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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 2years later.

Results Daily GPA was 690.5+216.6 cpm and the children
spent 40.9+18.3min 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
2years 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,’ depression,2

hypertension' and type II diabetes.” 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 60min of PA/day,” and the gap
between the most and least physically active
children has widened during the recent
decades.’

! Bjorn E Rosengren,? Magnus Dencker,® Jan-Ake Nilsson,?

Cross-sectional studies have proposed
several socioecological factors that are asso-
ciated with childhood PA." 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 2years 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 Malmo, Sweden.'™"
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 60min PA/day but in
our study we use 40min/day as the current
recommendations were not established when
our study started in year 1999-2000. The three
neighbouring control schools continued with
60min/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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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.'® We selected factors that previously have been
found to be associated with childhood PA.”" 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/
height® (kg/m?®). Social factors were evaluated with
71719 that the children
answered together with their parents (online supplemen-

a non-validated questionnaire

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 (200min 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

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 2years after baseline by the MTI
(Manufacturing Technology, Fort Walton Beach, FL,
USA) accelerometer model 7164. Based on previous
studies,””*' 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 4days in
10s epochs. Missing data, defined as continuous sequences
of more than 60 serial epochs (ie, 10min) of 0 cpm, were
deleted. To be included in the analysis, the children had to
wear the accelerometer during a minimum of 3days and
at least during 8 hours/day. Forty-five children (20%) wore
the accelerometer for 3days and 184 (80%) during 4days.
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% Cls.

Invited to participate
564 children (302 boys, 262 girls)

Accepted to participate
2 boys, 157 girls)

Participated baseline
341 children (189 boys, 152 girls)

Children with valid baseline exam
and accelerometer measurement
199 children (114 boys, 85 girls)

Excluded outliers MVPA
2 boys

Included final analysis MVPA
197 children (112 boys, 85 girls)

: 9
neighbourhoods”).
Rejected to participate
215 children (110 boys, 105 girls)
349 children (19:
Excluded
Missing visits: 6 children (2 boys, 4 girls)
Disease: 2 children (1 boy, 1 girl)
Excluded
Incomplete baseline examination:
29 children ( 13 boys, 16 girls)
Incomplete accelerometer measurement:
22 children (13 boys. 9 girls)
Excluded outliers GPA
4 boys
Included final analysis GPA
195 children (110 boys, 85 girls)
Figure 1

Flow chart of the study population. GPA, general physical activity; MVPA, moderate to vigorous physical activity.
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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) 60min school PA/week or to
200min 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+18.3min/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
8year-old children, female sex, shorter body height and
higher BMI are factors independently associated with
lower PA levels 2years later. As children’s sex, body height
and BMI are already evaluated in the compulsory school

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, 7.8+0.6 7.8+0.6
SD
Age (years) 2-year follow-up, 9.8+0.6 9.8+0.6
mean, SD
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/m?), 16.7£2.4 16.4+2.2
mean, SD
Social domain
Screen time activity (hours/ 12.5+5.3 10.8+5.0
week), mean, SD
Do not partake organised 24 (21) 21 (25)
leisure time PA, n (%)
Partake organised leisure 90 (79) 64 (75)
time PA, n (%)
No sibling member in sport 47 (41) 32 (38)
association, n (%)
Sibling member in sport 67 (59) 53 (62)
association, n (%)
Parental physical activity 2.7+2.0 2.5+2.0
(hours/week), mean, SD
No parent agreed exercise 36 (32) 34 (40)
was important, n (%)
One or two parents agreed 78 (68) 51 (60)
exercise was important, n (%)
No parent with postsecondary 37 (32) 17 (20)
degree, n (%)
One or two parents with 77 (68) 68 (80)
postsecondary degree, n (%)
Environmental domain
Allocation 200 min school PA/ 67 (59) 42 (49)
week, n (%)
Allocation to 60 min school 47 (41) 43 (51)

PA/week, n (%)

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

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 8years of age, and association to general physical activity (GPA)

2years later

Descriptive GPA (cpm) (95% CI) GPA (cpm) (95% CI)

Variable baseline data unadjusted model adjusted model t
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)t, mean (SD) 128.9+7.0 6.6 (-33.9 to 47.1) 48.7 (26.5 to 94.8)"

Body mass index (kg/m?), 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)t, 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 t0 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 t0 96.0)

Parental physical activity (hours/week), mean (SD) 2.7+2.0 19.4 (5.4 to 33.5)** 11.7 (-1.4 t0 24.9)

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

One or two parents agreed exercise was 127 (65) 81.0 (22.5 to 139.6)** 45.0 (-12.3 to 102.3)

important, n (%)

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 (-131.5t0-16.2)

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.

tData 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.” * Interventional studies often target
adolescent girls to counteract this decline,” ™ but the
referred studies have only shown weak effects. In line
with another report®” 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 studies*™ 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/obesity™
whereas others suggest that PA is a modifiable key compo-
nent in fighting obesity in school-age children.” 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,”’ but we could not identify a true relative age
effect (ie, an association between being born early or late
on the year and PA).**** 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 8years, and association to moderate to vigorous physical activity

(MVPA) 2years later

Regression coefficient

Regression coefficient

Variable Descriptive (95% CI) unadjusted (95% CI) adjustedt
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 (-4.1to 5.4) -2.7 (-7.0to 1.8)
Age (years), mean, SD 7.8+0.6 1.6 (-2.3t0 5.5) -0.1 (-4.6 t0 4.5)
Height (cm)t, mean, SD 128.9+7.0 1.4 (-1.910 4.9) 4.0 (0.0 to 8.0)
Body mass index (kg/m?), 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)t, mean, SD 11.8+5.3 0.01 (-0.4t0 0.5) 0.0(-4.3t04.2)
Do not partake organised leisure time PA, n (%) 43 (22) Ref Ref
Partake organised leisure time PA, n (%) 154 (78) 8.0 (2.3 t0 13.7)* 41(-1.61t09.7)
No sibling member in sport association, n (%) 78 (40) Ref Ref
Sibling member in sport association, n (%) 119 (60) 4.7 (-0.2t0 9.5) 2.9(-1.8t07.5)
Parental physical activity (hours/week), mean, SD 2.7+2.0 1.6 (0.4 to 2.8)* 1.1 (0.0to0 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 (-1.11t08.9)
No parent with postsecondary degree, n (%) 53 (27) Ref Ref
One or two parents with postsecondary degree, n (%) 144 (73) 1.8(-3.6t07) 2.9 (-2.2 10 8.0)
Environmental domain
Allocation 200 min school PA/week, n (%) 108 (55) Ref Ref
Allocation to 60min school PA/week, n (%) 89 (45) 1.7 (-3.1 10 6.6) 0.5 (-4.5t05.5)

We excluded in this evaluation two participants as having outlier values in the MVPA measurement, leaving 197 participants for these analyses.

***p<0.001.

tData 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 9hours/day on sedentary activities.” This
discrepancy may have been due to that rapid increase of
technical devices and the use of smartphones during the
last decades™ 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,'” which reduces the risk of bias. Study
limitations include the short period of accelerometer
measurements’ 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.
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