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Abstract
Background
Sedentary behaviour in children is an independent risk factor for poor health. Active Movement is a
multicomponent school-based intervention intended to reduce sedentary behaviour and integrate low level
activity into normal school routine. We sought to assess its impact on Waist to Height Ratio (WTHR, a measure of
obesity), in primary school children from a low socioeconomic area in the UK.
Methods
A cluster-controlled study was performed. Participants were recruited (n=214) from three-year groups (age 5-6
years, 9-10 years and 10-11 years; years) in each of two schools. In the intervention school, Active Movement was
introduced (n=140). Another school acted as a control (n=74). Participants were studied at both sites over one
academic year (September 2016 and July 2017). The primary outcome measure was WTHR, the secondary outcome
being behaviour change (physical activity) measured by self-reported questionnaire.
Results
WTHR fell significantly in the intervention school compared to the control (9.1% vs. 3.2% decrease P<0.0001) the
effect was consistent across all year groups (p=0.006, p<0.001 and p<0.001 for years 1, 5 and 6 respectively). Selfreported physical activity increased in the intervention school (95% CI) = 0.62 (0.36,0.88) p<0.0001) but not in the
control school (95% CI) = 0.17 (-0.15, 0.49), p=0.28).
Conclusions
The introduction of Active Movement - a simple, cheap behavioural intervention - appears to improve physical
activity levels and reduce obesity in schoolchildren in a deprived area of London. Further studies are required to
confirm these findings and, if successful, to improve the intervention and its impacts.

Background
The National Child Measurement Program (NCMP) studied over one million children in England. The proportion of
primary school children who were overweight or obese in 2016-17 rose from 22.6% in year 1 (aged 5-6 years) to
34.2% in year 6 (aged 10-11 years)1. The 2016-17 NCMP also showed that obesity is strongly associated with social
deprivation: 12.7% of children starting school in the most deprived areas were obese, double the rate found in
those living in the least deprived areas (5.8%). By year 6, the rates were 26.3% vs 11.4 % respectively. This
deprivation gap has increased over the last ten years2. Such childhood obesity increases the risk of cardiovascular
3-5
and metabolic disease in adulthood, 6 7 is associated with reduced academic performance8 9, hyperlipidaemia,
hypertension, insulin resistance, poor pulmonary function10, poor psychological and emotional health, poor sleep
and bullying11. Children with obesity tend to become adults with obesity3. The World Health Organisation thus
refers to childhood obesity as ‘one of the most serious public health challenges of the 21st century’12.
Sedentary behaviour is defined as any waking behaviour characterised by an energy expenditure of ≤1.5 metabolic
equivalents (METs), whilst in a sitting, reclining or lying position13. Data from 10 countries show that children 2-5
years were spending 34-94% of the day sedentary in 201314. In England the total daily sedentary time, assessed by
accelerometer, increased with age from 6-7 hours per day at age 4-7 years to 8-9 hours per day at age 12-1515. UK
schoolchildren spend 65% of their school hours sedentary16 17. Reflecting the findings for obesity, the most
deprived socio-economic populations also have the highest sedentary behaviour rates16 18 . Children in the lowest
quartile of household income are about twice as sedentary as children in the highest quartile of household
income.16
Both reduced levels of physical activity7 and sedentary behaviour8 19 20 21 22 contribute to a lower metabolic rate,
when at rest, which drives childhood obesity and its related cardio-metabolic disease, all-cause mortality and both
psychological and physiological problems23-25. Such negative health impacts appear independent of those that
result from low physical activity levels20 26. As a result, there has been a call to target sedentary behaviour as well
as increasing physical activity in order to combat the ‘obesity epidemic’27. Such action in childhood may benefit
adult health, given that such behaviour carries over into adulthood28
Ideally, such interventions should be cheap, easy to deploy and cost-effective. The Active Movement intervention
was designed to reduce sedentary behaviour and to integrate low level activity into the daily routine of primary
school children through a multicomponent behavioural change model. We performed a cluster control study to
assess its effect on WTHR, seeking confirmation of impact through assessment of self-reported reduction in
sedentary behaviour.

Methods
Study Design
A cluster-controlled trial of pupils from 2 primary schools was conducted over 1 school year from September 2016
to July 2017. Ethical approval for the study was obtained from the University College London Research Ethics
Committee (application reference 722/002).
Participants
Two state primary schools within 0.5 miles of one another in the London borough of Haringey were recruited for
the study. The children of one school were used as the control and of the other as the intervention group. Both
schools were from a Lower Layer Super Output Area, defined in the England Indices of Deprivation 2015 as those
in the 5-10% most socio-economically deprived areas in the country29. The ethnic mix of both schools was highly
diverse with children from 27 different countries represented as well as mixed race children, the majority coming
from black and Asian backgrounds. The racial mix in both schools was similar.

Procedures
Information sheets were provided to the head teachers, parents and pupils. Written consent was obtained from
both head teachers. Parents could withdraw consent for their child from taking part. Only 1 childs’ parents
withdrew consent. Baseline data was collected at the beginning of the school term in September 2016 (Control
n=80, Intervention n=146) and post-intervention measures (Control n=74, Intervention n=140) were collected after
one school year. This included a behavioural questionnaire, height and waist circumference. For the
measurements, subjects wore school uniforms (jumpers and shoes removed). Height was measured to the nearest
0.5cm with a wall mounted stadiometer ruler (ADE, Hamburg Germany). Waist circumference was measured to
the nearest 0.5cm with an anthropometric tape measure (NCD medical Ltd. Ireland) taken at the umbilicus through
one layer of clothing in a relaxed standing position. All measurements were taken by trained researchers who were
UK Disclosure and Barring service cleared. Where possible, a researcher of the same gender conducted the
anthropometry and always in the presence of at least 2 researchers and a school teacher. The PAQ-C
questionnaires30 were handed out pre and post intervention during class time by the usual classroom teacher, for
the children to complete.
Intervention
The ‘Active Movement’ programme is designed to integrate non-sedentary behaviour and low-level activity into
the child’s normal school routine31 without disrupting the curriculum. The intervention was led by the teaching
staff. The aim was to educate the children in the positive aspects of a healthy lifestyle and positively influence
sedentary behaviours from an early age before negative habits can develop. This is achieved by introducing
standing and low-level movement during normal classroom teaching and throughout all aspects of the school life
and at home. This was achieved through a poster campaign around the school and ‘homework’ for the children.
Examples of changes in the teaching practice would be standing to answer questions instead of raising hands,
homework to encourage parents to stand during advertisement breaks while watching television.
Teachers received a formal one-hour training session at the start of the intervention, followed up by a forum at
mid-intervention. During these sessions, teachers were educated on the harm attributed to sedentary behaviours
and the benefits of reducing this. Teachers were given ideas on how they could integrate non-sedentary and lowlevel movement into their classrooms and encouraged to create their own ideas.
At the launch, the lead researchers took a children’s assembly to introduce the programme and held a parent
briefing session. To support these changes, promotional and educational material were placed around the school
to inspire and motivate the children. This was supported by holiday homework, activities and challenges. Parents
were informed of the progress of the programme through 6 newsletters through the academic year.
Outcome measures
The primary outcome measure was the WTHR, this is recommended as the most accurate measure of obesity in
children32. The secondary outcome measure was the change in self-reported physical activity, derived through
completion of the Physical Activity Questionnaire-Children (PAQ-C)30. The questionnaire was designed to assess
children’s physical activity levels for the proceeding 7 days. Wording was modified from the original, for use in UK
English speaking schools (appendix 1). The PAQ-C questionnaire was designed to provide a general measure of PA
for children aged 8-14. Each item on the questionnaire can be scored out of 5, with the mean of the 9 questions
used as a summary activity score, ranging from 1-5.
Statistical analysis
WTHR values were log transformed before analysis to obtain a normal distribution and values were summarised
as geometric mean and approximate SD. Within school changes in values were assessed using paired t-tests, and
differences in mean changes between schools by unpaired t-test. Within subject mean changes were transformed
back to obtain a percentage change. B coefficients and standard errors for school were obtained to show the size
of the difference in mean change (for loge WTHR) between the two schools. As using ratios in regression models
can lead to spurious results, the result was validated using a regression model with change in log circumference as
the dependent variable and baseline circumference, baseline and change in height, and school as dependent
variables33.

As the schools differed significantly in baseline WTHR, a sensitivity analysis was conducted. Pupils from the control
school were matched 1:1 with pupils from the intervention school using nearest neighbour matching, based on
their WTHR. Changes were compared between control pupils and matching intervention pupils using a paired ttest.
Activity score: Activity score was calculated as described in the PAQ-C manual30. Each item on the questionnaire
was scored on a 5-point scale and the mean of the 9 items was calculated for use as a summary activity score with
values ranging from 1 to 5. Scores were approximately normally distributed. Within school changes in activity score
were assessed using paired t-tests and differences in mean changes between schools by unpaired t-test. In
addition, analysis of covariance models were fitted with change in score as the dependent variable and baseline
activity score as a covariate to account for any baseline differences in activity level between schools. B coefficients
and standard errors for school were obtained to show the size of the difference in mean change between the two
schools.
As only one school received each intervention it was not possible to look at variability between schools for the
same intervention or to separate the intervention effects from any other changes that may have occurred within
the schools.

Results
A total of 226 children (n=80 controls and n=146 intervention) were recruited to the study in September 2016.
Follow up occurred in July 2017. Attrition was low, with only 12 children not recording baseline and end of
intervention results - 6 participants from each group (n=74 controls and n=140 intervention). This left complete
data for 214 participants. No adverse events were recorded from the study.
Waist to Height Ratio
WTHR results for the combined year groups are shown in table 1. WTHR decreased significantly in both schools
(9.1% intervention, p<0.0001 and 3.2% control, p<0.0001). The decrease was significantly greater for the
intervention school (b (se) = -0.063 (0.010), p<0.0001). The validation regression model using change in log
circumference as the dependent variable gave an almost identical effect size and p values (b (se) = -0.064(0.010),
p<0.001).
Table 1 WTHR by Time and school: Combined data from all age groups.
WTHR

Control
N=74
0.473 (0.053)
0.458 (0.112)

Intervention
N=140
0.498 (0.051)
0.453 (0.051)

P value
(Between schools)
0.001
0.45

Pre (Mean SD)
Post (Mean,
SD)
% Change
-3.2%
-9.1%
B* (se) =-0.063 (0.010)
(95% CI)
(-4.6, -1.7)
(-10.2, -8.1)
P<0.0001
P value
P<0.0001
P<0.0001
(within
schools)
*B is the difference in mean change (loge scale) between schools.
Results stratified by year group are shown in figure 1. The effect of the intervention did not differ by year
(treatment by year interaction p=0.61), with intervention effect sizes (SE) of -0.047 (0.017) p=0.006, -0.092 (0.017)
p<0.001 and -0.060 (0.016) p<0.001 for years 1, 5 and 6 respectively.

Sensitivity analysis using pupils matched according to baseline WTHR confirmed the significant differences in
change between schools overall and in years 5 and 6 (table 2), with overall decreases of 8.3% in the intervention
school compared to 3.5% for the control school.
Table 2: Sensitivity analysis: Change in WTHR by school for matched data.
OVERALL

Control

Intervention

% Change
(95% CI)

-3.5%
(-5.0, -1.9)
N=74

-8.3%
(-9.7, -6.8)
N=74

-4.7%
(-7.3, -2.0)
N=24

-6.3%
(-8.1, 4.5)
N=24

-0.017 (0.018)
P=0.35

-1.7%
(-4.6,1.3)
N-23

-10.8%
(-13.1,-8.5)
N=23

-0.097 (0.018)
P<0.001

-3.8%
(-6.3, -1.3)
N=27

-7.8%
(-10.7, 4.7)
N=27

-0.042(0.019)
P=0.036

YEAR 1
% Change
(95% CI)
YEAR 5
% Change
(95% CI)
YEAR 6
% Change
(95% CI)

Difference (SE)
P value
-0.051(0.011)
P<0.001

Activity Questionnaire Score
Self-reported activity levels for the combined year groups are shown in table 3. Activity increased significantly in
the intervention school (p<0.0001) with no significant change in the control school (p=0.28). The difference
between the schools in the change in activity score was significant (B (se) 0.45 (0.20), p=0.03). This difference
remained significant after adjusting for baseline activity levels and year (B (se) = 0.36 (0.14), p=0.01). The shift in
the distributions of activity score before and after intervention are shown in figure 2.

Results stratified by year group are shown in figure 3. The effect of the intervention did not differ by year
(treatment by year interaction p=0.61), with intervention effect sizes (SE) of 0.42 (0.30) for year 5, and 0.52 (0.28)
for year 6.

The control group showed significant increases in only two questionnaire items – walking and PA at lunch. The
intervention school showed significant increases in all items except PA at break, PA in the evening and PA at the
weekend.
Table 4: Change in individual activity score items
Item
Walking
PE
PA break
PA lunch
PA after
school
PA evening
PA
weekend
Last 7 days
PA per day

Control
Change
(se)
0.95
(0.28)
0.42
(0.25)
0.33
(0.30)
0.64
(0.21)
0.13
(0.29)
-0.44
(0.28)
-0.36
(0.27)
-0.18
(0.24)
-0.01
(0.22(

P=0.002 1.64 (0.27)

P value
Intervention
vs. control
P<0.0001 P=0.08

P=0.11

0.51 (0.18)

P=0.008

P=0.77

P=0.27

0.16 (0.25)

P=0.53

P=0.65

P=0.02

0.66 (0.33)

P=0.05

P=0.97

P=0.66

0.51 (0.24)

P=0.04

P=0.31

P=0.13

0.18 (0.22)

P=0.41

P=0.09

P=0.20

-0.03 (0.26)

P=0.92

P=0.38

P=0.47

0.97 (0.26)

P=0.0006 P=0.002

P=0.95

0.97 (0.19)

P<0.0001 P=0.001

P value

Intervention
Change (se) P value

Discussion
We have shown that a simple and cheap intervention targeting sedentary behaviour in children aged 5-11 is
effective in reducing WTHR, a marker of children with obesity. WTHR fell by 3.2% in the control group but by three
times as much (9.1%) in the intervention group (P<0.0001). This effect was independent of age group. Confidence
in this finding comes from matched analysis, with controls in each age group matched 1:1 with the intervention
pupils using ‘nearest neighbour matching’, based on their baseline: WHTR fell by 3.5 in the control vs 8.3% in the
intervention groups, p < 0.0001. Matched analysis by year group again showed a greater reduction in years 5 and
6 (P<0.001), but not in year 1 (p=0.35) a result which might relate in part to powering (there were only 48
individuals in this group, 24 and 24 in control and intervention groups respectively). Confidence is further
enhanced by the finding that self-reported physical activity increased significantly in the intervention school
(p<0.0001) but not in the control school (p=0.28).
As far as measurements of obesity are concerned, programmes which deliver exercise within lessons all report
small effect size34-38. Active Movement, on the other hand, had very dramatic impact: it reduced WTHR, a marker
of obesity, by an (absolute) 5.9% more than the baseline reduction seen in the control group.
Unlike other interventions that have shown an increase in activity39 or improved fitness by introducing specific
bouts of exercise into lessons35 36 38 40-49. The aim of Active Movement is to make movement part of the way the
class is taught. This can be achieved in many different ways depending on the teacher’s approach. The whole of
the school is involved with information posters and events highlighting the need to be non-sedentary. This message
is taken home to the parents in the form of homework. The objective of Active Movement is to change behaviour.
We believe this intervention is effective because the activity is not an ‘add on’ but integrated into the lesson and
ultimately, the lives of the children.

The social ecological theory of change underpins many study designs in this field and is important as it explains
that a combination of individual, environmental and policy change are required to sustain a positive health
behaviour8. The Active Movement intervention changed environment and policy at school, and, by providing
homework and education through newsletters changed the individual child’s home environment, re-enforcing the
positive intervention effect with possible benefits provided to members of the family. Research shows that
behaviours at this age are continued into adulthood and that children with obesity tend to become adults with
obesity28.
Strengths and Limitations
The design of the intervention was individualised to the school and meant that it could be easily implemented with
low financial cost and disruption and yet is easily adaptable to be expanded across other schools. There was a large
study sample which was adequately powered to detect changes previously reported to be sufficient for population
health benefit50. There was also low attrition in this study with only 12 of the 226 children dropping out (5.3%).
It is possible that some demographic or sociological factors differed between schools. However, in this cluster
control trial, schools were in close proximity and were as similar in social and racial demographics and urban
environment. The control school had a similar proportion of children eligible for Pupil Premium (a government
extra funding programme for disadvantaged children) compared with the intervention school (31% vs 37%).
One weakness of our study is that we only used one measure of adiposity- WTHR. However, this measure is robust,
and considered the best estimate of body composition and a better marker for various cardiovascular risk factors
in both children and adults than BMI32 51, as well as being a useful global screening tool for cardiovascular risk52.
We did not objectively measure physical activity but relied on self-reported questionnaire. This questionnaire was
only carried out in year 5 and year 6 as it was too complex to be understood by year 1. Further studies might seek
to obtain objective activity measures such that the driver for the change in adiposity (exercise vs nutrition) might
be assessed.
One limitation was the lack of randomisation to intervention or control group. The nature of the cluster-controlled
study also meant that blinding of participants was also not possible which can also increase risk of bias. In the
control group 80 children were recruited versus 146 children in the intervention school – due to the difficulty in
persuading a school to be a control arm of a study where no benefit to children would be gained. Groups were
samples of convenience and clustered into nests which meant that they were not matched, this being reflected in
the statistically significant difference in baseline measures, this risk of bias was acknowledged and addressed in
statistical analysis.
Researchers were not blinded, and this could increase risk of outcome data bias. The fidelity of the programme
was monitored with a programme of weekly emails to teachers and regular visits maintain contact and momentum
of the campaign. Despite all teachers receiving the same training at baseline and students receiving the same
educational material, the intervention fidelity within different classes was not measured and therefore
intervention dose is difficult to establish.
We cannot discount impacts of unmeasured interventions in the schools. However, it appears that any such
changes may actually have mitigated against our finding, leading to our underestimating the impact of the
intervention: the control school implemented their own health promoting initiatives, including ‘the daily mile’53,
during the study period, an interventions that could not be controlled due to ethical constraints.
The effects of growth and change in body morphology were unlikely to have contributed, given that the same effect
was seen across all age groups, and that the scale of change differed between intervention and control schools.
Finally, the changes in obesity were matched by reported changes in physical activity, in keeping with the expected
effect of the intervention.

Conclusion
A simple and cheap intervention to encourage less sedentary time in primary schools was associate with both
increased exercise and a significant reduction in obesity. Further studies are required to confirm and extend these
findings in different regions and across different demographic groups and might also assess the long-term impacts
of the intervention.
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