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Effects of breakfast and transport method to 
school on BMI and body fat percentage in 
children and adolescents. 
 

Abstract                                                                            Alice Wiseman 

Objective: The purpose of this study was to investigate the effects of breakfast habits 
and transport method to school on Body Mass Index (BMI) and body fat percentage 
in children and adolescents living in Exeter. 

Methods: Twenty-three males and 34 females with a mean age of 9.3 ± 2.5 years 
were recruited from a local primary and secondary school. Questionnaires were used 
to sort participants into four independent groups - active/breakfast eaters, non-
active/breakfast eaters, active/breakfast skippers and non-active/breakfast skippers. 
Measures of height, weight, BMI and body fat percentage were taken and used to 
identify subjects who were overweight/over-fat or obese. The data was analysed 
using SPSS 17.0 to compare the prevalence of overweight and obesity and BMI body 
fat percentage between groups. 

Results: One-hundred percent of participants reported eating breakfast on most 
school days, leaving only two independent groups according to transport status. 
Primary school children who used non-active methods of transport to school were 
significantly heavier (30.5 ± 6.49 kg) than those who actively commuted to school 
(26.3 ± 5.37 kg; p = 0.002). The prevalence of overweight (p = 0.022) and over-fat (p 
= 0.003) were significantly greater among year 4 children who used non-active 
transport methods to school (15.4%), compared to those who actively commuted to 
school (0%). Mean BMI (p = 0.004) and body fat percentage (p = 0.008) were 
significantly greater among year 4 children who used non-active transport methods to 
school (17.0 ± 1.37 kg/m² and 20.6 ± 3.48 %), compared to those who used active 
transport methods to school (14.6 ± 0.70 kg/m² and 14.7 ± 3.11).  

Conclusions: Active transport to school is appears to be protective against 
overweight and obesity among children in year 4. The effects of active transport to 
school on BMI and body fat percentage among the whole sample and among other 
sample subsets are unclear and further research is required to clarify these 
relationships. 
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1.0 INTRODUCTION 

1.1 Childhood obesity in England 

The prevalence of obesity in England is at an all time high. Having increased 

dramatically over the past three decades, the NHS Information Centre (2010) 

reported that in 2008 nearly a quarter of men and women (24% and 25% 

respectively) were thought to be obese. On top of this, a further 42% of men and 

32% of women were considered to be overweight, leaving people of a healthy weight 

in the minority (NHS Information Centre, 2010). What’s more, the problem is not 

exclusive to adults. The issue of overweight and obesity in children is also of great 

concern, especially considering that obese children are twice as likely to become 

obese adults as non-obese children (Serdula, Ivery, Coates, Freedman, Williamson & 

Byers, 1993). Recent statistics for England showed that in 2008, 16.8% of boys and 

15.2% of girls aged 2-15 years were obese, with a further 14.6% and 14.0% 

respectively, registering as overweight (NHS Information Centre, 2010). These 

figures foretell frightening consequences with regards to the future health of our 

nation, as there are a number of illnesses commonly associated with obesity, 

including coronary heart disease, type 2 diabetes, hypertensive disease, ischaemic 

stroke, osteoarthritis and cancers of the breast, colon, and corpus uteri (World Health 

Organisation, 2004) In fact, it has been predicted that the current generation will be 

the first to live shorter lives than their parents (Daniels, 2006). In light of this, it 

seems that now, more than ever, measures must be taken to tackle the problem and to 

improve the prospective health of generations to come. 

The scale of the obesity problem in England varies across different parts of the 

country. Typically, people living in the North are more likely to be overweight or 
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obese than those living in the South (Scarborough & Allender, 2008). Despite this, 

the Association of Public Health Observatories (2010), reported that in Exeter, 

obesity rates among school children in reception were significantly worse (14.2%) 

than the national average (9.6%). Moreover, recent reports show that a further 18.2% 

of school starters in Exeter are overweight, compared to the national average of 

13.2% (Bevan, 2010). This is worrying news for the area and implies that children 

and families living in Exeter are engaging in particularly obesogenic behaviours. 

 

1.2 Causes of childhood obesity 

The causes of obesity are often complex and multifaceted. However, in terms of the 

energy balance equation the answer is relatively straight forward: too much energy 

input (diet), not enough energy output (physical activity and exercise) or a 

combination of the two will make a person gain weight. Historically, as a race, 

humans were hunter-gatherers, working hard to obtain food and thus maintaining the 

energy equilibrium. Nowadays however, it is all too easy to spend hours sat behind a 

desk or in front of the television, snacking on large portions of calorie-dense 

convenience foods and drinks. Recent data from the National Diet and Nutrition 

Survey (NDNS) showed that boys aged 4-18 years are consuming 1906 kcal a day 

and that on average girls are getting 1604 kcal a day (Food Standards Agency, 2010). 

The current guideline daily amounts (GDA) for children (Institute of Grocery 

Distribution, 2005) differ according to age group and gender. For boys the 

recommended energy intakes (kcal) are 1700 (age 4-6), 1950 (age 7-10), 2200 (age 

11-14) and 2750 (age 15-18) and for girls of equivalent age groups they are 1550, 

1750, 1850 and 2100 respectively. Based on these guidelines it is difficult to analyse 
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the data produced by the NDNS, as it is not split according to age group. This is a 

major limitation, as the energy requirements of a 4 year old differ enormously from 

those of an 18 year old. Consequently, it is not possible to tell whether the children 

involved in this survey were over-eating or not. Nevertheless, by averaging the 

GDA’s across the age groups, a value of 2150 kcal is reached for boys and 1813 kcal 

for girls. By comparing these values to those produced by the NDNS it is apparent 

that on the contrary, children are under-eating by about 200 calories a day. However, 

these statistics are limited as self-report measures and food purchase records are not 

renowned for their validity and reliability. In fact, it has been suggested that these 

methods may underestimate consumption of confectionary and soft-drinks by as 

much as 35-50% (House of Commons Health Committee, 2004). Thus, it is possible 

and altogether likely, considering the rates of childhood obesity that many children in 

England today are over-eating by considerable amounts. 

In addition to diet, physical activity and exercise, or a lack thereof, are thought to 

play a substantial role in childhood obesity. The Chief Medical Officer recommends 

that children get at least an hour of moderate to vigorous physical activity everyday 

(Department of Health, 2004), but in 2008 only 32% of boys and 24% of girls self-

reported meeting these guidelines (NHS Information Centre, 2010). Furthermore, an 

increase in sedentary behaviours among children is also apparent. In 2002 the 

Broadcasters’ Audience Research Board reported that on average, children were 

watching around 2.6 hours of television a day (as cited by Mohebati, Lobstein, 

Millstone & Jacobs, 2007). What's more, the number of children travelling to school 

by car as opposed to walking or cycling has doubled in recent years (Department for 

Transport, 2005). All of these findings suggest that in order to combat childhood and 

adolescent obesity, more must be done to encourage young people to eat less energy-
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dense foods, spend less time sitting and more time being physically active, especially 

in areas of the country where the problem is at its worst. 

 

1.3 Literature review 

1.3.1 Breakfast and obesity 

Breakfast is commonly dubbed the most important meal of the day, but what 

evidence is there to support this claim? Studies have shown that eating breakfast can 

help to protect against childhood and adolescent obesity (Dubois, Girard & Kent, 

2006; Merten, Williams & Shriver, 2009; Timlin, Pereira, Story & Neumark-

Sztainer, 2008). A large scale review looking at studies in Europe found that in 

thirteen of the sixteen papers included, breakfast consumption had a protective effect 

against overweight and obesity (Szajewska & Ruszczynski, 2010). Furthermore, all 

of the four studies which investigated BMI reported that in young persons who 

skipped breakfast, BMI was significantly higher than in those who ate breakfast. 

However, a causal relationship between breakfast and obesity cannot be assumed 

based on this review (Szajewska & Ruszczynski, 2010), as the studies involved were 

observational in design and therefore did not measure causality. Furthermore, only 

two of the studies included in this review were conducted in England and are 

therefore applicable to other populations of young people in this country. 

Nevertheless, both of these papers (Harding, Teyhan, Maynard & Cruickshank, 

2008; Cartwright, Wardle, Steggles, Simon, Crocker & Jarvis 2003) found a 

significant association between breakfast skipping and obesity (p < 0.05).  

Similar patterns to those seen in Europe have also been reported in the United States 

(Rampersaud, Pereira, Girard, Adams & Metzl, 2005). In a review, Rampersaud et al. 
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(2005) reported that despite consuming more calories throughout the day, young 

people who regularly ate breakfast were less likely to be overweight than those who 

skipped breakfast. Nevertheless, not all the studies included (4 out of 12) found an 

association between breakfast skipping and obesity, making it difficult to draw clear 

conclusions from this research. Likewise, a study in Greek children found no 

significant differences in breakfast eating behaviours when comparing overweight 

and obese children with normal weight children (Panagiotakos, Antonogeorgos, 

Papadimitriou, Anthracopoulos, Papadopoulos, Konstantinidou et al., 2008). 

Additionally, they also investigated the number of meals consumed daily by the 

children and again found no significant differences according to weight status. 

However in contrast, three of the five studies included in a recent review reported an 

inverse relationship between the number of meals consumed daily and the risk of 

being overweight or obese among pre-school children (Koletzko & Toschke, 2010). 

Rates of overweight and obesity in children who ate three or less meals a day were 

15% and 4.2% respectively compared to just 8.1% and 2.6% in children who ate five 

or more meals a day (Toschke, Kuchenhoff, Koletzko, & von Kries, 2005). In 

conjunction with this, another study conducted in a similar population reported that 

failing to have breakfast everyday doubles the odds of pre-school children becoming 

overweight by the time they are 4.5 years old (Dubois et al., 2006). Based on the 

above research, it is apparent that discrepancies are present, making it difficult to 

draw clear conclusions as to the true relationship between breakfast habits and 

obesity in children and adolescents. As with the review by Szajewska and 

Ruszczynski (2010), in most of these studies causality cannot be assumed and as 

always the possibility of recall bias cannot be ruled out and could account for some 

of the incongruity in findings. 
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Regardless of the difficulty in discerning the precise link between breakfast and 

obesity, the majority of research (even that which failed to find a significant 

association) supports the importance of eating breakfast (Panagiotakos et al., 2008). 

Despite this, young people are more likely to skip breakfast than any other meal 

(Pearson, Biddle & Gorely, 2009) and breakfast skipping behaviours are thought to 

increase with age and be more prevalent among girls (Rampersaud et al., 2005; 

Keski-Rahkonen, Kaprio, Rissanen, Virkkunen & Rose, 2003). In the United States, 

21% of 8-9 year olds and 42% of 12-13 year olds self-report not eating breakfast 

every day (Rampersaud et al., 2005) and only 58.7% of adolescents say they eat 

breakfast at least 4 times a week (Merten et al., 2009). Furthermore, in Finland 

73.5% of boys and 68.4% of girls report eating breakfast every day (Keski-Rahkonen 

et al., 2003), whereas in Portugal 94% of boys and 87% of girls say they skip 

breakfast (Mota, Fidalgo, Silva, Ribeiro, Santos, Carvalho et al., 2008). This vast 

discrepancy in findings may be partly due to cultural differences in the populations, 

but is also likely to be as a result of differing definitions of breakfast skipping and/or 

eating. This is a problem, which has been identified by Dialektakou and Vranas 

(2008), who blame inconsistencies in defining breakfast and defining breakfast 

skipping for conflicting findings in relation to breakfast habits. It has been 

discovered that asking whether a person has breakfast as opposed to asking if they 

eat anything in the mornings will often result in a different answer (Dialektakou & 

Vranas, 2008). The former question allows subjects to answer ‘yes’ even if they eat 

nothing, but drink juice or milk in the mornings, whereas the latter is clearly 

concerned with food consumption and leaves less room for misinterpretation. 

Moreover, studies differ wildly in their definitions of breakfast skipping. Some 

define skipping as not eating breakfast every day (Dubois et al., 2006), others as 
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eating breakfast less than four days a week (Merten et al., 2009) and others still, as 

never eating breakfast (Keski-Rahkonen et al., 2003). This makes it very difficult to 

accurately compare and analyse research in this field and could further explain the 

lack of clarity in research surrounding breakfast skipping and BMI. 

Despite a somewhat cloudy relationship with obesity, eating breakfast has been 

associated with other health related behaviours (Rampersaud, 2009; Keski-Rahkonen 

et al., 2003; Albertson, Thompson, Franko, Kleinman, Barton & Crockett, 2008). 

Children who regularly eat breakfast are more likely to eat healthier foods 

throughout the rest of the day (Rampersaud, 2009). Furthermore, a study concerning 

9-10 year old girls found that those who ate cereal for breakfast consumed 

significantly less fat (p < 0.0001) and did more physical activity (p < 0.0001) than 

those who ate a non-cereal breakfast (Albertson et al., 2008). Similarly, breakfast 

skipping has been associated with a high BMI and infrequent exercise in adolescent 

boys and girls (Keski-Rahkonen, et al., 2003). However, the BMI data for this study 

is limited as it used the adult overweight cut-off of 25 kg/m², as opposed to the BMI 

percentiles designed for people under the age of twenty. Skipping meals has also 

been associated with more serious health outcomes. In a Swedish study, 27% of 

subjects who regularly skipped meals were found to fit the criteria for metabolic 

syndrome compared to only 20% of those who ate regular meals (Sierra-Johnson, 

Unden, Linestrand, Rosell, Sjogren, Kolak et al., 2008). As this study was conducted 

in adults, the findings cannot be applied to child or adolescent populations. However, 

this research further highlights the importance of developing good breakfast eating 

habits as a child that can be maintained into adulthood.  

Research into this relevant area is still in its infancy. With a lack of consistency in 

both methods and findings, further study is required to clarify the relationship 
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between breakfast, BMI and obesity. Gaps in the literature seem even more obvious 

with regards to younger children and especially to children living in England. Thus, 

the present study will aim to investigate this population further.      

 

1.3.2 Transport to school and obesity 

Using active transportation methods (such as walking or cycling) to get to school is 

one way for children to increase the amount of physical activity they are getting 

(Faulkner, Buliung, Flora & Fusco, 2009). In 2008, 63% of boys and 65% of girls in 

England walked or cycled to school on at least one day of the week (NHS 

Information Centre, 2010). However, the number of children and adolescents who 

use active transport to/from school on most days is considerably less than this. 

Studies in Australia show that just under a third of children actively commute 

to/from school on a regular basis (Abbott, Macdonald, Nambiar & Davies, 2009; 

Wen, Fry, Rissel, Dirkis, Balafas & Merom, 2008) and in the United States and 

Canada figures are even lower, with around only 15% of children walking or cycling 

to or home from school (Saksvig, Catellier, Pfeiffer, Schmitz, Conway, Going et al., 

2007; Pabayo, Gauvin, Barnett, Nikiema & Seguin, 2010). Nevertheless, in England 

the figures are less severe, with a reported 49% of children in Norfolk and 43.5% of 

children in Bristol actively commuting to school as part of their regular routine 

(Panter, Jones, van Sluijs & Griffin, 2010; van Sluijs, Fearne, Mattocks, Riddoch, 

Griffin & Ness, 2009). In general, active transport is more prevalent among boys (p < 

0.001) and has been found to increase with age (Nelson, Foley, O’Gorman, Moyna & 

Woods, 2008; Abbott et al., 2009). 
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The above research by van Sluijs et al. (2009) is especially relevant to the current 

investigation, considering its similar location in the South West of England. 

Importantly, van Sluijs et al. (2009) reported that 11 year old girls and boys who 

regularly walked 0.5-1.0 mile to/from school got an average of 5.98 minutes more of 

moderate-vigorous physical activity each week day than those who travelled by car 

(p < 0.001). Furthermore, those who regularly walked 1-5 miles to/from school got 

an additional 9.77 minutes of moderate-vigorous physical activity per school day 

compared to car users (p < 0.001). Similar findings have been reported in a sample of 

12 year old American girls (Saksvig et al., 2007), where it was found that girls who 

walked to school got an extra 13.7 minutes of total physical activity a day than those 

who took the car. However, this finding was not statistically significant (p = 0.09) 

and it is therefore possible that the outcome was due to chance. Despite this, Saksvig 

et al. (2007) found that moderate-vigorous physical activity was significantly greater 

(4.7 minutes more a day; p < 0.001) among active commuters compared to car users. 

Likewise, in Portugal active transport among adolescent boys, but not girls was 

found to be significantly related (p < 0.05) to the amount of non-organised physical 

activity they took part in (Santos, Oliveira, Ribeiro & Mota, 2009). Two of these 

studies measured physical activity objectively, using accelerometers, which increases 

the robustness of the findings (van Sluijs et al., 2009; Saksvig et al., 2007). However, 

the study by Santos et al. (2009) used subjective questionnaire methods to ascertain 

physical activity engagement, which are not renowned for their reliability and 

validity. This could explain why no significant relationship between active transport 

and physical activity was found in girls.  

Rather than focus on general physical activity, a study in Australia investigated the 

relationship between active transport to school and step-count in children aged 5-17, 
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using pedometers (Abbott et al., 2009). They found no significant differences in step-

count between walkers and non-walkers aged 5 and 6. Nevertheless, 9 and 10 year 

old boys and girls who walked to and from school accumulated significantly more 

daily steps (boys = 16059 steps; girls = 13521 steps) than those who travelled by car 

(boys = 15275 steps, p < 0.05; girls = 12502 steps, p < 0.01). Similarly girls, but not 

boys, aged 14 and 15 who walked to and from school executed significantly more 

daily steps than those who did not (12109 vs 11373 steps, p < 0.05). Furthermore, 

71.7% of girls aged 9 and 10 who actively commuted to and from school met their 

daily step-count target, compared to only 54.5% of girls who used non-active 

transport methods to school (p < 0.01). These findings show that simply walking to 

and from school can, in some instances make the difference between whether or not a 

child gets enough physical activity in terms of daily steps. However, although useful 

as motivational tools, pedometers are not celebrated for their validity and reliability 

in accurately measuring steps. Therefore, the findings made by Abbott et al. (2009) 

ought to be interpreted with caution. 

Based on the above literature, it is apparent that the existence of an association 

between transport methods to school and physical activity is probable. This 

relationship is further supported by a recent review, which found that out of the 

thirteen studies included, eleven reported that children who actively commute 

to/from school are more physically active than those who take the car (Faulkner et 

al., 2009). It is possible that variation in the classification of active transport is 

accountable for the two studies in which no relationship was found. Yet, the fact that 

both of these studies were conducted in England cannot be ignored. The first of these 

studies (Metcalf, Voss, Jeffery, Perkins & Wilkin, 2004) formed part of the 

‘EarlyBird’ project in Plymouth and is of particular interest considering the 
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proximity of its location to Exeter, the target area for the present investigation. It was 

reported that among this sample of 5 year olds, weekly physical activity was almost 

identical (difference of 0.1%) regardless of whether a child walked to school or not. 

Furthermore, activity accumulated by walkers during the school journey only 

accounted for 2% of their weekly total of physical activity. This finding is not 

dissimilar from that reported by Abbott et al. (2009), also in children aged 5 and 6 

and suggests that perhaps in children of such a young age their innate tendency to be 

highly physically active overrides any effects active transport might have on their 

physical activity engagement. However, the second study in slightly older children 

(aged 5-11), which was also conducted in England, reported similar results (Ford, 

Bailey, Coleman, Woolf-May & Swaine, 2007). Again, no significant differences in 

physical activity were evident as a consequence of transport method to school. These 

findings suggest that more research is required to ascertain the exact nature of this 

relationship.  

It is possible, that the small increases in physical activity associated with walking 

to/from school in some of the aforementioned studies could hold implications for the 

development of overweight and obesity in children and adolescents. Nevertheless, 

Faulkner et al. (2009) reported that out of the ten studies included in their review, 

which investigated BMI, only one found a significant association with transport to 

school. This study (Rosenberg, Sallis, Conway, Cain & McKenzie, 2006) found that 

boys who actively commuted to school had a significantly lower BMI than those who 

used non-active transport (17.25 kg/m² vs 18.01 kg/m²; p = 0.007). However, no 

significant differences in BMI were found in girls and no significant differences in 

change in BMI over two years between walkers and non-walkers were found in girls 

or boys. The ‘EarlyBird’ study also reported no significant differences, with walkers 
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averaging a BMI of 16.1 kg/m² compared to 16.2 kg/m² in car users (Metcalf et al., 

2004). Despite this, a Canadian study in children of a similar age (Pabayo et al., 

2010)  found that continued active transport in school starters was predictive of a 

lower BMI by the end of year 1 (p < 0.05) and year 2 (p = 0.003). This research is 

more up to date than that conducted by Metcalf et al. (2004), but its location 

compromises its applicability in relation to the current study. BMI and transport to 

school is a relatively new area of research. It is currently difficult to draw firm 

conclusions from the existing literature and there are several gaps, especially where 

adolescents and English populations are concerned. Thus, the current study will aim 

to examine this relationship in English children and adolescents further. 

 

1.4 Study rationale 

Both skipping breakfast and taking non-active transport methods to school have been 

associated with increased BMI in children and adolescents (Merten et al., 2009; 

Rosenberg et al., 2006). However, results from longitudinal studies on the protective 

effects of breakfast consumption against overweight and obesity are inconclusive and 

suggest that more research is need to clarify this relationship (Rampersaud, 2009). 

Furthermore, to the author’s knowledge no study to date has investigated the 

combined effects of breakfast consumption and transport to school on childhood 

overweight and obesity, or included body fat percentage in conjunction with BMI as 

a measure of these conditions. It is possible that children who regularly eat breakfast 

and actively commute to school have a multiple protective effect against obesity, 

over and above that of those who engage in just one of these positive health 

behaviours. Despite this, it has been suggested that children and adolescents who 
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walk to school may be less likely to consume breakfast due to time constraints in the 

mornings (Sirard, Alhassan, Spencer & Robinson, 2008). In light of this, the present 

study will aim to investigate these combined effects in order to make a novel 

contribution to the current research base. Moreover, the outcomes of the present 

research may have implications for the focus of future school-based interventions in 

both primary and secondary education. The findings may also help to identify target 

age/gender groups where breakfast skipping and/or non-active transport behaviours 

are prominent and where special attention could be focussed to improve the health 

prospects of these pupils. 

 

1.5 Objectives and hypotheses 

The primary purpose of the current study is to investigate the effects of breakfast 

habits and transport method to school on BMI and body fat percentage in children 

and adolescents living in Exeter. In addition, the study aims to identify differences in 

BMI and body fat percentage according to interactions between breakfast and 

transport behaviour, gender, school and school year group. It is hypothesised that 

regularly consuming a breakfast and actively commuting to school will be associated 

with lower rates of overweight and obesity among children and adolescents, as 

indicated by BMI and body fat percentage. Moreover, it is predicted that children and 

adolescents who engage in both these behaviours will have significantly lower rates 

of overweight and obesity according to BMI and body fat percentage, compared to 

those who engage in just one of these positive behaviours. Finally, it is expected that 

breakfast skipping will increase with age and be more prevalent among girls and that 

non-active transport will decrease with age, but also be more prevalent in girls. 
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2.0 METHODS 

2.1 Participants 

Participants were recruited from St Leonards Church of England (C of E) Primary 

School (population = 418) and St Peters C of E Aided Secondary School (population 

= 1225), both situated in Exeter, England. Both are state schools and due to their 

mutual C of E status, St Leonards functions as a strong feeder school for St Peters. 

Therefore, both schools attract families from similar socio-economic backgrounds. 

The two schools received initial telephone contact from the lead researcher enquiring 

about the possibility of conducting the current research on their premises and using 

their students as participants. A follow-up letter of invitation (Appendix B) 

containing a brief summary of the research and outlining the role they would be 

expected to play if they agreed to take part was sent to each school. Both Head 

Teachers agreed to their school’s involvement in the research and provided written 

permission (Appendix C).  

In total, 665 pupils in years 2 (aged 6-7 years), 4 (aged 8-9 years) and 6 (aged 10-11 

years) of the primary school and 8 (aged 12-13 years) and 10 (aged 14-15 years) of 

the secondary school were invited to take part by way of letter (Appendix D), 

accompanied by a participant information sheet (Appendix E) and 60 students 

responded. The final sample (n = 57) consisted of 23 boys and 34 girls aged between 

6 and 15 years, with a mean age of 9.3 ± 2.5 years. 47 of the participants attended the 

primary school, where 18 (10 male, 8 female) were in year 2, 17 (5 male, 12 female) 

were in year 4 and 12 (6 male, 6 female) were in year 6. The remaining 10 subjects 

came from the secondary school, where 8 students (2 male, 6 female) were in year 8 

and 2 (both female) were in year 10. Children in the study sample had a mean height 



17 
 

of 1.37 ± 0.14 metres and a mean weight of 33.4 ± 12.5 kilograms. Ethical approval 

for the present study was acquired from the Faculty of Applied and Health Sciences 

Research Ethics Committee at the University of Chester (Appendix A). Informed 

parental consent was given for all of the participants involved (Appendix F). 

 

2.2 Study design 

The study was designed to investigate the effect of breakfast habits and transport to 

school on BMI and body fat percentage. The study followed a questionnaire design 

in order to assess these behaviours and accordingly assign the participants to one of 

four independent groups (active/breakfast eaters, non-active/breakfast eaters, 

active/breakfast skippers, non-active/breakfast skippers). The main outcome 

measures included height, weight, BMI and body fat percentage. 

 

2.2.1 Questionnaires 

Two slightly different versions of the questionnaire were designed (Appendix G). 

Version one was distributed in the primary school by the school’s administration 

staff and was sent home with children (for whom parental consent had been 

obtained) for a parent or carer to answer on behalf of their child. Version two was 

administered to students in the secondary school (for whom parental consent had 

been provided) by the lead researcher on the day of measuring and required students 

to answer questions about themselves. Both versions of the questionnaire contained 

two items and took approximately three minutes to complete. Item one of the 

questionnaires was based on the questions and definitions of breakfast 
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eating/skipping from two previous studies (Niemeier, Raynor, Lloyd-Richardson, 

Rogers & Wing, 2006; Dubois et al, 2006) and tailored to meet the requirements of 

the present study. For the purpose of this study regular breakfast eating was defined 

as eating breakfast on 4 or 5 school days a week and regular breakfast skipping was 

defined as eating breakfast on less than 4 school days a week. Item two was adapted 

from a question used by Zhu and Lee (2009) and includes an indication of the 

duration (in minutes) of active journeys to school. Active transport was defined as 

journeys to school that include 10 or more minutes of walking, cycling, scootering or 

skate-boarding. Non-active transport was defined as journeys to school that include 

less than 10 minutes of walking, cycling, scootering or skate-boarding. The 10 

minute cut-off point has been selected in accordance with recommendations for 

children of 60 minutes of physical activity every day, which when accumulated in 

bouts of 10 minutes or more has beneficial effects on adiposity (Mark & Janssen, 

2009).  

 

2.3 Procedures 

2.3.1 Primary school 

Letters of Invitation, participant information sheets and parental consent forms were 

delivered (by hand) by the lead researcher to the school administration staff who 

subsequently distributed them to all children in years 2, 4 and 6 (n = 179). 

Completed consent forms (n = 48) were returned via the children to the school office, 

where they were collected by the lead researcher. Version one of the questionnaires 

was then delivered (by hand) by the lead researcher to the school administration 

staff, along with a list of the children for whom parental consent had been received. 
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A member of the administration staff was instructed to issue each child on this list 

with a copy of the questionnaire to be taken home to their parent or carer. Each 

completed questionnaire (n = 47) was returned in an envelope (to ensure the 

confidentiality of participant answers) to the school office, where it was collected by 

the lead researcher. Based on their parent’s answers to item one of the 

questionnaires, children were coded as either breakfast eaters or breakfast skippers. 

Similarly, parent’s answers to item two were used to code children as either active or 

non-active travellers to school. This information was entered straight into a password 

protected database by the lead researcher and numbers were assigned to participants 

in replacement of any identifying information. Original questionnaires were kept in a 

secure location, which only the lead researcher had access to.  

Face-to-face communications between the lead researcher and the school’s Head 

Teacher were made to arrange an appropriate time for the remaining data collection 

(height, weight and body fat percentage) to take place. The lead researcher went to 

the school on five consecutive mornings between the hours of 9am and 12pm, before 

the children had eaten their lunches. The class teachers in years two, four and six 

were informed by the Head Teacher that the lead researcher would be briefly 

removing certain children from their classes to take participate in the research. It was 

arranged with the Head Teacher that the school nurse’s office would be used to carry 

out the measurements and that a teaching assistant employed by the school would sit-

in on the measurement process for child protection purposes. The teaching assistant 

was not given access to the measurement outcomes for reasons associated with 

confidentiality. The nurse’s office was set up in preparation by the lead researcher. A 

portable stadiometer (Bodycare) was adjusted to the correct height and affixed to a 

flat section of the wall. A Tanita BC-550 Innerscan Body Composition Monitor 
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Digital Scale was placed on a level floor surface and a laptop was set up in 

preparation for data entry directly into a password protected database. Each consent 

form was labelled with the corresponding number assigned to the participant and was 

used to ensure that the correct child was measured in each instance. Using the 

consent forms for identification purposes, the lead researcher went to the appropriate 

classroom to collect each child and took them to the nurse’s office. The child was 

asked to confirm their name and their parent or carers name to ensure that parental 

consent had been received. They were then asked if their parent or carer had 

mentioned the research to them and were briefed as to what the research would 

involve. The stadiometer and Tanita scales were shown to the child and the 

measurement process was briefly explained. The child was then given the 

opportunity to ask any questions and was asked if they were still happy to take part 

in the study. At this point they were given the chance to withdraw. Providing the 

child agreed (n = 47) the measurements (as outlined in section 2.4) were carried out 

and the child was accompanied by the lead researcher back to his/her classroom. 

 

2.3.2 Secondary school 

Letters of Invitation, participant information sheets and parental consent forms were 

delivered (by hand) by the lead researcher to the school administration staff who 

subsequently distributed them to all students in years 8 and 10 (n = 484). Completed 

consent forms (n = 12) were returned via the students to the school office, where they 

were collected by the lead researcher. Telephone communications between the lead 

researcher and the school’s Head of P.E. were made to arrange an appropriate time 

for the questionnaire completion and data collection (height, weight and body fat 
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percentage) to take place. A list of the students for whom parental consent had been 

given was emailed by the lead researcher to the Head of P.E., who contacted the 

students on the list and instructed them to assemble in a given, vacant classroom the 

following day at 9am. The lead researcher went to the school on this day and set up 

the equipment, as in the primary school, in a small office located adjacent to the 

provided classroom. On arrival at the classroom, students were asked to take a seat 

and the lead researcher briefed the group with regards to the research and explained 

what would be required of them as participants. At this point, students were given the 

opportunity to ask any questions and to withdraw from the study if they wished. Two 

students chose to do so without giving reason. The remaining participants (n = 10) 

were issued with version two of the questionnaire and instructed to respond to the 

items as truthfully and as accurately as possible. Participants were invited to ask for 

assistance if they were unsure as to the meaning of the questions. This process took 

no longer than ten minutes in total. The completed questionnaires were then handed 

back to the lead researcher and the data was entered immediately into the password 

protected database. Individually, participants were asked to go with the researcher to 

the adjacent office to have their measurements (height, weight and body fat 

percentage) taken. A member of the teaching staff sat-in on the measurement process 

for child protection purposes, but was not given access to the measurement outcomes 

to respect the confidentiality of participants. All measures (as outlined in section 2.4) 

were made between the hours of 9am and 12pm, before the students had eaten their 

lunches. After the measurements had been made, participants were thanked and 

instructed to return to their normal lessons. 

 

 



22 
 

2.4 Measurement procedures 

2.4.1 Height  

Height was measured by the lead researcher using a stadiometer (Bodycare) and 

according to guidance from the National Child Measurement Programme 2009/10 

(Appendix H). The participant was instructed to remove any footwear and heavy 

outdoor clothing and to stand against the wall beneath the stadiometer. They were 

then told to make sure their feet were flat on the floor, with their heels together and 

touching the base of the wall. The participant was instructed to relax their arms and 

ensure that their bottom and shoulders were also in contact with the wall. With the 

participant’s permission, the measuring arm of the stadiometer was lowered onto the 

top of their head and their head was gently positioned into the Frankfurt Plane 

(bottom of the eye-socket lined up with the ear hole). The lead researcher then read 

off the participant’s height and recorded it to the nearest 1 cm, directly into the 

password protected database. Participants were asked to step out from beneath the 

stadiometer and were not made aware of their own or any other child’s height.  

 

2.4.2 Weight 

Weight was measured by the lead researcher using a Tanita BC-550 Innerscan Body 

Composition Monitor Digital Scale, according to guidance from the National Child 

Measurement Programme 2009/10 and the instruction manual for the Tanita scale 

(Appendix I). The participant’s gender, age and height (cm) were entered into the 

Tanita scales and the participant was instructed to remove their shoes, socks and any 

heavy outdoor clothing. The participant was then instructed to step onto the scale 

with their toes in contact with the upper metal plates and their heels touching the 
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lower plates. They were asked to stand as still as possible, looking straight ahead 

until told otherwise. The lead researcher recorded the participant’s weight in 

kilograms (accurate to one decimal place) and entered it directly into the password 

protected database. The participant was thanked and asked to step off the scales and 

put their shoes and socks back on. They were not informed of their own or any other 

child’s weight. The plates of the Tanita scale were cleaned using an alcohol wipe 

between participants.   

 

2.4.3 Body fat percentage  

Body fat percentage was measured simultaneously to weight using the Tanita BC-

550 Innerscan Body Composition Monitor Digital Scale. The measurement of body 

fat percentage using Tanita stand-on scales has been used effectively in both children 

and adolescents (Tyrrell, Richards, Hofman, Gillies, Robinson & Cutfield, 2001; 

Lazzer, Boirie, Meyer & Vermorel, 2003) and has been found to be highly correlated 

(r = 0.94) with DEXA (Tyrrell et al, 2001). The same protocol as for weight was 

applied in accordance with the National Child Measurement Programme 2009/10 and 

the instruction manual for the Tanita scale. The lead researcher recorded body fat 

percentage to one decimal place and entered it directly into the password protected 

database. Participants were not made aware of their own or any other child’s body fat 

percentage. These values were used later on to categorise participants according to 

body fat percentage tables (Tanita) for age and gender (Appendix J). A new variable 

was entered into the password protected database, coding children as either under-fat, 

healthy, over-fat or obese.  
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2.4.4 BMI 

BMI was calculated to one decimal place at a later date, using height and weight data 

for each participant and the equation kg/m². This data was then entered into the 

password protected database. Using this data participants were coded according to 

tables for girls and boys aged 5-19 (World Health Organisation) as either 

underweight, healthy weight, overweight or obese (Appendix K). Participants with a 

BMI which fell below the 15th percentile for their age and gender were classified as 

underweight, whereas those with a BMI above the 85th and 95th percentiles were 

classified as overweight and obese respectively. Those participants who had a BMI 

which fell between the 15th and 85th percentiles were considered to be of a normal, 

healthy weight. No one other than the lead researcher had access to this data at any 

time. 

 

2.5 Data analysis 

2.5.1 Descriptive statistics, cross-tabulations and Chi-square tests 

All data was analysed using SPSS for Windows (Version 17.0) and the raw data can 

be seen in Appendix L. The main dependent variables (height, weight, BMI and body 

fat percentage) were all at least interval in terms of data level. Additional nominal 

level variables were computed based on BMI and body fat percentage (see sections 

2.4.3 and 2.4.4) to classify participants according to weight status (underweight, 

healthy weight, overweight, obese) and fat status (under-fat, healthy, over-fat, 

obese). The four independent groups included active/breakfast eaters, non-

active/breakfast eaters, active/breakfast skippers and non-active/breakfast skippers. 

Initially, frequencies of transport status, breakfast status, weight status and fat status 
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were produced for the whole sample and for subsets of the sample according to 

gender, year group and school (primary/secondary). Descriptive statistics were 

computed for height, weight, BMI and body fat percentage in relation to transport 

status and breakfast status. Again, this was done for the whole sample and subsets 

according to gender, year group and school. Cross tabulations and Pearson Chi-

square tests were used to compare differences in weight and fat status according to 

gender, year group, school, transport status and breakfast status (Appendix M). 

 

2.5.2 Tests of normality and homogeneity of variance 

Tests of normality and homogeneity of variance (Appendix N) were used on the four 

main dependent variables, according to independent groups based on breakfast and 

transport statuses. This was done for the whole data set and subsets according to 

gender, year group and school. The Shapiro-Wilk statistic was used to test normality, 

as the sample size was less than 100 and homogeneity of variance was assessed using 

Levene’s statistic. This enabled the lead researcher to quote the appropriate 

descriptive statistics and to determine whether the data was eligible for undergoing 

parametric statistical testing.  When looking at the data set as a whole, not all of the 

data for all of the dependent variables was normally distributed. However when 

separated according to year group, the data for all four dependent variables passed 

the tests of normality. As a result, it was deemed appropriate by the lead researcher 

to refer to the mean and standard deviation when comparing data throughout. When 

separated according to gender the data for all four dependent variables satisfied the 

assumption of homogeneity of variance, but only the data for male height and body 

fat percentage were normally distributed. The data for all other variables for boys 
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and girls failed to satisfy the assumption of normality. Similarly, when separated 

according to school, all of the data met the assumption of homogeneity of variance 

and the data for all variables, apart from height and weight among primary school 

subjects, was normally distributed. Despite all the data passing normality tests when 

separated by year group, only the data for years 2 and 4 satisfied the assumption of 

homogeneity of variance.  

When analysing the data for boys separately, according to year group, none of the 

data satisfied the assumption of homogeneity of variance and only the data for boys 

in year 2 was normally distributed. Height, weight and body fat % data for primary 

school boys satisfied the assumptions of both normality and homogeneity of 

variance. BMI data for this subset passed the test of homogeneity of variance, but 

was not normally distributed. All secondary school data for boys failed to meet either 

assumption. The data for girls in years 2 and 4 satisfied the assumptions of both 

normality and homogeneity of variance. The data for girls in years 6, 8 were 

normally distributed, but did not pass tests of homogeneity of variance and the data 

for girls in year 10, failed to satisfy either assumption. The data for all four 

dependent variables relating to primary school girls satisfied the assumption of 

homogeneity of variance. Only BMI and body fat % data was normally distributed 

for this subset of participants. The secondary school data for girls passed tests for 

both normality and homogeneity of variance.  

 

2.5.3 Between-group tests of statistical difference 

Providing the assumptions of normal distribution and homogeneity of variance were 

both confirmed a one-way independent groups ANOVA test with post-hoc analyses 
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(Tukey tests) was used to compare the four independent groups for differences in 

height, weight, BMI and body fat %. If either of the assumptions were not met, the 

non-parametric Kruskal Wallis ANOVA was performed instead.  Again these tests 

were performed on the sample as a whole and on groups within the sample according 

to gender, year group and school. Statistical significance was assessed at the 0.05 

level. 
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3.0 RESULTS 

3.1 Revised statistical methods 

When looking at the data for the whole sample, it was apparent that 100% of 

participants reported eating breakfast on four or more days a week. This meant that 

there was no comparison group (no breakfast skippers) for this variable and therefore 

breakfast status could no longer be included in the data analysis. Thus, where 

originally four independent groups existed, only two (active/breakfast eaters and 

non-active/breakfast eaters) remained. Because of this, where a parametric test was 

appropriate the one-way independent groups ANOVA test was replaced by the 

Independent T- test (Appendix O) and where a non-parametric test was required the 

Mann-Whitney U test (Appendix P) was performed instead of the Kruskal Wallis 

ANOVA.  

 

3.2 Response rates 

Out of the total 665 participant information sheets and consent forms distributed in 

both the primary and secondary schools combined, 60 were returned. This gives an 

overall response rate of 9.0%. Three of the 60 subjects for whom informed consent 

was received did not complete the study, giving a final response rate of 8.6%. The 

initial response rate in the primary school alone was 26.8% (48/179) and the eventual 

response rate was 26.3% (47/179). In the secondary school, the initial response rate 

was 2.5% (12/486) and the final response rate was 2.1% (10/486).  
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3.3 Prevalence of overweight and obesity and active transport 

According to BMI (weight status), 12.3% (n = 7) of the total sample were 

underweight, 73.3% (n = 42) were a healthy weight, 12.3% (n = 7) were overweight 

and just 1.8% (n = 1) were obese. Based on body fat percentage (fat status) the 

prevalence of under-fatness was 17.5% (n = 10), with 68.3% of the sample classed as 

healthy, 12.3% (n = 7) registering as over-fat and 1.8% (n = 1) classed as obese. The 

prevalence of active transport to school for the sample as a whole was 42% (n = 24), 

with the remaining 57.9% (n = 33) of participants using non-active transport methods 

to school. Table 3.1 splits the data for the prevalence of overweight and obesity and 

active transport, to give a comparison according to gender, year group and school. 

 

Table 3.1  Differences in the prevalence of overweight and obesity and active 

transport between genders, year groups and schools 

Data split Weight 
Status 

 
 
 
P value 

Fat Status  
 
 
P value 

Transport 
to School 

 
 
 
P value 

%Ow 
(n) 

%Ob 
(n) 

%Of 
(n) 

%Ob 
(n) 

% Ac 
(n) 

%Na 
(n) 

Gender Male 
(n = 23) 

17.4 
(4) 

0.0  
(0) 

 
 
 
 

0.593 

17.4 
(4) 

0.0  
(0) 

 
 
 
 

0.670 

47.8 
(11) 

52.2 
(12) 

 
 
 
 

0.472 

Female 
(n = 34) 

8.8 (3) 2.9 
(1) 

8.8 
(3) 

2.9 
(1) 

38.2 
(13) 

61.8 
(21) 

Year 
Group 

2 
(n = 18) 

11.1 
(2) 

0.0 
(0) 

 
 
 
 

 
 
 
 
 

*0.003 

16.7 
(3) 

0.0  
(0) 

 
 
 
 

 
 
 
 
 

*0.0001 

61.1 
(11) 

38.9 
(7) 

 
 
 
 

 
 
 
 
 

*0.021 

4 
(n = 17) 

11.8 
(2) 

0.0  
(0) 

11.8 
(2) 

0.0  
(0) 

23.5 
(4) 

76.5 
(13) 

6 
(n = 12) 

8.3  
(1) 

0.0  
(0) 

8.3 
(1) 

0.0  
(0) 

25.0 
(3) 

75.0 
(9) 

8 
(n = 8) 

25.0 
(2) 

0.0  
(0) 

12.5 
(1) 

0.0  
(0) 

75.0 
(6) 

25.0 
(2) 

10 
(n = 2) 

0.0  
(0) 

50.0 
(1) 

0.0  
(0) 

50.0 
(1) 

0 .0 
(0) 

100 
(2) 

School Primary 
(n = 47) 

10.6 
(5) 

0.0  
(0) 

 
 
 

0.130 

12.8 
(6) 

0.0  
(0) 

 
 
 

0.161 

38.3 
(18) 

61.7 
(29) 

 
 
 

0.207 
Secondary 
(n = 10) 

20.0 
(2) 

10.0 
(1) 

10.0 
(1) 

10.0 
(1) 

60.0 
(6) 

40.0 
(4) 

Ow = overweight, Ob = obese, Of = over-fat, Ac = active transport, Na = non-active transport, * = p ≤ 
0.05 
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Looking at table 3.1, it is apparent that the prevalence of overweight and over-fat in 

boys was 8.6% higher than in girls, but that obesity rates were 2.9% higher in girls 

than in boys. Additionally, an extra 9.6% of boys reported regularly using active 

transport methods to school compared to girls. Despite these noticeable trends, when 

looking at the p values for gender comparisons, it is evident that these differences 

between boys and girls in weight status, fat status and transport status were not 

significant (p > 0.05). When comparing the data between schools (table 3.1), it is 

apparent that the prevalence of overweight was 9.4% higher and obesity rates were 

10% greater among secondary school students compared to primary school students. 

According to fat status, an extra 2.8% of primary school students were over-fat 

compared to secondary school students. With regards to transport to school, active 

commuting was 21.7% more prevalent among secondary school students compared 

to their primary school counterparts. As with gender comparisons, none of these 

differences between the two schools reached statistical significance (p > 0.05).  

 

Table 3.2  Differences in the prevalence of overweight and obesity and active 

transport between year groups 

Data split P values

Weight Status Fat Status Transport to School 
Year 
Groups 

2 and 4 0.996 0.515                 *0.025 
2 and 6 0.892 0.052 0.052 
2 and 8 0.644 0.813 0.492 
2 and 10                 *0.022                 *0.022 0.099 
4 and 6 0.903 0.362 0.927 
4 and 8 0.689 0.948                 *0.014 
4 and 10                 *0.027                 *0.027 0.440 
6 and 8 0.591 0.378                 *0.028 
6 and 10 0.084 0.072 0.425 
8 and 10 0.188 0.200 0.053 

 * = p ≤ 0.05 
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Significant differences between the five year groups for weight status (p = 0.003), fat 

status (p = 0.0001) and transport status (p = 0.021) were observed and subsequent 

tests (table 3.2) revealed precisely where these differences existed. The prevalence of 

overweight was highest among students in year 8 and lowest among students in year 

10. Students in year 2 had the highest prevalence of over-fat (16.7%) and students in 

year 10 had the lowest (0%). Obesity rates were greatest in year 10 (50%), as none of 

the subjects in the other year groups were obese. Significant differences in the 

prevalence of overweight and obesity, according to both weight and fat status existed 

between years 2 and 10 (p’s = 0.022) and years 4 and 10 (p’s = 0.027). When 

compared to the data for year 10 students, levels of overweight in years 2 and 4 were 

greater by 11.1% and 16.7% respectively. The prevalence of over-fat in years 2 and 

4, compared year 10 was also greater by 16.7% and 11.8% respectively. In contrast, 

obesity rates were 50% higher in year 10 compared to years 2 and 4. Active transport 

was most common in year 8 (75%) and least common in year 10 (0%). In year 2, 

active transport to school was significantly greater by 37.6% compared to active 

transport in year 4 (p = 0.025). Furthermore, a significantly greater proportion of 

students in year 8 reported actively commuting to school compared to subjects in 

years 4 (difference = 51.5%; p = 0.014) and 6 (difference = 50%; p = 0.028). Within 

each year group there were no significant gender differences in weight status, fat 

status or transport to school (p > 0.05).  

 

3.4 Effect of transport to school on overweight and obesity 

When analysing the sample as a whole (table 3.3), it was evident that the prevalence 

of overweight and over-fat was very similar (difference = 0.4%) between active and 
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Table 3.4  Differences in weight and fat status between active and non-active 

commuters according to gender, year group and school 

 Weight Status P value Fat Status P value 
Data split Active Non-active Active Non-active 

%Ow   
(n) 

%Ob 
(n) 

%Ow   
(n)

%Ob 
(n)

%Of 
(n)

%Ob 
(n)

%Of 
(n) 

%Ob 
(n) 

Gender Male 
(n = 23) 

18.2 
(2) 

0.0 
(0) 

16.7 
(2) 

0.0 
(0) 

 
0.992 

18.2 
(2) 

0.0 
(0) 

16.7 
(2) 

0.0 
(0) 

 
0.988 

Female 
(n = 34) 

7.7 
(1) 

0.0 
(0) 

9.5 
(2) 

4.8 
(1) 

 
0.636 

7.7 
(1) 

0.0 
(0) 

9.5 
(2) 

4.8 
(1) 

 
0.400 

Year 
Group 

2 
(n = 18) 

18.2 
(2) 

0.0 
(0) 

0.0 
(0) 

0.0 
(0) 

 
0.480 

27.3 
(3) 

0.0 
(0) 

0.0 
(0) 

0.0 
(0) 

 
0.195 

4 
(n = 17) 

0.0 
(0) 

0.0 
(0) 

15.4 
(2) 

0.0 
(0) 

 
*0.022 

0.0 
(0) 

0.0 
(0) 

15.4 
(2) 

0.0 
(0) 

 
*0.003 

6 
(n = 12) 

0.0 
(0) 

0.0 
(0) 

11.1 
(1) 

0.0 
(0) 

 
0.513 

0.0 
(0) 

0.0 
(0) 

11.1 
(1) 

0.0 
(0) 

 
0.733 

8 
(n = 8) 

16.7 
(1) 

0.0 
(0) 

50.0 
(1) 

0.0 
(0) 

 
0.587 

16.7 
(1) 

0.0 
(0) 

50.0 
(1) 

0.0 
(0) 

 
0.169 

10 
(n = 2) 

  0.0 
(0) 

50.0 
(1) 

   0.0 
(0) 

50.0 
(1) 

 

School Primary 
(n = 47) 

11.1 
(2) 

0.0 
(0) 

10.3 
(3) 

0.0 
(0) 

 
0.808 

16.7 
(3) 

0.0 
(0) 

10.3 
(3) 

0.0 
(0) 

 
0.341 

Secondary 
(n = 10) 

16.7 
(1) 

0.0 
(0) 

25.0 
(1) 

25.0 
(1) 

 
0.501 

0.0 
(0) 

0.0 
(0) 

25.0 
(1) 

25.0 
(1) 

 
0.256 

Ow = overweight, Ob = obese, Of = over-fat, * = p ≤ 0.05 

 

Table 3.4 splits the data according to gender, year group and school in order to 

compare weight and fat status between active and non-active commuters within these 

subsets. Looking at the data for boys, it is apparent that the prevalence of overweight 

and over-fat was 1.5% greater among active commuters compared to non-active 

commuters. In contrast, an additional 1.8% of girls who used non-active transport 

methods to school were overweight and over-fat and obesity rates were 4.8% higher 

among non-active girls compared to active girls. Figure 3.2 shows that when the data 

for weight and fat status was combined there was very little difference between 

active and non-active boys. Among active girls, the prevalence of 

underweight/under-fat appears greater than that for non-active girls, who in 

comparison displayed higher rates of obesity. None of these differences within 

genders, between transport groups reached statistical significance (p > 0.05).  
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Among year 2 students in the active transport group, the prevalence of overweight 

was 18.2% greater and levels of over-fat were 27.3% greater compared to the non-

active transport group. In years 4, 6 and 8 respectively, the prevalence of overweight 

and over-fat was 15.4%, 11.1% and 33.3% higher in non-active commuters 

compared to active commuters. Underweight/under-fatness was more prevalent in 

active students in years 4 and 8 compared to non-active students. These differences 

can be seen in figure 3.4. A comparison between groups in year 10 was not possible 

as both students in this year group used non-active transport methods to school. The 

differences in weight and fat status between transport groups in years 2, 6 and 8 did 

not reach statistical significance (p > 0.05).  In year 4 the prevalence of 

overweight/over-fat was significantly higher in the non-active transport group 

compared to the active transport group, for both weight status (p = 0.022) and fat 

status (p = 0.003).  

 

Table 3.5  Differences in weight and fat status between active and non-active 

boys, according to year group and school 

Ow = overweight, Ob = obese, Of = over-fat, * = p ≤ 0.05 

 Weight Status P value Fat Status P value 
Data split Active Non-active Active Non-active 

%Ow   
(n) 

%Ob 
(n) 

%Ow   
(n)

%Ob 
(n)

%Of 
(n)

%Ob 
(n)

%Of 
(n) 

%Ob 
(n) 

Year 
Group 

2 
(n = 10) 

14.3 
(1) 

0.0 
(0) 

0.0 
(0) 

0.0 
(0) 

 
0.490 

28.6 
(2) 

0.0 
(0) 

0.0 
(0) 

0.0 
(0) 

 
0.301 

4 
(n = 5) 

  20.0 
(1) 

0.0 
(0) 

 
 

  20.0 
(1) 

0.0 
(0) 

 
 

6 
(n = 6) 

0.0 
(0) 

0.0 
(0) 

25.0 
(1) 

0.0 
(0) 

 
0.472 

0.0 
(0) 

0.0 
(0) 

25.0 
(1) 

0.0 
(0) 

 
0.687 

8 
(n = 2) 

50.0 
(1) 

0.0 
(0) 

   
 

0.0 
(0) 

0.0 
(0) 

   
 

School Primary 
(n = 21) 

11.1 
(1) 

0.0 
(0) 

16.7 
(2) 

0.0 
(0) 

 
0.612 

22.2 
(2) 

0.0 
(0) 

16.7 
(2) 

0.0 
(0) 

 
0.907 

 Secondary 
(n = 2) 

50.0 
(1) 

0.0 
(0) 

   
 

0.0 
(0) 

0.0 
(0) 
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Table 3.6 separates the data for girls, according to year group and school. It is 

apparent that levels of overweight and over-fat were both greater among actively-

commuting year 2 girls compared to non-active year 2 girls, by 25%. This is 

presented in figure 3.7, where it also appears that underweight/under-fatness was 

marginally greater among active year 2 girls compared to their non-active 

counterparts. One-hundred percent of actively commuting girls in years 6 and 8 were 

classified as healthy (see figure 3.7). Underweight/under-fatness was more prevalent 

among non-active compared to active year 6 girls, whereas overweight and over-fat 

were 50% more prevalent in non-active year 8 girls compared to those who actively 

commuted. None of these differences between transport groups for girls in years 2, 6 

and 8 reached statistical significance (p > 0.05). Among active year 4 girls, it is 

evident that underweight/under-fatness was largely prevalent in comparison to non-

active year 4 girls, none of whom were underweight/under-fat (see figure 3.7). Year 

4 girls who used non-active methods of transport to school had higher rates of 

overweight and over-fat by 12.5%, compared to those who used active methods of 

transport. These differences between transport groups for year 4 girls were 

significant for fat status (p = 0.018), but not for weight status (p = 0.082). Again, no 

comparisons were possible for year 10 girls, as both used non-active transport 

methods to school. 

Looking at figure 3.8, it appears that both underweight/under-fat and 

overweight/over-fat were more prevalent among active primary school girls 

compared to their non-active counterparts. In contrast, whereas 100% of actively 

commuting secondary school girls were classed as healthy 50% of non-active 

secondary school girls registered as either overweight/over-fat or obese. Despite the 
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Table 3.8  Differences in height, weight, BMI and body fat percentage between 

active and non-active commuters, according to gender, year group 

and school 

Data Split Height (m) Weight (kg) BMI (kg/m²) Body fat % 
M SD P M SD P M SD P M SD P 

Gender Male Ac 1.33 0.16  
0.640 

30.3 10.9  
0.325 

16.6 1.99  
0.853 

16.6 4.46  
0.608 Male Na 1.36 0.09 30.8 6.1 16.5 1.83 17.5 3.67 

Fem. Ac 1.37 0.17  
0.445 

33.3 13.3  
0.202 

16.9 2.70  
0.366 

19.2 5.16  
0.190 Fem. Na 1.40 0.14 36.4 15.1 18.0 3.47 22.3 5.46 

Year 
Group 

2 Ac 1.23 0.05  
0.327 

23.9 2.78  
0.717 

15.8 1.33  
0.512 

19.2 3.50  
0.766 2 Na 1.26 0.06 24.4 3.56 15.4 0.96 19.7 2.48 

4 Ac 1.29 0.04  
0.090 

24.3 1.69 * 
0.003 

14.6 0.70 * 
0.004 

14.7 3.11 * 
0.008 4 Na 1.34 0.05 30.4 3.25 17.0 1.37 20.6 3.48 

6 Ac  1.47 0.10  
0.926 

37.7 8.91  
0.926 

17.3 1.75  
0.643 

16.6 5.86  
0.782 6 Na 1.44 0.04 35.2 4.27 17.0 1.85 17.4 5.03 

8 Ac 1.58 0.04  
0.866 

49.0 7.84  
0.402 

19.6 2.22  
0.182 

18.9 7.34  
0.182 8 Na 1.60 0.08 56.0 11.17 21.8 2.05 27.2 4.67 

10 Ac             
10 Na 1.67 0.02 69.4 22.13 24.9 7.35 30.7 11.38 

School Prim. Ac 1.28 0.10 * 
0.008 

26.3 6.49 * 
0.002 

15.8 1.50  
0.079 

17.8 4.10  
0.180 Prim. Na 1.35 0.08 30.5 5.37 16.6 1.57 19.4 3.97 

Sec. Ac 1.58 0.04  
0.141 

49.0 7.84  
0.108 

19.6 2.22  
0.127 

18.9 7.34  
0.066 Sec. Na 1.63 0.63 62.7 16.26 23.3 4.77 28.9 7.38 

M = mean, SD = standard deviation, P = p value, Ac = active transport, Na = non-active transport, 
Fem. = female, Prim. = primary, Sec. = secondary, * = p ≤ 0.05 

 

 

Table 3.8 shows that on average, boys who used non-active transport methods to 

school were 3.0 cm taller, 0.5 kg heavier and had mean BMI and body fat percentage 

scores which were 0.1 kg/m² and 0.9% higher than actively commuting boys. None 

of these differences were statistically significant (p > 0.05) and figure 3.10 highlights 

the similarities in BMI and body fat percentage between the two transport groups. 

Differences between transport groups among girls are more obvious. Girls who 

regularly used non-active methods of transport to school were 3.0 cm taller, 3.1 kg 

heavier and had mean BMI and body fat percentage scores which were 1.1 kg/m² and 

3.1% higher than their active counterparts. Despite these trends, particularly in 

weight and body fat percentage (see figure 3.10), none of the differences between 

active and non-active girls were statistically significant (p > 0.05). 
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Looking at the year group data for the four dependent variables (table 3.8) it is 

apparent that students in year 4 who actively commuted to school had the lowest 

mean BMI (14.6 ± 0.70 kg/m²) and body fat percentage (14.7 ± 3.11%), whereas 

non-active students in year 10 had the highest (BMI = 24.9 ± 7.35 kg/m², body fat 

percentage = 30.7 ± 11.38%). Among subjects in years 2 and 6, height, weight, BMI 

and body fat percentage were similar between the two transport groups (see figure 

3.11). On average, non-active commuters in year 2 were 3.0 cm taller, 0.5 kg heavier, 

had a mean BMI which was 0.4 kg/m² lower and a mean body fat percentage which 

was 0.5% higher than active commuters. Students in year 6 who regularly used active 

transport methods to school were 3.0 cm taller, 2.5 kg heavier, had a mean BMI 

which was 0.3 kg/m² greater and a mean body fat percentage which was 0.8% less 

than their non-active counterparts. These differences were not statistically significant 

(p = > 0.05). Looking at figure 3.11, it is evident that active commuters in years 4 

and 8 had a lower mean BMI and body fat percentage compared non-active 

commuters in these year groups. Non-active students in year 4 were 5.0 cm taller and 

significantly (p = 0.003) heavier by 6.1 kg than active students in year 4. In addition, 

non-active year 4 students had mean BMI and body fat percentage scores which were 

significantly greater compared to the non-active transport group, by 2.4 kg/m² (p = 

0.004) and 5.9% (p = 0.008) respectively. Among year 8 students, non-active 

commuters were 2.0 cm taller, 7.0 kg heavier and had mean BMI and body fat 

percentage scores which were 2.2 kg/m² and 8.3% greater than that of active 

commuters. Despite these somewhat pronounced trends among participants in year 8, 

none of the differences between transport groups reached statistical significance (p > 

0.05). As before, comparisons between groups for students in year 10 were not 

possible due to an absence of active commuters in this year group. 
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Table 3.9 Differences in height, weight, BMI and body fat percentage between 

and active and non-active boys, according to year group and school 

Data Split Height (m) Weight (kg) BMI (kg/m²) Body fat percentage 
M SD P M SD P M SD P M SD P 

Year 
Group 

2 Ac 1.24 0.06  
0.648 

24.6 3.23  
0.909 

16.0 1.21  
0.204 

19.2 2.44  
0.819 2 Na 1.26 0.07 23.9 2.76 15.0 0.21 18.5 0.76 

4 Ac    
 

         
4 Na 1.35 0.06 30.5 3.81 16.6 1.20 17.8 2.54 
6 Ac  1.41 0.01  

0.355 
32.7 2.97  

0.355 
17.4 2.21  

0.643 
13.5 3.11  

0.643 6 Na 1.44 0.05 36.2 5.23 17.0 1.85 16.4 6.14 
8 Ac 1.60 0.08  

 
48.0 15.63  

 
18.7 4.31  

 
10.8 4.45  

 8 Na         
School Prim. Ac 1.28 0.09 * 

0.050 
26.4 4.66  

0.092 
16.1 1.15  

0.887 
17.9 3.45  

0.793 Prim. Na 1.36 0.09 30.8 6.13 16.5 1.83 17.5 3.67 
 Sec. Ac 1.60 0.08  

 
48.0 15.63  

 
18.7 4.31  

 
10.8 4.45  

 Sec. Na 
Ac = active, Na = non-active, * = p ≤ 0.05 

 

Looking at table 3.9 it is evident that, on average non-active boys in year 2 had the 

lowest BMI (15.0 ± 0.21 kg/m²), whereas active boys in year 8 had the highest (18.7 

± 4.31 kg/m²). Surprisingly, actively commuting boys in year 8 also had the lowest 

mean body fat percentage (10.8 ± 4.45 %) whereas active year 2 boys had the highest 

(19.2 ± 2.44%). Figure 3.13 shows that in year 2, boys who use active transport 

methods to school had slightly higher BMI and body fat percentage scores than those 

who use non-active transport methods. Despite being 2.0 cm shorter, active year 2 

boys were 0.7 kg heavier and had mean BMI and body fat percentage scores which 

were 1.0 kg/m² and 0.7% greater than their non-active counterparts. None of these 

differences among year 2 boys reached statistical significance (p > 0.05). Among 

year 6 boys, BMI appears fairly similar between the two transport groups, whereas 

body fat percentage appears to be greater in the non-active transport group (see 

figure 3.13). Non-active commuters in year 6 were 3.0 cm taller and 3.5 kg heavier 

than active commuters in year 6. However, despite having a greater mean body fat 

percentage (by 2.9%), non-active commuters in year 6 had a marginally lower mean 
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Table 3.10 splits the data for girls according to year group and school. Looking at the 

year group data it is apparent that actively commuting girls in year 4 had the lowest 

mean BMI (14.6 ± 0.70 kg/m²) and body fat percentage (14.7 ± 3.11%), whereas 

non-active girls in year 10 had the highest (BMI = 24.9 ± 7.35 kg/m², body fat 

percentage = 30.7 ± 11.38%). Figure 3.15 shows that the mean scores for BMI and 

body fat percentage were fairly similar between transport groups for girls in year 2. 

Non-active girls in year 2 were 4.0 cm taller, 2.3 kg heavier and had mean BMI and 

body fat percentage scores which were 0.2 kg/m² and 1.3% higher than their active 

counterparts. Among year 6 girls, mean height, weight, BMI and body fat percentage 

were higher in the active transport group compared to the non-active transport group, 

by 14.0 cm, 13.2 kg, 2.4 kg/m² and 4.7% respectively. Due to there being only one 

girl in year 6 in the active transport category, standard deviation cannot be presented 

for any of the dependent variables for this group (see table 3.10). Girls in year 8 who 

used non-active methods of transport to school were, on average 3.0 cm taller, 6.5 kg 

heavier and had higher mean BMI and body fat percentage scores by 1.7 kg/m² and 

4.3% compared to actively commuting year 8 girls. None of the differences between 

active and non-active girls in years 2, 6 or 8 were statistically significant (p > 0.05). 

Non-active girls in year 4 were 3.0 cm taller than active girls and were significantly 

heavier by 6.0 kg (p = 0.005). In addition, non-active year 4 girls had a significantly 

higher mean BMI by 2.7 kg/m² (p = 0.002) and a significantly higher mean body fat 

percentage by 7.8% (p = 0.001) than their actively commuting counterparts (see 

figure 3.15). As before, comparisons between transport groups in year 10 were not 

possible due to an absence of actively commuting year 10 girls. 
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Table 3.10 shows that non-active girls who attended the secondary school were 6.0 

cm taller and 13.2 kg heavier than their active counterparts. Mean BMI and body fat 

percentage scores also higher among non-active secondary school girls compared to 

active secondary school girls by 3.2 kg/m² and 6.0% respectively. Despite these 

trends, there were no significant differences between transport groups among 

secondary school girls, for any of the four dependent variables (p > 0.05). 

 



55 
 

 

 

 

 

CHAPTER 4 

DISCUSSION 

 

 

 

 

 

 

 



56 
 

4.0 DISCUSSION 

4.1 Prevalence of overweight/over-fat and obesity 

In comparison to recent statistics suggesting that in the Exeter area 18.2% of school 

starters are overweight and a further 14.2% are obese (Association of Public Health 

Observatories, 2010; Bevan, 2010), the prevalence of overweight (12.3%) and 

particularly obesity (1.8%) among the present sample of participants appears to be  

somewhat inferior. However, when comparing local levels of overweight to levels 

among the sub-groups within the sample, these differences are in some cases less 

pronounced (see table 3.1). Among boys, rates of overweight/over-fat were just 0.8% 

below the area average, at 17.4%. Similarly, when looking at the data for year 2 

students (the closest comparison group to school starters) it is evident that despite 

only 11.1% of this group measuring as overweight, according to body fat percentage 

16.7% of these children were over-fat, just 1.5% shy of the local figure. According to 

BMI, the prevalence of overweight among year 8 students (25%) surpassed the local 

average by 6.8%. However when referring to body fat percentage, only 12.5% of the 

year 8 sample were considered to be over-fat. This discrepancy in classification is 

likely to be due to the particularly small sample of year 8 students (n = 8) and 

although the difference in percentage prevalence according to the two different 

measures appears large, in reality it is only a difference of one child.   

In general, alliance between the two measures was high, with only nine out of the 57 

subjects classified differently according to BMI and body fat percentage, of which 

only two cases involved discrepancies in overweight/over-fat or obese 

classifications. Rates of overweight/over-fat in years 4 and 6 fell way below the local 

figure, by 6.4% and 9.9% respectively. In year 10 the prevalence of overweight/over-
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fat was 0%, although obesity rates were high above the local average at 50%. Again 

these figures are likely to be a result of limited sample size (n = 2) and represent only 

that one of the subjects was healthy and the other was obese, without giving a true 

indicator of levels of overweight and obesity among year 10 students in general. The 

prevalence of overweight and obesity among the secondary school sample was 

perhaps closest to the local average, with 20% registering as overweight/over-fat and 

a further 10% qualifying as obese. However, these figures are based on the data of 

just ten participants and therefore the accuracy of their representation of the 

population as a whole is questionable. Furthermore, a true comparison between the 

local figures and the figures for this subset is problematic, due to a difference of at 

least seven years in age between school starters and secondary school students. The 

figures produced from the primary school data are likely to be more robust in terms 

of validity and reliability, due to the larger sample size (n = 47). These figures fall 

considerably short of the area averages, with only 10.6% and 12.8% of children 

measuring as overweight and over-fat respectively and none of the children 

qualifying as obese. Possible reasons behind these conceivable misrepresentations 

are discussed below.  

 

4.1.1 Socioeconomic disparities in overweight and obesity  

It is possible that the low rates of overweight and obesity seen predominantly in the 

primary school sample represent the true prevalence of these conditions, specific to 

the selected schools. Both schools, but in particular the primary school are located in 

fairly affluent areas of the city and tend to attract children from well-educated 

families.  In recent years, the surge in obesity has slowed among children from high-
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socioeconomic backgrounds, but for low-socioeconomic children the problem has 

continued to flourish (Stamatakis, Wardle & Cole, 2010). Despite this, both schools 

are state-funded and public school alternatives are located nearby. Thus, although 

many of the children attending the selected schools were from relatively high-

income, well-educated families, a proportion of children from lower socioeconomic 

families also contributed to the populations of both schools, as a whole. All things 

considered, it is unlikely that socioeconomic differences between the area as a whole 

and the selected schools are solely responsible for discrepancies in the prevalence of 

overweight and obesity. 

 

4.1.2 Response rates and selection bias  

Considering the local prevalence of both overweight and obesity, it is difficult to 

comprehend that none of the children attending the primary school were obese. 

Therefore, it is logical to assume that the parents of those children who were obese 

chose not to give consent for their child to participate in the current research. 

Response rates on the whole were extremely poor (9%), especially considering the 

ease of participation. Consent forms and questionnaires took only a matter of minutes 

to complete and all measurements were taken in school time without requiring any 

further action on behalf of the parents. It is reasonable to consider that the recent 

surge of resistance (highlighted in the media) from parents countrywide to letters 

indentifying overweight and obese children as part of the National Child 

Measurement Programme (Dolan, 2010), has influenced parental decision making 

with regards to participating in research of this kind. The fear of having one’s child 

labelled as obese (Chief Medical Officer, 2008), may have been enough to 
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discourage several parents from giving consent. Furthermore, concerns about one’s 

child developing an unhealthy complex about their weight (Dolan, 2010) may also 

have influence parental decisions, despite the fact that parents were informed that 

children would not be made aware of their own or any other child’s measurements. 

In light of this, one cannot be certain that the current sample of participants provide a 

true representation of the population, with regards to levels of overweight and 

obesity. 

 

4.2 Breakfast consumption 

In previous research the prevalence of breakfast skipping (defined as not eating 

breakfast everyday) among primary and secondary school children has been reported 

as 21% and 42% respectively (Rampersaud et al., 2005). In contrast, out of the 57 

completed questionnaires that were received in the present study, only one specified 

that the child ate breakfast on four school days a week and the other 56 claimed that 

the children/adolescents ate breakfast on every school day. As a result, all subjects 

were classified as breakfast eaters, leaving no group for comparison. This meant that 

contrary to previous studies, where breakfast skipping has been found to be more 

prevalent among girls and older children (Rampersaud et al., 2005; Keski-Rahkonen 

et al., 2003); in the current sample there were no gender or age differences in 

breakfast consumption behaviours and the relationship between breakfast skipping 

and obesity could not be investigated.  
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4.2.1 Ethnicity and deprivation  

The 100% breakfast eating record among subjects in the current sample can be 

explained to some extent, in terms of ethnicity, social deprivation and education. In a 

recent study, also conducted in English school students it was reported that breakfast 

skipping was more common among black and mixed race ethnic groups compared to 

white ethnic groups (Harding et al., 2008). Exeter is not a particularly ethnically 

diverse city, with non-white ethnic groups accounting for only 2.4% of its population 

in the 2001 census, well below the national average of 9.1% (Exeter City Council, 

2010). Thus, the majority of participants in the current sample were white. However, 

although breakfast skipping was more common among black and mixed race ethnic 

groups, 43.3% of girls and 31.0% of boys from white ethnic backgrounds were still 

reported to skip breakfast (Harding et al., 2008). These figures were based on an 

adolescent sample and therefore cannot necessarily be applied to the primary school 

participants in the present study. Nevertheless, it seems unwise to hold the lack of 

ethnic diversity in the Exeter area solely accountable for the 0% prevalence of 

breakfast skipping behaviours within the study sample as a whole.  

Social deprivation has also been significantly associated (p < 0.01) with breakfast 

skipping among primary school pupils (Moore, Tapper, Murphy, Lynch, Raisanen, 

Pimm et al., 2007). The 2001 census showed that 14.7% of people over the age of 16 

and living in Exeter were receiving state benefit, slightly lower than the national 

average of 16.0% (Office for National Statistics, 2010). As previously mentioned, the 

schools involved in the current research are both located in fairly affluent areas of the 

city and therefore the levels of deprivation are likely to be lower still than the local 

figure. The likely absence of participants from socially deprived backgrounds could, 

in part contribute to reduced levels of breakfast skipping among the present sample, 
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but as with ethnicity, social deprivation cannot fully explain its non-existent 

prevalence.  

 

4.2.2 Selection bias and flaws in self-report methods 

Considering the levels of breakfast skipping previously reported in similar 

populations (Rampersaud et al., 2005; Harding et al., 2008), it is difficult to accept 

that 100% of students at both schools consumed breakfast on every school day. As 

ethnic diversity and social deprivation can only account partially for this finding (if 

at all), it is plausible to conceive that the parents of children who skip breakfast 

chose not to participate and/or the parents and adolescents who did respond were not 

entirely honest in the answers they gave to the questionnaire. Despite answers to 

questionnaires remaining confidential, in order to match each questionnaire to the 

correct participant for measurement purposes, complete anonymity was not feasible. 

It is possible that some parents of children who did not always eat breakfast were 

deterred from participation at the prospect of being judged by the lead researcher as a 

neglectful parent. For similar reasons, those who did agree to take part may have 

failed to answer honestly if their child was not a regular breakfast eater. Self-report 

methods, especially where food habits are concerned are not renowned for their 

validity and reliability (Andersen, Pollestad, Jacobs, Lovo & Hustvedt, 2005) and in 

the case of secondary school students (who answered questions for themselves) an 

element of response bias may have come into play, causing participants to 

subconsciously give the answer they thought the researcher was looking for, as 

opposed to the correct one. Furthermore, irrespective of efforts made to ensure the 

participants were clear as to what did and did not qualify as having breakfast, 
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misinterpretation of questions or hurried reading could have led to errors in their 

answers. All things considered, it is probable that the responses provided by 

participants regarding breakfast habits, do not give an accurate representation of 

breakfast eating behaviours among the student populations in general.   

 

4.3 Transport to school  

In the current sample 42% of subjects reported regularly using active transport 

methods to school. This finding is in accordance with van Sluijs et al. (2009), who 

reported that in nearby Bristol, 43.5% of children actively commute to school. As 

expected based on existing research (Nelson et al., 2008; Abbott et al., 2009), active 

transport was more prevalent among boys compared to girls and secondary school 

students compared to primary school children (see table 3.1). Although, not 

statistically significant these trends were obvious and may have reached significance 

had the sample size been larger. Furthermore, among year 8 students active 

commuting was significantly more prevalent than among students in years 4 and 6 

(see table 3.2).  

 

4.3.1 Overweight and obesity between transport groups in the sample as a whole 

In general, there was very little difference in overweight/over-fat and obesity 

between active and non-active commuters (see table 3.3) and despite both BMI and 

body fat percentage being marginally higher among non-active commuters compared 

to active commuters (see table 3.7), these differences were not statistically 

significant. This is not altogether surprising considering that similar studies 
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conducted in England have also reported no difference in BMI between children who 

walk and children who take the car to school (Metcalf et al., 2004). However, the 

difference in mean BMI scores between transport groups in the present study was not 

dissimilar at 0.70 kg/m² to the significant difference of 0.76 kg/m² reported by 

Rosenberg et al. (2006). Differences in sample size between Rosenberg et al. (2006) 

and the current study (n = 450 vs 57) may have played a role in determining whether 

these differences reached statistical significance or not. Furthermore, the BMI 

difference reported by Rosenberg et al. (2006) was found in boys only and no 

significant differences were found in girls.  

In contrast, among boys in the present study BMI and body fat percentage between 

transport groups were almost identical, whereas although still not significant, there 

was a clear trend among girls towards higher BMI and body fat percentage scores 

among non-active commuters. The same was seen when looking at the prevalence of 

overweight/over-fat and obesity, which was slightly greater among non-active girls, 

but virtually no different between active and non-active boys. In general boys tend to 

be more physically active and engage in more active play than girls (te Velde, De 

Bourdeaudhuij, Thorsdottir, Rasmussen, Hagstromer et al., 2007). Thus, it is possible 

that a ten minute walk to school makes very little difference to overall daily activity 

levels among boys. The study by Metcalf et al. (2004) reported that overall physical 

activity levels among younger children were no different between walkers and car 

uses and that walking to school accounted for just 2% of total weekly physical 

activity. On the contrary, reports have suggested that a significantly higher 

percentage of primary school aged girls who walked to school met their daily step 

count target compared to those who took the car and that daily step counts were 

significantly higher among secondary school aged girls, but not boys, who walked to 
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school compared to those who travelled by car (Abbott et al., 2009). These findings 

suggest that the trends seen in BMI and body fat percentage between transport 

groups in girls, but not boys could be as a result of active commutes to school 

influencing overall physical activity levels in girls, but not boys. Firm conclusions 

with regards to this supposition cannot be made, as the current study did not measure 

overall physical activity levels.  

 

4.3.2 Overweight and obesity between transport groups in primary school children 

Among primary school children, the lack of significant differences in 

overweight/over-fat and obesity, and BMI and body fat percentage between the two 

transport groups, supports findings from previous research (Metcalf et al., 2004; 

Abbott et al., 2009; Ford et al., 2007; Faulkner et al., 2009). This aside, primary 

school children who actively commuted to school were significantly lighter than 

those who took the car. However, the fact that non-active commuters were 

significantly taller could explain this difference in weight and as the measures of 

both BMI and body fat percentage take height into account, it also explains why 

there were no differences in either of these variables between the two transport 

groups. In spite of this explanation, when the primary school data was analysed 

separately for boys and girls, significant differences between transport groups in 

height, but not weight remained among boys and weight, but not height remained 

among girls. This indicates that transport status had no effect on overweight and 

obesity in boys, but that girls who actively commuted to school were lighter than 

their non-active counterparts, irrespective of their height. It is possible that this 

finding can be explained by the fact that, comparative to girls, boys are more 
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physically active (te Velde et al., 2007) and therefore the school commute makes a 

more minor contribution to their overall physical activity levels and resultant weight. 

However, it is important to bear in mind the differences in weight among girls did 

not translate into significant differences in BMI or body fat percentage between 

transport groups. 

Among younger children differences in BMI according to transport method to school 

have rarely been reported (Faulkner et al., 2009). As mentioned earlier, this could be 

due to evidence suggesting that among younger children (aged 5 and 6) transport 

method to school makes no difference to overall physical activity levels (Metcalf et 

al., 2004) or to daily step counts (Abbott et al., 2009). These findings are especially 

relevant to the year 2 cohort (aged 6 and 7) within the present sample, where if 

anything, overweight/over-fat was slightly higher among active commuters 

compared to non-active commuters and no differences in BMI or body fat percentage 

between transport groups were found for boys or girls. Similar reports have been 

made with regards to children aged 5-11, where again no differences in physical 

activity levels were found according to mode of transport to school (Ford et al., 

2007). This could explain the absence of significant differences in overweight/over-

fat and obesity, and BMI and body fat percentage between transport groups in year 6 

(aged 10 and 11). However, it is possible that trends towards a greater prevalence of 

overweight/over-fat among non-active year 6 boys, but not girls, may have reached 

statistical significance had the sample size (n = 6) been larger. All in all, levels of 

physical activity are generally high among younger children and have been shown to 

decrease after the age of around 11 or 12 (Hoos, Gerver, Kester & Westerterp, 2003; 

Henning Brodersen, Steptoe, Boniface & Wardle, 2007). This suggests that for 

primary school children, the innate tendency to be highly physically active may 
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override any effect transport to school has on overweight and obesity. Nevertheless, 

because the current study did not measure physical activity, one cannot be certain 

that this is the case.  

Students in year 4 (aged 8 and 9) provided an exception to the general trend of 

results among primary school children, as non-active commuters in year 4 were more 

overweight, more over-fat and had higher BMI and body fat percentage scores than 

their active counterparts. To the authors knowledge this is the first time a significant 

difference in body fat percentage has been reported among children, according to 

transport method to school. Interestingly, one of the only other studies to have 

reported a significant effect of transport method to school on BMI, was also 

conducted in children in year 4 (Rosenberg et al., 2006). Furthermore, Abbott et al. 

(2009) found that boys and girls, aged 9 and 10 who actively commuted to school 

had significantly higher step counts than those who took the car, despite no 

differences in younger children. These differences in daily step counts may explain 

why differences were found among children in year 4, but not in year 2. Although as 

step count was not measured in the present study, these conclusions cannot be 

confirmed.  

When the data was split according to gender, only differences between transport 

groups among girls remained and these differences were no longer significant for 

BMI. This was partly due to none of the boys in year 4 actively commuting to school 

and it is possible that a larger sample including active commuters would have yielded 

alternative results. These findings further support the work of Abbott et al. (2009), 

who (as mentioned previously) found that 9 and 10 year old girls, but not boys, who 

walked to school were more likely to reach their step count targets, but are contrary 

to the work of Rosenberg et al. (2006), who found differences in BMI to be 
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significant for boys only. These differences in findings between the present study and 

that of Rosenberg et al. (2006) could be due to differences in measurement methods, 

as the present study used questionnaires, where Rosenberg et al. (2006) used a 

Caltrac. The fact that the study by Rosenberg et al. (2006) was carried out using a 

sample of American children, as opposed to the English subjects used in the present 

research, may also go some way to explaining the discrepancies in findings. As 

previously discussed, it is possible that with regards to the current findings the 

reasons behind transport related differences in overweight and obesity seen in girls, 

but not boys, are due to the fact that in general girls are less physically active than 

boys (te Velde et al., 2007). Thus, in accordance with Abbott et al. (2009) walking or 

cycling to school has a bigger impact on their daily physical activity and 

consequently on their likelihood of become overweight or obese.  

 

4.3.3 Overweight and obesity between transport groups in secondary school students 

The results for secondary school students tell a slightly different story to that of 

primary school children. Although as with primary school children there were no 

significant differences between transport groups in overweight/over-fat and obesity 

or BMI and body fat percentage among secondary school students, trends towards 

higher levels of these variables among non-active commuters were clearly apparent 

(see table 3.4). The reason behind these trends could lie in evidence suggesting that 

overall physical activity reduces during adolescence (Hoos et al., 2003; Henning 

Brodersen et al., 2007), meaning that consequently the contribution made by active 

transport to school, to total physical activity is increased. Furthermore, when looking 

at questionnaire responses it was apparent that secondary school pupils tended to 
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make slightly longer active journeys to school than primary school children. This is 

likely to be due to the fact that there are a greater number of primary schools in the 

area compared to secondary schools and therefore secondary school students often 

have further to travel. This in mind, it is possible that the extended duration of active 

journeys among secondary school students played a part in the occurrence of clearer 

trends in the data.  

However, it is difficult to draw clear conclusions from the secondary school data due 

to the small overall sample (n = 10) and particularly small samples of males (n = 2) 

and year 10 students (n = 2). This shortage of participants meant that even when 

differences in overweight/over-fat and obesity appeared large they were often only a 

difference of one participant or in some cases the same number of participants, but a 

different relative percentage. It is therefore possible that in a larger sample the trends 

seen in the current data would not be apparent. This would not be altogether 

surprising, seeing as a number of previous studies have reported no differences in 

BMI between adolescents who actively commute to school and those who take the 

car (Faulkner et al., 2009). Nevertheless, although not statistically significant, in the 

current study there were clear trends towards increased body fat percentage among 

car users compared to walkers or cyclists. This observation is an important one, as to 

the authors knowledge, this is this first time that body fat percentage has been 

compared between active and non-active commuters to school. What’s more, in a 

larger sample of participants these differences in body fat percentage may have 

reached statistical significance. 
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4.4 Limitations and future directions 

The primary and most obvious limitation of the present study was that it was unable 

to make comparisons according to breakfast status and importantly according to the 

combined influence of breakfast consumption and transport to school. As this 

research area is a novel one, it is one that ought to be explored in future 

investigations. One of the reasons why the present study was unable to fulfil this 

objective was the dismal response rate and subsequent limited sample size. Overall, 

this was one of the most limiting factors of the current research and one that should 

be addressed first and foremost by future studies. It is possible that flaws in 

anonymity procedures and negative associations with the research topic 

compromised opportunity for recruitment. Future studies, may need to employ better 

ways of identifying questionnaires so that anonymity is achieved and offer monetary 

or similar incentives to recruit more subjects, especially among adolescents. With a 

larger sample of participants recruited, future studies should aim initially, to repeat 

the current investigation to see if the findings hold true. 

The subjectivity of questionnaire responses, further limited the present study. More 

objective measures, such as accelerometers may be required to achieve more valid 

and reliable transport to school data and asking children, as opposed to their parents 

whether or not they eat breakfast, may yield more accurate answers. The use of 

accelerometers could also help to rule out any confounders, such as total physical 

activity, something which the current study failed to control for. Furthermore, the 

current literature base could be extended by investigating differences in overweight 

and obesity according to breakfast content and active journey duration. In general, 

research surrounding breakfast and transport behaviours among children and 
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adolescents in England is sparse and inconclusive and in spite of the contribution of 

the current findings, more needs to be done to clarify these relationships. 

 

4.5 Implications and Conclusions 

The present study adds two important and novel findings to the existing literature. 

Firstly, to the author’s knowledge it is the first investigation of its kind in England to 

report a protective effect of active transport to school against overweight and over-fat 

among children in year 4 at school. Secondly, it is the first to measure body fat 

percentage and demonstrate that active transport to school is protective against a high 

body % among year 4 girls. In addition, the results of the present study show that 

active transport is uncommon, especially among girls and younger children. This 

implies that more should be done in England to promote active commutes to school, 

particularly for primary school aged girls. Furthermore, it appears that parents are 

being alienated and shying away from involvement in investigations of this kind. 

More could to be done to support these families and ease any apprehensions they 

may have about being judged, if research of this nature is to move forward. In 

summary, the present study highlights the importance active transport school could 

play in tackling the ever-growing problem of childhood and adolescent overweight 

and obesity, particularly among 8 and 9 year old children, but potentially among 

other groups as well. As for breakfast skipping, the current study offers only two 

possible conclusions; either breakfast skipping is not a problem in the given 

population, or it is, but people do not want to talk about it. No matter which 

explanation is correct, the current research sheds no light on the possible effects of 
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breakfast habits on childhood and adolescent overweight and obesity and therefore 

holds no implications for future interventions targeting breakfast behaviours. 
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Faculty of Applied and Health Sciences 
Research Ethics Committee 
 
 
 
Alice Wiseman 
 
 
 
10 March 2010 
 
 
Dear Alice 
 
 
Study title: Breakfast and transport method to school on BMI in 

children and adolescents 
FREC reference: 392/10/AW/CENS 
Version number: 1 
 
Thank you for sending the above-named application to the Faculty of Applied and 
Health Sciences Research Ethics Committee for review. 
 
The application has been considered on behalf of the Committee by Nick Clitherow 
as Lead Reviewer and reported to the Faculty Research Ethics Committee. 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for 
the above research on the basis described in the application form and supporting 
documentation. However, the Committee would suggest a minor amendment to the 
study title, eg. ‘Effects of breakfast and transport method to school on BMI…’, or 
‘Breakfast and transport method to school and BMI…’. 
 
The favourable opinion is given provided that you comply with the conditions set out 
in the attached document. You are advised to study the conditions carefully. 
 
The final list of documents reviewed and approved by the Committee is as follows: 
 

Document Version Date 
Application Form 1 February 2010 
List of references 1 February 2010 
Summary CV of lead researcher - February 2010 
Letters of invitation 1 February 2010 
Participant information sheets 1 February 2010 
Consent form 1 February 2010 
Permission from schools involved - February 2010 
Questionnaire 1 February 2010 
Healthy Weight, Healthy Lives guidance - 2009/2010 
Instructions for Body Composition Analyser - February 2010 
BMI charts - 2007 

 
 
With the Committee’s best wishes for the success of this project.  
 
Yours sincerely, 
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Prof. Cynthia Burek 
Chair, Faculty Research Ethics Committee 
 
Enclosures Standard conditions of approval.  
 
c.c. Supervisor 

FREC Representative 
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                                                                  Mr. G. P. 
Williams 

St Leonard’s C of E Primary School 
St Leonards Road 

Exeter 
Devon 

EX2 4NQ 
 
 
Dear Mr Williams, 
 
I am conducting a research project as part of a Masters program in Weight 
Management from the University of Chester. The research is focused on the effects 
of breakfast and transport method to school on a child’s physical development. The 
study will involve the parents of the pupils in years 2, 4 and 6 in your school 
completing a short questionnaire (approximately 3 minutes to complete) and where 
parental consent is given, the height and weight of each child will be measured by 
myself. This will be done quickly (approximately 5 minutes per child) and 
sensitively, as children will not be made aware of their own weight. All data 
collected will be kept confidential.  
 
Following the study, any findings will be reported back to the school and could be 
useful in developing future plans to improve the health of pupils.  
 
If you are happy for your school to be involved in this project, please complete the 
attached form. 
 
 
Yours sincerely 
 
Alice Wiseman 
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                                                                      Mr. M. Perry 
St Peters C of E High School 

Quarry Lane 
Exeter 
Devon 

EX2 5AP 
 
Dear Mr Perry, 
 
I am conducting a research project as part of a Masters program in Weight 
Management from the University of Chester. The research is focused on the effects 
of breakfast and transport method to school on a child’s weight status. The study will 
involve the pupils in your school completing a short questionnaire (approximately 5 
minutes to complete) and where parental consent is given, the height and weight of 
each pupil will be measured by myself. This will be done quickly (approximately 2 
minutes per child) and sensitively, as pupils will not be made aware of their own 
weight. All data collected will be confidential and questionnaires will be anonymous.  
 
Following the study, any findings will be reported back to the school and could be 
useful in developing future plans to improve the health of pupils.  
 
If you are happy for your school to be involved in this project, please complete the 
attached form. 
 
 
Yours sincerely 
 
Alice Wiseman 
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What if something goes wrong?  
 
If you wish to complain or have any concerns about any aspect of the way you have 
been approached or treated during the course of this study, please contact: 
Professor Sarah Andrew, Dean of the Faculty of Applied and Health Sciences, 
University of Chester, Parkgate Road, Chester, CH1 4BJ. Tel: 01244 513055.  
 
Will my child taking part in the study be kept confidential?  
 
All information which is collected about your child during the course of the research 
will be kept strictly confidential so that only the researcher carrying out the research 
will have access to such information. Once collected, all data will be coded in order 
to anonymise it. 
 
What will happen to the results of the research study?  
 
The results will be written up into a report as part of the lead researchers Masters 
Dissertation. It is hoped that the findings may be used to help design future school-
based interventions or campaigns to improve child health 
 
Who may I contact for further information?  
 
If you would like more information about the research before you decide whether or 
not you would be willing to take part, please contact:  
 
Alice Wiseman, lead researcher                                              c/o CENS office, 
01244 513402  
 
@chester.ac.uk  

 

Thank you for your interest in this research. 

 

 

 

 

 

 

 

APPENDIX E 



 

 

Effects

 
Your child
important 
involve. P
with your 
not clear o
you wish t
Thank you
 
What is th
 
The aim o
to school o
 
Why has 
 
Your child
E Second
 
Does my 
 
It is up to 
take part 
consent fo
without giv
part, will n
 
What will 
 
If you dec
to sign the
researche
Chester to
transport 
complete 
and weigh
minutes a
 
What are 
 
There are 
 
What are 
 
By taking
research 
benefit the

s of breakf

d is being in
for you to 

Please take 
child and o
or if you wo
to take part
u for reading

he purpose

of this study 
on physical

my child b

d has been 
ary School,

child have

you and yo
you will be

orm. If you d
ving a reaso

not affect the

happen to

ide to take 
e consent fo
er from the 
o give your 
behaviours
and this wil

ht will be ma
nd the mea

the possib

no disadva

the possib

g part, you 
into child 

e health of s

PARTICIP

fast and tra
percentage

nvited to tak
understand
time to rea
thers if you
ould like mo
.  
g this.  

e of the stu

is to invest
 developme

been chose

chosen bec
 where the 

e to take pa

our child to 
e given this 
decide to ta
on. A decis
e standard 

o my child i

part, you w
orm on the 
Centre for 
child a sho

s. The que
l be done in
ade in scho

asurements 

ble disadva

antages or r

ble benefits

and your 
behaviours

school child

88

PANT INFO

ansport me
e in childre

ke part in a
d why the 
ad the follow
u wish. Ask 
ore informa

udy?  

tigate the ef
ent in childr

en?  

cause they
study will ta

art?  

decide wh
 information

ake part you
ion to withd
of care you

if they take

will be given 
behalf of yo
Exercise a

ort question
estionnaire 
n school. In
ool by the le
will be con

antages an

risks forese

s of taking 

child will 
s and phys
dren in the f

APPEN

8 

ORMATION 

ethod to sc
en and ado

a research s
research is
wing inform
the researc

ation. Take 

ffects of bre
ren and ado

are a year 
ake place.

ether or no
n sheet to 
u are still fre
draw at any 
ur child rece

e part?  

this inform
our child. Th

and Nutrition
nnaire, conc

should on
n addition, m
ead researc
cealed from

d risks of t

en in taking

part? 

be contrib
sical develo
future.  

DIX E 

SHEET 

hool on BM
olescents 

study. Befo
s being don

mation caref
cher if there
time to dec

eakfast and 
olescents.   

8 or 10 pup

t to take pa
keep and b

ee to withdr
time, or a d

eives in any 

ation sheet 
his will give
n Science a
cerning his/
nly take ab
measures of
cher. This w

m your child

taking part

g part in the

uting to th
opment, w

MI and bod

ore you dec
ne and wh
fully, and d
e is anythin
cide whethe

transport m

pil at St Pet

art. If you d
be asked to
raw at any t
decision no
way.  

t to keep an
e your conse
at the Univ
/hers breakf
bout 5 min
f your child’
will take less
. 

t?  

e study.  

he develop
which will h

dy fat 

cide, it is 
at it will 
iscuss it 
g that is 

er or not 

method 

ters C of 

ecide to 
o sign a 
time and 
t to take 

nd asked 
ent for a 
ersity of 
fast and 

nutes to 
’s height 
s than 5 

ment of 
hopefully 



 

89 
 

What if something goes wrong?  
 
If you wish to complain or have any concerns about any aspect of the way you have 
been approached or treated during the course of this study, please contact: 
Professor Sarah Andrew, Dean of the Faculty of Applied and Health Sciences, 
University of Chester, Parkgate Road, Chester, CH1 4BJ. Tel: 01244 513055.  
 
Will my child taking part in the study be kept confidential?  
 
All information which is collected about your child during the course of the research 
will be kept strictly confidential so that only the researcher carrying out the research 
will have access to such information. Once collected, all data will be coded in order 
to anonymise it. 
 
What will happen to the results of the research study?  
 
The results will be written up into a report as part of the lead researchers Masters 
Dissertation. It is hoped that the findings may be used to help design future school-
based interventions or campaigns to improve child health 
 
 
Who may I contact for further information?  
 
If you would like more information about the research before you decide whether or 
not you would be willing to take part, please contact:  
 
Alice Wiseman, lead researcher                                              c/o CENS office, 
01244 513402 
 
@chester.ac.uk  

 

Thank you for your interest in this research. 
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2. How does your child travel to school on an average day?  

Please tick only one box to  indicate the mode of transport used by your child most often 
and on the scale below circle the number of days (out of 5) that your child uses this mode 
of transport in an average week. 

 

  Walk/cycle/scooter (Please state approximate duration of journey in minutes)......... 

  Car................................................................................................................................ 

Bus (Please state approximate duration of walk to and from bus stop in minutes)..... 

Train (Please state approximate duration of walk to and from train station in mins).. 

  Other (Please state)...................................................................................................... 

 

 

 

 

 

 

 

Thank you for taking the time to complete this questionnaire. Your contribution to this 
research is greatly appreciated. 

 

Alice Wiseman BSc Sport and Exercise Science 
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2. How do you travel to school on an average day?  

Please tick only one box to indicate the mode of transport you use most often and on the 
scale below circle the number of days (out of 5) that you use this mode of transport in an 
average week. 

 

  Walk/cycle/scooter (Please state approximate duration of journey in minutes).......... 

  Car................................................................................................................................. 

Bus (Please state approximate duration of walk to and from bus stop in minutes)..... 

Train (Please state approximate duration of walk to and from train station in mins).. 

  Other (Please state)...................................................................................................... 

 

 

 

 

 

 

 

 

Thank you for taking the time to complete this questionnaire. Your contribution to this 
research is greatly appreciated. 

 

Alice Wiseman BSc Sport and Exercise Science 
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Examples of SPSS outputs showing cross tabulations and Pearson Chi-Square tests 
 

 
 
Gender * Weight Status 
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Year Group * Transport Status 
 
 

 
 

 

 

 

 

 

 

 

 

 

 



APPENDIX M 
 

118 
 

Transport Status * Fat Status 
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Examples of SPSS outputs showing tests of normality and 
homogeneity of variance 
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Examples of SPSS outputs of Independent T-Tests 

Students in Year 4 
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Primary School Students 
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SPSS outputs of Mann-Whitney U Tests 
 
Whole Data Set 
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Primary School Students 
 

 

 


