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Abstract
Objectives  Evaluate if socioecological and biological 
factors, at the age of 8 years, are associated with lower 
level of physical activity (PA) 2 years later.
Method  In a study cohort of 199 children aged 7.8±0.6 
years, we used questionnaires and physical measurements 
to evaluate biological (eg, sex), social (eg, parental PA) 
and environmental (eg, school settings) factors. Objective 
PA was measured 2 years later with accelerometers. 
General PA (GPA) was defined as mean counts per minute 
(cpm) and moderate to vigorous PA (MVPA) as min/day 
>3500 cpm. We used analysis of covariance to evaluate if 
socioecological factors at age 8 are associated with level 
of PA 2 years later.
Results  Daily GPA was 690.5±216.6 cpm and the children 
spent 40.9±18.3 min on MVPA. Female sex is associated 
with −131.1 (−183.4, –78.7) cpm GPA, each 10 cm shorter 
body height with −48.7 (−94.8, –26.5), each unit higher body 
mass index (BMI) with −26.0 (−37.5, –14.5) and allocation 
to 60 min school PA/week with −73.8 (−131.5, –16.2) 
compared with allocation to 200 min school PA/week. Female 
sex is associated with −10.3 (−14.8, –5.7) min of MVPA and 
each unit higher BMI with −1.9 (−2.9, –0.9) min.
Conclusion  Female sex, shorter body height and higher 
BMI are at age 8 years associated with lower level of PA 
2 years later. It appears possible to increase PA by daily 
school PA.
Trial registration number  NCT00633828.

Introduction
Physical inactivity is a risk factor for several 
diseases including stroke,1 depression,2 
hypertension1 and type II diabetes.3 As phys-
ical activity (PA) levels track from childhood 
to adulthood,4 beneficial PA habits should 
be implemented already in early years of life. 
Currently, only one-fifth of children glob-
ally meet the WHO’s recommendation of 
minimum 60 min of PA/day,5 and the gap 
between the most and least physically active 
children has widened during the recent 
decades.6

Cross-sectional studies have proposed 
several socioecological factors that are asso-
ciated with childhood PA.7–10 The next step 
is to test these findings with higher level of 
evidence, to answer if socioecological and 
biological factors also are associated with 
future PA levels. This study aims to evaluate 
if (1) socioecological and biological factors 
and (2) ecological factors (ie, daily school-
based PA) are associated with lower PA levels 
in 8-year-old children 2 years later.

Materials and methods
The paediatric osteoporosis prevention study
This study uses baseline (collected in 1999–
2000) and 2-year data (collected in 2001–2002) 
from the paediatric osteoporosis prevention 
(POP) study, a prospective controlled school 
PA intervention study conducted in four 
schools in the city of Malmö, Sweden.11–15 
After the baseline exam, one school increased 
duration of school PA from the Swedish 
standard of 60 min/week to 200 min/week 
(40 min/school-day). The global recommen-
dations are minimum 60 min PA/day but in 
our study we use 40 min/day as the current 
recommendations were not established when 
our study started in year 1999–2000. The three 
neighbouring control schools continued with 
60 min/week. The children were allocated 
to each school according to their residential 
address and all school PA was mandatory. 
The additional school PA required no extra 
resources as it included ordinary school 
curriculum activities and were supervised by 
the regular teachers.

Study participants
All 564 children in first or second grade in 
the four schools were invited to participate 
in the POP study. Out of them, 343 (61%) 
children aged mean 7.8±0.6 years agreed and 
participated at baseline. We excluded two 
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Figure 1  Flow chart of the study population. GPA, general physical activity; MVPA, moderate to vigorous physical activity.

children due to diseases affecting their ability to be phys-
ically active. At the baseline examination, the children 
underwent anthropometric measurements and answered 
a non-validated questionnaire that was not pilot tested. 
Two years after baseline, at mean age 9.8±0.6 years, 250 
children (44% of all invited children) attended the 
2-year examination that included an accelerometer-based 
measurement.

Socioecological factors evaluated at baseline
Data on socioecological factors were collected at baseline 
and classified into biological, social and environmental 
domains.16 We selected factors that previously have been 
found to be associated with childhood PA.7–10 Biological 
factors comprised sex, age and relative age (born between 
1 January and 30 June or 1 July and 31 December), 
body height (measured with a Harpenden Stadiometer; 
Holtain, Pembrokeshire, UK) and weight (measured with 
an HL 120 electric scale; Avery Berkel, West Midlands, 
UK). Body mass index (BMI) was calculated as weight/
height2 (kg/m2). Social factors were evaluated with 
a non-validated questionnaire7 17–19 that the children 
answered together with their parents (online supplemen-
tary appendix 1). One part of the questionnaire targeted 
the children’s parents and was answered by them. In the 
environmental domain, we defined if the children were 
allocated to the intervention school (200 min school 
PA/week) or to any of the three control schools (60 min 
school PA/week). All children in this study lived within 
the same Swedish middle-class geographical area and we 
could therefore not distinguish or include other environ-
mental factors of interest (such as the built environment, 
access to green parks and living in urban/suburban 
neighbourhoods9).

Objectively measured PA 2 years after baseline
The endpoint variables were general PA (GPA; counts 
per min (cpm)) and moderate to vigorous PA (MVPA; 
min/day), measured 2 years after baseline by the MTI 
(Manufacturing Technology, Fort Walton Beach, FL, 
USA) accelerometer model 7164. Based on previous 
studies,20 21 we defined GPA as mean cpm per valid minute 
of recording and MVPA as minute spent >3500 cpm.

The accelerometer was worn with a belt around the waist 
and measured vertical acceleration in cpm. The children 
were instructed to wear the accelerometer for 4 days during 
all kinds of activities, except water activities as the equip-
ment was not water resistant. The accelerometers were 
programmed to start measuring during the morning of the 
first day and continue recording counts during 4 days in 
10 s epochs. Missing data, defined as continuous sequences 
of more than 60 serial epochs (ie, 10 min) of 0 cpm, were 
deleted. To be included in the analysis, the children had to 
wear the accelerometer during a minimum of 3 days and 
at least during 8 hours/day. Forty-five children (20%) wore 
the accelerometer for 3 days and 184 (80%) during 4 days. 
Before recording, all accelerometers were calibrated to a 
standardised vertical movement.

To be included in the final analysis, the children had 
to have a complete baseline examination and a valid 
accelerometer measurement. One-hundred and ninety-
nine children met these inclusion criteria. From these 
199 children we excluded four outlier values in the accel-
erometer measurements for GPA and two for MVPA, 
resulting in 195 children in the GPA analysis and 197 in 
the MVPA analyses (figure 1).

Statistics
For statistical analysis, we used IBM SPSS V.25. We presented 
descriptive statistics as numbers (n), proportions (%) or 
means±SDs and inferential statistics as means with 95% CIs. 
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Table 1  Descriptive characteristics of the 199 study 
participants

Boys 
(n=114) Girls (n=85)

Physical activity

 � GPA (cpm), mean, SD 747.7±236.8 613.8±157.5

 � MVPA (min), mean, SD 45.5±19.8 34.6±13.8

Biological domain

 � Born January to June, n (%) 53 (47) 48 (57)

 � Born July to December, n (%) 61 (53) 37 (43)

 � Age (years) baseline, mean, 
SD

7.8±0.6 7.8±0.6

 � Age (years) 2-year follow-up, 
mean, SD

9.8±0.6 9.8±0.6

 � Height (cm), mean, SD 129.3±6.8 128.4±7.3

 � Weight (kg), mean, SD 28.1±5.9 27.2±5.2

 � Body mass index (kg/m2), 
mean, SD

16.7±2.4 16.4±2.2

Social domain

 � Screen time activity (hours/
week), mean, SD

12.5±5.3 10.8±5.0

 � Do not partake organised 
leisure time PA, n (%)

24 (21) 21 (25)

 � Partake organised leisure 
time PA, n (%)

90 (79) 64 (75)

 � No sibling member in sport 
association, n (%)

47 (41) 32 (38)

 � Sibling member in sport 
association, n (%)

67 (59) 53 (62)

 � Parental physical activity 
(hours/week), mean, SD

2.7±2.0 2.5±2.0

 � No parent agreed exercise 
was important, n (%)

36 (32) 34 (40)

 � One or two parents agreed 
exercise was important, n (%)

78 (68) 51 (60)

 � No parent with postsecondary 
degree, n (%)

37 (32) 17 (20)

 � One or two parents with 
postsecondary degree, n (%)

77 (68) 68 (80)

Environmental domain

 � Allocation 200 min school PA/
week, n (%)

67 (59) 42 (49)

 � Allocation to 60 min school 
PA/week, n (%)

47 (41) 43 (51)

GPA, general physical activity; MVPA, moderate to vigorous 
physical activity; PA, physical activity.

We plotted the residuals for all PA outcomes as boxplots in 
order to define outlier values (defined as lower than the 
first quartile–1.5*IQR or values higher than the third quar-
tile+1.5*IQR) and to check for normality. We used analysis 
of covariance to determine any association between the 
included factors, GPA and MVPA, unadjusted and adjusted 
for all factors in the model.

In summary, the final model was adjusted for biolog-
ical factors of sex, age, relative age, body height and BMI, 
social factors of the children’s screen time activity, if the 
children partake in organised leisure time PA or not, if 
the children have any sibling(s) active in a sport associa-
tion or not (the no category also includes those without 
sibling(s)), duration of organised parental PA, having 
minimum one parent who agreed to the statement 
‘in our family it is important to exercise’ or having no 
parent who agreed to this statement, and if the children 
had minimum one parent with postsecondary degree 
compared with having no parent with this educational 
level, and environmental factors including being allo-
cated (then followed by) 60 min school PA/week or to 
200 min school PA/week. At baseline, the age range of 
the children was 5.9–9.0 years, but this did not affect the 
relative age evaluation as the model also was adjusted for 
chronological age. Accelerometer measurements were 
undertaken in adjunct to the 2-year examination between 
August and December and we therefore also adjusted the 
model for months between the baseline exam and the 
2-year follow-up exam.

Results
Descriptive characteristics of the included children are 
presented in table 1. Mean daily GPA was 690.5±216.6 cpm 
(boys: 747.7±236.8, girls: 613.8±157.5) and the chil-
dren spent mean 40.9±18.3 min/day on MVPA (boys: 
45.5±19.8, girls: 34.6±13.8).

General physical activity
The included factors explained 29% of the variance in 
GPA. Female sex was associated with −131.1 (−183.4, 
–78.7) GPA compared with male sex, each 10 cm shorter 
body height with −48.7 (−94.8, –26.5), each unit higher 
BMI with −26.0 (−37.5, –14.5) and allocation to 60 min 
school PA/week with −73.8 (−131.5, –16.2) compared 
with allocation to 200 min school PA/week (table 2).

Moderate to vigorous physical activity
The included factors explained 25% of the variance 
in MVPA. Female sex was associated with −10.3 (−14.8, 
–5.7) min/day of MVPA compared with male sex, and 
each unit lower BMI with −1.9 (−2.9, –0.9) (table 3).

Discussion
In this prospective controlled study, we found that in 
8-year-old children, female sex, shorter body height and 
higher BMI are factors independently associated with 
lower PA levels 2 years later. As children’s sex, body height 
and BMI are already evaluated in the compulsory school 

health examinations, future studies ought to evaluate if 
these factors could be used as screening tools, on a group 
level, to identify children at risk of developing lower future 
PA levels. If so, preventive interventions could possibly be 
initiated timely, already before inactivity occurs. Our find-
ings also infer that daily school PA is an effective strategy to 
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Table 2  Descriptive characteristics, collected at mean 8 years of age, and association to general physical activity (GPA) 
2 years later

Variable
Descriptive 
baseline data

GPA (cpm) (95% CI) 
unadjusted model

GPA (cpm) (95% CI) 
adjusted model †

Biological domain

 � Boys, n (%) 110 (56) Ref Ref

 � Girls, n (%) 85 (44) −132.6 (−186.8 to –78.4)*** −131.1 (−183.4 to –78.7)***

 � Born January to June, n (%) 98 (50) Ref Ref

 � Born July to December, n (%) 97 (50) 12.6 (−44.3 to 69.4) −20.5 (−71.4 to 30.4)

 � Age (years), mean (SD) 7.8±0.6 −14.5 (−60.6 to 31.6) −17.8 (−69.9 to 34.2)

 � Height (cm)†, mean (SD) 128.9±7.0 6.6 (−33.9 to 47.1) 48.7 (26.5 to 94.8)*

 � Body mass index (kg/m2), mean (SD) 16.6±2.3 −23.0 (−34.8 to –11.2)*** −26.0 (−37.5 to –14.5)***

Social domain

 � Screen time activity (hours/week)†, mean (SD) 11.7±5.3 0.2 (−53.8 to 54.1) −11.5 (−60.3 to 37.3)

 � Do not partake organised leisure time PA, n (%) 42 (21) Ref Ref

 � Partake organised leisure time PA, n (%) 153 (79) 78.8 (−147.1 to –10.5)* 23.5 (−41.7 to 88.8)

 � No sibling member in sport association, n (%) 77 (39) Ref Ref

 � Sibling member in sport association, n (%) 118 (61) 64.3 (6.9 to 121.8)* 42.5 (−11.1 to 96.0)

 � Parental physical activity (hours/week), mean (SD) 2.7±2.0 19.4 (5.4 to 33.5)** 11.7 (−1.4 to 24.9)

 � No parent agreed exercise was important, n (%) 68 (35) Ref Ref

 � One or two parents agreed exercise was 
important, n (%)

127 (65) 81.0 (22.5 to 139.6)** 45.0 (−12.3 to 102.3)

 � No parent with postsecondary degree, n (%) 52 (27) Ref Ref

 � One or two parents with postsecondary degree, n 
(%)

143 (73) −31.7 (−95.9 to 32.4) 5.4 (−53.8 to 64.7)

Environmental domain

 � Allocation 200 min school PA/week, n (%) 106 (54) Ref Ref

 � Allocation 60 min school PA/week, n (%) 89 (46) −69.4 (−125.6 to –13.1)* −73.8 (−131.5 to –16.2)*

We excluded in this evaluation four participants as having outlier values in the GPA measurement, leaving 195 participants for these 
analyses.
*p<0.05; **p<0.01; ***p<0.001.
†Data are presented as change in duration of PA (hours) per 10-unit change in the variable in question.
PA, physical activity; Ref, reference category.

promote childhood PA. As the daily school PA required no 
additional costs, it appears probable that the programme 
could be implement on a national level.

PA levels usually decline in adolescence and so more 
in girls than boys, thus resulting in significant sex differ-
ences in PA levels.22 23 Interventional studies often target 
adolescent girls to counteract this decline,24–26 but the 
referred studies have only shown weak effects. In line 
with another report27 our study infers that sex differences 
in PA develop before adolescence. We therefore specu-
late that PA interventions should be initiated at younger 
ages than in cited studies24–26 to prevent this decline.

Previous studies have found various results regarding 
PA and its effect on BMI. One review found only weak to 
modest relationships between PA and overweight/obesity28 
whereas others suggest that PA is a modifiable key compo-
nent in fighting obesity in school-age children.29 Our study 
supports an association between BMI and future PA levels, 

but we cannot state that higher BMI leads to lower PA levels 
or vice versa, only that there is an association.

Shorter body height was also associated with lower 
future PA levels. An explanation could be that shorter 
children may have disadvantage in sport performance 
compared with taller children,30 and therefore tend not to 
perform PA. Commonly, there is an association between 
being born early on the year and taller body height/early 
maturation,31 but we could not identify a true relative age 
effect (ie, an association between being born early or late 
on the year and PA).32–34 To promote shorter children to 
exercise, it would be interesting to group children into 
chronological age and according to height.

In our study, screen time activity was not associated 
with lower future PA levels. The level of screen time in 
our study cohort was relatively low (approximately mean 
12 hours/week) compared with another study that exam-
ined screen time among almost 6000 children around 
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Table 3  Descriptive characteristics, collected at mean 8 years, and association to moderate to vigorous physical activity 
(MVPA) 2 years later

Variable Descriptive
Regression coefficient 
(95% CI) unadjusted

Regression coefficient 
(95% CI) adjusted†

Biological domain

 � Boys, n (%) 112 (56) Ref Ref

 � Girls, n (%) 85 (44) −10 (−14 to –5) −10.3 (−14.8 to –5.7)***

 � Born January to June, n (%) 99 (50) Ref Ref

 � Born July to December, n (%) 98 (50) 0.6 (−4.1 to 5.4) −2.7 (−7.0 to 1.8)

 � Age (years), mean, SD 7.8±0.6 1.6 (−2.3 to 5.5) −0.1 (−4.6 to 4.5)

 � Height (cm)†, mean, SD 128.9±7.0 1.4 (−1.9 to 4.9) 4.0 (0.0 to 8.0)

 � Body mass index (kg/m2), mean, SD 16.6±2.3 −1.8 (−2.8 to –0.8)* −1.9 (−2.9 to –0.9)***

Social domain

 � Screen time activity (hours/week)†, mean, SD 11.8±5.3 0.01 (−0.4 to 0.5) 0.0 (−4.3 to 4.2)

 � Do not partake organised leisure time PA, n (%) 43 (22) Ref Ref

 � Partake organised leisure time PA, n (%) 154 (78) 8.0 (2.3 to 13.7)* 4.1 (−1.6 to 9.7)

 � No sibling member in sport association, n (%) 78 (40) Ref Ref

 � Sibling member in sport association, n (%) 119 (60) 4.7 (−0.2 to 9.5) 2.9 (−1.8 to 7.5)

 � Parental physical activity (hours/week), mean, SD 2.7±2.0 1.6 (0.4 to 2.8)* 1.1 (0.0 to 2.3)

 � No parent agreed exercise was important, n (%) 69 (35) Ref Ref

 � One or two parents agreed exercise was important, n (%) 128 (65) 7.6 (2.7 to 12.5)* 3.9 (−1.1 to 8.9)

 � No parent with postsecondary degree, n (%) 53 (27) Ref Ref

 � One or two parents with postsecondary degree, n (%) 144 (73) 1.8 (−3.6 to 7) 2.9 (−2.2 to 8.0)

Environmental domain

 � Allocation 200 min school PA/week, n (%) 108 (55) Ref Ref

 � Allocation to 60 min school PA/week, n (%) 89 (45) 1.7 (−3.1 to 6.6) 0.5 (−4.5 to 5.5)

We excluded in this evaluation two participants as having outlier values in the MVPA measurement, leaving 197 participants for these analyses.
***p<0.001.
†Data are presented as change in duration of PA (hours) per 10-unit change in the variable in question.
PA, physical activity; Ref, reference category.

the world which found that mean 10-year-old children 
spend almost 9 hours/day on sedentary activities.35 This 
discrepancy may have been due to that rapid increase of 
technical devices and the use of smartphones during the 
last decades36 compared with 1999–2000 when the POP 
study was started. We therefore cannot exclude that this 
association exists among schoolchildren in the modern 
society, a question that future studies ought to evaluate.

Study strengths include the prospective controlled 
study design, the use of objectively measured PA and a 
previous dropout analysis that found anthropometrics in 
the children who attended the baseline exam similar to 
those who did not,17 which reduces the risk of bias. Study 
limitations include the short period of accelerometer 
measurements37 and that we may have underestimated 
PA during activities with low vertical movement and water 
activities. As all children lived within a similar Swedish 
middle-class geographical area, the generalisability is 
limited to these settings. In addition, we can only make 
inferences with respect to association, not causality. For 
example, the causality could be that lower level of PA 
leads to higher BMI and not vice versa. The small sample 
size is also a weakness.

In summary, in 8-year-old children, simple variables of 
sex, height and BMI are associated with lower future PA 
levels. In addition, daily school PA appears to promote 
childhood PA. Future studies should evaluate if these 
factors could be used to predict lower levels of PA and 
if they can be used to identify children suitable for 
preventive interventions. It should also be tested if our 
inferences apply in other settings.

Contributors  AL is the corresponding author of the study; provided extensive 
work on cleaning, analysing and interpreting the data; drafted and revised the 
paper. BER contributed to interpretation of data for the work and revised it critically 
and provided important intellectual content; provided final approval of the version 
to be published. JAN provided substantial contributions to the statistical design 
and analysis and revised the work and provided valuable, intellectual, important 
content; provided final approval of the version to be published. MD collected 
accelerometer data and contributed to the work by providing interpretation to the 
work and revising it for the final approval. MKK was responsible for collection of 
data and substantial contributions to the analysis and interpretation of the data of 
the work and revising the draft several times. All authors have given an agreement 
to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and 
resolved.

Funding  Financial support was received from the Swedish Research Council for 
Sport Science.

Competing interests  None declared.



6 Lahti A, et al. BMJ Open Sp Ex Med 2019;5:e000597. doi:10.1136/bmjsem-2019-000597

Open access

Patient consent for publication  Obtained.

Ethics approval  The study was approved by the Ethics Committee of Lund 
University, Sweden (LU 453-98; 1998-09-15), registered as clinical trial (​
ClinicalTrials.​gov) and conducted according to the Declaration of Helsinki. Written 
consent was obtained from the parents of all participating children.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Amanda Lahti http://​orcid.​org/​0000-​0001-​9256-​6922

References
	 1	 Lavie CJ, Ozemek C, Carbone S, et al. Sedentary behavior, exercise, 

and cardiovascular health. Circ Res 2019;124:799–815.
	 2	 Korczak DJ, Madigan S, Colasanto M, et al. Children's physical 

activity and depression: a meta-analysis. Pediatrics 2017;139. 
doi:10.1542/peds.2016-2266

	 3	 Tuomilehto J, Lindström J, Eriksson JG, et al. Prevention of type 
2 diabetes mellitus by changes in lifestyle among subjects with 
impaired glucose tolerance. N Engl J Med 2001;344:1343–50.

	 4	 Raustorp A, Ekroth Y. Tracking of pedometer-determined physical 
activity: a 10-year follow-up study from adolescence to adulthood in 
Sweden. J Phys Act Health 2013;10:1186–92.

	 5	 Sallis JF, Bull F, Guthold R, et al. Progress in physical activity over 
the Olympic quadrennium. Lancet 2016;388:1325–36.

	 6	 Lundvall S, Brun Sundblad G. Sport, PE and physical activities in 
Sweden: a polarization of high and low participation in school and 
during leisure time. In: Claude S, ed. 12Th FIEP European Congress 
(European Congress of the International Federation of physical and 
sports education (Féderation internationale d'éducation physique), 
13th to 16th September 2017. Luxembourg, 2017.

	 7	 Lahti A, Rosengren BE, Nilsson Jan-Åke, et al. Age-, gender- and 
family-related factors were the most important socio-ecological 
associations with physical activity in children with a mean age of 
eight years. Acta Paediatr 2019. doi:10.1111/apa.14776. [Epub 
ahead of print: 09 Mar 2019].

	 8	 Elena S, Sebastian L, Ulla W. Correlates of physical activity of 
children and adolescents: a systematic review of reviews. Health 
Education Journal 2013;73:72–89.

	 9	 Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of 
physical activity of children and adolescents. Med Sci Sports Exerc 
2000;32:963–75.

	10	 van Sluijs EMF, Jones NR, Jones AP, et al. School-level correlates of 
physical activity intensity in 10-year-old children. Int J Pediatr Obes 
2011;6:e574–81.

	11	 Cronholm F, Rosengren BE, Karlsson C, et al. A physical activity 
intervention program in school is also accompanied by higher 
leisure-time physical activity: a prospective controlled 3-year study 
in 194 prepubertal children. J Phys Act Health 2017;14:301–7.

	12	 Cronholm F, Rosengren BE, Karlsson C, et al. A comparative 
study found that a seven-year school-based exercise programme 
increased physical activity levels in both sexes. Acta Paediatr 
2018;107:701–7.

	13	 Cöster ME, Fritz J, Nilsson Jan-Åke, et al. How does a physical 
activity programme in elementary school affect fracture risk? A 
prospective controlled intervention study in Malmo, Sweden. BMJ 
Open 2017;7:e012513.

	14	 Dencker M, Andersen LB. Health-Related aspects of objectively 
measured daily physical activity in children. Clin Physiol Funct 
Imaging 2008;28:133–44.

	15	 Dencker M, Thorsson O, Karlsson MK, et al. Daily physical activity 
in Swedish children aged 8-11 years. Scand J Med Sci Sports 
2006;16:252–7.

	16	 Sallis JF, Owen N, Fisher EB. Ecological models of health behavior. 
San Francisco: CA: Jossey-Bass, 2008.

	17	 Dencker M, Thorsson O, Karlsson MK, et al. Daily physical 
activity related to body fat in children aged 8-11 years. J Pediatr 
2006;149:38–42.

	18	 Lahti A, Rosengren BE, Nilsson Jan-Åke, et al. Long-Term effects of 
daily physical education throughout compulsory school on duration 
of physical activity in young adulthood: an 11-year prospective 
controlled study. BMJ Open Sport Exerc Med 2018;4.

	19	 Linden C, Ahlborg HG, Besjakov J, et al. A school curriculum-based 
exercise program increases bone mineral accrual and bone size 
in prepubertal girls: two-year data from the pediatric osteoporosis 
prevention (POP) study. J Bone Miner Res 2006;21:829–35.

	20	 Evenson KR, Catellier DJ, Gill K, et al. Calibration of two 
objective measures of physical activity for children. J Sports Sci 
2008;26:1557–65.

	21	 Trost SG, Loprinzi PD, Moore R, et al. Comparison of accelerometer 
cut points for predicting activity intensity in youth. Med Sci Sports 
Exerc 2011;43:1360–8.

	22	 Dumith SC, Gigante DP, Domingues MR, et al. Physical activity 
change during adolescence: a systematic review and a pooled 
analysis. Int J Epidemiol 2011;40:685–98.

	23	 Corder K, Sharp SJ, Atkin AJ, et al. Change in objectively measured 
physical activity during the transition to adolescence. Br J Sports 
Med 2015;49:730–6.

	24	 Okely AD, Lubans DR, Morgan PJ, et al. Promoting physical activity 
among adolescent girls: the girls in sport group randomized trial. Int 
J Behav Nutr Phys Act 2017;14.

	25	 Jago R, Edwards MJ, Sebire SJ, et al. Bristol girls dance project: 
a cluster randomised controlled trial of an after-school dance 
programme to increase physical activity among 11- to 12-year-old 
girls. Southampton (UK): NIHR Journals Library, 2016.

	26	 Harrington DM, Davies MJ, Bodicoat DH, et al. Effectiveness of the 
'Girls Active' school-based physical activity programme: A cluster 
randomised controlled trial. Int J Behav Nutr Phys Act 2018;15.

	27	 Farooq MA, Parkinson KN, Adamson AJ, et al. Timing of the decline 
in physical activity in childhood and adolescence: Gateshead 
millennium cohort study. Br J Sports Med 2018;52

	28	 Janssen I, Leblanc AG. Systematic review of the health benefits of 
physical activity and fitness in school-aged children and youth. Int J 
Behav Nutr Phys Act 2010;7.

	29	 Mitchell JA, Pate RR, España-Romero V, et al. Moderate-to-vigorous 
physical activity is associated with decreases in body mass index 
from ages 9 to 15 years. Obesity 2013;21:E280–6.

	30	 Birch S, Cummings L, Oxford SW, et al. Examining relative age 
effects in fundamental skill proficiency in British children aged 6-11 
years. J Strength Cond Res 2016;30:2809–15.

	31	 Tanner JM, Whitehouse RH. Clinical longitudinal standards for 
height, weight, height velocity, weight velocity, and stages of 
puberty. Arch Dis Child 1976;51:170–9.

	32	 Aune TK, Pedersen AV, Ingvaldsen RP, et al. Relative age effect and 
gender differences in physical education attainment in Norwegian 
schoolchildren. Scand J Educ Res 2017;61:369–75.

	33	 Raschner C, Müller L, Hildebrandt C. The role of a relative age effect 
in the first winter youth Olympic Games in 2012. Br J Sports Med 
2012;46:1038–43.

	34	 Sæther SA, Peterson T, Matin V. The relative age effect, height and 
weight characteristics among lower and upper secondary school 
athletes in Norway and Sweden. Sports 2017;5. doi:10.3390/
sports5040092. [Epub ahead of print: 08 Dec 2017].

	35	 LeBlanc AG, Katzmarzyk PT, Barreira TV, et al. Correlates of total 
sedentary time and screen time in 9-11 year-old children around the 
world: the International study of childhood obesity, lifestyle and the 
environment. PLoS One 2015;10:e0129622.

	36	 Cooper AR, Goodman A, Page AS, et al. Objectively measured 
physical activity and sedentary time in youth: the International 
children’s accelerometry database (ICAD). Int J Behav Nutr Phys Act 
2015;12.

	37	 Trost SG, Pate RR, Freedson PS, et al. Using objective physical 
activity measures with youth: how many days of monitoring are 
needed? Med Sci Sports Exerc 2000;32:426–31.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9256-6922
http://dx.doi.org/10.1161/CIRCRESAHA.118.312669
http://dx.doi.org/10.1542/peds.2016-2266
http://dx.doi.org/10.1056/NEJM200105033441801
http://dx.doi.org/10.1123/jpah.10.8.1186
http://dx.doi.org/10.1016/S0140-6736(16)30581-5
http://dx.doi.org/10.1111/apa.14776
http://dx.doi.org/10.1097/00005768-200005000-00014
http://dx.doi.org/10.3109/17477166.2010.518239
http://dx.doi.org/10.1123/jpah.2016-0213
http://dx.doi.org/10.1111/apa.14172
http://dx.doi.org/10.1136/bmjopen-2016-012513
http://dx.doi.org/10.1136/bmjopen-2016-012513
http://dx.doi.org/10.1111/j.1475-097X.2008.00788.x
http://dx.doi.org/10.1111/j.1475-097X.2008.00788.x
http://dx.doi.org/10.1111/j.1600-0838.2005.00486.x
http://dx.doi.org/10.1016/j.jpeds.2006.02.002
http://dx.doi.org/10.1136/bmjsem-2018-000360
http://dx.doi.org/10.1359/jbmr.060304
http://dx.doi.org/10.1080/02640410802334196
http://dx.doi.org/10.1249/MSS.0b013e318206476e
http://dx.doi.org/10.1249/MSS.0b013e318206476e
http://dx.doi.org/10.1093/ije/dyq272
http://dx.doi.org/10.1136/bjsports-2013-093190
http://dx.doi.org/10.1136/bjsports-2013-093190
http://dx.doi.org/10.1186/s12966-017-0535-6
http://dx.doi.org/10.1186/s12966-017-0535-6
http://dx.doi.org/10.1186/s12966-018-0664-6
http://dx.doi.org/10.1136/bjsports-2016-096933
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1002/oby.20118
http://dx.doi.org/10.1519/JSC.0000000000000526
http://dx.doi.org/10.1136/adc.51.3.170
http://dx.doi.org/10.1080/00313831.2016.1148073
http://dx.doi.org/10.1136/bjsports-2012-091535
http://dx.doi.org/10.3390/sports5040092
http://dx.doi.org/10.1371/journal.pone.0129622
http://dx.doi.org/10.1186/s12966-015-0274-5
http://dx.doi.org/10.1097/00005768-200002000-00025

	Socioecological and biological associations of lower levels of physical activity in 8-­year-­old children: a 2-­year prospective study
	Abstract
	Introduction
	Materials and methods
	The paediatric osteoporosis prevention study
	Study participants
	Socioecological factors evaluated at baseline
	Objectively measured PA 2 years after baseline
	Statistics

	Results
	General physical activity
	Moderate to vigorous physical activity

	Discussion
	References


