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Background: To explore activity behaviors at school entry, we describe temporal/demographic associations with accelerometer-
measured physical activity in a population-based sample of British 6-year-olds, and examine change from ages 4 to 6.Methods: A
total of 712 six-year-olds (308 at both ages) wore Actiheart accelerometers for ≥3 (mean 6.0) days. We derived minutes per day
sedentary (<20 cpm) and moderate to vigorous physical activity (MVPA, ≥460 cpm), also segmented across mornings (06:00 AM
to 09:00 AM), school (09:00 AM to 3:00 PM), and evenings (3:00 PM to 11:00 PM). Using mixed effects linear regression, we
analyzed associations between temporal/demographic factors and children’s activity intensities at age 6, and change between ages 4
and 6.Results: Six-year-old children engaged inMVPA (mean [SD]): 64.9 (25.7) minutes per day (53%met UK guidelines). Girls
did less MVPA than boys, particularly during school hours. Children were less active on weekends (vs weekdays) and more active
on spring/summer evenings (vs winter). Longitudinally, 6-year-old children did less light physical activity (−43.0; 95% confidence
interval, −47.5 to −38.4 min/d) but were more sedentary (29.4; 24.6 to 34.2), and engaged in greater MVPA (7.1; 5.2 to 9.1)
compared to when they were aged 4. Conclusion: Half of 6-year-old children met current activity guidelines; MVPA levels were
lower in girls and at weekends. UK children becamemore sedentary but didmoreMVPA as they entered formal schooling. Physical
activity promotion efforts should capitalize on these changes in MVPA, to maintain positive habits.
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Physical activity is beneficial for children’s physical and
mental health,1 yet activity levels decrease across childhood and
adolescence,2 and into adulthood.3 Ensuring young children meet
physical activity guidelines to establish a good baseline level of
physical activity is therefore important.

A child’s transition to formal schooling (the September before
they turn 5 y old in the United Kingdom) may be a key time when
behaviors and habits change are consolidated. This transition to
school coincides with changing physical activity guidelines, and
therefore, differing ideas of what constitutes “sufficiently active.”4

Current UK physical activity guidelines recommend that children
less than 5 years engage in 180 minutes of activity at any intensity,
including 60 minutes of moderate to vigorous physical activity
(MVPA) in children aged 3–4 years; from ages 5 to 18 years, an
average of 60 minutes of MVPA per day across the week is
recommended.4 For all children, it is also recommended that
extended periods of sedentary (SED) time (eg, sitting) be mini-
mized.4 UK activity guidelines are consistent with many recom-
mendations worldwide.5

Self-report measures of physical activity and SED behavior in
English children after entry to primary school suggest that 30% and
27% of 5- to 7-year-old boys and girls, respectively meet physical
activity guidelines.6 In 2015, children aged 5–10 years spent
2.7 hours being SED on weekdays outside school and 3.6 hours
on the weekend.6 When physical activity was assessed using
device-based measures, approximately half of UK children aged
6–8 years met physical activity guidelines, boys were consistently
more likely to engage in sufficient MVPA,7,8 and children tended to
spend a large portion of the day SED.8,9 Levels of physical activity
then tend to decline over time, with decreases in MVPA and
increases in SED time in both sexes between ages 6 and 8 years.10

Internationally, boys are more active than girls11,12; this is particu-
larly true in the after-school period (until 6:00 PM) and at weekends
for Australian 5- to 6-year-olds.12

The transition to school also impacts activity patterns over the
course of the day and week, due to differing routines.13 In samples
of primary school children, more activity is accumulated on
weekdays compared with weekends, and children engage in
more MVPA during school hours versus outside of school.13

Yet, no studies to date have assessed how these changes are
reflected in children’s activity behaviors during the transition to
school (ie, from preschool to formal schooling). Moreover, most
studies have focused on children’s average activity levels across
measurement periods, which may mask differences seen when
including daily variation,14 and provide only cross-sectional esti-
mates of activity levels. Evidence is also equivocal about how a
child’s weight status, socioeconomic circumstances, and siblings
influence physical activity.14 Understanding these differences, and
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also variations across the day and week, allows intervention efforts
to take account of when children may be less active and therefore
open to efforts to increase activity.

Building on work conducted in the same sample at age
4 years,14 this paper describes levels and patterns of activity in
a population-based sample of 6-year-old British children. Using
children’s daily activity levels, it examines activity patterns seg-
mented across the day to determine how temporal and demographic
factors influence activity levels and explores how physical activity
levels change during the transition to formal schooling, between
ages 4 and 6. We hypothesized that at age 6, children’s activity
behaviors would differ by time of day and week in particular, given
the added structure provided by the school day. Longitudinally,
we theorized that children would spend more time SED at age 6
compared to age 4.

Methods
Study Design and Setting

The Southampton Women’s Survey (SWS) is a UK population-
based prospective cohort study.15 The study recruited 12,579
nonpregnant women from General Practices in the Southampton
area 1998–2002. Subsequent live singleton births (n = 3158) were
assessed at specific ages to observe how children’s prenatal
development interacts with their postnatal growth, and how both
affect risk factors for future chronic diseases.15 Between March
2006 and June 2009, a substudy investigated physical activity, with
all SWS children aged 4 years during this period (n = 1065) invited
to participate.16 Those born after January 2000 were subsequently
approached for a visit at ages 6–7 years (hereafter “age 6,” between
March 2007 and August 2012), and asked to wear an activity
monitor (n = 802). Three hundred and eight children attended both
study visits and provided valid physical activity data at both ages 4
and 6 years; 1003 children had valid data at one and/or other time
point. The latter are included in the multilevel longitudinal analyses
to provide a more complete sample, alongside sensitivity analyses
on the former (see below). Parents (predominantly mothers) com-
pleted a questionnaire assessing sociodemographic and lifestyle
information at both ages, and provided informed written consent
for their child to participate. Ethical approval for SWS data
collection at ages 4 and 6 was granted by the Southampton and
South West Hampshire Local Research Ethics Committee.

Physical Activity Assessment

At ages 416 and 6, children were fitted with a combined heart rate
and movement sensor (Actiheart, Cambridge Neurotechnology
Ltd) to measure free-living physical activity. The monitor was
secured to the chest, and set to record at 60-second epochs to allow
sufficient memory to record for 7 days. While the use of 60-second
epochs may underestimate MVPA17 and overestimate light physi-
cal activity (LPA),18 the Actiheart has been shown to be valid in
this age group.19 Participants were asked to wear the monitor
continuously for 7 days, including during sleep and water-based
activities. Monitors were returned by secure post, along with the
validated20 physical activity questionnaire.

Outcome Measures

Only accelerometer data were used for these analyses, as non-
individually calibrated heart rate data explain little additional

variation in estimates of free-living activity in similar aged chil-
dren.19 Actiheart data were processed using Stata (version 14/
SE).21 At both time points, data periods of 100 minutes or more
with zero activity counts were removed for all participants,22 as
were days with <600minutes of recording, with 10 hours of activity
being the minimum cutoff to define a valid day.23 Children with
≥3 days of valid physical activity data at ages 4 and 6 were included
in (longitudinal) analyses. Recordings between 11:00 PM and
06:00 AM were removed, as were those between 9:00 PM and
11:00 PM if they included more than 45 minutes of SED time,
deemed to reflect time sleeping. This provides a conservative
estimate of sleep time,24 while minimizing overestimation of SED
time in the evenings.

For cross-sectional analyses at age 6 years, physical activity
was derived as time spent (in minutes per day) in 2 broad
intensity categories using previously validated cut points: SED
(<20 counts/min) and MVPA (≥460 counts/min).25 Cut points
were scaled using a conversion factor of 5 from validation work
using the ActiGraph accelerometer (ActiGraph),26 as done pre-
viously in children of this age.16 As physical activity guidelines
differ for children at ages 4 and 6, light activity was also used
as an outcome for longitudinal analyses (LPA: ≥20−459
counts/min).

Exposure and Confounding Variables

A range of putative exploratory variables were examined in
relation to children’s physical activity.27,28 The accelerometer
output provided hour, time of day, weekday versus weekend,
and date (from which season was derived: winter, December–
February; spring, March–May; summer, June–August; and
autumn, September–November). Each day was split into 3 periods:
morning (07:00 AM to 09:00 AM), school (09:00 AM to
3:00 PM), and evening (3:00 PM–11:00 PM). Child’s sex and
measured height and weight were recorded at ages 4 and 6 years,29

and used to calculate body mass index (BMI in kilogram per meter
square) and sex/age-adjusted BMI z score.30 Children were cate-
gorized as underweight, normal, or overweight/obese using the
International Obesity Task Force31 classifications.

The age mother left full-time education (≤16, 17–18, and
>18 y) was used as a proxy for socioeconomic status, and maternal
BMI was calculated from reported height and weight at ages 4 and
6 years, with World Health Organization32 category classifications
used for descriptive purposes. Similarly, data collected at ages 4
and 6 were used to describe the presence of siblings living in the
cohort child’s home (younger siblings, older siblings, and older and
younger siblings). Where relevant, confounders comprised a mea-
sure of diet quality at age 6 (weekly fruit and vegetable consump-
tion), a maternal physical activity score (derived using a physical
activity index, found to have good reliability and validity in
assigning scores to self-reported physical activity33), and derived
child’s screen time from reported television viewing (see direct
acyclic graphs in Figures S1−S7 in the Supplementary Material
[available online]).

Statistical Analysis

Analyses were carried out using Stata (version 14 SE).34 Basic
descriptive characteristics (eg, child age, age mother left full-time
education) at age 6 were calculated and compared with (1) the
original SWS cohort ( not included here) and (2) those providing
longitudinal data at ages 4 and 6.
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Cross-Sectional Analyses at Age 6

Using children’s daily minutes spent SED or in MVPA, and these
activity behaviors segmented across the day (morning, school, and
evening), as outcomes, 2-level random intercept models were used to
model associations between children’s daily activity and exposure
variables. Hierarchical models allowed for variation across days (level
1) within children (level 2).35 Correlations between observations were
accounted for by allowing the intercept to vary randomly between
children (ie, level 2). Exposures were child’s sex, child BMI category,
siblings in the home at age 6, age mother left full-time education, time
of the week (weekday vs weekend), and season. Models were
differentially (and minimally) adjusted for appropriate confounders
and competing exposures, derived based on existing literature and
using the Daggity software36 (see direct acyclic graphs in Figures S1
−S6 in the Supplementary Material [available online]). As there was
no evidence of interaction effects by sex, data for the whole cohort
(ie, boys and girls together) are presented.

Longitudinal Analyses

For children who provided valid accelerometer data at ages 4 and/or 6
(n = 1003, “combined” sample), we examined change in activity
behaviors/intensity over the 2-year period. Again, 2-level random
intercept models were fitted with child’s daily minutes SED, in LPA
and in MVPA entered into the model as outcomes (level 1: day; level
2: child). An “age” term (ages 4 or 6) was also included to assess
whether activity behaviors changed over time. Models were adjusted
for sex, ethnicity, child screen time, maternal education, time of week,
and season (see direct acyclic graphs in Figure S7 in the
Supplementary Material [available online]). Post hoc interactions
between “age” and time of week/child’s sex based on a priori
hypotheses were assessed. We also limited the analysis to the 308
children who had valid physical activity data at both ages 4 and 6
(“complete case” sample). As this had little impact on the overall
estimates, all children (n = 1003) with valid data at one/both time
points were retained to minimize bias for the post hoc analyses, but

both the combined sample and complete case analyses are presented
in Figure 1.

Sensitivity analyses were conducted to assess whether findings
were influenced by (1) excluding data collected in August (UK
school summer holidays) for cross-sectional analyses only and
(2) differing season of assessment between ages 4 and 6 (in 75% of
children). As only small differences were observed in regression
coefficients (ie, difference in beta of <0.2 min), we present results
from the original analyses.

Results
Seven hundred and twelve children (89% of those fitted with
monitors) had valid physical activity data at age 6 years, with a
mean (SD) daytime wear of 14.0 (0.6) hours over 6.0 (1.3) valid
days. Compared with the sample of SWS children who participated
in any part of the age 6 follow-up, those providing Actiheart data
were slightly younger (6.6 [0.1] vs 6.7 [0.1]) and had mothers’who
left full-time education slightly later (18.1 [0.1] vs 17.9 [0.1]). The
latter was also true when comparing children who provided
Actiheart data at age 6 with the original SWS cohort. For the
longitudinal analysis, there were no demographic differences
between children providing data at 1 or 2 time points. Table 1
shows descriptive characteristics for included children (with aver-
age activity levels in Table S1 in the Supplementary Material
[available online]). At age 6, children were SED for mean 316.2
(68.2) minutes, engaged in 457.1 (65.4) minutes of LPA and 64.9
(25.7) minutes ofMVPA. Just over half of the children (52.9%)met
the current UK recommended guidelines of an average of ≥ 60min-
utes of MVPA, with boys being more likely to meet physical
activity guidelines than girls (62.5% vs 42.2%, t test P < .005).

Cross-Sectional Analyses

At age 6, cross-sectional associations of children’s daily time spent
SED and in MVPA showed that girls engaged in less MVPA
than boys (MVPA: β = −13.1; 95% confidence interval, −17.2 to

Figure 1 — Longitudinal analysis exploring change in activity behaviors between ages 4 and 6, with combined (n = 1003) and complete case (n = 308)
samples. Analyses adjusted for sex, ethnicity, maternal education, time of week, and season. SED indicates sedentary; LPA, light physical activity;
MVPA, moderate to vigorous PA.
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−9.1 min/d) (Tables 2 and 3). Children engaged in more SED time
and less MVPA at weekends (vs weekdays), did more MVPA in
spring (vs winter), and those whosemothers left full-time education
after age 18 (vs before age 16) had lower levels of MVPA.

Multiple differential associations were identified for both out-
comes when activity was segmented across the day (Tables 2 and 3).
Compared with boys, girls engaged in more SED time and less
MVPA during school hours, with differences of a similar magnitude
(ie, SED: 7.1; 1.4 to 12.9; MVPA: −8.1; −10.4 to −5.8 min/d). At the
weekend (vs weekdays), children were more SED during mornings
and evenings, and engaged in less MVPA during mornings/what
would be school hours. In spring (vs winter), children were less SED
and engaged in more MVPA after 3:00 PM; in summer (vs winter)
children were more SED and did less MVPA before 09:00 AM but
were less SED and engaged in more MVPA after 3:00 PM. There
were also differences by child’s weight status, the age mothers left
full-time education, and age of siblings living in the home. For the
latter, those with younger siblings only were less SED in the
mornings, and those with both younger and older siblings engaged
in more MVPA in evenings.

Longitudinal Analyses

Longitudinally, at age 6, children became more SED (29.4; 24.6 to
34.2 min/d) and engaged in more MVPA (7.1; 5.2 to 9.1 min/d) but

did less LPA (−43.0; −47.5 to −38.5min/d) on average comparedwith
when they were aged 4 (Figure 1; Table S2 in the Supplementary
Material [available online]). The estimates for the combined sample
were slightly more conservative for SED and LPA than the complete
case analysis, but both showed very similar patterns of change across
the intensity distribution. Post hoc interaction analyses on the com-
bined sample (n = 1003) showed that the pattern of changewas similar
for boys and girls but the magnitude of change over time was lower
for girls (Table 3a in the Supplementary Material [available online]).
An age by time of week interaction indicated that the above pattern
held for weekdays, and SED time andLPA atweekends, but therewas
no change in weekend MVPA between ages 4 and 6 (Table 3b in the
Supplementary Material [available online]).

Discussion
This is the first study to assess SED time and physical activity
levels in 6-year-old British children segmented over the course of
the day, with examination of changes in the levels and patterns of
activity intensity during the transition to formal schooling. Cross-
sectionally at age 6, boys were less SED and more active than girls;
children engaged in more SED time and less MVPA at weekends
(vs weekdays), did more MVPA in spring (vs winter), and children
whose mothers left full-time education after age 18 (vs before 16 y)

Table 1 Characteristics of Included Children With Valid Actiheart Data

Variable
Cross-sectional

(n= 712)
Longitudinala

(n= 1003)

Boys, n (%) 368 (51.7) 524 (52.2)

Age, y 6.6 (0.1) 6.6 (0.1)

Ethnicity, non-White, n (%) 37 (5.2) 51 (5.1)

Birth weight, g 3472.7 (521.6) 3480.5 (509.6)

Height,b cm 120.3 (5.3) —

Weight,b kg 23.2 (3.7) —

BMI,b kg/m2 16.0 (1.4) —

BMI,b z score 0.16 (0.97) —

Weight statusb (IOTF classification), n (%)

Thin 38 (5.4) —

Normal 565 (80.4) —

Overweight/obese 102 (14.5) —

Age mother left education, n (%)

≤16 y 249 (35.0) 350 (34.9)

17–18 y 259 (36.4) 356 (35.5)

≥18 y 2203 (28.6) 297 (29.6)

Maternal parity at child’s birth

0 350 (49.2) 511 (51.0)

1 263 (36.9) 360 (35.9)

2/+ 99 (13.9) 122 (13.1)

Siblings at home,b n (%)

None 164 (21.6) —

Older only 262 (34.5) —

Younger only 247 (32.5) —

Older and younger 87 (11.5) —

Abbreviations: BMI, body mass index; IOTF, International Obesity Task Force. Note: All values are mean (SD) unless stated
otherwise.
aChildren with accelerometer at one or both time points. bMeasured at age 6.
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Table 2 AssociationsBetween Temporal andDemographic Factors andChildren’sSEDBehavior at Age 6 (n= 712)

Daily total
Morning

07:00 AM–09:00 AM
School hours

09:00 AM–3:00 PM
Evening

3:00 PM–11:00 PM

B (95% CI), min/d of SED

Sexa (reference: boys) 2.2 (−9.0 to 13.4) −0.94 (−3.6 to 1.8) 7.1 (1.4 to 12.9) −3.1 (−9.1 to 2.9)

BMIb (reference: normal)

Underweight −2.0 (−30.0 to 25.9) 1.8 (−5.4 to 9.0) 2.2 (−12.2 to 16.44) −5.8 (−21.3 to 9.7)

Overweight/obese −1.7 (−21.4 to 18.0) −1.3 (−6.2 to 3.7) −6.2 (−16.3 to 3.8) 3.7 (−7.0 to 14.5)

Age mother left educationc

(reference: < 16 y)

17–18 y −0.76 (−12.5 to 11.0) −3.0 (−6.0 to −0.06) 2.4 (−3.9 to 8.6) −0.33 (−6.6 to 5. 9)

>18 y 2.2 (−10.2 to 14.6) −4.8 (−7.9 to −1.6) 2.7 (−3.9 to 9.3) 2.2 (−4.4 to 8.7)

Siblingsd (reference: none)

Older only −5.4 (−18.7 to 7.9) 0.51 (−2.8 to 3.8) −0.38 (−7.4 to 6. 7) −5.5 (−12.5 to 1.5)

Younger only −10.0 (−23.5 to 3.6) −4.6 (−8.0 to −1.2) −6.8 (−14.1 to 0.43) 1.7 (−5.5 to 8.9)

Older and younger −15.5 (−33.4 to 2.4) −3.8 (−8.2 to 0.65) −4.3 (−13.8 to 5.2) −8.9 (−18.3 to 0.53)

Time of weeke (reference: weekday) 25.3 (18.2 to 32.3) 18.6 (16.6 to 20.6) −2.1 (−5.8 to 1.7) 11.6 (6.9 to 16.4)

Seasonf (reference: winter)

Spring −12.5 (−28.0 to 3.0) 1.8 (−2.0 to 5.5) −0.98 (−9.0 to 7.0) −10.2 (−18.5 to −1.9)
Summer −2.4 (−18.5 to 13.7) 8.9 (5.1 to 12.8) 1.2 (−7.0 to 9.5) −10.2 (−18.8 to −1.7)
Autumn 1.7 (−14. 6 to 17.9) −0.64 (−4.5 to 3.3) 5.5 (−2.9 to 13.8) 1.4 (−7.2 to 9.9)

Abbreviations: BMI, body mass index; CI, confidence interval; SED, sedentary. Note: Bold values indicate that CIs do not overlap 0.
aSex adjusted for ethnicity, diet, maternal education, maternal BMI, maternal physical activity, siblings, time of the week, and season. bBMI adjusted for sex, ethnicity, child
screen time, maternal education, maternal BMI, and time of the week. cMaternal education adjusted for sex, ethnicity, time of week, and season. dSiblings adjusted for
ethnicity, maternal education, time of week, and season. eTime of week adjusted for sex, ethnicity, diet, child BMI, child screen time, maternal education, maternal BMI,
maternal physical activity, siblings, and season. fSeason adjusted for sex, ethnicity, maternal education, maternal BMI, siblings, and time of week.

Table 3 Associations Between Temporal and Demographic Factors and Children’s MVPA at Age 6 (n= 712)

Daily total
Morning

07:00 AM–09:00 AM
School hours

09:00 AM–3:00 PM
Evening

3:00 PM–11:00 PM

B (95% CI), min/d of MVPA

Sexa (reference: boys) −13.1 (−17.2 to −9.1) −0.50 (−1.2 to 0.17) −8.1 (−10.4 to −5.8) −4.8 (−7.0 to −2.5)
BMIb (reference: normal)

Underweight −1.1 (−11.3 to 9.1) −1.2 (−3.0 to 0.54) −2.2 (−8.0 to 3.7) 5.9 (0.13 to 11.7)

Overweight/obese −5.3 (−12.5 to 1.9) 0.61 (−0.62 to 1.8) −1.5 (−5.6 to 2.6) −4.5 (−8.5 to −0.47)
Age mother left educationc

(reference <16 y)

17–18 y 0.88 (−3.3 to 5.1) 0.26 (−0.43 to 0.94) −0.02 (−2.4 to 2.4) −0.04 (−2.4 to 2.3)

>18 y −4.8 (−9.2 to −0.32) 0.11 (−0.62 to 0.85) −1.9 (−4.5 to 0.63) −2.9 (−5.3 to −0.37)

Siblingsd (reference: none)

Older only 1.9 (−3.0 to 6.9) −0.22 (−0.98 to 0.59) −0.03 (−2.9 to 2.8) 2.0 (−0.63 to 4.7)

Younger only −1.2 (−6.3 to 3.8) 0.35 (−0.46 to 1.2) −0.13 (−3.1 to 2.8) −1.6 (−4.4 to 1.1)

Older and younger 6.1 (−0.52 to 12.8) 0.18 (−0.87 to 1.2) 1.2 (−2.6 to 5.1) 4.0 (0.42 to 7.6)

Time of weeke (reference: weekday) −14.5 (−17.3 to −11.7) −4.3 (−4.8 to −3.8) −9.2 (−11.0 to −7.4) −1.1 (−2.9 to 0.62)

Seasonf (reference: winter)

Spring 8.7 (3.2 to 14.2) −0.44 (−1.4 to 0.48) 1.7 (−1.5 to 4.9) 7.6 (4.6 to 10.7)

Summer 2.1 (−3.6 to 7.9) −1.3 (−2.3 to −0.39) −2.5 (−5.8 to 0.81) 6.0 (2.8 to 9.1)

Autumn −0.77 (−6.6 to 5.0) 0.11 (−0.85 to 1.1) −1.4 (−4.7 to 2.0) 0.84 (−2.3 to 4.0)

Abbreviations: BMI, body mass index; CI, confidence interval; MVPA, moderate to vigorous physical activity. Note: The values in bold indicate that CIs do not overlap 0.
aSex adjusted for ethnicity, diet, maternal education, maternal BMI, maternal physical activity, siblings, time of the week, and season. bBMI adjusted for sex, ethnicity, child
screen time, maternal education, maternal BMI, and time of the week. cMaternal education adjusted for sex, ethnicity, time of week, and season. dSiblings adjusted for
ethnicity, maternal education, time of week, and season. eTime of week adjusted for sex, ethnicity, diet, child BMI, child screen time, maternal education, maternal BMI,
maternal physical activity, siblings, and season. fSeason adjusted for sex, ethnicity, maternal education, maternal BMI, siblings, and time of week.
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engaged in less MVPA. Subgroup differences were also identified
when activity behaviors were segmented across the day. These
time-specific observations provide useful information about when
and where children may be more/less active, over and above
indications provided by average daily physical activity. After entry
into formal schooling, children engaged in less LPA but spent more
time being SED and in MVPA, indicating that the relative intensity
of children’s activity behaviors may change as they transition to
formal education. Taken together, this information is useful for
targeting focused interventions and resources toward periods where
children may be less active. Although the transition to school
appears to be a positive catalyst for MVPA, it is accompanied by
larger increases in SED time, particularly for girls, and at week-
ends, corroborating the wider trend of increased SED time as
children age.2 Counteracting this gradual increase earlier in child-
hood may be one way to attenuate a potentially problematic
behavior, breaking the trend before it becomes habitual.

Similar to other samples of UK children,7,8 just under 50% of
children here did not meet current UK activity guidelines, though
boys were more likely to meet them than girls. Such differences in
physical activity by child’s sex emerge in early life28 and remain as
children progress through childhood into adulthood.37 Stratified
analyses by time of day indicated that girls may engage in less
MVPA during the school day at age 6. Moreover, the magnitude of
change in girls’ SED, LPA, and MVPA was lower than in boys. It
remains to be determinedwhy this is the case. Change in girls’ activity
behaviorsmay be smaller as they start from lower overall levels, or the
type of activities young children choose or are offered may differ over
time. This is particularly true of school-based physical education
lessons and break time activities, where for example school uniforms
for girls (ie, skirts, dresses) are noted to be a major barrier to physical
activity.38 Efforts to encourage higher intensity physical activity in
primary schools for girls may therefore be warranted.

In this sample at age 4,39 as we hypothesized, differences in
activity behaviors occur across the day, over and above those
identified for children’s average daily activity behaviors. For exam-
ple, children were more SED and engaged in less MVPA in the
mornings at weekends (vs weekdays), likely reflecting increased
active travel during this time on school days. In the mornings
(07:00 AM to 09:00 AM), children with younger siblings only
were less SED, possibly a result of overall earlier wake-up times, or
having someone to play with. All children engaged in less MVPA
during 09:00 AM to 3:00 PM (school hours on weekdays), indicat-
ing targeted family-based interventions at the weekend may be
warranted. Seasonally, in spring and summer (vs winter), children
were less SED and engaged in more MVPA after 3:00 PM. Such
variation in physical activity levels have been noted in similar aged
children40; our work indicates that the after-school period during
cooler months in the United Kingdom could be a key time for
implementing interventions to ensure consistent levels of physical
activity year-round. Regardless, focusing on children’s overall
activity levels may mask instances during the day when children
are more or less active. Considering how activity behaviors differ
across the day, and not simply exploring factors associated with
children’s average physical activity levels, can provide important
contextual information about children’s activity behaviors.

Longitudinally, we demonstrated a shift in children’s activity
intensity distribution over time. After the transition to school, they
spent more time SED and in MVPA, but less time in LPA.
Differences in the magnitude of change were noted by sex and
time of the week. This likely reflects changing activity behaviors
and differing routines as the children grew older, highlighting the

possible importance of school for MVPA at age 6. UK physical
activity guidelines at the time of measurement made a general
recommendation for 4-year-olds to be active for 180 minutes per
day, and for children aged 5 and older to engage in 60 minutes of
MVPA.41 This may in part explain why MVPA increases at age 6,
with educators and care providers being more aware of the need for
MVPA in older school-aged children. Current recommendations
for both 4- and 6-year-olds include 60 minutes of MVPA per day
(on average)4; identifying exactly what drives this positive change
in MVPA (of around approximately 7.5 min/d at age 6) could
provide important information for preschool settings, allowing
them to mirror opportunities for positive gains in MVPA.

Despite positive increases in MVPA, our findings support our
hypothesis, and a general tendency, of increasing SED time across
early-middle childhood in UK children. Cross-sectionally at age 6,
children were SED for 38% of their day, or approximately 5.4 hours
per day. This is less than in other UK samples of slightly older
children, where at least half were SED for 6.4 hours or more,8 or
spent 77.8% of their day SED.9 Another large UK study showed
that SED time increased by >75 minutes per week between ages 6
and 8.10 The population, measurement device used, and wear/
processing protocols likely contribute to differences between these
population-based samples. We used Actiheart monitors, which are
likely to capture children’s activity over the course of the whole day
(they are not removed at bedtime or during water-based activities).
Comparison across studies is therefore difficult, and greater con-
sistency in measurement protocols is required for better surveil-
lance between samples and over time.

Although the health benefits of LPA remain to be elucidated,
the detrimental and beneficial effects of SED time and MVPA
respectively continue to emerge for young children.4 The impor-
tance of activity across the whole intensity spectrum needs to be
determined for younger children, as does the possibility that
unfavorable impacts of increased SED time may be offset by
similar increases in MVPA over time.

Strengths and Limitations

This study is one of the first to describe device-measured activity
behaviors during the transition to formal schooling, doing so in a
large population-based sample of British 6-year-old children.
Analyzed cross-sectionally and longitudinally, the time-stamped
data allowed description of patterns of physical activity across
different times of day, providing a detailed overview of children’s
activity behaviors, including potential substitution effects across
the day at age 6. Although we considered a range of confounders,
residual confounding cannot be ruled out. We divided the day
into distinct time periods to capture before, during, and after
school time. While likely to be valid for the vast majority of
children, some of the morning and evening time may also include
school time, and will definitely include travel to/from school.
Although we do not have contextual information about activities
associated with physical activity, this must also be borne in mind.
There were no demographic differences between those who
provided data at one or more (combined) versus both time points
(complete case). Findings from the longitudinal analysis with the
combined and complete case samples were very similar, with the
combined analysis providing a more conservative estimate of
SED and LPA; this suggests that these data are likely to be
representative of those participating at age 6. However, those
participating at age 6 had more educated mothers than the original
SWS sample, and those providing Actiheart data at age 6 were
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slightly younger and had more educated mothers than children
who participated in any part of the age 6 follow-up. Limited
available evidence suggests that children’s physical activity at
this age is not influenced by socioeconomic circumstances,42 with
age differences between those who did and did not provide data
here also being minimal (0.1 y). As with any cohort, we cannot,
however, rule out attrition leading to those who remain in the
study not being truly representative of the original cohort. Fewer
children in this sample were overweight or obese compared with
the national average, and participants were predominately White
British. Although this is broadly in keeping with the Southampton
region (where census data indicated approximately 82% were
White British),43 it suggests that the sample may not be repre-
sentative of the British population of preschool/school-aged
children as a whole.

Conclusion
This study concluded that 50% of this sample of 6-year-old British
children met activity guidelines, with activity patterns varying
across the day, week, and by demographic factors. At age 6,
children were more SED but also engaged in more MVPA each
day compared with when they were aged 4. Together, this high-
lights the continued need to promote positive activity behaviors in
young school-aged children, but also to consider both ends of the
activity intensity distribution, as positive and negative changes may
occur simultaneously. Demographic and temporal factors, and a
focus on intensity, should be considered when developing inter-
ventions to encourage positive activity behaviors in young chil-
dren, allowing efforts to be targeted to achieve the largest
incremental positive change in outcomes.
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