary time and physical activity in 3-8 year-

old children from one Finnish and two Danish cohorts [NTOTAL=679]. A genetic risk score (GRS) 

comprised of 15 independent genetic variants associated with childhood BMI was used as the 

instrumental variable to test causal effects of BMI on sedentary time, total physical activity, and 

moderate-to-vigorous physical activity (MVPA). In fixed effects meta-analyses, the GRS was 

associated with 0.05 SD/allele increase in sedentary time (P=0.019), but there was no significant 

association with total physical activity (beta=0.011 SD/allele, P=0.58) or MVPA (beta=0.001 SD/

allele, P=0.96), adjusting for age, sex, monitor wear-time and first three genome-wide principal 
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components. In two-stage least squares regression analyses, each genetically instrumented one unit 

increase in BMI z-score increased sedentary time by 0.47 SD (P=0.072). Childhood BMI may 

have a causal influence on sedentary time but not on total physical activity or MVPA in young 

children. Our results provide important insights into the regulation of movement behaviour in 

childhood.
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Introduction

Increased sedentary time and decreased physical activity have been linked to the recent 

increase in the prevalence of overweight and obesity among children (1, 2). However, 

evidence from longitudinal studies suggests that decreased physical activity and increased 

sedentary time may be an outcome rather than a cause of increased adiposity in children (3, 

4).

Genetic variants associated with body mass index (BMI) can be utilized as instrumental 

variables in Mendelian randomization to test for causal relationships between adiposity and 

physical activity or sedentary behaviour. In 2014, Richmond et al. performed instrumental 

variable analyses in 4296 children 11 years of age from the UK using a genetic risk score 

(GRS) for obesity (5), derived from 32 gene variants identified in a published genome-wide 

association study (GWAS) of adult BMI (6). Genetic predisposition to higher BMI was 

robustly associated with longer sedentary time and lower levels of physical activity (5), 

suggesting causality. However, these findings remain to be replicated in younger children in 

whom genetic determinants of movement behaviour may be particularly discernible due to 

higher tendency for voluntary and spontaneous, play-oriented activity (7, 8). Further, a 

recent GWAS in children identified 15 loci for childhood BMI (9), making it possible to 

generate a more specific instrumental variable for childhood adiposity than the GRS for 

adult BMI used by Richmond et al. (5).

The aim of the current study was to investigate whether a GRS of 15 loci for childhood BMI 

is associated with objectively assessed sedentary time and physical activity in young 

children.

Methods

Participants

The participants of the study include 287 Danish children 3 years of age from the Småbørns 

Kost Og Trivsel I and II (SKOT I and II) studies (10) and 400 Finnish children from the 

Physical Activity and Nutrition in Children (PANIC) study (11). Details on the recruitment, 

inclusion criteria and ethical approvals in SKOT I, SKOT II, and PANIC are provided in 

Supplementary Material 1.
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Measurement of body size and composition

In the SKOT I and II studies, body weight was measured by the Tanita WB-100MA digital 

scale (Tanita Corporation, Tokyo, Japan) and body height by the 235 Heightronic digital 

stadiometer (QuickMedical, Issaquah, WA, USA). The age and gender-specific BMI z-score 

was calculated using the WHO Anthro software, version 3.2.2 (12). In the PANIC study, 

body weight was measured using the InBody® 720 bioimpedance device (Biospace, Seoul, 

Korea) and body height using a wall-mounted stadiometer. Age and gender-specific BMI z-

score was calculated based on Finnish reference data (13).

Assessment of sedentary time, total physical activity and MVPA

In the SKOT I and II studies the ActiGraph GT3X accelerometer (ActiGraph LLC, 

Pensacola, FL, USA), and in the PANIC study Actiheart (Actiheart, CamNTech Ltd., 

Cambridge, UK) was used to assess sedentary time and physical activity. Details on the 

assessment of activity behaviours are provided in Supplementary Material 1.

Genotyping, SNP selection, and genetic risk score construction

Children in SKOT I and II were genotyped using the Illumina Infinium HumanCoreExome 

Beadchip. Children in the PANIC study were genotyped using the Illumina Custom Infinium 

Cardio-Metabochip and the Illumina Infinium HumanCoreExome Beadchip (Illumina, San 

Diego, CA, USA) and the genotypes from the two arrays were combined (see 

Supplementary Material 1 for information on quality control). The SNPs included in the 

GRS were selected based on a previously published GWAS meta-analysis in children 2-10 

years of age (9) that identified 15 independent loci associated with BMI at genome-wide 

significance (p<5×10-8). We constructed a weighted BMI-increasing GRS by summing the 

number of BMI-increasing alleles weighted by the effect sizes of the variants estimated in 

the GWAS discovery study (Supplementary Material 1, Supplementary Table 1).

Statistical analysis

All association analyses were performed using R, version 3.3.1. Only children with valid 

physical activity and genotype data (nSKOT I=208; nSKOT II=71; nPANIC=400) were included 

in the present analyses. Sedentary time, total physical activity, and moderate-to-vigorous 

intensity physical activity (MVPA) variables were rank inverse normally transformed to 

approximate normal distribution with a mean of 0 and standard deviation (SD) of 1, and the 

effect sizes are thus reported in SD units of the inverse normally transformed trait.

The associations of the BMI z-score as well as the BMI-increasing GRS with sedentary 

time, physical activity and MVPA were analysed by linear regression adjusting for age, sex, 

and monitor wear-time. The association of the BMI-increasing GRS with the BMI z-score 

was analysed by linear regression adjusting only for monitor wear-time, because the BMI z-

score is age and sex-specific. The BMI-increasing GRS did not show an association with 

additional potential confounders in PANIC, the largest cohort included in the meta-analysis 

(sleep, socioeconomic status; p > 0.05, data not shown). The causal relationships between 

BMI and activity behaviours were tested using two-stage least squares regression analyses 

implemented in the ‘AER’ package in R (version 3.3.3). We used the Durbin-Wu-Hausman 

(DWH) test for endogeneity and calculated the F-statistic for the PANIC cohort (F-
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statisticPANIC) to compare effect estimates between the instrumental and observational 

analyses (14). To test for potential directional pleiotropy in the genetic instrument, we used 

Egger regression, implemented in the ‘MendelianRandomization’ package in R (version 

3.3.3), where the deviation of the intercept from zero provides evidence of pleiotropy (15). 

The associations of the BMI-increasing GRS, two-stage least squares regression and Egger 

regression analyses were additionally adjusted for the first three genome-wide principal 

components of the respective study. We pooled the results from the SKOT I, SKOT II and 

PANIC studies by fixed effects meta-analyses using the ‘meta’ package in R (version 4.6.0).

Results

The characteristics of children from the SKOT I, SKOT II and PANIC studies are 

summarized in Supplementary Table 2. The average age of the children was 3.0 years (range 

2.9-3.3 years) in SKOT I; 3.0 years (range 2.9-3.2 years) in SKOT II; and 7.6 years (range 

6.6-9.0 years) in PANIC. The GRS was normally distributed in all three cohorts, with a 

mean (range) of 8.6 (3.8-14.7), 9.0 (5.0-17.8) and 9.3 (3.7-16.1) BMI-increasing alleles in 

SKOT I, SKOT II and PANIC, respectively.

A higher BMI z-score was associated with increased sedentary time (β=0.22 SD, 

P=7.6x10-9) and reduced MVPA (β=-0.17 SD, P=1.1x10-5), but not with total physical 

activity (β=0.003 SD, P=0.94) (Figure 1). Heterogeneity was observed in the association of 

BMI z-score with sedentary time and MVPA (phet<0.05).

A higher BMI-increasing GRS was associated with a higher BMI z-score (β=0.056 SD/

allele, P=0.003) and longer sedentary time (β=0.040 SD/allele, P=0.019), suggesting a 

causal effect of BMI z-score on sedentary behavior (Figure 2). In two-stage least squares 

analyses, each genetically instrumented one unit increase in BMI z-score increased 

sedentary time by 0.47 SD (P=0.072, F-statisticPANIC=8.2), and no difference was found 

between the observational and genetically instrumented estimates in the DWH test (P>0.05). 

We found no evidence of directional pleiotropy in the genetic instrument using the Egger 

intercept test (PINTERCEPT=0.28), and the causal estimate from Egger regression was 

directionally consistent with that derived from the two-stage least squares method.

There was no significant association between the BMI-increasing GRS and MVPA 

(β=0.001, P=0.96) or total physical activity (β=0.011, P=0.58), and two-stage least squares 

analyses were not suggestive of a causal effect of BMI on MVPA (β=-0.026, P=0. 94, F-

statisticPANIC=7.5) or physical activity (β=0.22, P=0. 55, F-statisticPANIC=7.5) (Figure 1).

Discussion

In the present study, a GRS for childhood BMI was nominally significantly associated with 

BMI and sedentary time, but not with total physical activity or MVPA. Our results may 

suggest that higher adiposity is causally associated with longer sedentary time but not with 

decreased physical activity in young children.

Consistent with our findings, Richmond et al. (5) found that a higher GRS for BMI was 

positively associated with longer daily sedentary time in 11-year old children from the UK. 
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However, they also reported that a higher GRS was associated with lower levels of total 

physical activity and MVPA, whereas we found no association between the GRS and total 

physical activity or MVPA. While the sample sizes for the present analyses were smaller 

than in the study by Richmond et al., we observed an effect close to zero for the association 

of the GRS with physical activity and MVPA, and with confidence intervals suggesting that 

little or no effect is present in 3-8 year old children. Nevertheless, our findings should 

ideally be validated in further studies including large samples of young children with 

objectively measured activity behaviour.

The age of the children and country-specific differences in the education system may partly 

explain the observed differences in the results of the study by Richmond et al (5) and our 

study. In our study, we also found heterogeneity in the association of the BMI z-score with 

sedentary time and MVPA, and visual observation of the forest plots indicated that the two 

SKOT cohorts show consistent results which differ from those seen for the PANIC cohort, 

which may be due to the different age range of children included in these cohorts. Most 3-

year-old Danish children attend kindergarten where physical activity typically consists of 

play-oriented activities (16) and the children are free to choose whether to play passively or 

actively. The Finnish children 6-8 years of age were first graders in primary schools when 

they were invited to participate in the PANIC study. They were thus more likely to engage in 

play-oriented physical activity because of their recent pre-school times than the 11-year-old 

children from the UK, although they also spent longer periods of time in sedentary and non-

sedentary activities during school hours. The tendency to engage in voluntary and play-

oriented activities in younger children could explain the lack of association between the 

GRS for childhood BMI and physical activity in the present study.

While our results are suggestive of an effect of adiposity on sedentary behaviour, we could 

not investigate whether a genetic predisposition to sedentary behaviour reciprocally results 

in higher BMI, because no genetic variants associated with sedentary behaviour have yet 

been robustly identified (17). Similarly, we could not examine whether MVPA has a causal 

effect on BMI in young children, and whether such an effect explains the observed 

association between higher BMI and lower MVPA. Furthermore, we cannot fully exclude 

the possibility of residual pleiotropy, i.e. that the selected genetic variants act not only on 

BMI but also on other phenotypes related to sedentary time.

In conclusion, we showed that young children with higher genetic risk for obesity have 

increased objectively measured sedentary time but not decreased physical activity, 

suggesting that obesity may be causally associated with longer time spent in sedentary 

pursuits at this age. Reducing BMI may thus be an effective strategy to reduce sedentariness 

in overweight children. While the mechanisms underlying the potential causal relationship 

between BMI and sedentary time remain unclear, they are likely to involve both 

physiological factors and factors related to the family environment (18). Our findings 

provide novel insights into the regulation of movement behaviour in childhood and suggest 

that more attention should be given to the sedentary-time increasing effect of obesity in 

young children.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We specially want to express our thanks to the participant children and their parents that were part of the SKOT I, 
SKOT II and PANIC studies. This project was carried out as part of the research programme "Governing Obesity" 
funded by the University of Copenhagen Excellence Programme for Interdisciplinary Research (www.go.ku.dk) and 
was supported by the Danish Diabetes Academy supported by the Novo Nordisk Foundation. The SKOT studies 
were supported by grants from The Danish Directorate for Food, Fisheries and Agri Business as part of the 
‘Complementary and young child feeding (CYCF) – impact on short- and long-term development and health’ 
project. The PANIC study was funded by grants from Ministry of Social Affairs and Health of Finland, Ministry of 
Education and Culture of Finland, Finnish Innovation Fund Sitra, Social Insurance Institution of Finland, Finnish 
Cultural Foundation, Juho Vainio Foundation, Foundation for Paediatric Research, Doctoral Programs in Public 
Health, Paavo Nurmi Foundation, Paulo Foundation, Diabetes Research Foundation, Yrjö Jahnsson Foundation, 
Finnish Foundation for Cardiovascular Research, Research Committee of the Kuopio University Hospital 
Catchment Area (State Research Funding), Kuopio University Hospital (previous state research funding (EVO), 
funding number 5031343), and the city of Kuopio. The Novo Nordisk Foundation Center for Basic Metabolic 
Research is an independent research center at the University of Copenhagen partially funded by an unrestricted 
donation from the Novo Nordisk Foundation (http://metabol.ku.dk). The work of Soren Brage was funded by the 
UK Medical Research Council [MC_UU_12015/3]. Tuomas O. Kilpeläinen was supported by the Danish Council 
for Independent Research (DFF – 1333-00124 and Sapere Aude program grant DFF – 1331-00730B).

Abbreviations

GRS Genetic Risk Score

BMI Body mass index

MVPA moderate-to-vigorous physical activity

GWAS Genome-wide association study

References

1. Prentice-Dunn H, Prentice-Dunn S. Physical activity, sedentary behavior, and childhood obesity: a 
review of cross-sectional studies. Psychology, health & medicine. 2012; 17(3):255–73.

2. Must A, Tybor D. Physical activity and sedentary behavior: a review of longitudinal studies of 
weight and adiposity in youth. International journal of obesity. 2005; 29:S84–S96. [PubMed: 
16385758] 

3. Hjorth MF, Chaput J-P, Ritz C, Dalskov S-M, Andersen R, Astrup A, et al. Fatness predicts 
decreased physical activity and increased sedentary time, but not vice versa: support from a 
longitudinal study in 8-to 11-year-old children. International journal of obesity. 2014; 38(7):959–65. 
[PubMed: 24304596] 

4. Metcalf BS, Hosking J, Jeffery A, Voss L, Henley W, Wilkin T. Fatness leads to inactivity, but 
inactivity does not lead to fatness: a longitudinal study in children (EarlyBird 45). Archives of 
disease in childhood. 2010 archdischild175927. 

5. Richmond RC, Smith GD, Ness AR, den Hoed M, McMahon G, Timpson NJ. Assessing Causality 
in the Association between Child Adiposity and Physical Activity Levels: A Mendelian 
Randomization Analysis. PLoS medicine. 2014; 11(3):e1001618. [PubMed: 24642734] 

6. Speliotes EK, Willer CJ, Berndt SI, Monda KL, Thorleifsson G, Jackson AU, et al. Association 
analyses of 249,796 individuals reveal 18 new loci associated with body mass index. Nature 
genetics. 2010; 42(11):937–48. [PubMed: 20935630] 

7. Franks PW, Ravussin E, Hanson RL, Harper IT, Allison DB, Knowler WC, et al. Habitual physical 
activity in children: the role of genes and the environment. The American journal of clinical 
nutrition. 2005; 82(4):901–8. [PubMed: 16210723] 

Schnurr et al. Page 6

Int J Obes (Lond). Author manuscript; available in PMC 2018 March 26.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

http://www.go.ku.dk
http://metabol.ku.dk


8. Väistö J, Eloranta A-M, Viitasalo A, Tompuri T, Lintu N, Karjalainen P, et al. Physical activity and 
sedentary behaviour in relation to cardiometabolic risk in children: cross-sectional findings from the 
Physical Activity and Nutrition in Children (PANIC) Study. International Journal of Behavioral 
Nutrition and Physical Activity. 2014; 11(1):55. [PubMed: 24766669] 

9. Felix JF, Bradfield JP, Monnereau C, van der Valk RJ, Stergiakouli E, Chesi A, et al. Genome-wide 
association analysis identifies three new susceptibility loci for childhood body mass index. Human 
molecular genetics. 2015 ddv472. 

10. Andersen LBB, Pipper CB, Trolle E, Bro R, Larnkjær A, Carlsen E, et al. Maternal obesity and 
offspring dietary patterns at 9 months of age. European journal of clinical nutrition. 2014

11. Eloranta A, Lindi V, Schwab U, Kiiskinen S, Venäläinen T, Lakka H, et al. Dietary factors 
associated with metabolic risk score in Finnish children aged 6–8 years: the PANIC study. 
European journal of nutrition. 2014; 53(6):1431–9. [PubMed: 24374820] 

12. Organization WH. WHO Anthro for personal computers, version 3.2. 2, 2011: software for 
assessing growth and development of the world’s children. Geneva: WHO; 2010. 

13. Saari A, Sankilampi U, Hannila M-L, Kiviniemi V, Kesseli K, Dunkel L. New Finnish growth 
references for children and adolescents aged 0 to 20 years: length/height-for-age, weight-for-
length/height, and body mass index-for-age. Annals of medicine. 2011; 43(3):235–48. [PubMed: 
20854213] 

14. Baiocchi M, Cheng J, Small DS. Instrumental variable methods for causal inference. Statistics in 
medicine. 2014; 33(13):2297–340. [PubMed: 24599889] 

15. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid instruments: effect 
estimation and bias detection through Egger regression. International journal of epidemiology. 
2015; 44(2):512–25. [PubMed: 26050253] 

16. Timmons BW, Naylor P-J, Pfeiffer KA. Physical activity for preschool children-how much and 
how? Applied Physiology, Nutrition, and Metabolism. 2007; 32(S2E):S122–S34. This article is 
part of a supplement entitled Advancing physical activity measurement and guidelines in Canada: 
a scientific review and evidence-based foundation for the future of Canadian physical activity 
guidelines co-published by Applied Physiology, Nutrition, and Metabolism and the Canadian 
Journal of Public Health. It may be cited as Appl. Physiol. Nutr. Metab. 32 (Suppl. 2E) or as Can. 
J. Public Health 98 (Suppl. 2). 

17. De Geus EJ, Bartels M, Kaprio J, Lightfoot JT, Thomis M. Genetics of regular exercise and 
sedentary behaviors. Twin Research and Human Genetics. 2014; 17(04):262–71. [PubMed: 
25034445] 

18. Hinkley T, Salmon J, Okely AD, Trost SG. Correlates of sedentary behaviours in preschool 
children: a review. International Journal of Behavioral Nutrition and Physical Activity. 2010; 7(1):
66. [PubMed: 20825682] 

Schnurr et al. Page 7

Int J Obes (Lond). Author manuscript; available in PMC 2018 March 26.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. 
Forest plots showing the associations of BMI z-score (left column), childhood BMI-

increasing GRS (middle column) and genetically predicted BMI z-score (right column) with 

A. sedentary time, B. total physical activity, and C. moderate-to-vigorous physical activity 

(MVPA). For the GRS associations, the results are aligned according to the BMI-increasing 

allele of the GRS. All analyses are adjusted for age, gender, monitor wear-time and first 

three principal components. The effects were pooled using fixed effects models. The 

estimated per-BMI z-score, per-allele and per-genetically predicted BMI z-score effect sizes 

are reported in SD units based on inverse normally transformed outcome trait. Heterogeneity 

statistics include the I2 value that describes the percentage of variation across the meta-

analysis that is due to heterogeneity, and phet, the p-value for the χ2 test of heterogeneity.
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Figure 2. 
Mendelian randomization analysis to test the causal effect of childhood BMI on sedentary 

time. Beta values are expressed in units of standard deviation (SD) of the inverse-normally 

transformed traits. GRS = Genetic risk score, BMI z-score = age- and sex-specific BMI 

standard deviation score, NTOTAL= number of individuals included in meta-analysis.
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