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ABSTRACT 

 

OBJECTIVE: Community based lifestyle intervention offers the only means of reducing the 

global epidemic of childhood obesity and its consequences, yet few successful interventions 

have been reported. The objective was to determine whether a simple approach to increasing 

extra-curricular levels of activity could reduce excessive weight gain in children. 

 

METHODS: A one-year controlled intervention study was conducted using standardised 

methods to assess outcomes. Two comparable relatively rural communities in Otago, New 

Zealand formed intervention and control settings. Height, weight, waist circumference and 

participation in physical activity (by accelerometry) were measured at baseline and 1 year in 

384 children aged 5 to 12 years representing the majority of children in this age group in 

intervention and control communities. Community Activity Co-ordinators were employed at 

each school in the intervention area. Their brief was to widen exposure to activity and engage 

children not interested in traditional sporting activities by encouraging lifestyle-based 

activities and non-traditional sports during extra-curricular time at school, after school and 

during vacations. Simple dietary advice was offered. The entire community was encouraged 

to participate. 

 

RESULTS: Average accelerometry counts at 1 year were 28% (95% CI: 11 to 47%) higher in 

intervention compared with control children after adjusting for age, sex, baseline values and 

school. Intervention children spent less time in sedentary activity (ratio 0.91, P = 0.007) and 

more time in moderate (1.07, P = 0.001) and moderate/vigorous (1.10, P = 0.01) activity. 

Adjusted mean BMI Z-score was lower in intervention relative to control children by -0.12 

(95% CI: -0.22 to -0.02) units.  

 

CONCLUSIONS: A simple intervention designed to maximise opportunities for physical 

activity during extra-curricular time at school and during leisure time through the provision of 

community based Activity Co-ordinators significantly increased participation in physical 

activity and slowed excessive weight gain in primary school aged children. 
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INTRODUCTION 

Reducing the risk of obesity in childhood and adolescence offers the best chance of stemming 

the tide of the epidemic of type 2 diabetes and the comorbidities associated with overweight 

and obesity.
1
 The increasing global prevalence of excess adiposity, especially amongst the 

young
2
 confirms the failure, thus far, of public health measures aimed at preventing obesity. It 

is clear that educational approaches alone are insufficient to produce the behavioural change 

required to increase energy expenditure or reduce energy intake, the only possible means of 

reducing the prevalence of obesity.
3
 Thus it has been suggested that the focus of attempts to 

reverse the global epidemic should move towards altering the obesity prone environment.
4-6

 

However, there is limited evidence that such an approach is effective.
7
 Despite the urgency of 

the problem, it is inappropriate to invest in unproven preventive measures. There is an urgent 

need for controlled trials which attempt to modify behaviours which have been causally 

linked with obesity. Only television watching, consumption of sugary beverages, infant 

formula feeding
8
 and more recently physical inactivity

9
 probably meet the criteria required for 

a convincing association with the development of obesity.
3
 Increasing demands on curriculum 

time in schools make the evaluation of the effectiveness of an extra-curricular approach to 

increasing physical activity in children opportune.
10

 We report here the outcome following 

one year of a controlled community intervention designed to prevent obesity in children by 

enhancing extra-curricular opportunities for physical activity. To our knowledge this is the 

first of this type of community intervention to be undertaken in young children. 
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METHODS 

Subjects 

The APPLE (A Pilot Programme for Lifestyle and Exercise) Project is a community-based 

demonstration project based in Otago, New Zealand which commenced in August 2003. The 

nature of the community-based project precluded randomisation, but control and intervention 

areas were selected on the basis of comparability with regard to socio-demographic variables 

(2001 New Zealand census, Department of Statistics) and were separated geographically. It 

was also not possible to blind participants or researchers. Five hundred and seventy-two 

children aged 5 to 12 years attend the seven primary schools in our intervention and control 

areas. They were predominantly Caucasian (81.8%, 17.3% Maori and 0.9% Pacific Island) 

from middle-class backgrounds (Ministry of Education 2003 School Decile ratings of 3-7). 

Ethical approval for the study was obtained from the University of Otago Ethics Committee.   

 

Intervention components 

Barriers to healthy eating and physical activity were explored prior to the development of the 

intervention.
11

 These community consultations led to the development of several intervention 

initiatives which were introduced at various stages of the two-year project. At all times, the 

focus of the intervention was on encouraging healthy eating and activity in all children, rather 

than highlighting weight or obesity as issues. The main initiative in the first year was the 

provision of Community Activity Co-ordinators (ACs) attached to each intervention school (n 

= 4), who developed a community-based activity programme. Their main role was to 

encourage all children to be a little more physically active every day by increasing the variety 

and opportunities for physical activity, beyond that which was currently provided in each 

school. Wherever possible, the focus was on encouraging lifestyle-based activity rather than 

structured sports only, both to widen exposure to a variety of activities and to engage those 

children not interested in traditional sporting activities. Such activities included golf, 

taekwondo, community walks, beach hikes, school triathlons, line dancing, children’s games 

from other countries, parent and child team sports. As members of their local community, 

ACs encouraged increased involvement of parents and others in the community. They were 

employed for 20 hours per week, providing activity programmes for 8 hours and promoting 

activity in the community or undertaking administrative duties in the remainder of their time.  

 

Additional initiatives introduced in the second year include activities promoting reduction of 

intake of sugary drinks, increase in fruit and vegetable consumption, reduction of television 
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time and short activity breaks in class. In addition, physical activity was enhanced by 

providing sport and play equipment during lunchtime. 

 

Physical measurements 

All measurements were made in duplicate during school hours at baseline and one year. 

Height was measured using a portable stadiometer (Wedderburn, Dunedin) to the nearest 

0.1cm and weight by electronic scales (Tanita TI1618) to the nearest 0.1kg. Waist 

circumference was measured using a Rabone Metal Diameter tape at the level of the right 

iliac crest. All measurements were completed with the children wearing light clothing and no 

shoes using the same equipment and procedures as used in the recent New Zealand National 

Children’s Nutrition Survey.
12

 Duplicate measures of pulse rate and blood pressure were 

obtained with children in a supine position after 5 minutes resting quietly using an automated 

sphygmomanometer (Dinamap).
13

 Body mass index (BMI) was calculated as weight in 

kilograms divided by height in metres squared and Z-scores calculated according to 2000 

Center for Disease Control reference norms.
14

 

 

Physical activity was measured using Mini-Mitter (Bend, OR) unidirectional Actical 

accelerometers worn around the waist which provide an objective independent assessment of 

physical activity.
15

 Because of funding constraints, the accelerometers were worn by each 

child for 1 (26%) to 2 (74%) days at baseline and 2 (68%) to 5 (32%) days at follow-up. 

Children were instructed to put the accelerometer on as soon as they woke and to take it off 

just before bed. Several belts were provided for each child so that the accelerometers could 

still be worn during bathing and swimming. Due to variation in sleeping patterns in children, 

accelerometry data were analysed for each child from 8am to 8pm. We further analysed these 

data according to two time periods, school (9am-3pm on weekdays) and home time (8am-9am 

and 3-8pm on weekdays and 8am-8pm on weekend days) to ascertain if the activity 

intervention, which occurred predominantly during school hours, had any effect on home-

based activity. The amount of time spent in sedentary (minimal body movements in a sitting 

or reclined position e.g. computer use), light (low level of exertion in the standing position 

e.g. cleaning), moderate (medium exertion in the standing position e.g. walking) and vigorous 

(high level of exertion in the standing position e.g. running) activity was calculated according 

to the threshold cut-offs validated by Puyau et al.
15

 A 7-day recall of physical activity and 

television time was completed by questionnaire.
12
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Statistical analysis 

All data was analysed using STATA (StataCorp, Stata Statistical Software, Release 8.0 

College Station, TX, Stata Corporation; 2003). Power calculations were based on estimates 

for the correlation between repeated measures of BMI and the intraclass correlation between 

schools from an earlier study in Dunedin.
16

 These suggested that our study had the potential 

to detect an effect of 0.3 SD in BMI or 0.13 Z-score (the principal outcome measure) if the 

analysis adjusted for baseline values and clustering. This sample size is equivalent to a 

randomised trial with 174 people in each arm. Differences between intervention and control 

participants at baseline were analysed using unpaired t-tests for continuous variables and chi-

squared tests for categorical variables. Variables not normally distributed were transformed 

before analysis and the raw data presented. Because schools not students were the sampling 

unit, generalised estimating equations were used to analyse the data for individual outcomes 

adjusting for individual covariates with school nested within experimental condition.
17

 

Adjustments were made for baseline measures, age and gender for both the accelerometry 

data and the health outcomes. Further adjustment was made for baseline television watching 

and participation in physical activity for the health outcomes. 
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RESULTS 

Five hundred and thirteen children (87% control, 92% intervention) had baseline 

measurements. This analysis concerns the 384 children (76% control, 75% intervention) 

available for repeat measurements at the end of the first year of intervention. Of the remaining 

129 children, 3 (one family) withdrew from the study, 17 moved away from the area and the 

remainder left primary school to attend high school. Average time between measurements 

was 380 days. Table 1 presents the baseline characteristics. No differences were observed in 

age, gender distribution, pulse rate, blood pressure or television exposure but intervention 

children were more physically active and leaner at baseline. The children spent most (61%) of 

their waking hours in sedentary or light activities. On average, 254 minutes per day were 

spent in moderate activity and 17 minutes in vigorous activity. Intervention children spent a 

similar proportion of time to control children in sedentary/light activities but slightly more 

time in moderate (18 minutes) and vigorous (6 minutes) activity (P <0.05). 

 

Table 2 demonstrates that the intervention had a significant impact on time spent physically 

active. After adjusting for baseline values, age and sex, accelerometry counts per minute were 

28% (95% CI: 11 to 47%) higher in intervention compared with control children. Average 

accelerometry counts were higher in intervention children both during school hours (38%; 

95% CI: 18 to 62%) and home-time activity (20%; 95% CI: 4 to 37%). Table 2 shows the 

amount of time spent in different intensity categories. After adjustment for confounders, 

intervention children spent 9% less time (95% CI: 3 to 15%) in sedentary activity relative to 

control children and 7% more time in activity of moderate intensity (95% CI: 3 to 12%). 

These ratios translated to observed differences of 10 minutes less of sedentary activity and 20 

minutes more of moderate activity over the 12-hour period measured (8am-8pm). Intervention 

children also tended to spend more time in activities that were light and vigorous in nature, 

although neither of these categories quite reached statistical significance. Overall, 

moderate/vigorous activity was 10% (95% CI: 2 to 18%) or 26 minutes more in intervention 

compared with control children. 

 

Table 3 shows the effect of the intervention on various outcome variables. The primary 

outcome, change in BMI Z-score, was lower in intervention compared with control children 

by -0.12 units (P <0.05). Although the risk of being overweight or obese
18

 at year end in 

intervention compared with control children (odds ratio 0.55; 95% CI: 0.19 to1.48) did not 

achieve statistical significance, more intervention children who were overweight at baseline 
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tended to be classified as normal weight at year-end (12 of 49, 24%) than control children (10 

of 65, 15%). Furthermore, 10 of 158 (6%) intervention children became overweight during 

the year compared with 13 of 112 (12%) control children. No intervention effect was 

observed on waist circumference, blood pressure or pulse rate (Table 3). However, 

commensurate with the increase in activity recorded by the accelerometers, intervention 

children spent 6% (1-9%) less time watching television, despite no formal promotion to do so. 
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DISCUSSION 

Our study has shown that a simple approach to enhancing opportunities for children to be 

physically active during extra-curricular time at school and after-school can slow the rate of 

excessive weight gain in primary school aged children. As a result of employing part-time 

Activity Co-ordinators in schools, intervention children were spending on average 26 more 

minutes per day in activities of a moderate or vigorous nature than control children. 

Moreover, change in mean BMI Z-score was significantly lower in intervention children by -

0.12 units. A small shift in the mean BMI Z-score has the ability to translate to large 

differences in terms of population health.
19

 

 

Despite interest in physical activity as a means of preventing obesity,
3
 few comparable 

controlled trials have investigated the effectiveness of enhancing activity in children. A recent 

review concluded that the evidence base for interventions targeting physical activity for 

obesity prevention is insufficient to make recommendations
20

 and few studies have been 

published subsequently. Fitzgibbon et al
21

 reported that mean BMI Z-score was significantly 

reduced at 1 year (-0.23, P = 0.006) in preschool children following a brief (14-week) 

intervention. While a promising finding in terms of long-term effectiveness, such an approach 

may not be feasible in older children given that it appears the activity sessions were 

compulsory. By contrast, we found a significant benefit on weight in a population of school-

aged children in optional extra-curricular and community-based activities. Coleman et al
22

 

reported a reduced prevalence of overweight but no change in mean BMI in low income 

Mexican schools following an intervention designed to increase the proportion of physical 

education time in moderate/vigorous activity and reduce the fat content of school cafeteria 

meals. Other recent activity-based interventions have either not evaluated weight 

outcomes
23,24

 or data are unavailable at present.
25

 

 

The relative contributions of physical inactivity and inappropriate dietary intake to the high 

rates of childhood obesity have not been established. While our data do not provide an 

answer, they suggest the possibility of a relatively simple measure to stem the tide of the 

epidemic. High demands on curriculum content and variation in perceived importance of 

physical activity in schools have undoubtedly led to reduced activity during the school day. 

Increased availability of sedentary activities also contributes to the decline in energy output, 

hence the need to explore alternative options for increasing physical activity.
10

 Part-time 

physical activity co-ordinators were employed to develop lunchtime and after-school 



Submitted to Pediatrics 26 Jan 2006 – Under review and Decision pending 

 10 

programmes as well as stimulating community endeavours to increase physical activity. They 

were not intended to replace any involvement by teachers in children’s physical activity. 

Lunch-time activities including games from other countries, aerobics, line-dancing and 

“wheels” days (children were allowed to ride their bicycles, scooters and skateboards around 

school grounds) were particularly successful. Community activities introduced as part of the 

APPLE programme such as parent and child taekwondo, children’s club golf, and community 

walks as fundraisers have already been institutionalised into the community. Total numbers of 

children attending each session were recorded and reports from the activity co-ordinators 

indicates that most children were involved in the additional activities. Thus it is unlikely that 

the results are due to small numbers of children participating in all activities. Although almost 

three-quarters of parents considered that after-school programmes would help increase their 

children’s level of physical activity and all schools agreed in principle
11

, this was the least 

successful aspect of the intervention. Barriers cited by the schools included commitment to 

other school run activities, keeping children to bus transport timetables and additional safety 

concerns. Given the findings that children are less active after school than at lunchtime
12

, it is 

conceivable that such an intervention could have a more marked impact than what was 

achieved if the barriers could be lessened or removed. Moreover, the potential for additional 

impact should be apparent by the end of the second follow-up when interventions aimed at 

reducing sugary drink intake, reducing television viewing and increasing fruit and vegetable 

consumption have been implemented for a year.  

 

There are no universally agreed cut-offs for defining physical activity levels in children
26

 and 

data in adults demonstrate how different cut-offs can result in substantially different estimates 

of time at different intensities of activity.
27

 Thus the estimates of time spent in the various 

intensity groupings are somewhat arbitrary. However, the relatively small amount of time 

spent by our subjects in vigorous activity is consistent with that reported in other studies. 

Reported time spent in moderate activity is more variable with our children appearing to have 

rather higher levels of activity reported from some studies
26,28

 though consistent with data 

from another.
29

 A likely explanation is that accelerometry data collected for 2-3 days may be 

insufficient to represent habitual activity in children.
30

 It is also conceivable that we may have 

captured more moderate activity due to collecting data in 15-second epochs rather than the 1-

minute epochs typically used, when considering the intermittent nature of activity in young 

children. Despite this limitation this relatively simple and inexpensive approach significantly 

increased participation in physical activity and slowed excessive weight gain in primary 
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school aged children. This is the first of this type of study to be undertaken in young children 

and offers some hope in reducing obesity in the population. 
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