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Abstract 

Introduction It is well understood that the aetiology of childhood obesity is complex with 
many contributing factors. A factor that has not been studied to a great extent is muscle strength. 
Understanding the relationship between lifestyle factors, muscular function and weight status in 
children can help provide information to effectively target interventions. This study aimed to assess 
which lifestyle factors had the greatest influence on overweight and obesity in children. 

Methods The study recruited 103 participants (50 males, 53 females; mean age ± SD = 9 ± 
0.9 years) from three primary schools of low socio-economic status across Coventry. Body 
composition and weight status were examined using height, body mass, body mass index (BMI), 
waist circumference (WC), waist-to-hip ratio (WHR), and bio-electrical impedance analysis (BIA). 
Accelerometers were used to objectively measure physical activity (PA). Strength was assessed using 
a handgrip strength test. Diet was assessed using the Day in the Life Questionnaire (DILQ). 

Results Of the children that met PA inclusion criteria, 95% met the guidelines of 60 minutes 
of moderate-to-vigorous physical activity (MVPA) over all days, 97% met the guidelines on weekdays 
and 85% met the guidelines on weekend days respectively. According to BMI, WC, and BIA 
determined body fat, 39%, 48%, and 35% of the sample were either overweight or obese whilst 2%, 
1%, and 18% were underweight. A positive correlation was observed between absolute strength and 
weight status. However, when strength was expressed relative to body mass (handgrip 
strength/body mass) inverse relationships were observed with weight status. There were significant, 
moderate to weak negative correlations between time spent in vigorous physical activity (VPA) and 
weight status measures (P<0.05). 

Conclusions This study provides evidence that factors such as sex, VPA, and strength had a 
combined influence on children’s weight status. Nevertheless, it seems all of the factors assessed 
only had a small influence on weight status. 
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1.0 Introduction 
 

Overweight and obesity results from an energy imbalance whereby there is a disruption 

between energy consumption (via food and drink) and energy expenditure (via physical activity (PA) 

and exercise) (Hills, Andersen, and Byrne 2011). The prevalence of childhood overweight and obesity 

over the last decade may be because of an increase in energy intake, a decrease in energy 

expenditure, or more rationally, a combination of both (Hill, Wyatt, and Peters 2012). Obesity is well 

acknowledged as a risk factor relating to the onset of many health problems including, the metabolic 

syndrome, hyperinsulinaemia, insulin resistance/poor glucose tolerance and an increased risk of  

type 2 diabetes, hypertension, sleep apnoea, social exclusion and depression (Lobstein, Baur, and 

Uauy 2004; Reeves, Postolache, and Snitker 2008; Pulgaron and Delamater 2014) 

The detrimental effects of obesity emerge in childhood (Bastien et al. 2014). The latest 

figures for child obesity in England, for 2016/17, show that 20% of children in Year 6 (aged 10-11) 

were obese and a further 14.3% were overweight (National Child Measurement Programme (NCMP) 

2017). Of children in Reception (aged 4-5), 9.6% were obese and a further 13% were overweight. 

Therefore, this indicates that just over one third (34.3%) of 10-11 year olds and over one fifth 

(22.6%) of 4-5 year olds were overweight or obese (NCMP 2017). The prevalence of childhood 

obesity, specifically in Coventry, is above the national average with 37.5% and 22.4% of children in 

Coventry either overweight or obese in year 6 (10-11 years) and reception (4-5 years) respectively 

(Public Health England (PHE) 2017). Therefore, further efforts are required to help reduce childhood 

obesity prevalence within the UK. Raising awareness regarding healthier lifestyles, particularly PA 

and diet are both important. 

It has also become apparent that not enough children are meeting PA guidelines for health, 

with only 22% of all children in England, aged 5-15, meeting the recommended guidelines of 60 

minutes of PA everyday (Townsend et al. 2015). For children aged 8-10 years, approximately one in 

four children (26%) met the recommended guidelines (Townsend et al. 2015), hence efforts into 
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increasing PA engagement in young children is important. Nevertheless, the data collected for the 

Health Survey for England (HSE) is based on self-reported data and hence should be taken with 

caution as it may be subject to misreporting as not all children will be able to recall or accurately 

quantify their time spent in PA (Durante and Ainsworth 1996; Sallis and Saelens 2000). It is also 

difficult to compare between other studies as different methodologies have been employed. There  

is currently more objective data available but making comparisons between studies remains difficult 

as different age ranges and cut points have been employed such as Freedson (2005), Evenson  

(2008), Puyau (2002), and Mattocks (2007). These studies are also predominantly US based and 

hence PA patterns may vary between the different populations. Furthermore, it is understood that 

low levels of PA can increase the chance of children developing adverse health outcomes such as 

greater body adiposity, insulin resistance, higher blood pressure, and the metabolic syndrome (Leary 

et al. 2008; Ness et al. 2007; Ekelund et al. 2004) and hence different dimensions of PA, such as 

muscular function, need investigating in order to observe greater health benefit in children. 

 
Muscular function is another important element of children’s health that has often been 

ignored by many researchers (Thivel et al. 2016; Wolfe 2006). This is despite research showing its 

importance for children’s health and its relationship with obesity and related health problems such 

as the metabolic syndrome and type 2 diabetes (Alberga, Sigal, and Kenny 2010; Wolfe 2006; 

Peterson et al. 2014; Thivel et al. 2016; Thivel et al. 2011). Muscle mass, strength, and metabolic 

function are important components for muscular function, exercise performance and activities of 

daily living (Wolfe 2006). Muscle function has a key role in obesity, insulin resistance and diabetes 

(Wolfe 2006). There is growing evidence indicating that resistance exercise training and subsequent 

increases in muscle mass and strength development are important in the protection against 

cardiovascular disease (CVD) risk factors in both children and adults (Alberga, Sigal, and Kenny 2010; 

Peterson et al. 2014; Poehlman et al. 2000). There is strong evidence supporting the use of 

progressive resistance exercise for glycaemic control among children and adolescents, even in the 

absence of weight loss (Lee et al. 2012; van der Heijden et al. 2010; Shaibi et al. 2006). 
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To the author’s knowledge, strength has not been assessed alongside PA and diet in relation 

to weight status in a sample of deprived UK multi ethnic children to date. Therefore, with the 

understanding that childhood activity levels appear to track into adulthood (Telama et al. 2005; 

Singh et al. 2008) it is important to assess strength in children in order to understand how it relates 

to lifestyle factors and weight status and also in order to pursue the possibility of using strength 

training as a mechanism to reduce any adverse health effects in the future. 

Another modifiable risk factor for obesity that merits further attention and research is diet. 

Poor dietary practices can have an adverse effect on cardio-metabolic profile as it can lead to 

children gaining excess weight, predominantly by way of increased body adiposity, and many 

researchers have examined the associations between excess body weight and cardio-metabolic risk 

in adult populations (Klein et al. 2012; Ferannini et al. 2008; Despres et al. 2008). However, assessing 

diet in children can be more difficult as the cognitive abilities needed to self-report dietary intake 

may not be fully developed as this includes a sufficiently developed concept of time, a good memory 

and attention span, and knowledge of the names of foods (Livingstone and Robson 2000). It is also 

difficult to report portion sizes as children often do not consume all the food served to them (Foster 

et al. 2008; Matheson et al. 2002) and many traditional foods are not listed on portion estimation 

software/literature. 

 
As a result of the high prevalence of obesity observed among UK children there is a need to 

better understand how lifestyle factors as well as strength influence weight status in children. This 

issue is compounded by a lack of data in low socio-economic status (SES) and multi ethnic groups 

(Martinson, McLanahan, and Brooks-Gunn 2012; El-Sayed, Scarborough, and Galea 2012). Given the 

need for interventions targeting this group in particular, understanding the patterns of PA and diet  

in this group is an important first step before effective preventive measures can be put in place for 

public health benefit. 
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2.0 Literature Review 
 

2.1 Overweight and Obesity 
 
 

Overweight and obesity are defined as abnormal or excessive fat accumulation (World 

Health Organization (WHO) 2018a). The prevalence of obesity has increased worldwide and is a 

major cause for concern as it has more than doubled since 1980 (WHO 2018a). In 2016, more than 

1.9 billion adults aged 18 years and older were overweight globally, 650 million of which were obese 

(WHO 2018a). Within England, overweight and obesity amongst adults also raises much cause for 

concern. 

According to the HSE (2015), 68% of men and 58% of women, living in England, were either 

overweight or obese. In the city of Coventry specifically it has been reported that 62.4% of adults are 

either overweight or obese, this is slightly lower than the national average of 63%. However, this 

figure still remains high and evidences that efforts are still required on a global, national, and 

regional level, in order to address the health problems associated with obesity. Despite this, it does 

appear that adult obesity in the UK has begun to stabilize as the proportion of adults who are obese 

has been similar since 2010 (HSE 2015). Nevertheless, there are few signs yet of a sustained decline 

as the prevalence of both general and central obesity remain high amongst adults living in the UK, 

which can have serious implications for health such as type 2 diabetes, high blood pressure, heart 

disease, stroke, as well as cancer (Kopelman 2007; WHO 2018; Chan et al. 1994; Ford, Williamson, 

and Liu 1997). The high prevalence of obesity warrants further attention as it remains a risk factor 

for the metabolic syndrome and other undesirable health outcomes. 

Metabolic profile, determined from a blood test, refers to an individual’s sugar (glucose) 

level, electrolyte and fluid balance, kidney function, and liver function  (Ingraham  and  Kappel  

1988). According to the International Diabetes Federation (IDF 2006), metabolic syndrome is a 

cluster of the most dangerous myocardial infarction risk factors: diabetes and raised fasting plasma 

glucose, central obesity, high cholesterol and high blood pressure (IDF 2006). The IDF (2006) 
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provides a clinical definition for the metabolic syndrome in adults and the criterion stated helps to 

identify those with metabolic syndrome. The criteria shows that central obesity plus two or more 

risk factors such as raised triglyceride above 1.7 mmol/L, reduced high density lipoprotein (HDL) 

cholesterol below 1.03 mmol/L in males and 1.29 mmol/L in females, raised systolic blood pressure 

of 130 mmHg or more and diastolic blood pressure more than 85mmHg or raised fasting plasma 

above 5.6mmol/L, is indicative of metabolic syndrome. 

Despite the diagnostic criteria for the metabolic syndrome continuing to develop and 

evolve, core components include central obesity, glucose intolerance, hypertension, reduced HDL 

cholesterol and increased triglycerides (Gupta, Singh, and Verma 2006). The underlying cause of the 

metabolic syndrome remains an area of great interest for experts and further research is still 

required, however, both insulin resistance and central obesity are considered significant factors (Hu 

et al. 2004; Carr et al. 2004). Genetics, physical inactivity, ageing, and other factors may also have 

some effect, however, the role and extent of these factors may vary depending on ethnic group 

(Saad et al. 1991). 

It has previously been reported that in adults, both central and overall obesity may have 

tracked from childhood (Telama et al. 2005; Nassis, Psarra, and Sidossis 2005; Evenson et al. 2016). 

In a review by Singh et al. (2008), the authors concluded that all the studied they reviewed had 

consistently reported an increased risk of children with obesity becoming overweight or obese 

adults. Nevertheless, previous studies are heterogeneous in the respect that follow-up times vary 

and different definitions of overweight and obesity have been used, which makes it difficult to reach 

definitive conclusions (Ebbeling, Pawlak, and Ludwig 2002; Rolland-Cachera 2012). Hence, there is 

still no consensus on the strength of the association between early childhood obesity and its 

potential tracking in later life (Evenson et al. 2016). Despite this, many researchers have emphasised 

the need for early preventive efforts and interventions in order to help reduce overweight and 

obesity and its associated health consequences (Ebbeling, Pawlak, and Ludwig 2002; Glavin et al. 
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2014; Rolland-Cachera 2012). Therefore, it is clear that there is a need for assessing obesity in 

children and running efficient interventions as this can help not only reduce childhood obesity but 

also its potential tracking and effect in later life (Craigie et al. 2011; Singh et al. 2008; Herman et al. 

2009). 

2.2 Overweight and Obesity in Children 
 
 

The detrimental effects of obesity emerge in childhood (Bastien et al. 2014). Childhood 

obesity is viewed as a major public health issue globally and one of the major challenges of the 21st 

century (WHO 2018b). The prevalence of overweight and obesity may have stabilized amongst 

children living in England, between 2004 and 2013, according to a population-based cohort study 

carried out by van Jaarsveld and Gulliford (2015). The data from this study shows that there was a 

significant increase in child and adolescent overweight and obesity rates each year during the first 

decade from 1994 to 2003. However, overall, yearly rates did not rise significantly during the second 

decade, 2004 to 2013. Nevertheless, findings from this study should be taken with caution as the 

study obtained data from The Clinical Practice Research Datalink (CPRD), which is a large database 

holding the electronic health records of about 7% of UK family practices (Williams et al. 2012). The 

size and geographical distribution of general practices in the study was generally representative of 

the UK population, and hence the validity of the data was good (Herrett et al. 2010). However, the 

body mass index (BMI) records available for the study may not have been representative of all 

registered children and also the study only used the first BMI observation per study year per child, 

yet the children could have contributed many BMI records across several study years. Nevertheless, 

despite the limitations of some of the previous research, the childhood obesity epidemic does seem 

to be stabilizing and levelling-off in England and also specifically within Coventry (van Jaarsveld and 

Gulliford 2015), yet there are still no clear signs that the situation is improving, and therefore many 

children still remain obese. 
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Despite childhood obesity being a well acknowledged risk factor for developing CVD and 

type 2 diabetes in adulthood, excess central obesity may be more related to these diseases than 

peripheral distribution (Stefan et al. 2008; Mokha et al. 2010). Central obesity refers to the fat in the 

abdomen region whereas peripheral obesity refers to whole body distribution including upper and 

lower limbs (Oliveira et al. 2010). Central obesity is a major clinical and public health issue (Kelishadi 

et al. 2015). In comparison to whole body obesity, central obesity is more strongly correlated with 

metabolic risk factors (Kelishadi et al. 2015; Mokha et al. 2010). Previous research has demonstrated 

that central obesity is an independent risk factor for type 2 diabetes, dyslipidemia, systemic arterial 

hypertension, and coronary artery disease (Larsson et al. 1984; Mathieu et al. 2009). 

Evidence indicating that central obesity, rather than whole body, has a stronger relationship 

with cardio-metabolic health has resulted in researchers evaluating body assessment methods in 

children. Traditionally, obesity has been characterized by calculation of BMI. The risk of developing 

these health problems has been shown to rise with an increase in BMI, however it is an excess of 

body fat in the abdomen, which is measured via waist circumference (WC), which gives a greater 

indication of the metabolic syndrome profile compared to BMI (Pouliot et al. 1994; Ohlson et al. 

1985; Rexrode et al. 1998). Consequently, many large studies have indicated that WC and/or waist- 

hip ratio may provide a better estimate of both the degree of central obesity and the risk for CVD in 

later life (Yusuf et al. 2005). 

Similar to adults, the metabolic syndrome is also a risk factor for type 2 diabetes in children, 

and the latest figures for 2016 demonstrate that there are now over 500 children and young people 

living with type 2 diabetes in the UK (Diabetes UK 2016). Therefore, it is of paramount importance 

that all efforts are made in order to help children and their families make healthier choices and lead 

healthier lives. However, it is important to note that the metabolic syndrome can also occur in lean 

individuals, therefore suggesting that obesity is a marker for metabolic syndrome, not a cause 

(Weiss, Bremer, and Lustig 2013). 
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Defining metabolic syndrome in children is more difficult than adults due to factors such as 

ethnicity and pubertal differences, as well as a lack of cardiovascular events (any incidents that may 

cause damage to the heart muscle) (Weiss, Bremer, and Lustig 2013). It is also possible that the 

metabolic profiles may be abnormal without necessarily being in the disease state, yet there is no 

evidence available regarding how this develops with time. Nevertheless, the definition of metabolic 

syndrome for children is similar to the adult criteria, whereby WC is the main component, as it is an 

independent predictor of insulin resistance, lipid levels, and blood pressure (Ford, Giles, and Dietz 

2002; Lee, Bacha, and Arslalian 2006; de Ferranti et al. 2004; Joliffe and Janssen 2007). 

The IDF suggests that the metabolic syndrome should not be diagnosed in children younger 

than 10 years of age, however, a strong message, explaining the need for weight reduction, should 

be conveyed for those with central obesity (IDF 2007). For children aged 10 years or older, metabolic 

syndrome can be diagnosed with central obesity and the presence of two or more other clinical 

features such as elevated triglycerides, low HDL-cholesterol, high blood pressure, and increased 

plasma glucose. Furthermore, for children older than 16 years, the IDF adult criteria can be used. 

Based on the evidence available in the literature it is clear that childhood obesity is a major 

public health issue as it has many detrimental health effects. However, many limitations remain in 

the literature which require further attention. For example, the NCMP only assesses children in 

reception and year 6 and hence this may not be representative of all children. Furthermore, it only 

assesses overweight and obesity according to BMI, failing to measure WC. With recent evidence 

suggesting that greater central obesity, compared to whole body, being more indicative of poor 

cardio-metabolic profile, there is a need for more routine measurement of WC. This will help identify 

those children that may have greater central obesity and consequently greater risk to health. 

Therefore, despite previous advances, there is still a need for further research, particularly in those 

populations where there are high levels of deprivation and a high prevalence of multi-ethnic 

children, as overweight and obesity still remains high among these children. It is hence vital that 



15 
 

there is a greater understanding of the determinants of childhood obesity in order to plan successful 

public health policies and implement effective and efficient interventions. 

2.3 Determinants of Childhood Obesity 
 
 

The aetiology of obesity and related metabolic diseases is not as straightforward as it may 

seem. There are many factors related to the onset of these undesirable health outcomes including 

genetic, environmental, lifestyle, and socio-economic factors (Lobstein, Baur, and Uauy 2004; 

O’Rahilly and Farooqi 2006; Hill and Peters 1998). However, obesity is not simply caused by one 

factor alone but rather as a result of an interaction of multiple factors including genes, 

environmental factors, and behaviour (Yang, Kelly, and He 2007). The extent to which each factor is 

accountable is difficult to determine as many of the factors are interrelated and hence this remains a 

topic of much ambiguity and merits further research. 

2.3.1 Environmental/Socio-Economic Factors 
 

Environmental factors influencing childhood obesity and weight status, and the onset of 

related cardio-metabolic abnormalities, are those that surround the children and influence their 

daily nutritional intake and PA (CDC 2015). Environmental factors can be broadly split into social and 

physical factors (Pan et al. 2009). Characteristics of the social environment include companionship, 

encouragement, assistance from family/friends, advice and support from professionals, income 

inequality, social cohesion, and neighbourhood SES (Garriguet, Colley, and Bushnik 2017; Lindsay et 

al. 2006). Examples of the physical environment include available, accessible and convenient PA 

facilities, presence of sidewalks and bike paths, safe streets, good lighting of streets, food 

availability, and good urban design (Pan et al. 2009; Karnik and Kanekar 2012; Cetateanu and Jones 

2014). 

The environment may differ according to the SES of that area. SES has been linked with 

obesity and its consequent adverse health effects such as metabolic disease (Park et al. 2003) and 

CVD risk (Hotchkiss et al. 2011). The Index of Multiple Deprivation (IMD) is the official measure of 
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relative deprivation for small areas in England. It is the most widely used of the Indices of 

Deprivation. The IMD ranks every small area in England from 1 (most deprived area) to 32,844 (least 

deprived area). However, in order to help contextualise the data, the IMD provide deciles, ranging 

from 1 to 10, alongside the ranks (Table 1). Deciles are calculated by ranking the 32,844 

neighbourhoods in England from most deprived to least deprived and dividing them into 10 equal 

groups. These range from the most deprived 10% of neighbourhoods nationally to the least deprived 

10% of neighbourhoods nationally. The IMD combines information from seven domains to produce 

an overall relative measure of deprivation. The domains are combined using the following weights: 

Income Deprivation (22.5%), Employment Deprivation (22.5%), Education, Skills and Training 

Deprivation (13.5%), Health Deprivation and Disability (13.5%), Crime (9.3%), Barriers to Housing and 

Services (9.3%), and Living Environment Deprivation (9.3%). The weights of these domains are 

derived from consideration of the academic literature on poverty and deprivation, as well as the 

levels of robustness of the indicators (IMD 2015). 
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Table 1: IMD deciles and ranks 
 
 

Decile Decile description Ranks 

1 10% most deprived 1 to 3,284 

2 10 % to 20% 3,285 to 6,568 

3 20% to 30% 6,569 to 9,853 

4 30% to 40% 9,854 to 13,137 

5 40% to 50% 13,138 to 16,422 

6 50% to 60% 16,423 to 19,706 

7 60% to 70% 19,707 to 22,990 

8 70% to 80% 22,991 to 26,275 

9 80% to 90% 26,276 to 29,559 

10 10% least deprived 29,560 to 32,844 

 
 
 

In most Western countries, children from socio-economically deprived areas have a higher 

risk of obesity compared to those from wealthier groups and areas of higher SES (Parsons et al.  

1999; Cetateanu and Jones 2014; Dahmann et al. 2010; Molaodi et al. 2012). There could be many 

reasons for this; however there is no clear answer. Dietary habits vary between different socio- 

economic groups with greater junk food outlets being available in more deprived areas compared to 

areas of higher SES, therefore resulting in greater consumption of energy-dense foods that are low  

in nutritional value (Sallis and Glanz 2009; Larson, Story, and Nelson 2009; Pearce et al. 2009). 

Furthermore, conditions involving low levels of motivation and the feeling of a depressed 

environment without safe facilities for children to play; a lack of opportunities for leisure away from 

the home setting, resulting in television viewing/computer games as the only realistic leisure  

activity; and having a significant distance to travel to the local shops where fruit, vegetables and low- 

energy density foods are affordable and readily available; conversely having a high number of fast 
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food outlets in the neighbourhood, may all have a major contribution to the obesity epidemic in 

areas of low SES (Lobstein, Baur, and Uauy 2004). 

Evidence suggests that physical and societal factors may be affecting children’s PA and 

eating behaviours (Townsend and Lake 2017; Anderson Steeves et al. 2016; Franzini et al. 2009; Lake 

and Townsend 2006). Physical factors resulting in an unsafe environment for children to play, such  

as high levels of traffic and physical disorder (such as antisocial behaviour, graffiti and litter etc.) are 

likely to discourage children from engaging in PA by increasing perceived danger and safety on 

streets and public places (Jago et al. 2005; Boarnet et al. 2006; Timperio et al. 2004). However, the 

social environment may be just as important to PA as the physical environment, but its role has not 

been studied to the same extent (Franzini et al. 2009). For example, social cohesion has been shown 

to influence health at the neighbourhood level as it may influence children’s PA levels (Franzini et al. 

2009). Increased social contact and social exchange among members of a community can help aid 

greater engagement in PA as the availability of a network of parents who know each other and who 

are willing to watch out for neighbourhood children (collective socialization of children) could help 

facilitate a safer environment for children to be more physically active (Franzini et al. 2009; 

Sampson, Raudenbush, and Earls 1997). 

Social relationships (family, peers, schoolmates, etc.) that surround the individual may also 

influence PA and eating behaviours. For example, it has been found that obesity may spread within 

social networks in such a way that individuals with close relationships to an obese individual may be 

more likely to also become obese (Christakis and Fowler 2007). Some social relationship factors that 

influence eating behaviours and PA include social modelling (behaviours learned from observing 

others) (Cruwys, Bevelander, and Hermans 2015; Draxten et al. 2014; Horne et al. 2009); norms 

(behavioural rules generally accepted by a group) (Higgs 2015; Pederson, Gronhoj, and Thogersen 

2014; Priebe and Spink 2012); facilitation (enhancement or suppression of behaviours due to the 

presence of others) (Rittenhouse, Salvy, and Barkley 2011); and impression management (attempts 
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at controlling others’ opinions by modifying behaviour) (Vartanian 2015; Ommundsen, Gundersen, 

and Mjaavatn 2010). 

In areas of low SES, norms regarding food choices may differ compared to areas of high SES 

as it has previously been found that there is a strong relationship between lower SES and less 

healthy food intake (Ludvigsen and Scott 2009; Wilkinson and Marmot 2003). It has also been found 

that minority ethnic populations living in the UK are more likely to experience poverty compared to 

the White British population (Joseph Rowntree Foundation 2017). Therefore, children from deprived 

backgrounds are more likely to encounter poverty and this can consequently have a direct impact, in 

terms of a reduced capacity to afford healthy food, and also an indirect impact, such as parents 

being poorly paid and having to work unsociable hours, which in turn makes it difficult for them to 

prioritise having regular healthy meals with their children. 

In the latest HSE (2016) report it was found that children from lower income households 

were more likely to be obese. Figures showed that 18% of children from households in the lowest 

income quintile were obese, compared with 9% of children living in households in the highest 

income quintile. Deprivation has previously been linked to obesogenic lifestyles and environments 

(Dahmann et al. 2010; Molaodi et al. 2012) and therefore the findings from the latest HSE are not 

entirely surprising. However, this does raise the importance of working with children from deprived 

backgrounds in order to address the health inequalities and raise awareness about leading healthier 

lifestyles including greater engagement in PA and healthier dietary choices. Hence, the current study 

engages with children from areas of low SES in order to address this population as it has previously 

been found that children from a low SES area show a trend of lower PA levels and spend more time 

in sedentary behaviour compared to children from a high SES area (Drenowatz et al. 2010).  

However, findings in this area have been equivocal (Hanson and Chen 2007; Ball et al. 2009; Kelly et 

al. 2006) as there have been key methodological differences. For example, an important 

consideration when examining the relationship between SES and PA is that obesity is also more 
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prevalent in low SES children (Janssen et al. 2006; Lioret et al. 2007). However, some of the previous 

literature has not considered this factor, hence confounding the results between SES and 

PA/sedentary behaviour. Regardless, it is still widely acknowledged that it is important to raise PA 

levels in children. 

2.3.2 Physical Activity 
 
 

Physical inactivity is a major contributing factor towards childhood obesity (Hills, Andersen, 

and Byrne 2011). Engagement in regular PA plays a significant role in preventing the onset of 

overweight and obesity in children and adolescents, subsequently reducing the risk of related health 

conditions (Strong et al. 2005). Furthermore, PA is essential for the normal growth and development 

of children and hence promoting the need for regular PA is of paramount importance in this young 

population (Hills, King, and Armstrong 2007). 

There is evidence suggesting that children with obesity are less physically active than their 

non-obese counterparts (Owen et al. 2010; Janssen et al. 2004; Vandewater, Shim, and Caplovitz 

2004). However, it is difficult to interpret whether lower levels of PA are causing greater obesity in 

children or whether children are not participating in as much PA because they are already obese. 

This is because many of the previous studies are cross-sectional in design and hence there is a need 

for more randomized controlled trials. Previous research has found that children with obesity spend 

more time in sedentary activities such as television viewing and use of other electronic 

entertainment devices (Caroli et al. 2004; Hesketh, Hinkley, and Campbell 2012). Greater time spent 

in sedentary behaviours has been found to increase the chance of having metabolic syndrome 

(Edwardson et al. 2012). Therefore, reducing sedentary behaviours is potentially important in 

helping prevent metabolic syndrome. Despite evidence not being available showing what dose of PA 

will prevent children becoming obese, it is sensible to suggest that children’s active participation and 

regular engagement in PA is fundamentally important in the efforts to prevent childhood obesity. 
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Current guidelines for children and young people aged between 5-18 years suggest that they 

should engage in at least 60 minutes of PA every day – this should range from moderate activity, 

such as cycling and playground activities, to vigorous activity such as running and tennis 

(Department of Health (DoH) 2011). Furthermore, vigorous intensity activities, including those that 

strengthen muscle and bone, should be incorporated at least three days a week (DoH 2011). 

However, the guidelines do not state how much time should be spent in vigorous PA (VPA) over the 

three days. Furthermore, these guidelines cover a large age range and hence what may be vigorous 

or strength based for a younger child may not necessarily be the same as for an older child and 

hence this should be reviewed. Nevertheless, the results of recent studies, using objective 

measurements, indicate that PA levels in UK children are low (Owen et al. 2009; Ness et al. 2007). 

Despite many previous studies examining the effects of PA on health in children being on 

self-reported data (Ku et al. 2000; Gidding et al. 2006; Schmitz et al. 2002), some of the more recent 

research conducted has employed objective methods for PA assessment such as movement sensors; 

this has greatly improved the validity of the data collected in children (Sallis, Buono, and Freedson 

1991; Eyre and Duncan 2013). Nevertheless, much of this research has been cross sectional in design 

and hence causality has been difficult to determine. Despite this, objectively measured PA in  

children with and without obesity has found that children with obesity were less active, spend less 

time in moderate to vigorous PA (MVPA) and were less active during their free time (Page at al. 

2005). It has also been found that children with obesity spend a greater duration of time in 

sedentary activity (Maffies, Talamini, and Tato 1998). However, by increasing time spent in MVPA 

and reducing sedentary time, children with obesity can also see an improvement in weight status 

with reductions in body adiposity (Gutin 2008; Pate et al. 2013; Pate, Flynn, and Dowda 2016). 

To summarise, it’s clear that there is growing evidence suggesting that reductions in PA are 

having a major contribution towards the prevalence rates of childhood overweight and obesity and 

therefore it is becoming increasingly apparent that reductions in childhood obesity rates will require 
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increasing children's engagement in PA. However, it is important to note that PA alone may not be 

the only factor that requires attention in relation to childhood obesity. Hence, the current research 

aims to assess PA, alongside other lifestyle factors, including diet and muscular function, in order to 

better understand the associations between lifestyle and weight status in children from deprived 

multi-ethnic backgrounds. Understanding how PA is related to other factors such as diet, muscular 

function and strength, and how this impacts childhood obesity, can help plan more purposeful 

interventions in the future. 

2.3.3 Strength 
 

Strength is a component of PA guidelines that has often been under researched in children. 
 

Muscle strength refers to the capacity of an individual to produce torque or force by a maximal 

voluntary isometric muscular exertion (Caldwell et al. 1974). Although cardio-respiratory fitness has 

long been considered as the main factor relating to good health, musculoskeletal fitness is now 

recognised as an important aspect in maintaining overall health and fitness (Cattuzzo et al. 2016; 

Smith et al. 2014). Strength assessment has been acknowledged as an important aspect of health 

monitoring in children (Ortega et al. 2008). In particular, less strength or poor muscular fitness is 

associated with an increased risk of developing obesity (Jackson et al. 2010), raised cardio-metabolic 

risk factors in adolescence (Artero et al. 2011), CVD (Silventoinen et al. 2009) and cardiovascular and 

total mortality (Ortega et al. 2012). There is limited data available concerning musculoskeletal fitness 

in children and some authors have recently highlighted that more quality research is needed in order 

to establish the role of musculoskeletal fitness in child and adolescent health (Plowman 2014). 

There still remains a paucity of literature available that examines strength, alongside other 

lifestyle factors in UK children. Nevertheless, there has been some work conducted by the Young 

Hearts Study (Neville et al. 2014) that has investigated the associations of some aspects of diet and 

strength in adolescent children, however they did not analyse PA levels. They found that higher fruit 

and vegetable intake was positively associated with muscle power, however there was no 
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independent association between higher fruit and vegetable intake and muscle strength (Neville et 

al. 2014). The authors were keen to stress that that further Intervention studies are required in 

order to determine whether muscle strength and power can be improved through improved diet, 

particularly through increased fruit and vegetable intake. There is also research supporting the role 

of vitamin D in muscle function in adolescent males (Carson et al. 2015), however yet again, there is 

a need for further research into the associations of strength and other lifestyle factors including diet. 

Further research is needed in order to better understand children’s physical fitness and strength 

profiles and how this is related to lifestyle and health. 

England does not currently have a framework to support the systematic surveillance of 
 

children’s physical fitness and strength. There is no comparable data which exists for child fitness 

and it is unclear whether the data published from the East of England Healthy Heart Study (EoEHHS) 

(Cohen et al., 2010, 2011; Voss, Ogunleye, and Sandercock 2013) are representative of young 

people’s PA and physical fitness profiles across England or, if regional variations exist. Furthermore, 

differences based on deprivation and ethnicity have yet to be fully explored in young UK children. 

Therefore, the relationship between muscle strength and weight status in children still requires 

further investigation (Miyatake et al. 2012). 

It has previously been found that children and adolescents with obesity display impaired 

muscular fitness compared to their non-obese peers, which appears to be mainly due to factors such 

as excessive body weight and increased inertia of the body (Thivel et al. 2016; Smith et al. 2014). 

Previous research has found that successful interventions have resulted in improved muscular  

fitness in children and youth with obesity (McGuigan et al. 2009; Sgro et al. 2009; Thivel et al. 2011). 

It has been suggested that an 8-week (3 days per week) resistance training program, comprising of 

total body workouts including a combination of different body weight and power exercises using a 

variety of equipment, is sufficient time to encounter significant changes in body composition, 

strength, and power measures in children who are overweight or obese (Sgro et al. 2009; McGuigan 
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et al. 2009). Strength training may be a viable option to help improve childhood obesity as it seems 

that this mode of training can be well tolerated and enjoyed by participants. It is also fairly 

inexpensive and resistance training programs are easy to implement under the guidance of trained 

personnel. Nevertheless, it has been acknowledged that there remains a lack of information in the 

current literature regarding the role of age, maturation or sex on muscular fitness and strength in 

children (Thivel et al. 2016; Plowman 2014). As such, to the author’s knowledge strength has yet to 

be assessed, alongside PA and diet, as a factor relating to weight status in a sample of multi-ethnic 

UK children and hence this is a topic meriting further research as the importance of developing 

muscular fitness and strength in children and youth has previously been emphasized as it brings 

many health-related benefits. The ability to carry out strength training and PA may also be influenced 

by children’s dietary habits and this is also an important factor that merits further attention. 

2.3.4 Diet 
 

According to PHE’s Government dietary recommendations (2016) children aged between 7 

and 10 years of age should be consuming 1817 Kcal/day (males) and 1703 Kcal/day (females). This is 

based on an individual’s basal metabolic rate (BMR), which is the minimum amount of energy that a 

person needs to keep the body functioning at rest. This also results in energy balance and hence 

prevents weight gain. Nevertheless, these figures are only a guide. Children may need more or less 

than these estimates depending on a number of factors, such as how physically active they are. 

 
 

Diet is made up of many macronutrients, which of these is having the greatest impact on 

obesity is still debated. Fat is the most energy dense of all the macronutrients, it is therefore often 

believed that excess fat in the diet results in excess weight gain and increases the risk of disease in 

later life (Hu 2008). Fat and in particular saturated fat have been studied to a great extent as they 

are perceived to have detrimental health effects for both children and adults. However, the findings 

from studies investigating the relationship between dietary fat and health, in relation to cardio- 

metabolic risk, have been inconsistent. Early animal studies indicated that high dietary saturated fat 
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and cholesterol intakes resulted in obesity and increased plasma cholesterol concentrations along 

with atherosclerotic lesions (Finking and Hanke 1997). Furthermore, these findings were supported 

by associations in human studies where dietary saturated fat correlated with CHD risk (Kato et al. 

1973; Keys 1965). However, more recent epidemiologic studies have demonstrated variance in the 

findings as different studies have shown positive (Boniface and Tefft 2002; Jakobsen et al. 2004; Xu 

et al. 2006), inverse (Gillman et al. 1997; Mozaffarian, Rimm, and Herrington 2004), or no (Ascherio 

et al. 1996; Leosdottir et al. 2007; Tucker et al. 2005) association of dietary saturated fat with CVD 

risk, morbidity and/or mortality. 

 
 

Other aspects of diet that are related to cardio-metabolic risk include the consumption of 

excess carbohydrates and sugar, low fibre, low fruit and vegetables intake, high intake of sugar- 

sweetened beverages, skipping breakfast, and high fried food and fast food intake (Carter et al. 

2010; Hu 2008; Raynor et al. 2008; Lutsey, Steffen, and Stevens 2008; Johnson et al. 2007; Malik et 

al. 2006; Slavin 2005). Dietary factors are important in relation to cardio-metabolic health as they 

are potentially modifiable risk factors. For example, in a systematic review and meta-analysis by 

Carter et al. (2010) it was found that increasing daily intake of green leafy vegetables could 

significantly reduce the risk of type 2 diabetes and should therefore be investigated further. 

A balanced diet is recommended for children (British Nutrition Foundation 2017). However, 

it is difficult to truly know what, and how much, children actually eat, as assessment methods are 

usually subjective and there is also limited data available, particularly in children from multi-ethnic 

backgrounds and areas of low SES. There is a dearth of literature available that has investigated the 

consumption in British multi-ethnic populations, particularly in younger children. Hence, this is an 

area requiring further research. 

 
Previous research has also found that the diets of UK children are particularly lacking in fruit 

and vegetables, oily fish and fibre (Ruxton and Derbyshire 2011). However, it is important to note 
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that there are cultural differences in the dietary practices of children from different ethnic 

backgrounds. For example, ethnic differences in nutrient intake were reported among 9-10 year old 

UK children in the CHASE study (Donin et al. 2010). Some of the ethnic differences in nutrient intake 

included lower total and saturated fat intake among Black African/Caribbean children, higher 

polyunsaturated fatty acid intake among Pakistani and Bangladeshi children and lower sugar intake 

among all South Asian and Black African/Caribbean subgroups (Donin et al. 2010). Nevertheless, 

there is still a need for greater research into dietary practices of multi-ethnic British children as very 

little is known about ethnic differences in dietary nutrient intake, particularly among younger 

children in the UK. 

 
It has also been found that children from more deprived backgrounds such as those living in 

households receiving benefits and those from manual work social class groups are more likely to 

have low fruit and vegetable intake (Ruxton and Derbyshire 2011). Furthermore, according to 

SPEEDY (Sport, Physical activity and Eating behaviour: Environmental determinants in Young people), 

which is a population based cohort study, features of the built environment relating to food 

purchasing opportunities are correlated with weight status in children (Jennings et al. 2011; 

Skidmore et al. 2009). 

 
Another particularly concerning aspect of diet that remains an issue is high sugar intake, 

which remains higher than the recommended guidelines, and may also be attributed to increased 

intakes of sugar-sweetened beverages (Rugg-Gunn et al., 2007). Furthermore, research has been 

conducted that has compared diets of children enrolled in observational birth cohort studies in the Isle 

of Man (IoM-ELSPAC) and in south-west England (ALSPAC). It was found that diets in both regions 

were adequate for most nutrients apart from dietary fibre, however in both groups, intake of free 

sugars was three times higher than the UK recommended maximum (Tweney et al. 2017). This 

highlights some of the issues around dietary practices of UK children and hence despite some 

improvements in children’s diets being observed (Ruxton and Derbyshire 2011), further 

improvements are still needed in order to improve the current and future health of children. It is 
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also important to assess diet alongside other factors such as PA and muscular strength in order to 

gain a better understanding of how these different factors contribute towards the childhood obesity 

situation. The current study also offers valuable data relating to dietary practices of multi-ethnic 

children from areas of low SES. 

2.4 Reliability and validity of methods used 
 
 

Ensuring the highest standards of reliability and validity are important when conducting 

research (Cohen, Manion, and Morrison 2007). Although threats to research reliability and validity 

can never be totally eliminated, it is important to strive to minimize this as much as possible. 

Reliability refers to the degree to which an assessment tool produces stable and consistent results 

(Cohen, Manion, and Morrison 2007; Roberts et al. 2006). Validity refers to how well a test measures 

what it is supposed to measure (Cohen, Manion, and Morrison 2007; Roberts et al. 2006). 

2.4.1 BMI, WC, and BIA fat 
 
 

BMI is a widely accepted initial method used to classify adiposity in both field and clinical 

settings as it is a simple, quick and cost-effective measure (Daniels, Khaorny and Morrison 1997; 

Maud and Foster 2006). However, there are limitations when assessing BMI in children. BMI is a 

measure of excess weight rather than excess body fatness (Freedman and Sherry 2009). Factors such 

as age, height, sex, level of sexual maturation and ethnicity can influence the relationship between 

BMI and body fat. Also, BMI does not distinguish between excess fat, muscle, or bone mass, nor 

does it provide any indication of the distribution of fat among individuals (CDC 2018). Furthermore, 

many countries have their own population-specific thresholds for assessing BMI in children. 

Nevertheless, the UK90 growth reference charts are usually preferred rather than the IOTF 

thresholds as they are recommended for population monitoring in UK children and hence this allows 

for easier comparison of obesity prevalence between studies (National Obesity Observatory 2011). 

Furthermore, The UK90 growth reference charts have been shown to have a high validity when 

compared to contemporary data (Rudolf et al. 2000). Nevertheless, despite these reference curves 
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being based on a sample of British children, covering the whole of childhood from birth to 23, they 

were established in 1990 and hence may not be representative of the modern British population. 

Yet, they were the most relevant and applicable reference curves available. 

Percentiles presented by McCarthy, Jarrett, and Crawley (2001) are widely used when 

assessing WC in field studies. However, the authors have suggested that the validation of these 

percentile curves against equivalent longitudinal data would be necessary as the data was collected 

cross-sectionally. Nevertheless, it has been recommended that these centiles are used as they are 

currently the most up to date WC percentiles available for use in British children aged 5 to 16.9 years 

and have been based on a broad geographical coverage, an urban/rural mix, and a mix of socio- 

economic status families (McCarthy, Jarrett and Crawley 2001). Furthermore, when assessing both 

WC and HC, the measurements should be repeated twice; if the measurements are within 1cm of 

one another, the average should be calculated. However, if the difference between the two 

measurements is greater than 1cm, the two measurements should be repeated. This is in line with 

WHO (2008) guidelines on WC and WHR measurement. 

All BIA assessment should be conducted in the morning to try and control for hydration 

status. BIA is a popular method for body composition assessment because it is relatively simple, 

quick, and non-invasive in comparison to other methods. Furthermore, Sung et al. (2001) conducted 

a study on children aged 7-16 years old and concluded that BIA is a valid alternative method to dual- 

energy X-ray absorptiometry (DXA) for the measurement of body fat. Furthermore, research has 

been conducted in order to assess the validity and reliability of BIA to estimate body fat percentage 

against air displacement plethysmography and dual-energy X-ray absorptiometry (von Hurst et al. 

2015). It was found that all methods showed excellent reliability with repeat measurements differing 

by less than 0.2% with very small 95% confidence intervals (von Hurst et al. 2015). Therefore, BIA 

may be a valid method in research and population samples as it has showed excellent reliability. 

2.4.2 Maturation 
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There are numerous methods used for estimating the biological maturity status; however, 

they are often expensive and not practicable (Muller et al. 2015). The equations presented by 

Mirwald et al. (2002) for assessing maturity offer a simple, yet accurate method of estimating 

biological maturation. This method is the most widely used in field based studies as it offers a 

reliable, non-invasive and practical solution for assessing biological maturity in this sample of 

children (Mirwald et al. 2002; Muller at al. 2015). This method has been developed in one sample 

and cross-validated in two different samples (Mirwald et al. 2002). 

2.4.3 Accelerometers 
 
 

Unlike methods of self-report, accelerometers have been proven to offer reliable measures 

of PA in large scale free-living studies with children (Riddoch et al. 2004; Mattocks et al. 2008). 

Hence, they are now used commonly in studies monitoring PA levels in children. There are many 

different accelerometer models available, however, the best validated accelerometer is the 

Actigraph as it has been well validated in children and adolescents against a range of outcomes 

(Freedson, Melanson, and Sirad 1998; Trost et al. 1998; Eston, Rowlands, and Ingledew 1998; Trost 

et al. 2000; Ekelund et al. 2001; Nilsson et al. 2002; Puyau et al. 2002; Brage et al. 2003; Treuth et al. 

2004; Mattocks et al. 2007). However, validation studies have either included a limited number of 

children with a large age span or included a reasonably large population with a narrow age span 

(Kim, Beets, and Welk 2012). Furthermore, they have mainly been conducted in laboratory settings 

using treadmill exercise protocols (Freedson et al. 2005; Puyau et al. 2002; Trost et al. 2000). 

Accelerometers function by measuring acceleration along a given axis (Welk 2002). They are 

preferred over the use of pedometers and questionnaires as they are able to establish PA intensity 

and can therefore distinguish between walking and running on level ground. Furthermore, a great 

function of accelerometers is that the sensor converts movements into counts that are relative to 

the muscular force producing motion (Melanson and Freedson 1996). These counts are presented 

over a specified time called epoch and are then stored for analysis. The counts recorded by 
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accelerometers can then be compared to published cut points which relate to metabolic equivalent 

(MET) values. 

It has previously been acknowledged that data reliability is reported to increase with the 

number of days monitoring and hours included for analysis. Penpraze et al. (2006) have suggested 

that 7 days monitoring, with an inclusion criteria of 10 hours of data per day, is reported to be the 

most reliable. Trost et al. (2000) determined 4–5 days of accelerometer monitoring in children would 

be adequate for achieving reliable results. 

Currently, there is no consensus on the ‘best’ cut points for the classification of MVPA in 

children (Kim, Beets, and Welk 2012; Freedson et al. 2005). An overview of the cut points used in 

children’s PA research can be found in Table 2. In theory, independent validation studies provide the 

strongest support for the use of existing cut points for classifying PA intensity levels. Accordingly, the 

findings from validation studies are used to advocate for the use of one or more sets of cut points to 

estimate minutes spent in PA intensities under free living conditions (Kim, Beets, and Welk 2012). 

Overall, previous findings indicate the inability to conclusively suggest a single set of cut points for 

widespread application (Kim, Beets, and Welk 2012). Nevertheless, recent systematic reviews and 

validation studies recommended the use of the Evenson (2008) cut points (Trost et al. 2011; Kim, 

Beets, and Welk 2012). The Evenson (2008) cut points were also recommended for use in children 

between the ages of 5-15 as they showed the greatest classification accuracy of all the cut points 

used with children (Trost et al. 2011; Kim, Beets, and Welk 2012). 
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Table 2: Overview of different cut points used in children’s PA accelerometry research. 
 
 

Sedentary (CPM) Light (CPM) Moderate (CPM) Vigorous (CPM) Very 

Vigorous 

(CPM) 

Freedson 
 

Children (2005) 

0 - 149 150 - 499 500 - 3999 4000 - 7599 7600 - ∞ 

Puyau Children 
 

(2002) 

0 - 799 800 - 3199 3200 - 8199 8200 - ∞  

Treuth Children 

Girls Only 

(2004) 

0 - 99 100 - 2999 3000 - 5200 5201 - ∞  

Mattocks 
 

Children (2007) 

0 - 100 101 - 3580 3581 - 6129 6130 - ∞  

Evenson 
 

Children (2008) 

0 - 100 101 - 2295 2296 - 4011 4012 - ∞  

Pulsford 
 

Children (2011) 

0 - 99 100 - 2240 2241 - 3840 3841 - ∞  

 
 
 

It has previously been found that a cut point of <100 CPM is the most appropriate for 

assessing children’s sedentary time (Fischer et al. 2012). However, assessing sedentary time can be 

challenging as it can be difficult to differentiate between non-wear time and sedentary time. Non- 

wear time is often defined as counts being equal to, or greater than, a certain amount of consecutive 

zeros (Kwon et al. 2012; Ojiambo et al. 2011). Furthermore, it has previously been shown that 

varying definitions of non-wear time result in differences in total wear time and non-wear periods 
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(Chinapaw et al. 2014). Moreover, sedentary behaviours such as sitting often result in zero counts, 

and as behaviours such as sitting are most likely to occur in bouts rather than intermittent periods, 

the chosen length of consecutive zeros may have a large influence on the amount of sedentary time 

reported. Previous research has used the consecutive zero rule to identify and remove non-wear 

time and this has ranged from 10 minutes of consecutive zeros to 180 minutes (Cain et al. 2013; Choi 

et al. 2011). Therefore, the exact amount of time children spend in sedentary behaviour remains 

unclear. Furthermore, with different studies applying different rules, making comparisons of 

sedentary time between studies is problematic (Tanaka, Reilly, and Huang 2014). 

Previous studies that have used strict rules to identify and remove ‘non-wear time’, such as 
 

10 minutes of consecutive zeros (Corder et al. 2013), may in fact underestimate changes in 

sedentary time by misclassifying it as non-wear time. On the other hand, studies that have used less 

stringent rules to define non-wear time, such as 60 minutes of consecutive zeros (Kwon et al. 2012), 

may overestimate the change in sedentary time. It has previously been found that a 20 minute zero 

string rule is appropriate to use in children and offers the most accurate and reliable estimation of 

sedentary behaviour (Esliger et al. 2005; Janssen et al. 2015). 

2.4.4 Strength 
 
 

Handgrip strength is related to total muscle strength and has been approved as a quick and 

simple tool for assessing general muscle strength in both clinical and research settings (Wind et al. 

2010). Wind et al. (2010) conducted a study to examine whether grip strength is related to total 

muscle strength in children, adolescents, and young adults and found that grip strength can be used 

to gain an indication of a person’s general strength. The handgrip strength test has moderate to 

strong construct validity (r = 0.52-0.84) with established upper-body (i.e., 1RM bench press) and 

lower-body (i.e., leg press and isokinetic knee extensor torque) strength tests (Holm et al. 2008; 

Milliken et al. 2008) and strong reliability (r = 0.71-0.90) in children and adolescents (Benefice et al. 

1999; Brunet, Chaput, and Tremblay 2007; Ruiz et al. 2006). It it also a feasible method for use in the 
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field. Handgrip strength should be repeated twice on each hand to add reliability to the data (Cohen 

et al. 2010; Ingle, Stephenson, and Sandercock 2016; Cohen et al. 2017). 

2.4.5 Diet 
 
 

The DILQ can be used as a 24 hour recall of diet instead of a traditional diet recall 

questionnaire. This is because recalling diet depends greatly on the respondent’s memory and their 

ability to accurately recall dietary intake and it is also subject to respondent bias (Ventura et al. 

2006; Shim, Oh, and Kim 2014). Therefore, taking this into account, the DILQ may be preferred to a 

traditional 24hr diet recall interview or a food frequency questionnaire because previous research 

has indicated that food information is likely to be stored in the memory along with PA, as part of the 

day’s events, and it has been reported that recall was improved if an instrument was structured and 

had sequential questions in a segmented day (Baranowski and Domel 1994). The DILQ offered this as 

it uses words and pictures to encourage the child to recall and describe a range of activities from the 

previous day, including their entire food intake (Edmunds and Ziebland 2002). Therefore, by using 

the DILQ, it would be anticipated that the accuracy and validity of the data obtained would be 

improved. A study was conducted to test the validity and reliability of the DILQ for children aged 7-9 

years in four different schools (Edmunds and Ziebland 2002). Reliability and validity were tested 

through repeated rounds of data collection and the DILQ performed either well or acceptably on all 

validity and reliability tests (Edmunds and Ziebland 2002). Furthermore, estimations of typical food 

portion sizes for children are presented by Wrieden et al. (2008). These estimations are based on a 

unique source of weighed data on food portions of a large sample of children and therefore provide 

the best possible estimates of children’s food portion sizes in the UK. 

According to the developers of the questionnaire, asking children to complete the 

questionnaire in groups helps add validity to the data obtained (Edmunds and Ziebland 2002). A 

single 24-hour recall is not believed to be representative of habitual diet of an individual, it has 

therefore been recommended that 4 repeat 24-hour recalls are required in order for the data to be 
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more representative of habitual dietary habits (Holmes, Dick, and Nelson 2008). This 

recommendation was based on a sample of multi ethnic deprived UK households and is therefore 

representative of the sample used in the current study. Filling out the questionnaires in a face to 

face environment adds reliability to the data (Biro et al. 2002). Furthermore, in order to increase 

data quality, the individual conducting the questionnaires should be trained in conducting recall 

interviews. It is also advantageous if the researcher is knowledgeable regarding the common foods, 

nutritional habits, and preparation techniques of the ethnic group under investigation (Biro et al. 

2002). 

2.5 Justification of Study 
 
 

It is well understood that the aetiology of childhood obesity is complex with many 

contributing factors (Lobstein, Baur, and Uauy 2004; O’Rahilly and Farooqi 2006; Hill and Peters 

1998). Low levels of PA and poor dietary intake are reported as major contributory factors (Hills, 

Andersen, and Byrne 2011; Lobstein, Baur, and Uauy 2004; St-Onge, Keller, and Heymsfield 2003). 

However, a factor that has not been studied to the same extent is muscular function. Strength has 

previously been reported to be negatively associated with metabolic risk in children and adolescents 

(Artero et al. 2011). Furthermore, prior research has not examined PA, diet and strength together in 

a sample of deprived multi-ethnic children. Understanding the relationship between lifestyle factors, 

muscular function and weight status in children can help provide information to effectively target 

interventions. Moreover, it has previously been found that obesity is higher among children from 

areas of lower SES and hence investigating factors affecting weight status in this population is of 

paramount importance. 

2.6 Aims and Objectives 
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Aim: This study assessed the associations between weight status, PA, sedentary behaviour, strength, 

and diet in a sample of deprived multi ethnic children. This study also aimed to assess which lifestyle 

factors had the greatest effect on overweight and obesity in children. 

 
 

Objectives: To examine the associations between these variables by: 
 

• Obtaining objectively measured PA using accelerometers 
 

• To assess weight status and body composition by measuring height, body mass, waist and 

hip circumference, waist-to-hip ratio, BMI, and Bio-electrical impedance analysis (BIA). 

• To assess maturation by measuring sitting height and leg length. 
 

• To assess strength by using handgrip dynamometer strength test. 
 

• To assess diet using the Day in the Life Questionnaire (DILQ). 

 
2.7 Hypotheses: 

 
 

It is hypothesized that, of the factors assessed, PA will have the greatest effect on weight status in 

children. Furthermore, it is hypothesized that there will be an inverse association between PA and 

weight status and a positive association between energy intake and weight status. 
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3.0 Method 
 

3.1 Recruitment/Participants 
 
 

Following ethics approval from the institutional ethics committee, a purposive sample of 103 

children (50 males, 53 females; mean age ± SD = 9 ± 0.9 years) were recruited from three primary 

schools across areas of low SES from Coventry (7-10 years old). This study used cluster sampling and 

a cross-sectional study design was employed. SES was determined using the IMD (2015), which is a 

measure of compound social and material deprivation, calculated from a wide range of data 

including income, employment, health, education, and housing. However, it is based on the 

postcode of the participant's school, and therefore provides an approximation of SES at area level. 

Participants’ IMD scores (based on their school postal code) were allocated to national  IMD 

quintiles, derived from the IMD score ranking for England; this classification allowed comparison of 

the levels of deprivation in the sample, relative to the wider population. All three schools that 

participated in this research were from areas of SES ranging from 1-4 with 68% of the sample from 

the lowest SES area (1) and 15.5% from SES area 3 whilst 16.5% of the sample were recruited from a 

school in SES area 4. Areas 1-4 are all low SES areas. 

Invitation letters were sent to the head teachers of those schools that were identified 

suitable for this study (appendix 1). Once agreements were in place with the head teachers and they 

were happy to allow the school to participate, meetings were held with the PE co-ordinators and 

relevant management staff highlighting the research that was due to be undertaken. Letters were 

then sent home to the children and parents, further explaining the research being conducted 

(appendix 2 and 3) and parental consent for the child to participate was gained (appendix 4). The 

study was inclusive and aimed to encompass all children, however, children with chronic diseases 

and/or disabilities were excluded due to medical limitations and contraindications. Each element of 

testing was given careful consideration in order to avoid undue risk for the child who may have 

problems such as poor balance, limited strength, poor vision, or cognitive disability. Nevertheless, all 
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children were apparently heathy and able to take part in all elements of testing except for one child 

who was unable to partake in dietary recall due to cognitive health. Furthermore, children aged 

between 7 and 10 years of age were chosen as they are pre-pubertal children, therefore not adding 

the variable of puberty to PA and other measures, and also due to the fact that they were not 

involved in the year 6 SAT’s exams, making it more feasible to recruit these children. 

3.2 Response Rate 
 
 

A total of 185 children were invited to take part in the study, of which, 103 (50 males and 53 

females) consented to take part. This gave an overall response rate of 56%. Of the 103 children that 

took part in the study 32% were White, 36% were Black, 21% were SA, and 11% were from other 

ethnic backgrounds. 65 children met the inclusion criteria for PA assessment. This resulted in a 

compliance rate of 63%. Previous research that has assessed PA in children has reported compliance 

rates of 85% (Riddoch, 2004), 62% (Owen et al., 2009) and 26-40% (Trost et al. 2002) respectively. 

3.3 Anthropometric Assessment/ Body Composition 
 
 

Body composition and weight status were examined via multiple methods including height 

and body mass measurement, BMI, WC, waist to hip ratio (WHR), and BIA determined body fat. 

Height (cm) and body mass (kg) were measured once and recorded using a Seca Stadiometre (Seca 

213) and weighing scales (Seca 877) (Seca Instruments, Germany). The children were asked to 

remove shoes and socks to allow for more accurate measurement of height, body mass and BIA 

determined body fat. BMI was calculated by dividing weight in Kg by height in metres, then dividing 

the answer by height again. The BMI score was then compared to the British 1990 (UK90) growth 

reference charts in order to determine the weight status of each child. The 85th and 95th centiles 

were used to define overweight and obese, in line with the UK BMI charts (Cole 1990). Sitting height 

was also assessed using a Seca Stadiometre whilst leg length was measured using a non-stretchable 

measuring tape, in order to account for maturation. Sitting height was measured from the anterior 

superior iliac spine to the top of the head whilst the child was sitting on the ground in an upright 
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position with legs extended forwards. Leg length was measured from the anterior superior iliac spine 

to the medial malleolus whilst the participants were positioned supine (Orlin and Lowes 2013; 

Tecklin 2008). After collecting data for sitting height and leg length, biological maturity was 

estimated using the maturity offset (Mirwald et al. 2002). This technique provides an estimate (in 

years) of the distance (time) from peak height velocity (PHV). 

Another method that was used as a measure to identify those at a health risk of being 

overweight/obese was the measurement of WC. WC was measured using a non-stretchable 

measuring tape midway between the 10th rib and the top of the iliac crest (Freedman et al. 1999; 

Moreno et al. 1999). Each child was asked to stand upright with arms to the sides, feet positioned 

close together, and weight evenly distributed across the feet (WHO 2008). Furthermore, the children 

were told to relax and take a few deep, natural breaths before the actual measurement was made, 

this was in order to minimize the inward pull of the abdominal contents during the waist 

circumference measurement (WHO 2008). Data was then compared to the UK WC centile charts 

constructed by McCarthy, Jarrett, and Crawley (2001). Similar to BMI, the 85th and 95th centiles  

were used to define overweight and obese. WHR ratio was also calculated by measuring hip 

circumference (HC) in addition to WC measurement. HC was measured around the widest portion of 

the buttocks using a non-stretchable measuring tape and the children were asked to stand in the 

same posture as for WC (WHO 2008). 

BIA was conducted using a Tanita BF350 body composition analyser (Tanita inc, Tokyo, 

Japan). This method was used in order to establish body fat percentage. Children were asked to step 

on the scale and stand still with minimal movement in order for the BIA scanner to assess and 

calculate body fat percentage accurately. Children were assessed whilst wearing their school 

uniform, however, they were asked to remove shoes and socks. In order to establish whether the 

children were under fat, healthy, over fat, or obese, the data collected was compared to body fat 
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reference curves for children (McCarthy 2006). Again, the 85th and 95th percentiles were used to 

define overweight and obese respectively. 

3.4 Assessment of Physical Activity and Sedentary Behaviour 
 
 

ActiGraph Accelerometers (ActiGraph wGT3X-BT) were used to objectively measure PA and 

sedentary behaviour. In the current study, children were asked to wear the accelerometer for 7 days 

and data was collected 24 hours a day. The accelerometers were fully charged before being 

initialized at a sampling rate of 80 hertz (Hz) and an epoch length of 15 seconds. The accelerometers 

were then fitted on the child’s wrist and the children were asked to wear the accelerometer at all 

times except for water activities (including bath/shower) and to also keep the monitor on overnight. 

After 7 days, once the accelerometers had been returned by the children, they were recharged so 

they can be used again for the next set of children. The data recorded was downloaded before the 

accelerometer could be re-initialized. It was then analysed using Actilife software (section 3.7). 

Inclusion/exclusion criteria was set as follows. Participants were required to provide at least 4 days 

of data with a minimum of 1 weekend day. Each valid day needed to consist of at least 10 hours 

wear time. Moreover, the first day was excluded from analysis, in order to ensure minimal behaviour 

change as a result of wearing the monitor. The monitor was fitted onto a watch strap for the child to 

wear on their dominant wrist. 

After careful consideration of all the cut points available, the current study used the Evenson (2008) 

cut points to classify time spent in different PA intensities. In order to establish whether the children 

are adequately active or not, PA levels were compared to the national guidelines. Currently, the 

guidelines for children and young people aged between 5-18 years suggest that they should engage 

in at least 60 minutes of MVPA every day – this should range from moderate activity, such as cycling 

and playground activities, to vigorous activity such as running and tennis (DoH 2011). 
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The Evenson (2008) cut points of 0-100 counts per minute (CPM) were also used to classify 

sedentary time. After evaluating previous research, the number of zeros used to classify non-wear 

time in the current study was set at 20 minutes of consecutive zeros. 

3.5 Assessment of Strength 
 

Strength was assessed using a handgrip dynamometer (Takei 5401 Handgrip Dynamometer) 

strength test (Cohen et al. 2010). The children in the current study were asked to exert maximal 

force on the dynamometer (maximum voluntary contraction) and to execute the test twice on each 

hand in order to add reliability to the data. The test was conducted in the standing position with the 

wrist in the neutral position and the elbow extended (Espana-Romero et al. 2010; Cohen et al. 2010; 

Ingle, Stephenson, and Sandercock 2016). The protocol involved the children exerting maximal force 

on the handgrip dynamometer, starting with their arm elevated high above the head and bringing 

the dynamometer down towards the side of the body via a medial rotation movement, as maximal 

force was being exerted. The children were given verbal encouragement to exert maximal effort 

between approximately 90° and 0° of flexion and ‘squeeze as hard as possible’ for at least 2 seconds. 

This replicates methods previously used when assessing handgrip strength in children (Cohen et al. 

2010; Ingle, Stephenson, and Sandercock 2016; Cohen et al. 2017). Scores for handgrip strength 

were scaled for body mass (kg/kg) which is consistent with the existing literature (Artero et al. 2011; 

Grøntved et al. 2013; Steene-Johannessen et al. 2009). 

 
 
 

3.6 Assessment of Diet 
 
 

Diet was assessed using the ‘Day in the Life Questionnaire’ (DILQ) (Edmunds and Ziebland 

2002) as it provides a useful child friendly measure of dietary intake in children. Children were asked 

to fill out the questionnaire in groups whilst being supervised by the researcher/teacher, as 

recommended by the authors of the DILQ (Edmunds and Ziebland 2002). The children reported on 

the foods and beverages that they had consumed in the previous 24 hours. Children were asked to 



41 
 

complete the questionnaire on 4 separate occasions (with minimum one weekend day). The 

questionnaires were completed in groups as children from each class completed the questionnaires 

together, under the supervision of the researcher. The current study chose to administer the DILQ 

on four separate occasions. 

3.7 Data Analysis 
 
 

PA data files were analysed post testing using the Actilife computer software (Actigraph, USA, 

version 6, sampling rate 80 hertz (Hz), and epoch length 15 seconds). The data file was downloaded 

via a data table to Microsoft Excel where time spent in PA intensities was manually calculated for 

each day. Data collected from the accelerometers was broken down into time spent in sedentary, 

light, moderate, vigorous, and MVPA using the Evenson (2008) cut points. A comparison of 

demographic data between those children that did and did not meet PA inclusion criteria was then 

added so that overweight/obesity prevalence among children that didn’t provide PA data can be 

compared to those that did. Information gained relating to dietary intake was analysed using the 

WISP computer software (Tinuviel Software, UK). Once the diet had been entered and analysed  

using WISP, total energy intake was recorded as well as macro-nutrient breakdown. Comparisons 

were then made against the national recommended guidelines (PHE 2016). 

3.8 Statistical Analysis 
 
 

Independent and paired t-tests (SPSS > Analyze > Compare Means > Independent-Samples T Test  

and Paired-Samples T Test) were conducted for descriptive purposes in order to observe gender 

differences in all variables measured and to observe differences between weekdays and weekends 

for both PA and dietary analysis. Pearson Correlations (Analyze > Correlate > Bivariate) were 

conducted in order to assess associations between all variables measured, particularly between, 

lifestyle behaviours (PA and Diet), strength & power, and weight status. Analysis of covariance 

(ANCOVA)’s (Analyze > General Linear Model > Univariate) were conducted in order to compare how 

weight status (BMI, WC, and BIA fat %) in children differed between those that had high or low PA, 
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diet, and strength, and also to observe if weight status differed between gender, whilst controlling 

for maturation (age at PHV). However, the ANCOVA’s were repeated with maturity offset as the co- 

variate, which was also significant, and the statistical findings did not change as a result of using 

either co-variate. Hence, Age at PHV remained as the chosen co-variate for the ANCOVA’s. VPA, 

strength and diet were dichotomised into low and high groups based on the median, resulting in two 

equal groups (Duncan et al. 2018). This was then used as a between subjects factor to determine if 

there were differences in weight status between children who had high or low VPA, strength, and 

diet. Effect sizes were calculated using partial eta squared (ηp²). Magnitude of effect sizes were 

defined as trivial (0-0.19), small (0.20-0.49), moderate (0.50-0.79) or large (>0.80) (Cohen, 1992). All 

statistics were performed using the Statistical Package for the Social Sciences (SPSS) 24 (IBM 

Corporation, USA) and significance was set at P<0.05. 
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4.0 Results 
 

4.1 Overview of Data Collected 
 
 

All participants (103) were assessed for anthropometric and strength measurements. All except one 

child met the inclusion criteria for dietary assessment, however none of the children met the 

recommended energy intake of 1817 kilocalorie (Kcal) for males and 1703 Kcal for females 

respectively (PHE 2016). Among study participants, 65 (63%) of children met the inclusion criteria for 

PA assessment. Information relating to why the other children did not meet the inclusion criteria 

was not collected, however it was clear that they did not provide sufficient data, which may have 

been as a result of them not wearing the watch at all times as requested. Of those children, 95% (62 

children (out of 65 that met inclusion criteria and out of 103 in whole sample)) met the guidelines of 

60 minutes of MVPA over all days, 97% (63 children) met the guidelines on weekdays and 85% (55 

children) met the guidelines on weekend days respectively. Of the children that failed to meet the 

guidelines (across all days, weekdays, and weekends) 70% were females and 30% males. The mean 

age of the children that failed to meet guidelines was higher than the mean age of the whole sample 

(9.5 years compared to 8.9 years). Furthermore, of the children that failed to meet the inclusion 

criteria for PA assessment 32% were overweight/obese according to BMI assessment, 39% according 

to WC measurement and 21% according to BIA determined body fat % respectively. There was a 

significant difference in BIA fat %, percentile and standard deviation score (SDS) between those that 

met the PA inclusion criteria and those that didn’t, with those that didn’t having lower BIA fat %, 

percentile and SDS (P<0.05) (Table 3). 
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Table 3: Comparison of demographic data between those children that did and did not meet 
physical activity inclusion criteria 

 
 Met PA inclusion criteria 

(n=65) 
Did not meet PA inclusion criteria 
(n=38) 

Mean ± standard 
  deviation (SD)  

Mean ± SD 

Age 8.9 ± 0.9 8.9 ± 0.9 
Gender 45 % Males,55% 

Females 
55% Males,45% Females 

Height (cm) 138.4 ± 9.1 136.5 ± 8.0 
Body Mass (kg) 36.8 ± 9.8 33.8 ± 9.4 
BMI (kg/m2) 19.0 ± 3.5 17.9 ± 3.7 
BMI percentile 70.0 ± 30.8 58.9 ± 31.2 
BMI SDS 0.8 ± 1.2 0.4 ± 1.3 
Age at PHV 12.2 ± 0.9 12.5 ± 1.1 
WC (cm) 63.1 ± 7.2 61.5 ± 7.7 
WC Percentile 77.8 ± 25.2 70.4 ± 25.9 
WC SDS 1.1 ± 1.1 0.8 ± 1.1 
WHR 0.82 ± 0.04 0.83 ± 0.03 
BIA Fat (%) 23.8 ± 9.0 20.0 ± 9.3* 
BIA Fat Percentile 60.7 ± 39.1 39.3 ± 38.5* 
BIA Fat SDS 0.1 ± 2.2 -0.9 ± 2.5* 

 

*significantly different to those that met PA inclusion criteria (P<0.05) 
 
 

4.2 Anthropometric Measurements 
 
 

Descriptive data for anthropometric measures can be found in Table 4. The only measures that were 

significantly different between males and females were Age at PHV and BIA Fat % (P<0.001) with 

males encountering age at PHV at a significantly later age compared to females whilst females had 

greater body fat percentage compared to males (Table 4). 
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Table 4: Summary of anthropometric variables by gender 
 

 All Males Females 
 (n=103) (n=50) (n=53) 
 Mean ± SD Mean ± SD Mean ± SD 

Age 9.0 ± 0.9 9.0 ± 0.9 9.0 ± 0.9 
 

Height (cm) 
 

137.7 ± 8.7 
 

136.8 ± 8.0 
 

138.6 ± 9.3 
Body Mass (kg) 35.7 ± 9.7 34.7 ± 10.3 36.6 ± 9.1 
BMI (kg/m2) 18.6 ± 3.6 18.3 ± 3.8 18.9 ± 3.4 
BMI percentile 65.9 ± 31.3 64.8 ± 32 66.9 ± 30.8 
BMI SDS 0.7 ± 1.3 0.7 ± 1.4 0.7 ± 1.2 
Sitting Height (cm) 69.3 ± 4.1 68.9 ± 4.0 69.7 ± 4.1 
Leg Length (cm) 71.3 ± 6.9 70.0 ± 6.7 72.6 ± 6.9 
Age at PHV 12.3 ± 1.0 13.2 ± 0.5 11.5 ± 0.5** 
WC (cm) 62.5 ± 7.4 62.0 ± 7.6 62.9 ± 7.3 
WC Percentile 75.0 ± 25.6 70.9 ± 27.3 79.0 ± 23.4 
WC SDS 1.0 ± 1.1 0.8 ± 1.2 1.1 ± 1.0 
WHR 0.83 ± 0.04 0.83 ± 0.04 0.83 ± 0.04 
BIA Fat (%) 22.4 ± 9.3 19.1 ± 8.2 25.5 ± 9.2** 
BIA Fat Percentile 60.4 ± 37.0 45.9 ± 40.1 59.4 ± 39.2 
BIA Fat SDS -0.2 ± 2.3 -0.6 ± 2.3 0.0 ± 2.4 
**significantly different to males (P<0.001) 

4.3 Measures of Body Fatness and Weight Status 
 
 

4.3.1 BMI/WC/BIA Determined Body Fat 
 

According to BMI, WC, and BIA determined body fat, 39%, 48%, and 35% of the sample (103 

participants) were either overweight or obese whilst 2%,1%, and 18% were underweight (Table 5) 

Table 5: Number (percentage) of underweight, overweight and obesity prevalence based on 
method of assessment (BMI, WC, and Body fat (%) percentiles) 

 

 Underweight 
(M=male, 
F=female) 

Overweight 
(M=male, F=female) 

Obese 
(M=male, F=female) 

Overweight/Obese 
(M=male, F=female) 

BMI (Kg/ m2) 2 (2%) (2M) 11 (11%) (5M, 6F) 29 (28%) (14M, 15F) 40 (39%) (19M, 21F) 
WC (cm) 1 (1%) (1M) 17 (17%) (8M, 9F) 32 (31%) (12M, 20F) 49 (48%) (20M, 29F) 
BIA Fat % 19 (18%) (11M, 8F) 8 (8%) (2M, 6F) 28 (27%) (11M, 17F) 36 (35%) (13M, 23F) 

 
4.3.2 Gender differences in overweight/obesity prevalence 

 
 

A greater percentage of females were overweight/obese across all assessment methods (BMI, WC, 

BIA Fat %). 18.4% males and 20.3% females were classified as overweight/obese according to BMI. 
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According to WC measurement, 19.4% males and 28.2% females were classified as either 

overweight/obese. Finally, according to BIA Fat %, 12.6% males and 22.3% females were classified as 

either overweight or obese. However, none of these differences were significant (P>0.05). 

4.4 Strength 
 
 

There was no significant difference in handgrip strength between males and females (P>0.05) (Table 

6). 

Table 6: Summary of strength measurements by gender 
 
 

 All Males Females 
 (n=103) (n=50) (n=53) 
 Mean ± SD Mean ± SD Mean ± SD 

Handgrip Strength (Dominant Hand)    
Absolute Strength (Kg) 15.6 ± 4.5 15.6 ± 4.6 15.5 ± 4.4 
Relative to Body Mass (Kg/Kg) 0.4 ± 0.1 0.5 ± 0.1 0.4 ± 0.1 

 
4.4.1 Associations between Handgrip Strength and Weight Status/Body Fat 

 
 

When absolute handgrip strength was assessed, a positive correlation was observed with weight 

status and body fat measures (Body mass, BMI, BMI percentile, BMI SDS, WC, WC percentile, WC 

SDS, BIA fat % and BIA Fat SDS) (Table 6). Correlations observed ranged from strong to weak (ranging 

from r=0.633 to r=0.276) (Evans 1996). When handgrip strength was expressed relative to body mass 

(handgrip strength/body mass) inverse relationships were observed with all weight status and body 

fat measures apart from WHR (Table 7). All correlations observed were weak (ranging from r= 0.284 

to r=0.367) (Evans 1996). 
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Table 7: Pearson product moment correlation coefficients between handgrip strength and measures of weight status/body fat. 
 

 
 Body 

Mass 
(kg) 

BMI BMI 
percentile 

BMI SDS WC (cm) WC 
percentile 

WC SDS WHR BIA fat % BIA fat % 
percentile 

BIA fat % 
SDS 

Absolute 
strength (kg) 

r=0.663 
P<0.001 

r=0.408 
P<0.001 

r=0.309 
P=0.002 

r=0.344 
P<0.001 

r=0.472 
P<0.001 

r=0.350 
P<0.001 

r=0.375 
P<0.001 

r=-0.186 
P=0.060 

r=0.276 
P=0.005 

r=0.195 
P=0.066 

r=0.287 
P=0.003 

 
Handgrip 
strength/ 
Body Mass 
(Kg/Kg) 

     
r=-0.363 
P<0.001 

 
r=-0.284 
P=0.004 

 
r=-0.367 
P<0.001 

 
r=0.127 
P=0.202 
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4.5 Summary of Physical Activity Assessment 
 
 

Over all days and weekdays, there was a significant difference between males and females for time 

spent in light, vigorous and MVPA (P<0.05) (Table 8). All of the children spent most of their time in 

light PA. Females spent greater time in light PA compared to males (67% compared to 63% over all 

days and 69% compared to 65% over weekdays) whilst males spent greater time in vigorous PA 

(VPA) and MVPA (4% compared to 2% for both VPA and MVPA). There was no significant difference 

between males and females in wear time, time spent in sedentary, percentage sedentary, moderate, 

and percentage moderate (P>0.05). 

 
On weekend days, all children spent most of their time in light PA. There was a significant difference 

between males and females for percentage time spent in light (P=0.013), time spent in vigorous 

(P=.018) and percentage vigorous (P<0.018) with females spending a greater percentage of time in 

light (64% compared to 59%) whereas males spent greater time in VPA (4% compared to 2%). 

Additionally, wear time was significantly different between weekdays and weekends (P=0.021) with 

children wearing the Actigraph watches for longer during weekdays (860 minutes compared to 833 

minutes). Time spent in sedentary (P<0.001) and percentage time spent in sedentary (P<0.001) were 

also significantly different between weekdays and weekends with greater sedentary behaviour 

observed on weekend days (26 % compared to 20%). Furthermore, time spent in light (P<0.001) and 

percentage time spent in light (P<0.001) were also significantly different between weekdays and 

weekends with children spending less time in light PA on weekends (62% compared to 67%) (Table 

8). 
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Table 8: Comparison of Physical Activity between males and females over all days, weekdays, and 
weekends 

 

 All 
Days 

 
All Pts 

 
 

Males 

 
 

Female 
s 

Weekdays 
 

All Pts 

 
 

Males 

 
 

Females 

Weekend 
 

All Pts 

 
 

Males 

 
 

Females 

 (n=65) 
Mean ± 
SD 

(n=29) 
Mean 
SD 

 
± 

(n=36) 
Mean ± 
SD 

(n=65) 
Mean ± SD 

(n=29) 
Mean 
SD 

 
± 

(n=36) 
Mean 
SD 

 
± 

(n=65) 
Mean ± SD 

(n=29) 
Mean 
SD 

 
± 

(n=36) 
Mean 
SD 

 
± 

 
Wear 
Time 

 
852 
51 

 
± 

 
850 ± 53 

 
853 
50 

 
± 

 
860 ± 56 

 
854 ± 53 

 
865 ± 59 

 
833 ± 87# 

 
840 ± 95 

 
828 ± 81 

Time 
spent in 
Sedentar 
y 

187 
55 

± 193 ± 55 182 
55 

± 171 ± 48 174 ± 52 168 ± 46 214 ± 83## 231 ± 84 200 ± 81 

% time 
spent in 
Sedentar 
y 

22 ± 7 23 ± 7 21 ± 7 20 ± 6 20 ± 6 19 ± 5 26 ± 10## 28 ± 9 24 ± 10 

Time 
spent 
Light 

 
in 

558 
63 

± 539 ± 67 574 
55* 

± 581 ± 63 558 ± 66 599 
54* 

± 517 ± 82## 498 ± 84 533 ± 79 

% time 
spent in 
Light 

65 ± 6 63 ± 6 67 ± 5* 67 ± 5 65 ± 6 69 ± 4* 62 ± 8## 59 ± 8 64 ± 7* 

Time 
spent in 
Moderat 
e 

80 ± 21 82 ± 20 78 ± 21 81 ± 21 84 ± 19 79 ± 22 78 ± 26 79 ± 27 77 ± 26 

% time 
spent   in 
Moderat 
e 

9 ± 2 10 ± 2 9 ± 3 9 ± 2 10 ± 2 9 ± 2 9 ± 3 10 ± 3 9 ± 3 

Time 
spent in 
Vigorous 

27 ± 15 36 ± 15 20 
10** 

± 28 ± 15 38 ± 15 20 ± 9** 24 ± 21 31 ± 25 19 ± 15* 

% of time 
spent in 
Vigorous 

3 ± 2 4 ± 2 2 ± 1** 3 ± 2 4 ± 2 2 ± 1** 3 ± 2 4 ± 3 2 ± 2* 

Time 
spent 
MVPA 

 
in 

106 
31 

± 118 ± 31 97 
29* 

± 108 ± 31 122 ± 31 98 ± 28* 102 ± 42 110 ± 47 96 ± 37 

% of time 
spent   in 

   MVPA  

13 ± 4 14 ± 4 11 ± 3* 13 ± 4 14 ± 4 11 ± 3* 12 ± 5 13 ± 6 12 ± 4 

If * after female data then significantly different to males (P<0.05). However, if # after all participant 
data then significantly different to weekdays. 

If ** after female data then significantly different to males (P<0.001). However, if ## after all 
participant data then significantly different to weekdays. 
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4.6 Correlations observed between Strength and Physical Activity 
 
 

There was a significant weak positive correlation between absolute handgrip strength and time 

(absolute time in minutes) and percentage time (time spent in relation to wear time) spent in 

sedentary and also a weak inverse association with time/percentage time spent in moderate, 

vigorous and MVPA (Table 9 and Figure 1). There was a significant weak positive correlation between 

handgrip strength/body mass and time spent in sedentary (r=0.250 P=0.045) and percentage time 

spent in sedentary (r=0.291 P=0.019). However, significant weak inverse relationships were also 

observed with time spent in light PA (r=-0.266 P=0.033) and percentage time spent in light PA (r=- 

0.255 P=0.041). 
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Table 9: Correlations between absolute and relative handgrip strength and physical activity. 

 

 Sedentary %Sedentary Light %Light Moderate %Moderate Vigorous %Vigorous MVPA %MVPA 

Absolute r=0.318 r=0.350 r=-0.191 r=-0.175 r=-0.326 r=-0.299 r=-0.339 r=-0.309 r=-0.370 r=-0.354 
Handgrip P=0.010 P=0.004 P=0.128 P=0.164 P=0.008 P=0.015 P=0.006 P=0.012 P=0.002 P=0.004 
Strength (kg)           

Handgrip r=0.250 r=0.291 r=-0.266 r=-0.255 r=-0.200 r=-0.186 r=0.024 r=0.051 r=-0.103 r=-0.101 
strength/body P=0.045 P=0.019 P=0.033 P=0.041 P=0.110 P=0.137 P=0.849 P=0.686 P=0.416 P=0.421 

   mass (Kg/Kg)            



52  

 
 

35.0 
 

30.0 
 

25.0 
 

20.0 
 

15.0 
 

10.0 
 

5.0 
5 10 15 20 25 

Percentage time spent in MVPA 
 
 

Figure 1: Weak negative correlation between absolute handgrip strength and percentage time spent 
in MVPA (r= -0.354, r2 = 0.125 P=0.004). 

 
 

4.7 Summary of Dietary Analysis 
 
 

There were no gender differences observed in dietary intake between males and females over all 

days, weekdays, and weekends (P>0.05) (Table 10). Furthermore, there were no significant 

differences in dietary intake between weekdays and weekends (P>0.05). Water intake was 

significantly greater during weekdays compared to weekends (P=0.043). 
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Table 10: Comparison of dietary intake between males and females over all days, weekdays, and weekends. 
 

 All Days   Weekdays   Weekend   
 All Pts Males Females All Pts Males Females All Pts Males Females 
 (n=102) (n=49) (n=53) (n=102) (n=49) (n=53) (n=102) (n=49) (n=53) 

Energy (Kcal) 1287 ± 424 1305 
± 465 

1271 ± 385 1291 ± 431 1308 
± 463 

1275 ± 403 1276 ± 
646 

1294 ± 
673 

1260 ± 
626 

Protein (g) 47 ± 16 48 ± 
17 

47 ± 15 47 ± 16 47 ± 
17 

47 ± 14 48 ± 27 50 ± 
26 

46 ± 29 

Carbohydrate (g) 181 ± 61 183 ± 
71 

179 ± 52 183 ± 63 184 ± 
69 

182 ± 57 176 ± 
97 

180 ± 
108 

172 ± 87 

Sugars (g) 69 ± 35 67 ± 
38 

71 ± 33 70 ± 36 67 ± 
36 

72 ± 37 67 ± 56 66 ± 
68 

67 ± 42 

Fat (g) 47 ± 20 49 ± 
22 

46 ± 19 47 ± 21 48 ± 
22 

46 ± 20 48 ± 35 49 ± 
39 

48 ± 31 

Saturated (g) 17 ± 8 17 ± 7 18 ± 8 17 ± 8 18 ± 8 17 ± 8 18 ± 13 17 ± 
13 

19 ± 13 

Monounsaturated 
(g) 

16 ± 7 16 ± 7 15 ± 7 15 ± 7 16 ± 8 15 ± 7 16 ± 12 15 ± 
11 

17 ± 12 

Polyunsaturated (g) 8 ± 5 8 ± 6 8 ± 3 8 ± 5 8 ± 7 8 ± 4 8 ± 6 8 ± 7 7 ± 5 
Water (g) 863 ± 332 821 ± 

384 
903 ± 274 885 ± 349 837 ± 

386 
929 ± 309 800* ± 

455 
773* ± 
513 

825* ± 
398 

*significantly different to weekdays (P<0.05) 
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4.8 Correlations Observed between Physical Activity and Body Fat Assessment 
 
 

It’s important to note that other than the correlations observed between strength and  weight 

status, the only other significant correlations observed were between PA and weight status 

measures. There were no significant correlations observed between sedentary behaviour and weight 

status measures. Furthermore, none were observed between diet and weight status measures and 

nor were any significant correlations observed between PA and diet. 

4.8.1 Moderate Physical Activity/VPA 
 
 

There were no significant correlations between time spent in moderate PA and any of the weight 

status measures (P>0.05) (Table 11). There were significant, moderate to weak negative correlations 

between time spent in VPA and weight status measures (P<0.05). The strongest of these correlations 

were observed between VPA and BIA fat % (r= -0.437; P<0.001) (Figure 2) and body mass (r=-0.401; 

P=0.001). Despite there being a significant correlation between VPA and BMI (r=-0.296; P=0.017), 

this was not observed for BMI percentile (r= -0.184; P=0.143) and BMI SDS (r = -0.177; P=0.159). 

Similarly, there was a significant correlation between VPA and WC (r=-0.292; P=0.018), but not with 

WC percentile (r=-0.215; P=0.086) and WC SDS (r= -0.213; P=0.088). Furthermore, despite a 

significant correlation being observed between VPA and BIA Fat % (r=-0.437; P<0.001) and BIA fat % 

SDS (r=-0.239; P=0.018), this was not the case for BIA Fat % percentile (r= -0.239; P=0.073). VPA is 

more strongly associated with weight status compared to moderate PA, however associations are 

stronger with absolute values compared to percentile and SDS values. 

Table 11: Association between moderate and VPA with measures of weight status 
 
 

Body 
Mass 

  (kg)  

BMI BMI 
percentile 

BMI SDS WC (cm) WC 
percentile 

WC SDS WHR BIA fat% BIA fat% 
percentile 

BIA fat% 
SDS 

Moder r=-0.240 r=-0.103 r=-0.034 r=-0.023 r=-0.126 r=-0.048 r=-0.041 r=0.192 r=-0.162 r=0.056 r=-0.147 
ate PA P=0.054 P=0.416 P=0.786 P=0.856 P=0.316 P=0.701 P=0.743 P=0.126 P=0.196 P=0.680 P=0.243 
(mins)            

 r=-0.401 r=-0.296 r=-0.184 r=-0.177 r=-0.292 r=-0.215 r=-0.213 r=0.164 r=-0.437 r=-0.239 r=-0.294 
VPA P=0.001 P=0.017 P=0.143 P=0.159 P=0.018 P=0.086 P=0.088 P=0.191 P<0.001 P=0.073 P=0.018 

   (mins)             
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Figure 2: Moderate negative correlation between time spent in VPA and BIA Fat % (r= -0.437, r2 = 
0.190 P<0.001). 

 
 

4.8.2 MVPA 
 
 

There was a significant, weak negative correlation between time spent in MVPA, body mass and BIA 

fat % (P<0.05). The strongest of these correlations were observed between MVPA and body mass (r= 

-0.353 r2 = 0.125 P= 0.004). Furthermore, MVPA and BIA Fat % were also significantly weakly 

negatively correlated (r= -0.325; r2= 0.106 P= 0.008). However, for MVPA there were no other 

significant correlations with any of the other measures of weight status (P>0.05) (Table 12). 

Table 12: Association between MVPA and measures of weight status 
 
 

Body 
Mass 

  (kg)  

BMI BMI 
percentile 

BMI SDS WC (cm) WC 
percentile 

WC SDS WHR BIA fat% BIA fat% 
percentile 

BIA fat% 
SDS 

MVPA r=-0.353 r=-0.219 r=-0.118 r=-0.109 r=-0.223 r=-0.140 r=-0.132 r=0.215 r=-0.325 r=-0.088 r=-0.243 
(mins) P=0.004 P=0.079 P=0.349 P=0.388 P=0.075 P=0.267 P=0.295 P=0.085 P=0.008 P=0.515 P=0.051 
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4.9 Summary of ANCOVA results 
 
 

ANCOVA’s were conducted in order to investigate the influence of sex and lifestyle factors (VPA, 

Diet, Strength) on weight status (BMI, WC, and BIA Fat) whilst controlling for maturation. VPA was 

chosen instead of MVPA as it showed greater correlation with weight status (4.8.1 and 4.8.2). 

Furthermore, Age at PHV was used as a co-variate in order to control for maturation (Duncan et al. 

2018). 

4.9.1 Influence of sex, strength/mass, percent VPA, and diet on BMI, whilst controlling for 
maturation status. 

 

Age at PHV was a significant co-variate (P=0.007, ηp²=0.135; β= -2.357). There was a significant 

interaction between sex and VPA (P=0.008. ηp² = 0.132). Following Bonferroni post-hoc analysis it 

was identified that there was a significant difference in BMI between males who participated in low 

VPA and all other groups (significantly different to males high VPA (P=0.001); female high VPA 

(P<0.001); female low VPA (P<0.001)) (see section 3.8). Males who participated in low VPA had the 

highest BMI score (Sex mean difference = 5.320 SD = 3.579 P<0.001) (VPA mean difference = 2.889 

SD = 1.768 P=0.001). Males participating in high VPA had mean BMI of 20.262 compared to a mean 

BMI of 26.126 for males participating in low VPA (P<0.001). For females this difference had a lower 

range with females participating in high VPA having a mean BMI of 17.081 and those participating in 

low VPA having a mean BMI of 17.151 (P>0.05). There were no other significant interactions 

between the other variables (P>0.05). However, there was a main effect of strength (P=0.008) but 

not diet (P=0.586). The model including sex, strength, VPA, and diet explains 31.6% variance in BMI 

(r2=0.465, adjusted r2 =0.316). Sex was the biggest predictor of BMI (ηp²=0.211) followed by VPA 

(ηp²=0.142), handgrip strength (ηp²=0.132) and diet (ηp²=0.006). However, all effect sizes ranged 

from small to trivial (Cohen 1992). 

4.9.2 Influence of sex, strength/mass, percent VPA, and diet on WC whilst controlling for maturation 
status. 



57  

Age at PHV was a significant covariate for WC (P<0.001, ηp²=0.280; β= -7.290). There were no 

significant interactions between any of the variables for WC (P>0.05). However, there was a main 

effect of sex (P<0.001). There was also a main effect of strength and VPA (P=0.042 and P=0.002). The 

model including sex, strength, VPA, and diet explains 38.9% variance in WC (r2=0.523, adjusted r2 

=0.389). Sex was the biggest predictor of WC (ηp²= 0.341). VPA was the second strongest predictor 

(ηp²=0.173) followed by handgrip strength (ηp²=0.080) and diet (ηp²=0.022). However, all effect sizes 

observed ranged from small to trivial (Cohen 1992). 

4.9.3 Influence of sex, strength/mass, percent VPA, and diet on BIA determined body fat %, whilst 
controlling for maturation status. 

 

Age at PHV was a significant co-variate for BIA fat % (P=0.002, ηp²=0.181; β= -6.789). There were no 

significant interactions between any of the variables for BIA fat % (P>0.05). However, there was a 

main effect of strength and sex for BIA fat % (P=0.001 and P=0.015). There was also a main effect of 

VPA on BIA fat % (P=0.012). The model including sex, strength, VPA, and diet explains 40.2% variance 

in BIA fat % (r2=0.533, adjusted r2 =0.402) Handgrip strength was the biggest predictor of BIA fat % 

(ηp²=0.187). BIA fat % was also influenced by VPA (ηp²=0.199 and 0.072), sex (ηp²=0.114 and 0.209) 

and diet (ηp²=0.028 and 0.043). However, all effect sizes ranged from small to trivial (Cohen 1992). 
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5.0 Discussion 
 

5.1 Main Findings 
 
 

The present study analysed the influence of lifestyle factors affecting weight status, in a 

sample of deprived multi-ethnic children aged 7-10 years old, living in Coventry. This study provides 

evidence that factors such as sex, VPA, and strength are all having a combined influence on 

children’s weight status (section 4.9). Nevertheless, it seems all of the factors assessed, including PA, 

are only having a small effect on weight status (as all effect sizes ranged from small to trivial), and 

thus rejecting the hypothesis (section 2.6). This could be due to many reasons such as the low SES of 

the areas where children were recruited from, as well the low energy intake reported by children. 

These findings therefore suggest that it may in fact be other factors, such as the environment or 

genetics that are having a stronger influence on children’s weight status during the first decade of 

life. However, it seems clear that understanding children’s weight status and childhood obesity is 

complex and hence health promotion should not target on only certain aspects of these behaviours, 

as it currently does, but rather it should try to influence as many levels as possible by understanding 

the combined effects of the many different determinants. This may be a reason why a recent 

systematic review and meta-analysis provided strong evidence that the PA interventions in children 

show only small increases on PA (Metcalf, Henley, and Wilkin 2012). This may also explain why such 

interventions have had limited success in reducing BMI or body fat in children (Metcalf, Henley, and 

Wilkin 2012). 

The current study also found that strength (relative to body mass) and VPA are inversely 

related with weight status in children (sections 4.4.1 and 4.8.1). This therefore confirms the 

hypothesis that PA will have an inverse association with weight status. However, diet did not have  

an influence on weight status in children. This therefore rejects the hypothesis that diet will be 

positively associated with weight status. This may be due to the low energy intake reported by the 

children and the issues relating to the reliability of reporting foods in children (Livingstone, Robson, 
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& Wallace 2004). This may be a concern relating to the longitudinal growth of the children as 

sufficient nutritional intake is an important factor in normal growth for children (Rogol, Clark, and 

Roemmich 2000). Furthermore, whilst controlling for maturation, sex also has an influence  on 

weight status with males demonstrating higher BMI, WC and body fat percentage. This contradicts 

previous literature as usually girls demonstrate greater body fat, BMI, and WC than boys and hence 

the reason for this is unclear, warranting further research into mechanisms relating to this finding. In 

particular, this study provides novel findings in this sample of deprived multi-ethnic children, that 

there is an association between strength and weight status in children, with stronger children 

(relative to their body mass) demonstrating lower BMI, WC and body fat percentage. This also adds 

to the existing database of knowledge regarding strength and its relationship with weight status in 

children. 

Much of the previous research has independently assessed the impact of factors such as PA, 

strength and diet on weight status and cardio-metabolic risk in children (Artero et al. 2011; Ekelund 

et al. 2006; Steele et al. 2008; Steene-Johannessen et al. 2009; Donin et al. 2014). Moreover, 

research that has assessed multiple factors in children has predominantly been conducted in 

children from Europe and other parts of the world such as USA, Canada, and South America (Sanchez 

et al. 2007; Hardy et al. 2012; Huh et al. 2011). Therefore, the current study adds further research in 

this area by assessing a combination of many lifestyle factors that affect weight status. This study 

was novel as it was the first to assess strength, along with other lifestyle factors, in a sample of 

deprived multi-ethnic children from areas of low SES in Coventry. 

5.2 Factors affecting weight status 
 
 

5.2.1 Physical Activity 
 
 

The current study found that compliance to PA guidelines was high, with 95% of children 

meeting the guidelines over all days, 97% on weekdays and 85% on weekends. It is not anticipated 

that the exclusion of those without PA data may have influenced these results as those children that 
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did not manage to meet the inclusion criteria had lower mean body fat percentage than those that 

did meet the criteria. Based on the inverse correlations observed between PA and body fat (Tables 

11 and 12) it is anticipated that compliance to PA guidelines would likely have been high amongst 

those children that did not meet the inclusion criteria also. Moreover, previous research has also 

found that higher levels of PA are correlated with lower body fat in children (Rennie et al. 2005; Ara 

et al. 2004; Kemper et al. 1999; Rowlands, Eston, and Ingledew 1999; Guillaume et al. 1997). Hence, 

it would appear plausible to assume that the exclusion of those without PA data did not influence 

the results. Previous research that has examined objectively measured PA has found inconsistencies 

regarding children’s adherence to PA guidelines. However, similarly high levels of adherence have 

been found previously with Riddoch et al. (2004) finding that at the age of 9 (which was also the 

mean age of the sample for the current study), the great majority of boys and girls achieved current 

health-related PA guidelines (97.4% and 97.6%, respectively). Nevertheless, some studies have  

found that less than 50% of children meet the recommended guidelines (Riddoch et al. 2007; 

Metcalf et al. 2008). There can be many reasons for the inconstancies observed. For example, the 

age group and sample studied can have a big influence on findings. Also, seasonal variation may 

have an influence on PA levels as it has been found that there are lower levels of MVPA and greater 

engagement in sedentary behaviours during autumn and winter (Atkin et al. 2016; Tucker and 

Gilliand 2007; Carson and Spence 2010). Hence, higher engagement in PA observed in the current 

study may have been due to testing being conducted during the summer season. Nevertheless, the 

current study controlled for seasonal variation by measuring all children during the same season. 

Furthermore, there are no universally agreed upon set of cut points used to quantify PA intensity 

and therefore a wide range of different accelerometer cut points have been used in previous 

research (Reilly et al. 2008). Recent research has attempted to assess the effect of accelerometer cut 

points on the recommended level of PA for obesity prevention in children and has found that the 

decision of cut point’s selection has a major influence on quantifying PA (Gaba et al. 2016). 
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The level of adherence to PA guidelines in the current study is significantly higher than the 

national average, with the latest figures showing that only 22% of children aged between 5 and 15 in 

England are meeting the PA guidelines of 60 minutes of MVPA each day (HSE 2015). However, the 

assessment methods were different with HSE (2015) conducting a survey compared the objective 

method of accelerometry used in the current study. Also, the data presented by HSE (2015) is based 

on averaged data across the SES strata whereas the current study provides homogenous data from 

low SES area. It has previously been found that children’s PA is influenced by SES and material 

deprivation (Pouliou et al. 2014; Noonan et al. 2016; Dahmann et al. 2010; Molaodi et al. 2012). For 

example, it has previously been found that PA levels are higher among children where there was no 

access to a car in the household, hence prompting more active travel such as walking or cycling 

(Pouliou et al. 2014; Bostock 2001). Furthermore, other material disadvantages such as lack of TV, 

electronic applications, and game consoles can also promote greater PA in children in areas of low 

SES (Lou 2014). This may explain the high PA prevalence in the current study. 

In the current study, children were more active on weekdays than weekends. There may be 

a number of reasons explaining why such PA and sedentary behaviour patterns are observed in 

children. Firstly, there is greater standardisation of PA on a school day compared to weekends, 

resulting in a more structured day and set times for PA, whereas on weekends there is more scope 

for behavioural choice (Fairclough et al. 2012). Furthermore, the family and home environment may 

also affect children’s PA levels, particularly on weekends. In previous literature, ecological models 

have been presented in order to understand the range of factors that can influence children’s PA. 

For example, a model presented by Dahlgren and Whitehead (1991) indicates that there are many 

factors influencing PA in children. These include individual determinants (beliefs, sex, age and skills), 

social environment (family income, social cohesion, culture, equity), built environment (urban 

design, green space, transport), and the natural environment (weather, air, water). Since the 

children recruited for the current study were all from an area of low SES, these findings are not 
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entirely surprising as the social and built environment may be hindering children’s willingness to 

engage in greater amounts of PA on weekends. 

Previous research has generally found that children partaking in higher levels of PA usually 

have better metabolic profiles and weight status compared to children that engage in lower levels of 

PA (Fulton et al. 2009; Steele et al. 2008). The current study is in agreement with previous findings, 

however it has found that the vigorous component of PA has a greater benefit for children as it was 

more strongly associated with weight status (association between VPA and BIA fat % r= -0.437; r2 = 

0.190 P<0.001). This has previously been found in pre-school children where an inverse association 

between VPA and very VPA was observed with overweight status (Metallinos-Katsaras et al. 2006). 

Furthermore, research by SPEEDY has also found that participation in higher intensity PA (i.e. VPA) is 

more consistently associated with lower body adiposity in children (Steele et al. 2010). The findings 

of the current study are in agreement with SPEEDY and add valuable information relating to children 

from multi-ethnic backgrounds. Nevertheless, there are very few studies that have actually 

examined the association between VPA and weight status in British primary school children. 

Engagement in VPA amongst children with obesity compared to lean children may be limited 

due to the greater demand VPA has on the cardiorespiratory system. For example, in a study by 

Laguna et al. (2013) a positive association was found between the time of heart rate recovery after 

exercise and cardio metabolic risk factors in obese children, suggesting obese children take longer to 

recover from VPA. Obesity reduces the metabolic capacity to generate work and support the energy 

demands of PA (Paes, Marins and Andreazzi 2015). Therefore, if children have lower aerobic 

efficiency in the presence of a stimulus, they are then less capable to endure the intensity of a task 

over time (Paes, Marins and Andreazzi 2015). Hence, it is clear that VPA may be interpreted 

differently by children with obesity compared to those children that are lean and hence due to the 

greater physiological demands of VPA for this population, their active engagement may be limited. 
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Nevertheless, the current study adds to the limited data already available regarding VPA and weight 

status in primary school children. 

According to SPEEDY research the promotion of VPA during the weekend may hold the 

greatest promise for increasing VPA (Steele et al. 2010). A possible intervention to increase VPA in 

children may be to introduce more High Intensity Interval Training (HIIT) (Sperlich et al. 2010; Logan 

et al. 2014). The popularity of HIIT is on the rise as it induces many health benefits in adults. It has 

been shown to improve aerobic and anaerobic fitness, blood pressure, cardiovascular health, insulin 

sensitivity, cholesterol profiles, abdominal fat, and maintenance of body weight whilst maintaining 

muscle mass (ACSM 2014). Nevertheless, despite physiological evidence supporting the use of HIIT in 

some adult populations (Ramos et al. 2015), the child-based evidence still remains inconclusive 

(Lambrick, Stoner, & Faulkner 2016). Further research is required in order to understand the 

suitability of using HIIT in children with obesity and how this can be implemented as well as the 

association between VPA and overweight/obesity. Intervention studies will help ascertain cause and 

effect in order to better understand this relationship. 

5.2.2 Strength 
 
 

The current study found that handgrip strength/body mass was inversely related with WC 

(r=-0.363 P<0.001). The current study found that, in general, absolute strength showed positive 

correlations with weight status. This is not entirely surprising as it has previously been acknowledged 

that weight status is a significant predictor of strength in children (Dumith et al. 2010; Deforche et al. 

2003). However, assessing strength relative to body mass (strength/body mass) resulted in inverse 

relationships with WC. This may be due to leaner children having greater muscle mass and hence 

raised metabolism, allowing them to expend more calories at rest. Similar to the current study, 

previous research has also found that children with obesity have greater handgrip strength than 

children that are normal weight and that strength increased as weight status and BMI increased 

(Ervin et al. 2014; Hasan, Kamal, and Hussein 2016). Handgrip strength was used to measure 
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strength as it was a simple and quick field measure that was convenient for use in children. Handgrip 

strength testing is often used as a general test of body strength as it has been found that generally 

people with strong hands tend to be strong elsewhere, particularly in upper body strength (de Souza 

et al. 2014; Ervin et al. 2013). 

Previous research has used different methods to assess strength such as isokinetic 

dynamometry, plank, modified pull-up, and knee extension (Ervin et al. 2013; Tsiros et al. 2011; 

McGuigan et al. 2009; Velez, Golem, and Arent 2010) and therefore different muscles have also been 

assessed (Hasan, Kamal, and Hussein 2016) making it difficult to make comparisons in some cases. 

However, the handgrip strength test and the standing long jump are two tests that globally 

represent musculoskeletal strength and power in children and youth and display adequate validity, 

reliability, and feasibility of administration for inclusion in fitness test batteries for all youth (Pate, 

Oria, and Pillsbury 2012). 

When the handgrip test is administered, children with obesity show greater strength than 

normal weight children (Dumith et al. 2010; Deforche et al. 2003; Ervin et al. 2014). This may be 

because children with obesity have greater absolute mass as well as more developed muscles that 

are needed to move that mass (Deforche et al. 2003). Nevertheless, it is very important to 

understand the multidimensional nature of fitness as opportunities to give overweight children 

fitness-related positive feedback is potentially missed if only cardio-respiratory fitness (CRF) and 

weight-bearing tests of muscular fitness are administered. Therefore, by incorporating exercises 

such as the handgrip strength, children with obesity have an opportunity to build up positive self- 

esteem as muscular strength is one of the only subcomponents of physical self-concept scales on 

which overweight children rate themselves highly (Morano et al. 2011). Therefore, the current study 

supports the inclusion of non-weight bearing strength and power tests in fitness batteries as this 

may be a vital opportunity to offer positive feedback for children with obesity and subsequently help 

motivate them to be more physically active. 
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In the UK, there is a lack of research that has assessed strength in children, and to the 

authors knowledge, this is the first study to have assessed strength alongside diet, objective 

assessment of PA and weight status in children aged 7-10 years from deprived multi ethnic 

backgrounds living in the UK and therefore adds valuable data relating to strength in UK deprived 

multi-ethnic children. It is important to assess strength in children as it has previously been 

suggested by the European Youth Heart Study that greater isometric muscle strength in youth is 

associated with lower levels of cardiovascular risk factors in young adulthood, independent of 

fitness, adiposity and other confounding factors (Grontved et al. 2013). It would be useful to assess 

cardio-metabolic factors in greater detail in future research, however it was not possible due to the 

difficulty in gaining ethical approval for assessing blood samples in children. Nevertheless, this study 

supports the inclusion of handgrip strength in paediatric health monitoring as it shows an  

association with weight status in children. However, ensuring scores are scaled relative to body mass 

gives a more clear idea of strength whilst accounting for body size. Overweight children tend to 

outperform normal weight children in weight bearing strength and power tests even when 

performance is expressed with relative values (Cohen, Voss, and Sandercock 2015) and hence this 

still allows for positive feedback for these children. This study also stresses the need for further 

randomized control trial design studies in order to confirm the effects of strength on weight status in 

order for possible interventions to be planned. Relative strength should be assessed against those 

measures of weight status that do not use body mass (i.e WC or WHR) as assessing strength relative 

to body mass against a measure that also uses body mass (i.e BMI or body fat percentage) increases 

the chances of co-linearity and can therefore result in misleading findings. This is why the current 

study only correlated relative strength against WC and WHR. 

5.2.3 Diet 
 
 

None of the children in the current study met the current recommended dietary guidelines, 

with all children consuming less than the recommended intake (males average 1305 Kcal/day; 
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females average 1271 Kcal/day over all days). Males consumed slightly higher Kcal/day than females 

but the difference was not significant (P>0.05). According to PHE’s Government dietary 

recommendations (2016) children aged between 7 and 10 years of age should be consuming 1817 

Kcal/day (males) and 1703 Kcal/day (females). The findings of the current study could be due to 

several factors including SES and deprivation as well as misreporting of dietary intake. The low 

energy intake observed may be due to deprivation as the children may not be getting sufficient food. 

It has previously been found that children living in deprivation, particularly those households 

receiving state benefits, have lower intake of a range of nutrients (Smithers et al. 2000; Jenkins et al. 

2015). It can also be due to reporting error as previous research has found that children often under- 

report their dietary intake (Livingstone, Robson, & Wallace 2004). A reason for this could be that the 

dietary recall method is dependent upon the child’s memory, which is subject to number of errors 

(Dwyer et al. 1987). 

There are a number of processes that take place in order for a child to recall diet. These 

processes can involve firstly understanding what information is being asked for and then 

subsequently attempting to search for and assess the retrieved information before being able to 

provide an answer. It is possible for errors to be made at any of these stages. An effort was made to 

minimise this by using the DILQ instead of a traditional 24 hour recall interview or a food frequency 

questionnaire. This is because previous research has indicated that food information is likely to be 

stored in the memory along with PA as part of the day’s events, and it has been reported that recall 

was improved if an instrument was structured and had sequential questions in a segmented day 

(Baranowski and Domel 1994). As the DILQ questioned the children on PA as well as diet, and was 

structured in a sequential format, it was believed this would help reduce reporting error. 

Another reason for the probable under-reporting in the current study could be due to 

portion size estimation. The current study used estimation of typical food portion sizes for children 

as presented by Wrieden et al. (2008). It was used as it was based on a unique source of weighed 
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data on food portions of a large sample of children and was therefore deemed to provide the best 

possible estimates of children’s food portion sizes in the UK. Nevertheless, quantification of the 

amount of food eaten, except by method of direct weighing, includes a generally unknown 

component of error (Cypel, Guenther, and Petot 1997; Baranowski and Domel 1994). 

 
 
 

5.3 Sex Differences 
 
 

5.3.1 Weight Status 
 
 

The current study found that there were no significant sex differences in body mass, BMI or 

WC between males and females when absolute values were assessed (P>0.05). This is consistent 

with some previous research that has also established similar findings (Daniels, Khoury, and 

Morrison 1997). This may be due to the age of the sample as it has previously been found that BMI 

in particular is significantly and positively correlated with age (Daniels, Khoury, and Morrison 1997). 

However, for WC measurement, previous findings have found some inconsistencies regarding sex 

differences in children with some research finding no difference (Daniels, Khoury, and Morrison 

1997), some finding higher in boys (Moreno et al. 1999) and some finding higher in girls (Goon et al. 

2009). This can also be due to differences in age and maturation, with previous research 

demonstrating that WC increases with age in both boys and girls (Moreno et al. 1999; Goon et al. 

2009). The current study may not have observed such a difference due to the fact the children were 

between 7 and 10 years old and hence were pre-pubertal. 

When maturation was used as a co-variate, significant differences were observed between 

males and females as males had higher body mass, BMI, WC and body fat percentage. This suggests 

that maturation has a significant impact on body composition in children (Daniels, Khoury and 

Morrison 1997). Other studies may disagree with the findings of the current study as they didn’t 

account for maturation. Nevertheless, previous research has also demonstrated that boys and girls 
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have similar BMI until adiposity rebound, which occurs at approximately five years of age, and that 

sex differences emerge after this age with females having greater BMI scores (Cole et al. 1995; 

Whitaker et al. 1997; Guo et al. 1994). Despite this, the current study did not find such differences in 

absolute BMI scores. This may be because the current study used a deprived multi-ethnic sample 

and hence BMI reference curves may not be representative across all populations as they were 

based on a majority Caucasian sample. 

The current study did find significant sex differences when absolute body fat percentage was 

assessed using BIA. Females had significantly greater body fat percentage compared to their male 

counterparts (P<0.001). This therefore demonstrates the limitations of using BMI alone as the 

proportions of body mass that are attributable to fat mass and fat free mass are highly variable and 

dependent upon age and pubertal maturation (Maynard et al. 2001), something that BMI alone 

would not be able to identify (Freedman et al. 2005). Nevertheless, BMI was still used as it is part of 

national guidelines and is routinely measured in clinical practice as well as in the NCMP, hence by 

measuring it, it was possible to make comparisons with other data. Furthermore, McCarthy (2006) 

measured body fat in children aged 5-18 years and created new sex-specific centile curves for body 

fat. They found that the curves are similar by sex until puberty but then diverge noticeably, with 

males consistently decreasing in body fat and females continuing to gain. This therefore relates to 

the current study as females had significantly less years left until maturity and also had greater mean 

body fat percentage. However, when maturation was controlled for, males seemed to have greater 

mean body fat percentage than girls. This therefore suggests that it may be important to assess body 

fat in children whilst accounting for maturation. McCarthy (2006) also found that these sex 

differences are not revealed by the current curves based on BMI; the current study can also support 

that statement. However, the limitation of McCarthy (2006) research is that only Caucasian children 

were used for the study and hence further investigation would be needed when assessing children 

from multi-ethnic backgrounds. Despite this, these body fat reference curves are the most up to  

date ones available and were therefore used for the current study. 
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The mechanisms for why weight status and body composition differences, after accounting 

for maturation, are present in pre-pubertal sex groups is not well established. Previous research has 

also reported sex differences in body adiposity in children at pre-pubertal levels (Taylor et al. 

1997). However, maturation was not assessed. Therefore, the current study suggests that body 

composition differences in children should account for maturation. Children from multi-ethnic 

backgrounds may have earlier maturation and this may differ to Caucasian children yet this has 

not been examined. Furthermore, methods for assessment of maturation can vary and 

equations are usually based on Caucasian samples, hence further work is required regarding 

maturation and body composition in children, particularly those from deprived multi-ethnic 

backgrounds. Also, further investigation into mechanisms relating to this difference is needed. 

5.3.2 Physical Activity 
 
 

Sex differences were apparent between males and females when assessing differences in 

PA. Females were less active than males and spent less time in MVPA on weekdays, weekend and all 

days (P<0.05). Despite this, there were no significant sex differences in sedentary behaviour 

(P>0.05). This is in line with the latest British Heart Foundation (BHF) (2015) report that also suggests 

that sedentary behaviour is similar between boys and girls. However, the data presented in the BHF 

(2015) report is from a short set of questions asking about time spent in sedentary behaviour after 

school on a typical weekday and a weekend day and therefore is not as reliable as objectively 

measured data. Therefore, the current study adds valuable objectively measured PA data, in a 

sample of deprived multi-ethnic children, relating to sex differences in PA and sedentary behaviour. 

Despite this, studies that have objectively measured sedentary behaviour in children have used 

different cut points, making it difficult to make comparisons (Fischer et al. 2012). Nevertheless, the 

evidence on whether girls or boys are more sedentary is varied. Objective data on school aged 

children suggests that girls are more sedentary than boys (Matthews et al. 2008; Verloigne et al. 

2012), but surveys indicated boys are more sedentary than girls and spend greater time watching TV 
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(Singh et al. 2008; Sisson et al. 2009; Marshall, Gorely, and Biddle 2006). Such evidence makes it 

difficult to reach any meaningful conclusions and hence there is a need to develop improved 

definitions, measures and cut-off points for determining excess levels of sedentary time in children 

(Lou 2014). 

Sex differences have been consistently reported in previous PA (excluding sedentary) 

research in children regardless of age (Hussey et al. 2007; Metcalf et al. 2008; Owen et al. 2010; Pate 

et al. 2002; Riddoch et al. 2004; Riddoch et al. 2007; Trost et al. 2002) with research demonstrating 

that girls are less active than boys and therefore the current study is in line with previous findings. 

The scale of difference between boys and girls can depend greatly on age as it has been found that 

older children and teens are more likely to spend more time in sedentary activities than younger 

children, suggesting that the difference is most apparent in the older age groups (HSE 2015). One of 

the reasons for this could be due to the greater use of technology and mobile phones as children get 

older (Pratt et al. 2012). The decline in PA is much more marked in girls than it is in boys (Farooq et 

al. 2017) and this may be due to their more advanced pubertal maturation compared to boys, 

though the relative importance of biological and environmental influences on children’s PA remains 

unclear (Sherar et al. 2010). Furthermore, differences in the measurement methods can make it 

difficult to make comparisons between studies. However, it is clear that girls are not spending 

enough time in higher intensity PA and may not be able to benefit from the health benefits 

associated. 

5.3.3 Strength 
 
 

The current study found that there were no sex differences in handgrip strength between 

males and females (P>0.05). Some previous research has also found the same (Karavelioglu, 

Harmanci, and Caliskan 2017) whilst others have found that boys are stronger (Montalcini et al. 

2016; Hager-Ross and Rosblad 2002; Gulias-Gonzalez et al. 2014; Ploegmakers et al. 2013). However, 

it has been suggested that greater differences are more noticeable after the age of 10 when males 
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become significantly stronger (Hager-Ross and Rosblad 2002). Hence, the age of the sample may be 

a reason why such a difference wasn’t observed in the current study. 

Gender differences in handgrip strength may previously have been observed due to 

hormonal differences between boys and girls (Montalcini et al. 2016; Sartorio et al. 2002). It has 

been acknowledged that sexual dimorphism in body composition is largely due to the action of sex 

steroid hormones (Loomba-Albrecht and Styne 2009). It’s important to understand that sex 

differences in body composition manifest from foetal life and, in children, a significant difference in 

estradiol and testosterone is evident even prior to the external signs of puberty (Tarrade et al. 2013). 

This may suggest why other researchers have found a difference in handgrip strength. Nevertheless, 

maturation status may differ in children from different ethnic backgrounds and hence this may also 

be a reason why no difference was observed in the current study. Nevertheless, further research 

into muscle function and strength in deprived multi-ethnic children is required in order to better 

understand gender differences in this population. 
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5.4 Combination of factors 
 
 

5.4.1 Association of Strength with Physical Activity Levels 
 
 

It has previously been found that lifestyle factors such as PA levels and sports participation 

can influence strength in children (Blimkie and Sale 1998). Furthermore, it has been found that 

children who do regular moderate intensity PA develop greater muscle strength (Grund et al. 2000; 

Fritz et al. 2016; Gracia-Marco 2016). The current study has found that generally, absolute strength 

is positively associated with time spent in sedentary (r =0.318; P=0.010) and inversely associated 

with time spent in VPA and MVPA (VPA r=-0.339; P=0.006 MVPA r=-0.370 P=0.002). According to 

previous findings of the current study, this is expected as it has also been found that VPA and MVPA 

were inversely related with weight status. Therefore, children participating in low levels of 

VPA/MVPA are likely to be more overweight/obese and consequently have greater absolute 

strength. 

Despite this, previous research has found no relationship with PA levels and strength in 

children (Blaes et al. 2011; Strong et al. 2005) and therefore the current findings differ to previous 

research. Nevertheless, when strength was normalized for body mass, it generally showed no 

relationship with MVPA, which is more in line with previous research relating to strength and PA in 

children. However, the possible mechanism relating to this finding warrants further research. The 

current study therefore promotes the need to allometrically assess strength based performance in 

relation to the child’s body composition in order to gain a better understanding of the relationship 

between strength and PA levels in children. The current study demonstrates that it may be more 

useful to assess strength in relation to body mass in children. Nevertheless, the true relationship 

between strength acquisition in childhood and its relationship with PA still requires further research. 

5.5 Strengths and Limitations 
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The current study employed a cross-sectional design which has its strengths and limitations. 

The cross-sectional study design has been useful for observing weight status, PA, sedentary 

behaviour, strength, and diet in a sample of deprived multi ethnic children. However, the cross- 

sectional nature of the study does mean that it is difficult to imply cause-and-effect relationships  

and hence it can be tough to make interpretations of findings. It is therefore possible that there is 

some reverse causality present in the current study, whereby increased adiposity and poor weight 

status are contributing to reduced levels of PA, which are then possibly further increasing body 

adiposity. This possibility can only be directly excluded by prospective study data and intervention 

studies. 

A limitation of the current study was that the sample used was an active sample and hence 

large associations were not present. However, the current study employed the use of 

accelerometers allowing for objectively measured PA to be attained. This builds on recent literature 

that has employed similar methods and helps add further knowledge in this area. The current study 

used a range of field based measures such as BMI, BIA determined body fat, and WC measurement 

as this was more suitable for use in assessing weight status in large populations in field based 

research (Prentice and Jebb, 2001; Janssen et al. 2005). Moreover, combining these measures can 

help give more information and aid a better understanding of weight status in children. 

Nevertheless, it is important to note that the built in equations for BIA have been validated in 

predominantly white populations (Jebb et al. 2000; Frisard et al. 2005; Sun et al. 2003) and 

consequently these appear to provide mean bias in ethnic populations (Haroun et al. 2010). It is 

therefore clear that there is a need to provide BIA equations that are suitable to predict body 

composition in multi-ethnic populations. 

A further limitation of the current study is that it wasn’t able to study all environment and 

socio-economic factors relating to lifestyle and weight status in children as this was beyond the 

scope of the study. Doing so would have given a more holistic understanding of lifestyle and weight 
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status in children from deprived, low SES areas. Furthermore, the current study did not collect or 

analyse information relating to breakfast and after school clubs, and whether children were having 

packed lunch or school dinners, this information could help further understand PA and dietary 

patterns in children and future research would aim to address this. 

5.6 Conclusion 
 

The current study found that there was a weak association between lifestyle factors and 

strength with weight status in children. This may be because other factors also play a vital role in 

childhood obesity such as environment, psychosocial and genetic influences and hence the current 

study promotes the need for further studies investigating the combined effects of these factors on 

weight status and cardio-metabolic risk in children, particularly those from deprived multi-ethnic 

backgrounds, as data in this area still remains limited. 

Furthermore, the current study suggests that the vigorous component of MVPA may be 

having more of a significant influence on children’s weight status. This is because when moderate PA 

was assessed in isolation it yielded no associations with weight status. Furthermore, when VPA was 

assessed independently it demonstrated inverse relationships with many of the weight status 

measures compared to MVPA combined, which showed significant inverse relationships with body 

mass and BIA determined body fat only. Despite this, it is again important to exercise caution when 

comparing findings with other studies as different cut-points have been preferred by different 

researchers. Nevertheless, the current study does offer preliminary evidence that public health 

guidelines for PA engagement should incorporate and promote the need for greater time spent in 

VPA rather than simply MVPA as a whole. Furthermore, quantification of the time needed to spend 

in VPA is missing as the current guidelines regarding VPA remain vague. 

Another novelty of the study was its assessment of strength and the subsequent relationship 

this had with weight status and PA in a sample of deprived multi-ethnic children. The current study 

found that, in general, absolute strength showed positive correlations with weight status whereas 
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handgrip strength/body mass was inversely related with WC. The current study therefore urges 

practitioners and future researchers to consider factors such as allometric scaling and maturation 

when assessing strength in children. Nevertheless, the findings support the inclusion of handgrip 

strength as a measure of musculoskeletal fitness. It also promotes the need for strength measures to 

be used as a health marker in children. 

The current study promotes the need for greater participation in VPA and also activities 

relating to enhancements in muscular fitness in this population of deprived multi-ethnic children. 

The relationship between strength, weight status, and PA levels is complex and still requires further 

research. Future research should focus on potential intervention studies in order to understand the 

mechanisms of using strength training to help improve and promote healthy weight in children. 

Furthermore, future research should aim to understand the dose-response relationship between 

VPA and health during childhood as this topic remains incomplete and is not fully understood, hence 

meriting further research. Finally, further studies need to assess the combined influence of multiple 

factors affecting weight status in children in order to aid our understanding of this area and prevent 

the onset of obesity and related cardio-metabolic complications in this young population. 



76  

6.0 References 
 

Alberga, A., Sigal, R. and Kenny, G. (2010) ‘Role Of Resistance Exercise In Reducing Risk For 
Cardiometabolic Disease’. Current Cardiovascular Risk Reports 4 (5), 383-389 

American College of Sports Medicine (2014) ACSM Information on High-Intensity Interval Training 
[online] available from < https://www.acsm.org/docs/brochures/high-intensity-interval- 
training.pdf> [05 July 2017] 

Anderson Steeves, E., Johnson, K., Pollard, S., Jones-Smith, J., Pollack, K., Lindstrom Johnson, S., 
Hopkins, L. and Gittelsohn, J. (2016) ‘Social Influences on Eating and Physical Activity Behaviours of 
Urban, Minority Youths’ Public Health Nutrition 19 (18), 3406-3416 

Ara, I., Vicente-Rodríguez, G., Jimenez-Ramirez, J., Dorado, C., Serrano-Sanchez, J. and Calbet, J. 
(2004) ‘Regular Participation In Sports Is Associated With Enhanced Physical Fitness And Lower Fat 
Mass In Prepubertal Boys’ International Journal Of Obesity 28 (12), 1585-1593 

Artero, E., Lee, D., Ruiz, J., Sui, X., Ortega, F., Church, T., Lavie, C., Castillo, M. and Blair, S. (2011) ‘A 
Prospective Study of Muscular Strength and All-Cause Mortality in Men with Hypertension’ Journal 
of the American College of Cardiology 57(18), 1831-1837 

Ascherio, A., Rimm, E., Giovannucci, E., Spiegelman, D., Stampfer, M. and Willett, W. (1996) ‘Dietary 
fat and risk of coronary heart disease in men: cohort follow up study in the United States’ BMJ 
313(7049), 84-90 

Atkin, A., Sharp, S., Harrison, F., Brage, S. and Van Sluijs, E. (2016) ‘Seasonal Variation in Children’s 
Physical Activity and Sedentary Time’ Medicine & Science In Sports & Exercise 48 (3), 449-456 

Ball, K., Cleland, V., Timperio, A., Salmon, J. and Crawford, D. (2009) ‘Socioeconomic Position and 
Children’s Physical Activity and Sedentary Behaviors: Longitudinal Findings from the CLAN Study’ 
Journal of Physical Activity and Health 6(3), 289-298 

Baranowski, T. and Domel, S. (1994) ‘A cognitive model of children's reporting of food intake’ The 
American Journal of Clinical Nutrition 59(1 Suppl):212S-217S 

Bastien, M., Poirier, P., Lemieux, I. and Després, J. (2014) ‘Overview of Epidemiology and 
Contribution of Obesity to Cardiovascular Disease’. Progress in Cardiovascular Diseases 56 (4), 369- 
381 

Benefice, T. Fouere, R. and Malin, M. (1999) ‘Early nutritional history and motor performance of 
Senegalese children, 4-6 years of age’ Annals of Human Biology 26 (5), 443-455 

Biró, G., Hulshof, K., Ovesen, L. and Amorim Cruz, J. (2002) ‘Selection of Methodology to Assess Food 
Intake’ European Journal of Clinical Nutrition 56 (S2), S25-S32 

Blaes, A., Baquet, G., Fabre, C., Van Praagh, E. and Berthoin, S. (2011) ‘Is there any relationship 
between physical activity level and patterns, and physical performance in children?’ International 
Journal of Behavioral Nutrition and Physical Activity 8(1), 122 

Blimkie, C. and Sale, D. (1998) ‘Strength development and trainability during childhood’ In: Van 
Praagh, E. Pediatric Anaerobic Performance. Champaign, IL: Human Kinetics 193-240 

Boarnet, M., Day, K., Alfonzo, M., Forsyth, A. and Oakes, M. (2006) ‘The Irvine–Minnesota Inventory 
to Measure Built Environments’ American Journal of Preventive Medicine 30 (2), 153-159.e43 

http://www.acsm.org/docs/brochures/high-intensity-interval-
http://www.acsm.org/docs/brochures/high-intensity-interval-
http://www.acsm.org/docs/brochures/high-intensity-interval-


77  

Boniface, D. and Tefft, M. (2002). ‘Dietary fats and 16-year coronary heart disease mortality in a 
cohort of men and women in Great Britain’ European Journal of Clinical Nutrition 56(8), 786-792 

Bostock, L. (2001) "Pathways of Disadvantage? Walking As a Mode of Transport among Low-Income 
Mothers". Health and Social Care in the Community 9 (1), 11-18 

Brage, S., Brage, N., Wedderkopp, N. and Froberg, K. (2003) ‘Reliability and Validity of the Computer 
Science and Applications Accelerometer in A Mechanical Setting’ Measurement in Physical Education 
and Exercise Science 7 (2), 101-119 

British Heart Foundation (2015) Physical Activity Statistics 2015 [online] available from < 
https://www.bhf.org.uk/publications/statistics/physical-activity-statistics-2015> [7 March 2017] 

British Nutrition Foundation (2017) A Healthy, Varied Diet for Children [online] available from < 
https://www.nutrition.org.uk/healthyliving/lifestages/children.html?limit=1&start=1> [10 November 
2017] 

Brunet, M., Chaput, J. and Tremblay, A. (2006) ‘The Association Between Low Physical Fitness And 
High Body Mass Index Or Waist Circumference Is Increasing With Age In Children: The ‘Québec En 
Forme’ Project’ International Journal of Obesity 31 (4), 637-643 

Cain, K., Sallis, J., Conway, T., Van Dyck, D. and Calhoon, L. (2013) ‘Using Accelerometers in Youth 
Physical Activity Studies: A Review of Methods’ Journal of Physical Activity and Health 10(3), 437-450 

Caldwell, L., Chaffin, D., Dukes-dobos, F., Kroemer, K., Laubach, L., Snook, S. and Wasserman, D. 
(1974) ‘A Proposed Standard Procedure for Static Muscle Strength Testing’ American Industrial 
Hygiene Association Journal 35 (4), 201-206 

Caroli, M., Argentieri, L., Cardone, M. and Masi, A. (2004) ‘Role of television in childhood obesity 
prevention’ International Journal of Obesity 28, S104-S108 

Carr, D., Utzschneider, K., Hull, R., Kodama, K., Retzlaff, B., Brunzell, J., Shofer, J., Fish, B., Knopp, R. 
and Kahn, S. (2004) ‘Intra-Abdominal Fat Is a Major Determinant of the National Cholesterol 
Education Program Adult Treatment Panel III Criteria for the Metabolic Syndrome’ Diabetes 53(8), 
2087-2094 

Carson, E., Pourshahidi, L., Boreham, C., Hill, T., Cashman, K., Strain, J. and Mulhern, M. (2015) ‘The 
Association between Vitamin D Status, Muscle Strength, Power and Cardiorespiratory Fitness in 
Adolescents from The Young Hearts Study’ Proceedings Of The Nutrition Society 74 (OCE2) 

Carson, V. and Spence, J. (2010) ‘Seasonal Variation in Physical Activity among Children and 
Adolescents: A Review’ Pediatric Exercise Science 22 (1), 81-92 

Carter, P., Gray, L., Troughton, J., Khunti, K. and Davies, M. (2010) ‘Fruit and Vegetable Intake and 
Incidence of Type 2 Diabetes Mellitus: Systematic Review and Meta-Analysis’ BMJ 341 (aug18 4), 
c4229-c4229 

Cattuzzo, M., Dos Santos Henrique, R., Re, A., de Oliveira, I., Melo, B., de Sousa Moura, M., de 
Araujo, R. and Stodden, D. (2016) ‘Motor competence and health related physical fitness in youth: a 
systematic review’ Journal of Science and Medicine in Sport 19 (2), 123-9 

Cdc.gov (2015) Obesity Causes | Child | Obesity | DNPAO | CDC [online] available from 
<http://www.cdc.gov/obesity/childhood/causes.html> [7 November 2015] 

http://www.bhf.org.uk/publications/statistics/physical-activity-statistics-2015
http://www.nutrition.org.uk/healthyliving/lifestages/children.html?limit=1&start=1
http://www.cdc.gov/obesity/childhood/causes.html
http://www.cdc.gov/obesity/childhood/causes.html


78  

Cdc.gov (2018) Body Mass Index: Considerations for Practitioners [online] available from 
<https://www.cdc.gov/obesity/downloads/bmiforpactitioners.pdf> [22 March 2018] 

Cetateanu, A. and Jones, A. (2014) ‘Understanding the relationship between food environments, 
deprivation and childhood overweight and obesity: Evidence from a cross sectional England-wide 
study’ Health & Place 27 68-76 

Chan, J., Rimm, E., Colditz, G., Stampfer, M. and Willett, W. (1994) ‘Obesity, Fat Distribution, and 
Weight Gain as Risk Factors for Clinical Diabetes in Men’ Diabetes Care 17(9), 961-969 

Chinapaw, M., de Niet, M., Verloigne, M., De Bourdeaudhuij, I., Brug, J. and Altenburg, T. (2014) 
‘From Sedentary Time to Sedentary Patterns: Accelerometer Data Reduction Decisions in Youth’ 
PLoS ONE 9(11), e111205 

Choi, L., Liu, Z., Matthews, C. and Buchowski, M. (2011) ‘Validation of Accelerometer Wear and 
Nonwear Time Classification Algorithm’ Medicine & Science in Sports & Exercise 43(2), 357-364 

Christakis, N. and Fowler, J. (2007) ‘The Spread of Obesity in a Large Social Network over 32 
Years’ New England Journal of Medicine 357 (4), 370-379 

Cohen, D., López-Jaramillo, P., Fernández-Santos, J., Castro-Piñero, J. and Sandercock, G. (2017) 
‘Muscle Strength Is Associated With Lower Diastolic Blood Pressure in Schoolchildren’ Preventive 
Medicine 95, 1-6 

Cohen, D., Voss, C. and Sandercock, G. (2015) ‘Fitness Testing For Children: Let’s Mount The 
Zebra!’ Journal of Physical Activity and Health 12 (5), 597-603 

Cohen, D., Voss, C., Taylor, M., Delextrat, A., Ogunleye, A. and Sandercock, G. (2011) ‘Ten-Year 
Secular Changes in Muscular Fitness in English Children’ Acta Paediatrica 100 (10), e175-e177 

Cohen, D., Voss, C., Taylor, M., Stasinopoulos, D., Delextrat, A. and Sandercock, G. (2010) ‘Handgrip 
strength in English schoolchildren’ Acta Paediatrica 99(7), 1065-1072 

Cohen, J. (1992) ‘A Power Primer’ Psychological Bulletin 112 (1), 155-159 

Cohen, L., Manion, L. and Morrison, K. (2007) Research Methods in Education. Oxon: Routledge 

Cole, T., Freeman, J. and Preece, M. (1995) ‘Body mass index reference curves for the UK, 1990’ 
Archives of Disease in Childhood 73(1), 25-29 

Corder, K., Sharp, S., Atkin, A., Griffin, S., Jones, A., Ekelund, U. and van Sluijs, E. (2013) ‘Change in 
objectively measured physical activity during the transition to adolescence’ British Journal of Sports 
Medicine 49(11), 730-736 

Craigie, A., Lake, A., Kelly, S., Adamson, A. and Mathers, J. (2011) ‘Tracking of obesity-related 
behaviours from childhood to adulthood: A systematic review’ Maturitas 70(3), 266-284 

Cruwys, T., Bevelander, K. and Hermans, R. (2015) ‘Social Modeling of Eating: A Review of When and 
Why Social Influence Affects Food Intake and Choice’ Appetite 86, 3-18 

Cypel, Y., Guenther, P. and Petot, G. (1997) ‘Validity Of Portion-Size Measurement Aids’ Journal Of 
The American Dietetic Association 97(3), 289-292 

Dahlgren G & Whitehead M (1991) Policies and strategies to promote social equity in 
health. Institute for Future Studies, Stockholm (Mimeo) 

http://www.cdc.gov/obesity/downloads/bmiforpactitioners.pdf


79  

Dahmann, N., Wolch, J., Joassart-Marcelli, P., Reynolds, K. and Jerrett, M. (2010) ‘The active city? 
Disparities in provision of urban public recreation resources’ Health & Place 16(3), 431-445 

Daniels, S., Khoury, P. and Morrison, J. (1997) ‘The Utility of Body Mass Index as a Measure of Body 
Fatness in Children and Adolescents: Differences by Race and Gender’ Pediatrics 99 (6), 804-807 

De Ferranti, S., Gauvreau, K., Ludwig, D., Neufeld, E., Newburger, J. and Rifai, N. (2004) ‘Prevalence 
of the Metabolic Syndrome in American Adolescents: Findings from the Third National Health and 
Nutrition Examination Survey’ Circulation 110 (16), 2494-7 

De Souza, M., de Jesus Alves de Baptista, C., Baranauskas Benedicto, M., Pizzato, T. and Mattiello- 
Sverzut, A. (2014) ‘Normative data for hand grip strength in healthy children measured with a bulb 
dynamometer: a cross-sectional study’ Physiotherapy 100(4), 313-318 

Deforche, B., Lefevre, J., De Bourdeaudhuij, I., Hills, A., Duquet, W. and Bouckaert, J. (2003) ‘Physical 
Fitness and Physical Activity in Obese and Nonobese Flemish Youth’ Obesity Research 11 (3), 434-441 

Department for Communities and Local Government (2015) The English Indices of Deprivation 2015 
[online] available from 
<https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/465791/English_ 
Indices_of_Deprivation_2015_-_Statistical_Release.pdf> [4 July 2017] 

Department of Health (2011) Physical Activity Guidelines for Children and Young People (5-18 years) 
[online] available from < 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/213739/dh_12814 
4.pdf> [15 October 2016] 

Despres, J., Lemieux, I., Bergeron, J., Pibarot, P., Mathieu, P., Larose, E., Rodes-Cabau, J., Bertrand, O. 
and Poirier, P. (2008) ‘Abdominal Obesity and the Metabolic Syndrome: Contribution to Global 
Cardiometabolic Risk’ Arteriosclerosis, Thrombosis, and Vascular Biology 28(6), 1039-1049 

Diabetes UK (2016). More than 500 children and young people have Type 2 diabetes. [online] 
Available at: https://www.diabetes.org.uk/About_us/News/-More-than-500-children-and-young- 
people-have-Type-2-diabetes [Accessed 5 Oct. 2017]. 

Donin, A., Nightingale, C., Owen, C., Rudnicka, A., McNamara, M., Prynne, C., Stephen, A., Cook, D. 
and Whincup, P. (2010) ‘Ethnic Differences In Blood Lipids And Dietary Intake Between UK Children 
Of Black African, Black Caribbean, South Asian, And White European Origin: The Child Heart And 
Health Study In England (CHASE)’ The American Journal Of Clinical Nutrition 92 (4), 776-783 

Donin, A., Nightingale, C., Owen, C., Rudnicka, A., Perkin, M., Jebb, S., Stephen, A., Sattar, N., Cook, 
D. and Whincup, P. (2014) ‘Regular Breakfast Consumption And Type 2 Diabetes Risk Markers In 9- 
To 10-Year-Old Children In The Child Heart And Health Study In England (CHASE): A Cross-Sectional 
Analysis’ Plos Medicine 11 (9), e1001703 

Draxten, M., Fulkerson, J., Friend, S., Flattum, C. and Schow, R. (2014) ‘Parental Role Modeling of 
Fruits and Vegetables at Meals and Snacks is Associated With Children's Adequate 
Consumption’ Appetite 78, 1-7 

Drenowatz, C., Eisenmann, J., Pfeiffer, K., Welk, G., Heelan, K., Gentile, D. and Walsh, D. (2010) 
‘Influence Of Socio-Economic Status On Habitual Physical Activity And Sedentary Behavior In 8- To 
11-Year Old Children’ BMC Public Health 10 (1), 214 

http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/465791/English_
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/213739/dh_12814
http://www.diabetes.org.uk/About_us/News/-More-than-500-children-and-young-


80  

Dumith, S., Ramires, V., Souza, M., Moraes, D., Petry, F., Oliveira, E., Ramires, S. and Hallal, P. (2010) 
‘Overweight/Obesity and Physical Fitness among Children and Adolescents’ Journal of Physical 
Activity and Health 7(5), 641-648. 

Duncan, M., Lawson, C., Hurst, J., Tallis, J., Jones, V. and Eyre, E. (2018) ‘Construct Validity of the 
Resistance Training Skills Battery in Children Aged 7-10 Years’ Journal of Sports Sciences 1-6 

Durante, R. and Ainsworth, B. (1996) ‘The recall of physical activity: using a cognitive model of the 
question-answering process’ Medicine and Science in Sports and Exercise 28 (10), 1282–91 

Dwyer, J., Krall, E. and Coleman, K. (1987) ‘The problem of memory in nutritional epidemiology 
research’ Joint FAO/WHO/OAU Regional and Nutrition Commission for Africa, Accra (Ghana). 
[Corporate Author] 

Ebbeling, C., Pawlak, D. and Ludwig, D. (2002) ‘Childhood obesity: public-health crisis, common sense 
cure’ The Lancet 360 (9331), 473-482 

Edmunds, L. and Ziebland, S. (2002) ‘Development and Validation of the Day in the Life 
Questionnaire (DILQ) As A Measure Of Fruit and Vegetable Questionnaire for 7-9 Year Olds’ Health 
Education Research 17 (2), 211-220 

Edwardson, C., Gorely, T., Davies, M., Gray, L., Khunti, K., Wilmot, E., Yates, T. and Biddle, S. (2012) 
‘Association of Sedentary Behaviour with Metabolic Syndrome: A Meta-Analysis’ Plos ONE 7 (4), 
e34916 

Ekelund, U., Brage, S., Froberg, K., Harro, M., Anderssen, S., Sardinha, L., Riddoch, C. and Andersen, 
L. (2006) ‘TV Viewing and Physical Activity are Independently Associated with Metabolic Risk in 
Children: The European Youth Heart Study’ Plos Medicine 3 (12), e488 

Ekelund, U., Sardhina, L., Anderssen, S., Harro, M., Andersen, L., Riddoch, C. and Froberg, K. (2004) 
‘Associations Between Physical Activity And Body Fatness in 9-To-10- Year Old Children’ Medicine & 
Science In Sports & Exercise 36 (Supplement), S183 

Ekelund, U., Sjöström, M., Yngve, A., Poortvliet, E., Nilsson, A., Froberg, K., Wedderkopp, N. and 
Westerterp, K. (2001) ‘Physical Activity Assessed By Activity Monitor and Doubly Labeled Water in 
Children’ Medicine and Science in Sports and Exercise 275-281 

El-Sayed, A., Scarborough, P. and Galea, S. (2012) ‘Socioeconomic inequalities in childhood obesity in 
the United Kingdom: a systematic review of the literature’ Obesity Facts 5 (5), 671-92 

Ervin, R., Fryar, C., Wang, C., Miller, I. and Ogden, C. (2014) ‘Strength and Body Weight in US Children 
and Adolescents’ PEDIATRICS 134(3), e782-e789 

Ervin, R., Wang, C., Cheryl, D., Fryar, C., Ivey, M., Miller, R., Synthia, L. and Ogden, M. (2013) 
‘Measures of Muscular Strength in U.S. Children and Adolescents, 2012’ NCHS Data Brief 139, 

Esliger, D., Copeland, J., Barnes, J. and Tremblay, M. (2005) ‘Standardizing and Optimizing the Use of 
Accelerometer Data for Free-Living Physical Activity Monitoring’ Journal of Physical Activity and 
Health 2(3), 366-383 

España-Romero, V., Ortega, F., Vicente-Rodríguez, G., Artero, E., Rey, J. and Ruiz, J. (2010) ‘Elbow 
Position Affects Handgrip Strength in Adolescents: Validity and Reliability of Jamar, Dynex, and TKK 
Dynamometers’ Journal of Strength and Conditioning Research 24 (1), 272-277 



81  

Eston, R., Rowlands, A. and Ingledew, D. (1998) ‘Validity of Heart Rate, Pedometry, and 
Accelerometry for Predicting the Energy Cost of Children’S Activities’ Journal of Applied Physiology 
84 (1), 362-371 

Evans, J. (1996) Straightforward Statistics for the Behavioral Sciences. Pacific Grove, CA: Brooks/Cole 
Publishing 

Evenson, K., Catellier, D., Gill, K., Ondrak, K. and McMurray, R. (2008) ‘Calibration of Two Objective 
Measures of Physical Activity for Children’ Journal of Sports Sciences 26 (14), 1557-1565 

Evenson, K., Wen, F., Hales, D. and Herring, A. (2016) ‘National youth sedentary behavior and 
physical activity daily patterns using latent class analysis applied to accelerometry’ International 
Journal of Behavioral Nutrition and Physical Activity 13(1) 55 

Eyre, E. and Duncan, M. (2013) ‘The Impact Of Ethnicity On Objectively Measured Physical Activity In 
Children’ ISRN Obesity 2013 (757431), 15 

Fairclough, S., Beighle, A., Erwin, H. and Ridgers, N. (2012) ‘School Day Segmented Physical Activity 
Patterns of High And Low Active Children’ BMC Public Health 12 (1) 

Farooq, M., Parkinson, K., Adamson, A., Pearce, M., Reilly, J., Hughes, A., Janssen, X., Basterfield, L. 
and Reilly, J. (2017) ‘Timing of the decline in physical activity in childhood and adolescence: 
Gateshead Millennium Cohort Study’ British Journal of Sports Medicine, bjsports-2016-096933 

Ferrannini, E., Sironi, A., Iozzo, P. and Gastaldelli, A. (2008) ‘Intra-abdominal adiposity, abdominal 
obesity, and cardiometabolic risk’ European Heart Journal Supplements 10 (Suppl B), B4-B10 

Finking, G. and Hanke, H. (1997) ‘Nikolaj Nikolajewitsch Anitschkow (1885–1964) established the 
cholesterol-fed rabbit as a model for atherosclerosis research’ Atherosclerosis 135(1), 1-7 

Fischer, C., Yılıdrım, M., Salmon, J. and Chinapaw, M. (2012) ‘Comparing Different Accelerometer 
Cut-Points for Sedentary Time in Children’ Pediatric Exercise Science 24(2), 220-228 

Ford, E., Giles, W. and Dietz, W. (2002) ‘Prevalence of the Metabolic Syndrome among US Adults’ 
JAMA 287(3), 356 

Ford, E., Williamson, D. and Liu, S. (1997) ‘Weight Change and Diabetes Incidence: Findings from a 
National Cohort of US Adults’ American Journal of Epidemiology 146(3), pp.214-222 

Foster, E., Matthews, J., Lloyd, J., Marshall, L., Mathers, J., Nelson, M., Barton, K., Wrieden, W., 
Cornelissen, P., Harris, J. and Adamson, A. (2008) ‘Children's estimates of food portion size: the 
development and evaluation of three portion size assessment tools for use with children’ British 
Journal of Nutrition 99(1) 175-184 

Franzini, L., Elliott, M., Cuccaro, P., Schuster, M., Gilliland, M., Grunbaum, J., Franklin, F. and 
Tortolero, S. (2009) ‘Influences Of Physical and Social Neighborhood Environments on Children's 
Physical Activity and Obesity’ American Journal of Public Health 99 (2), 271-278 

Freedman, D., Dietz, W., Srinivasan, S. and Berenson, G. (1999) ‘The Relation of Overweight to 
Cardiovascular Risk Factors Among Children and Adolescents: The Bogalusa Heart Study’ Pediatrics 
103(6), 1175-1182 

Freedman, D., Khan, L., Serdula, M., Dietz, W., Srinivasan, S. and Berenson, G. (2005) ‘The Relation 
Of Childhood BMI To Adult Adiposity: The Bogalusa Heart Study’ Pediatrics 115(1), 22-27 



82  

Freedson, P., Melanson, E. and Sirard, J. (1998) ‘Calibration of the Computer Science and 
Applications, Inc. Accelerometer’ Medicine & Science In Sports & Exercise 30 (5), 777-781 

Freedson, P., Pober, D. and Janz, K. (2005) ‘Calibration of Accelerometer Output For 
Children’ Medicine & Science in Sports & Exercise 37 (Supplement), S523-S530 

Freedman, D. and Sherry, B. (2009) ‘The Validity of BMI as an Indicator of Body Fatness and Risk 
among Children’ Pediatrics 124 (Supplement 1), S23-S34 

Frisard, M., Greenway, F. and DeLany, J. (2005) ‘Comparison of Methods to Assess Body Composition 
Changes During A Period of Weight Loss’ Obesity Research 13 (5), 845-854 

Fritz, J., Duckham, R., Rantalainen, T., Rosengren, B., Karlsson, M. and Daly, R. (2016) ‘Influence of a 
School-based Physical Activity Intervention on Cortical Bone Mass Distribution: A 7-year Intervention 
Study’ Calcified Tissue International 99(5), 443-453 

Fulton, J., Dai, S., Steffen, L., Grunbaum, J., Shah, S. and Labarthe, D. (2009) ‘Physical Activity, Energy 
Intake, Sedentary Behavior, and Adiposity in Youth’. American Journal of Preventive Medicine37 (1), 
S40-S49 

Gába, A., Dygrýn, J., Mitáš, J., Jakubec, L. and Frömel, K. (2016) ‘Effect Of Accelerometer Cut-Off 
Points on the Recommended Level of Physical Activity for Obesity Prevention in Children’ PLOS 
ONE 11 (10), e0164282 

Garriguet, D., Colley, R. and Bushnik, T. (2017) ‘Parent-Child association in physical activity and 
sedentary behaviour’ Health Reports 28 (6), 3-11 

Gidding, S., Barton, B., Dorgan, J., Kimm, S., Kwiterovich, P., Lasser, N., Robson, A., Stevens, V., Van 
Horn, L. and Simons-Morton, D. (2006) ‘Higher Self-Reported Physical Activity Is Associated With 
Lower Systolic Blood Pressure: The Dietary Intervention Study in Childhood (DISC)’ PEDIATRICS 118 
(6), 2388-2393 

Gillman, M., Cupples, L., Millen, B., Ellison, R. and Wolf, P. (1997) ‘Inverse association of dietary fat 
with development of ischemic stroke in men’ JAMA: The Journal of the American Medical Association 
278(24), 2145-2150 

Glavin, K., Roelants, M., Strand, B., Júlíusson, P., Lie, K., Helseth, S. and Hovengen, R. (2014) 
‘Important periods of weight development in childhood: a population-based longitudinal study’ BMC 
Public Health 14 (1) 160 

Goon, D., Toriola, A., Shaw, B., Shaw, L., Arogbonlo, S. and Wuam, S. (2009) ‘Gender differences in 
waist circumference in Nigerian children’ African Journal for Physical Activity and Health Sciences 15 
(1) 

Gracia-Marco, L. (2016) ‘Physical activity, bone mass and muscle strength in children’ Acta 
Paedicaria 105 (10), 1127-8 

Grøntved, A., Ried-Larsen, M., Møller, N., Kristensen, P., Froberg, K., Brage, S. and Andersen, L. 
(2013) "Muscle Strength in Youth and Cardiovascular Risk in Young Adulthood (The European Youth 
Heart Study)". British Journal of Sports Medicine 49 (2), 90-94 

Grund, A., Dilba, B., Forberger, K., Krause, H., Siewers, M., Rieckert, H. and Müller, M. (2000) 
‘Relationships between physical activity, physical fitness, muscle strength and nutritional state in 5- 
to 11-year-old children’ European Journal of Applied Physiology 82(5-6), 425-438 



83  

Guillaume, M., Lapidus, L., Björntorp, P. and Lambert, A. (1997) ‘Physical Activity, Obesity, and 
Cardiovascular Risk Factors in Children. The Belgian Luxembourg Child Study II’ Obesity Research 5 
(6), 549-556 

Gulías-González, R., Sánchez-López, M., Olivas-Bravo, Á., Solera-Martínez, M. and Martínez-Vizcaíno, 
V. (2014) ‘Physical Fitness In Spanish Schoolchildren Aged 6-12 Years: Reference Values Of The 
Battery EUROFIT And Associated Cardiovascular Risk’ Journal Of School Health 84 (10), 625-635 

Guo, S., Roche, A., Chumlea, W., Gardner, J. and Siervogel, M. (1994) ‘The predictive value of 
childhood body mass index values for overweight at age 35y’ The American Journal of Clinical 
Nutrition 59 (4), 810-9 

Gupta, M., Singh, N. and Verma, S. (2006) ‘South Asians and Cardiovascular Risk: What Clinicians 
Should Know’ Circulation 113(25), e924-e929 

Gutin, B. (2008) ‘Child Obesity Can Be Reduced With Vigorous Activity Rather Than Restriction of 
Energy Intake’ Obesity 16 (10), 2193-2196 

Häger-Ross, C. and Rösblad, B. (2002) ‘Norms for grip strength in children aged 4-16 years’ Acta 
Paediatrica 91(6), 617-625 

Hanson, M. and Chen, E. (2007) ‘Socioeconomic status on health behaviors in adolescence: Review 
of the literature’ Journal of Behavioral Medicine 30 (3), 263-85 

Hardy, L., Reinten-Reynolds, T., Espinel, P., Zask, A. and Okely, A. (2012) ‘Prevalence and Correlates 
of Low Fundamental Movement Skill Competency in Children’ Pediatrics 130 (2), e390-e398 

Haroun, D., Taylor, S., Viner, R., Hayward, R., Darch, T., Eaton, S., Cole, T. and Wells, J. (2010) 
‘Validation of Bioelectrical Impedance Analysis in Adolescents across Different Ethnic 
Groups’ Obesity 18(6), 1252-1259 

Hasan, N., Kamal, H. and Hussein, Z. (2016) ‘Relation between body mass index percentile and 
muscle strength and endurance’ Egyptian Journal of Medical Human Genetics 17(4), 367-372 

Herman, K., Craig, C., Gauvin, L. and Katzmarzyk, P. (2009) ‘Tracking of obesity and physical activity 
from childhood to adulthood: The Physical Activity Longitudinal Study’ International Journal of 
Pediatric Obesity 4 (4) 281-8 

Herrett, E., Thomas, S., Schoonen, W., Smeeth, L. and Hall, A. (2010) ‘Validation and validity of 
diagnoses in the General Practice Research Database: a systematic review’ British Journal of Clinical 
Pharmacology, 69(1), 4-14 

Hesketh, K., Hinkley, T. and Campbell, K. (2012) ‘Children′s physical activity and screen time: 
qualitative comparison of views of parents of infants and preschool children’ International Journal of 
Behavioral Nutrition and Physical Activity 9(1), 152 

Higgs, S. (2015) ‘Social Norms and Their Influence on Eating Behaviours’ Appetite 86, 38-44 

Hill, J. and Peters, J. (1998) ‘Environmental Contributions to the Obesity Epidemic’ Science 280 
(5368), 1371-1374 

Hill, J., Wyatt, H. and Peters, J. (2012) ‘Energy Balance and Obesity’ Circulation 126(1), 126-132 

Hills, A., Andersen, L. and Byrne, M. (2011) ‘Physical activity and obesity in children’ British Journal of 
Sports Medicine 45 (11), 866-70 



84  

Hills, A., King, N. and Armstrong, T. (2007) ‘The Contribution of Physical Activity and Sedentary 
Behaviours to the Growth and Development of Children and Adolescents’ Sports Medicine 37(6), 
533-545 

Holm, L., Reitelseder, S., Pedersen, T., Doessing, S., Petersen, S., Flyvbjerg, A., Andersen, J., Aagaard, 
P. and Kjaer, M. (2008) ‘Changes in muscle size and MHC composition in response to resistance 
exercise with heavy and light loading intensity’ Journal of Applied Physiology 105(5), 1454-1461 

Holmes, B., Dick, K. and Nelson, M. (2007) ‘A Comparison of Four Dietary Assessment Methods in 
Materially Deprived Households in England’ Public Health Nutrition 11 (05) 

Horne, P., Hardman, C., Lowe, C. and Rowlands, A. (2009) ‘Increasing Children's Physical Activity: A 
Peer Modelling, Rewards and Pedometer-Based Intervention’ European Journal of Clinical 
Nutrition 63 (2), 191-198 

Hotchkiss, J., Davies, C., Gray, L., Bromley, C., Capewell, S. and Leyland, A. (2011) ‘Trends in adult 
cardiovascular disease risk factors and their socio-economic patterning in the Scottish population 
1995-2008: cross-sectional surveys’ BMJ Open, 1(1), e000176-e000176 

Hu, F. (2008) Obesity Epidemiology. USA: Oxford University Press 

Hu, G., Barengo, N., Tuomilehto, J., Lakka, T., Nissinen, A. and Jousilahti, P. (2004) ‘Relationship of 
Physical Activity and Body Mass Index to the Risk of Hypertension: A Prospective Study in Finland’ 
Hypertension 43(1), 25-30 

Huh, J., Riggs, N., Spruijt-Metz, D., Chou, C., Huang, Z. and Pentz, M. (2011) ‘Identifying Patterns Of 
Eating And Physical Activity In Children: A Latent Class Analysis Of Obesity Risk’ Obesity 19 (3), 652- 
658 

Hussey, J., Bell, C., Bennett, K., O'Dwyer, J. and Gormley, J. (2007) ‘Relationship between the 
intensity of physical activity, inactivity, cardiorespiratory fitness and body composition in 7-10-year- 
old Dublin children’ British Journal of Sports Medicine 41(5), 311-316 

Ingle, L., Stephenson, A. and Sandercock, G. (2016) ‘Physical Activity Profiles and Selected Muscular 
Fitness Variables in English Schoolchildren: A North–South Divide?’ European Journal of Sport 
Science 16 (8), 1187-1196 

International Diabetes Federation (2006) The IDF Consensus Worldwide Definition of The Metabolic 
Syndrome [online] available from < https://www.idf.org/e-library/consensus-statements/60- 
idfconsensus-worldwide-definitionof-the-metabolic-syndrome.html> [10 February 2016] 

International Diabetes Federation (2007) The IDF Consensus definition of the Metabolic Syndrome in 
Children and Adolescents [online] available from < https://www.idf.org/e-library/consensus- 
statements/61-idf-consensus-definition-of-metabolic-syndrome-in-children-and-adolescents.html> 
[2 February 2016] 

Jackson, A., Lee, D., Sui, X., Morrow, J., Church, T., Maslow, A. and Blair, S. (2010) ‘Muscular Strength 
Is Inversely Related to Prevalence and Incidence of Obesity in Adult Men’ Obesity 18(10), 1988-1995 

Jago, R., Baranowski, T., Zakeri, I. and Harris, M. (2005) ‘Observed Environmental Features and the 
Physical Activity of Adolescent Males’ American Journal of Preventive Medicine 29 (2), 98-104 

http://www.idf.org/e-library/consensus-statements/60-
http://www.idf.org/e-library/consensus-


85  

Jakobsen, M., Overvad, K., Dyerberg, J., Schroll, M. and Heitmann, B. (2004) ‘Dietary Fat and Risk of 
Coronary Heart Disease: Possible Effect Modification by Gender and Age’ American Journal of 
Epidemiology 160(2), 141-149 

Janssen, I., Boyce, W., Simpson, K. and Pickett, W. (2006) ‘Influence of individual- and area-level 
measures of socioeconomic status on obesity, unhealthy eating, and physical inactivity in Canadian 
adolescents’ The American Journal of Clinical Nutrition 83 (1), 139–145 

Janssen, I., Katzmarzyk, P., Boyce, W., King, M. and Pickett, W. (2004) ‘Overweight and obesity in 
Canadian adolescents and their associations with dietary habits and physical activity patterns’ 
Journal of Adolescent Health 35(5), 360-367 

Janssen, I., Katzmarzyk, P., Boyce, W., Vereecken, C., Mulvihill, C., Roberts, C., Currie, C. and Pickett, 
W. (2005) ‘Comparison of overweight and obesity prevalence in school-aged youth from 34 
countries and their relationships with physical activity and dietary patterns’ Obesity Reviews 6(2), 
123-132 

Janssen, X., Basterfield, L., Parkinson, K., Pearce, M., Reilly, J., Adamson, A. and Reilly, J. (2015) 
‘Determinants of changes in sedentary time and breaks in sedentary time among 9 and 12year old 
children’ Preventive Medicine Reports 2, 880-885 

Jebb, S., Cole, T., Doman, D., Murgatroyd, P. and Prentice, A. (2000) ‘Evaluation Of The Novel Tanita 
Body-Fat Analyser To Measure Body Composition By Comparison With A Four-Compartment 
Model’ British Journal Of Nutrition 83 (02), 115-122 

Jenkins, D., Jones, P., Frohlich, J., Lamarche, B., Ireland, C., Nishi, S., Srichaikul, K., Galange, P., Pellini, 
C., Faulkner, D., de Souza, R., Sievenpiper, J., Mirrahimi, A., Jayalath, V., Augustin, L., Bashyam, B., 
Leiter, L., Josse, R., Couture, P., Ramprasath, V. and Kendall, C. (2015) ‘The Effect Of A Dietary 
Portfolio Compared To A DASH-Type Diet On Blood Pressure’ Nutrition, Metabolism And 
Cardiovascular Diseases 25(12), 1132-1139 

Jennings, A., Welch, A., Jones, A., Harrison, F., Bentham, G., van Sluijs, E., Griffin, S. and Cassidy, A. 
(2011) ‘Local Food Outlets, Weight Status, And Dietary Intake’ American Journal of Preventive 
Medicine 40 (4), 405-410 

Johnson, R., Segal, M., Sautin, Y., Nakagawa, T., Feig, D., Kang, D., Gersch, M., Benner, S., and 
Sánchez-Lozada, L. (2007) ‘Potential role of sugar (fructose) in the epidemic of hypertension, obesity 
and the metabolic syndrome, diabetes, kidney disease, and cardiovascular disease’ The American 
Journal of Clinical Nutrition 86 (4), 899-906 

Jolliffe, C. and Janssen, I. (2007) ‘Development of Age-Specific Adolescent Metabolic Syndrome 
Criteria That Are Linked To the Adult Treatment Panel III and International Diabetes Federation 
Criteria’ Journal of the American College of Cardiology 49 (8), 891-898 

Joseph Rowntree Foundation (2017) UK Poverty 2017 A Comprehensive Analysis of Poverty Trends 
and Figures [online] available from < https://www.jrf.org.uk/report/uk-poverty-2017> [22 March 
2018] 

Karavelioglu, M., Harmanci, H. and Caliskan, G. (2017) ‘Gender differences in hand grip strength of 
the child athletes by using absolute, ratio and allometric scaling methods’ Biomedical Research 28 
(4), 1533-37 

http://www.jrf.org.uk/report/uk-poverty-2017


86  

Karnik, S. and Kanekar, A. (2012) ‘Childhood Obesity: A Global Public Health Crisis’ International 
Journal of Preventive Medicine 3 (1), 1-7 

Kato, H., Tillotson, J., Nichamen, M., Rhoads, G. and Hamilton. H. (1973) ‘Epidemiological studies of 
coronary heart disease and stroke in Japanese men living in Japan, Hawaii and California: Serum 
lipids and diet’ American Journal of Epidemiology 97, 372-85 

Kelishadi, R., Mirmoghtadaee, P., Najafi, H. and Keikha, M. (2015) ‘Systematic review on the 
association of abdominal obesity in children and adolescents with cardio-metabolic risk factors’ 
Journal of Research in Medical Sciences 20 (3) 294-307 

Kelly, L., Reilly, J., Fisher, A., Montgomery, C., Williamson, A., McColl, J., Paton, J. and Grant, S. (2006) 
‘Effect of socioeconomic status on objectively measured physical activity’ Archives of Disease in 
Childhood 91(1), 35-38. 

Kemper, H., Post, G., Twisk, J. and van Mechelen, W. (1999) ‘Lifestyle and Obesity in Adolescence 
and Young Adulthood: Results from the Amsterdam Growth and Health Longitudinal Study 
(AGAHLS)’ International Journal of Obesity 23 (S3), S34-S40 

Keys, A. (1965) ‘Effects of different dietary fats on plasma-lipid levels’ Lancet 17, 318-19 

Kim, Y., Beets, M. and Welk, G. (2012) ‘Everything you wanted to know about selecting the “right” 
Actigraph accelerometer cut-points for youth, but…: A systematic review’ Journal of Science and 
Medicine in Sport 15(4), 311-321 

Klein, S., Allison, D., Heymsfield, S., Kelley, D., Leibel, R., Nonas, C. and Kahn, R. (2012) ‘Waist 
Circumference and Cardiometabolic Risk: A Consensus Statement from Shaping America’s Health: 
Association for Weight Management and Obesity Prevention; NAASO, The Obesity Society; the 
American Society for Nutrition; and the American Diabetes Association’ Obesity, 15(5), 1061-1067 

Kopelman, P. (2007) ‘Health Risks Associated with Overweight and Obesity’ Obesity Reviews 8 (s1), 
13-17 

Ku, C., Gower, B., Hunter, G. and Goran, M. (2000) ‘Racial Differences In Insulin Secretion And 
Sensitivity In Prepubertal Children: Role Of Physical Fitness And Physical Activity’ Obesity Research 8 
(7), 506-515 

Kwon, S., Burns, T., Levy, S. and Janz, K. (2012) ‘Breaks in Sedentary Time during Childhood and 
Adolescence’ Medicine & Science in Sports & Exercise 44(6), 1075-1080 

Laguna, M., Aznar, S., Lara, M., Lucía, A. and Ruiz, J. (2013) ‘Heart Rate Recovery Is Associated With 
Obesity Traits And Related Cardiometabolic Risk Factors In Children And Adolescents’ Nutrition, 
Metabolism And Cardiovascular Diseases 23 (10), 995-1001 

Lake, A. and Townshend, T. (2006) ‘Obesogenic environments: exploring the built and food 
environments’ The journal of the Royal Society for the Promotion of Health 126(6), 262-267 

Lambrick, D., Stoner, L. and Faulkner, J. (2016) ‘High-intensity interval training (HIIT) or miss: is HIIT 
the way forward for obese children?’ Perspectives in Public Health 136 (6), 335-336 

Larson, N., Story, M. and Nelson, M. (2009) ‘Neighborhood Environments’ American Journal of 
Preventive Medicine 36(1), 74-81.e10 



87  

Larsson, B., Svardsudd, K., Welin, L., Wilhelmsen, L., Bjorntorp, P. and Tibblin, G. (1984) ‘Abdominal 
adipose tissue distribution, obesity, and risk of cardiovascular disease and death: 13 year follow up 
of participants in the study of men born in 1913’ BMJ 288(6428), 1401-1404 

Leary, S., Ness, A., Smith, G., Mattocks, C., Deere, K., Blair, S. and Riddoch, C. (2008) ‘Physical Activity 
and Blood Pressure in Childhood: Findings from a Population-Based Study’ Hypertension51 (1), 92-98 

Lee, I., Shiroma, E., Lobelo, F., Puska, P., Blair, S. and Katzmarzyk, P. (2012) ‘Effect of Physical 
Inactivity on Major Non-Communicable Diseases Worldwide: An Analysis of Burden of Disease and 
Life Expectancy’ The Lancet 380 (9838), 219-229 

Lee, S., Bacha, F. and Arslanian, S. (2006) ‘Waist Circumference, Blood Pressure, and Lipid 
Components of the Metabolic Syndrome’ The Journal Of Pediatrics 149 (6), 809-816 

Leosdottir, M., Nilsson, P., Nilsson, J. and Berglund, G. (2007) ‘Cardiovascular event risk in relation to 
dietary fat intake in middle-aged individuals: data from The Malmö Diet and Cancer Study’ European 
Journal of Cardiovascular Prevention & Rehabilitation 14(5), 701-706 

Lindsay, A., Sussner, K., Kim, J. and Gortmaker, S. (2006) ‘The Role of Parents in Preventing 
Childhood Obesity’ The Future of Children 16(1), 169-186 

Lioret, S., Maire, B., Volatier, J. and Charles, M. (2007) ‘Child overweight in France and its 
relationship with physical activity, sedentary behaviour and socioeconomic status’ European Journal 
of Clinical Nutrition 61 (4), 509-16 

Livingstone, M. and Robson, P. (2000) ‘Measurement of dietary intake in children’ Proceedings of the 
Nutrition Society 59 (2) 279-293 

Livingstone, M., Robson, P. and Wallace, J. (2004) ‘Issues in dietary intake assessment of children 
and adolescents’ British Journal of Nutrition 92(S2), S213 

Lobstein, T., Baur, L. and Uauy, R. (2004) ‘Obesity in Children and Young People: A Crisis in Public 
Health’. Obesity Reviews 5 (s1), 4-85 

Logan, G., Harris, N., Duncan, S. and Schofield, G. (2014) ‘A Review of Adolescent High-Intensity 
Interval Training’ Sports Medicine 44(8), 1071-1085 

Loomba-Albrecht, L. and Styne, D. (2009) ‘Effect of Puberty on Body Composition’ Current Opinion in 
Endocrinology, Diabetes and Obesity 16 (1), 10-15 

Lou, D. Sedentary Behaviors and Youth: Current Trends and the Impact on Health. San Diego, CA: 
Active Living Research; 2014. Available at: https://www.activelivingresearch.org. [Accessed 10. 
October 2017] 

Ludvigsen, A. and Scott, S. (2009) 'Real kids don't eat quiche: What food means to children' Food, 
Culture & Society 12 (4), 417-436. 

Lutsey, P., Steffen, L. and Stevens, J. (2008) ‘Dietary Intake and the Development of the Metabolic 
Syndrome: The Atherosclerosis Risk in Communities Study’ Circulation 117 (6), 754-761 

Maffeis, C., Talamini, G. and Tatò, L. (1998) ‘Influence Of Diet, Physical Activity And Parents’ Obesity 
On Children’S Adiposity: A Four-Year Longitudinal Study’ International Journal Of Obesity 22 (8), 758- 
764 

http://www.activelivingresearch.org/


88  

Malik, V., Schulze, M. Hu, F. (2006) ‘Intake of sugar-sweetened beverages and weight gain: a 
systematic review’ The American Journal of Clinical Nutrition 84 (2) 274-88 

Marshall, S., Gorely, T. and Biddle, S. (2006) ‘A descriptive epidemiology of screen-based media use 
in youth: A review and critique’ Journal of Adolescence 29 (3), 333-349 

Martinson, M., McLanahan, S. and Brooks-Gunn, J. (2012) ‘Race/Ethnic and Nativity Disparities in 
Child Overweight in the United States and England’ The ANNALS of the American Academy of 
Political and Social Science 643(1), 219-238 

Matheson, D., Hanson, K., McDonald, T. and Robinson, T. (2002) ‘Validity of Children's Food Portion 
Estimates’ Archives of Pediatrics & Adolescent Medicine 156 (9), 867 

Mathieu, P., Poirier, P., Pibarot, P., Lemieux, I. and Despres, J. (2009) ‘Visceral Obesity: The Link 
among Inflammation, Hypertension, and Cardiovascular Disease’ Hypertension 53(4), 577-584 

Matthews, C., Chen, K., Freedson, P., Buchowski, M., Beech, B., Pate, R. and Troiano, R. (2008) 
‘Amount of Time Spent in Sedentary Behaviors in the United States, 2003-2004’ American Journal of 
Epidemiology 167(7), 875-881 

Mattocks, C., Leary, S., Ness, A., Deere, K., Saunders, J., Tilling, K., Kirkby, J., Blair, S. and Riddoch, C. 
(2007) ‘Calibration of an Accelerometer during Free-Living Activities in Children’ International 
Journal of Pediatric Obesity 2 (4), 218-226 

Mattocks, C., Leary, S., Ness, A., Deere, K., Saunders, J., Tilling, K., Kirkby, J., Blair, S. and Riddoch, C. 
(2007) ‘Calibration of an Accelerometer during Free-Living Activities in Children’ International 
Journal of Pediatric Obesity 2 (4), 218-226 

Mattocks, C., Ness, A., Deere, K., Tilling, K., Leary, S., Blair, S. and Riddoch, C. (2008) ‘Early Life 
Determinants of Physical Activity in 11 To 12 Year Olds: Cohort Study’ BMJ 336 (7634), 26-29 

Maud, F. and Foster, P. (2006) Physiological Assessment of Human Fitness. USA: Human Kinetics 

Maynard, L., Wisemandle, W., Roche, A., Chumlea, W., Guo, S. and Siervogel, R. (2001) ‘Childhood 
Body Composition In Relation To Body Mass Index’. Pediatrics 107 (2), 344-350 

McCarthy, H. (2006) ‘Body fat measurements in children as predictors for the metabolic syndrome: 
focus on waist circumference’ Proceedings of the Nutririon Society 65, 385-392 

McCarthy, H., Jarrett, K. and Crawley, H. (2001) ‘The development of waist circumference percentiles 
in British children aged 5.0–16.9 y’ European Journal of Clinical Nutrition 55(10), pp.902-907 

McGuigan, M., Tatasciore, M., Newton, R. and Pettigrew, S. (2009) ‘Eight Weeks of Resistance 
Training Can Significantly Alter Body Composition in Children Who Are Overweight or Obese’ Journal 
of Strength and Conditioning Research 23(1), 80-85 

Melanson, E. and Freedson, P. (1996) ‘Physical activity assessment: a review of methods’ Critical 
Reviews in food Science and Nutrition 36 (5), 385-96 

Metcalf, B., Henley, W. and Wilkin, T. (2012) ‘Effectiveness of Intervention on Physical Activity of 
Children: Systematic Review and Meta-Analysis of Controlled Trials with Objectively Measured 
Outcomes (Earlybird 54)’ BMJ 345 (sep27 1), e5888-e5888 



89  

Metcalf, B., Voss, L., Hosking, J., Jeffery, A. and Wilkin, T. (2008) ‘Physical activity at the government- 
recommended level and obesity-related health outcomes: a longitudinal study (Early Bird 37)’ 
Archives of Disease in Childhood 93(9), 772-777 

Milliken, L., Faigenbaum, A., Loud, R. and Westcott, W. (2008) ‘Correlates Of Upper And Lower Body 
Muscular Strength In Children’. Journal of Strength and Conditioning Research 22 (4), 1339-1346 

Mirwald, R., Baxter-Jones, A., Bailey, D. and Beunen, G. (2002) ‘An assessment of maturity from 
anthropometric measurements’ Medicine & Science in Sports & Exercise 34(4), 689-694 

Miyatake, N., Miyachi, M., Tabata, I., Sakano, N., Hirao, T. and Numata, T. (2012) ‘Relationship 
between muscle strength and anthropometric, body composition parameters in Japanese 
adolescents’ Scientific Research 4 (1), 1-5 

Mokha, J., Srinivasan, S., DasMahapatra, P., Fernandez, C., Chen, W., Xu, J. and Berenson, G. (2010) 
‘Utility of waist-to-height ratio in assessing the status of central obesity and related cardiometabolic 
risk profile among normal weight and overweight/obese children: The Bogalusa Heart Study’ BMC 
Pediatrics 10(1) 73 

Molaodi, O., Leyland, A., Ellaway, A., Kearns, A. and Harding, S. (2012) ‘Neighbourhood food and 
physical activity environments in England, UK: does ethnic density matter?’ International Journal of 
Behavioral Nutrition and Physical Activity 9(1), 75 

Molaodi, O., Leyland, A., Ellaway, A., Kearns, A., and Harding, S. (2012) ‘Neighbourhood food and 
physical activity environments in England, UK: does ethnic density matter?’ International Journal of 
Behavioral Nutrition and Physical Activity 9 (75), 1479-5868 

Montalcini, T., Ferro, Y., Salvati, M., Romeo, S., Miniero, R. and Pujia, A. (2016) ‘Gender difference in 
handgrip strength of Italian children aged 9 to 10 years’ Italian Journal of Pediatrics 42(1) 

Morano, M., Colella, D., Robazza, C., Bortoli, L., & Capranica, L. (2011) ‘Physical self-perception and 
motor performance in normal-weight, overweight and obese children’ Scandinavian Journal of 
Medicine & Science in Sports 21(3), 465–473 

Moreno, L., Fleta, J., Mur, L., Rodríguez, G., Sarría, A. and Bueno, M. (1999) ‘Waist circumference 
values in Spanish children—Gender related differences’ European Journal of Clinical Nutrition 53(6), 
429-433 

Mozaffarian, D., Rimm, E. and Herrington, D. (2004) ‘Dietary fats, carbohydrate, and progression of 
coronary atherosclerosis in postmenopausal women’ The American Journal of Clinical Nutrition 80 
(5), 1175-84 

Müller, L., Müller, E., Hildebrandt, C., Kapelari, K. and Raschner, C. (2015) ‘The assessment of 
biological maturation for talent selection - which method can be used?’ Sportverletz Sportschaden 
29 (1), 56-63 

Nassis, G., Psarra, G. and Sidossis, L. (2005) ‘Central and total adiposity are lower in overweight and 
obese children with high cardiorespiratory fitness’ European Journal of Clinical Nutrition 59(1), 137- 
141 

National Obesity Observatory (2011) A Simple guide to Classifying Body Mass Index in Children 
[online] available from < 
https://khub.net/documents/31798783/32039025/A+simple+guide+to+classifying+body+mass+inde 
x+in+children/ced23256-6f8d-43c7-9f44-222e2beebf97?version=1.0> [09 October 2015] 



90  

Ness, A., Leary, S., Mattocks, C., Blair, S., Reilly, J., Wells, J., Ingle, S., Tilling, K., Smith, G. and 
Riddoch, C. (2007) ‘Objectively Measured Physical Activity and Fat Mass in a Large Cohort of 
Children’ Plos Medicine 4 (3), e97 

Neville, C., McKinley, M., Murray, L., Boreham, C. and Woodside, J. (2014) ‘Fruit and Vegetable 
Consumption and Muscle Strength and Power during Adolescence: The Northern Ireland Young 
Hearts Project’ Proceedings of The Nutrition Society 73 (OCE2) 

NHS Digital (2016) Health Survey for England 2015: Health, Social care and lifestyle [online] available 
from < http://digital.nhs.uk/catalogue/PUB22610> [12 January 2017] 

NHS Digital (2017) Health Survey for England 2016 [online] available from < 
https://digital.nhs.uk/catalogue/PUB30169> [20 December 2017] 

NHS Digital (2017) National Child Measurement Programme England, 2016/2017 School Year [online] 
available from < https://digital.nhs.uk/catalogue/PUB30113> [21 March 2018] 

Nilsson, A., Ekelund, U., Yngve, A. & Sjöström, M. (2002) ‘Assessing physical activity among children 
with accelerometers using different time sampling intervals and placements’ Pediatric Exercise 
Science 14 (1), 87-96 

Noonan, R., Boddy, L., Knowles, Z. and Fairclough, S. (2016) ‘Cross-Sectional Associations between 
High-Deprivation Home and Neighbourhood Environments, And Health-Related Variables Among 
Liverpool Children’ BMJ Open 6 (1), e008693 

Ohlson, L., Larsson, B., Svardsudd, K., Welin, L., Eriksson, H., Wilhelmsen, L., Bjorntorp, P. and 
Tibblin, G. (1985) ‘The influence of body fat distribution on the incidence of diabetes mellitus. 13.5 
years of follow-up of the participants in the study of men born in 1913’ Diabetes 34(10), 1055-1058 

Ojiambo, R., Cuthill, R., Budd, H., Konstabel, K., Casajús, J., González-Agüero, A., Anjila, E., Reilly, J., 
Easton, C. and Pitsiladis, Y. (2011) ‘Impact of methodological decisions on accelerometer outcome 
variables in young children’ International Journal of Obesity 35, S98-S103 

Oliveira, A., Rodríguez-Artalejo, F., Severo, M. and Lopes, C. (2010) ‘Indices of Central and Peripheral 
Body Fat: Association with Non-Fatal Acute Myocardial Infarction’ International Journal of Obesity 34 
(4), 733-741 

Ommundsen, Y., Gundersen, K. and Mjaavatn, P. (2010) ‘Fourth Graders' Social Standing with Peers: 
A Prospective Study on the Role of First Grade Physical Activity, Weight Status, and Motor 
Proficiency’ Scandinavian Journal of Educational Research 54 (4), 377-394 

O'Rahilly, S. and Farooqi, I. (2006) ‘Genetics of Obesity’ Philosophical Transactions of the Royal 
Society B: Biological Sciences 361 (1471), 1095-1105 

Orlin, M. and Lowes, L. (2013) ‘Musculoskeletal system: Structure, function, and evaluation’. in 
Meeting the physical therapy needs of children (Second Edition). ed. by Effgen, S. Philadelphia: F.A 
Davis Company, 203-204 

Ortega, F., Ruiz, J., Castillo, M. and Sjöström, M. (2008) ‘Physical fitness in childhood and 
adolescence: a powerful marker of health’ International Journal of Obesity 32(1), 1-11 

Ortega, F., Silventoinen, K., Tynelius, P. and Rasmussen, F. (2012) ‘Muscular strength in male 
adolescents and premature death: cohort study of one million participants’ BMJ 345(nov20 3), 
e7279-e7279 

http://digital.nhs.uk/catalogue/PUB22610


91  

Owen, C., Nightingale, C., Rudnicka, A., Cook, D., Ekelund, U. and Whincup, P. (2009) ‘Ethnic and 
gender differences in physical activity levels among 9–10-year-old children of white European, South 
Asian and African–Caribbean origin: the Child Heart Health Study in England (CHASE Study)’ 
International Journal of Epidemiology 38(4), 1082-1093 

Owen, C., Nightingale, C., Rudnicka, A., Sattar, N., Cook, D., Ekelund, U. and Whincup, P. (2010) 
‘Physical Activity, Obesity and Cardiometabolic Risk Factors In 9- To 10-Year-Old UK Children of 
White European, South Asian and Black African-Caribbean Origin: The Child Heart and Health Study 
in England (CHASE)’ Diabetologia 53 (8), 1620-1630 

Paes, S., Marins, J. and Andreazzi, A. (2015) ‘Metabolic Effects of Exercise on Childhood Obesity: A 
Current View’ Revista Paulista De Pediatria (English Edition) 33 (1), 122-129 

Pan, S., Cameron, C., DesMeules, M., Morrison, H., Craig, C. and Jiang, X. (2009) ‘Individual, social, 
environmental, and physical environmental correlates with physical activity among Canadians: a 
cross-sectional study’ BMC Public Health 9(21) 

Park, Y., Zhu, S., Palaniappan, L., Heshka, S., Carnethon, M. and Heymsfield, S. (2003) ‘The Metabolic 
Syndrome’ Archives of Internal Medicine 163(4), 427 

Parsons, T., Power, C., Logan, S. and Summerbell, C. (1999) ‘Childhood predictors of adult obesity: a 
systematic review’ International Journal of Obesity 23 (8), S1-S107 

Pate, R., Flynn, J. and Dowda, M. (2016) ‘Policies for Promotion of Physical Activity and Prevention of 
Obesity in Adolescence’ Journal of Exercise Science & Fitness 14 (2), 47-53 

Pate, R., Freedson, P., Sallis, J., Taylor, W., Sirard, J., Trost, S. and Dowda, M. (2002) ‘Compliance with 
Physical Activity Guidelines Prevalence in a Population of Children and Youth’ Annals of 
Epidemiology 12(5), 303-308 

Pate, R., O'Neill, J., Liese, A., Janz, K., Granberg, E., Colabianchi, N., Harsha, D., Condrasky, M., O'Neil, 
P., Lau, E. and Taverno Ross, S. (2013) ‘Factors Associated With Development of Excessive Fatness in 
Children and Adolescents: A Review of Prospective Studies’ Obesity Reviews 14 (8), 645-658 

Pate, R., Oria, M. and Pilsbury, L. (2012) Fitness measures and health outcomes in youth National 
Academies Press 

Pearce, A., Li, L., Abbas, J., Ferguson, B., Graham, H. and Law, C. (2009) ‘Does childcare influence the 
risk of overweight and obesity in the early years? Findings from the UK millennium cohort study’ 
Journal of Epidemiology & Community Health 63, 28 

Pedersen, S., Grønhøj, A. and Thøgersen, J. (2015) ‘Following Family or Friends. Social Norms in 
Adolescent Healthy Eating’ Appetite 86, 54-60 

Penpraze, V., Reilly, J., MacLean, C., Montgomery, C., Kelly, L., Paton, J., Aitchison, T. and Grant, S. 
(2006) ‘Monitoring of Physical Activity in Young Children: How Much Is Enough?’ Pediatric Exercise 
Science 18(4), 483-491 

Peterson, M., Saltarelli, W., Visich, P. and Gordon, P. (2014) ‘Strength Capacity and Cardiometabolic 
Risk Clustering in Adolescents’ Pediatrics 133 (4), e896-e903 

Petrie, A. and Sabin, C. (2009) Medical Statistics at a Glance. Chichester: Wiley-Blackwell 



92  

Ploegmakers, J., Hepping, A., Geertzen, J., Bulstra, S. and Stevens, M. (2013) ‘Grip strength is strongly 
associated with height, weight and gender in childhood: a cross sectional study of 2241 children and 
adolescents providing reference values’ Journal of Physiotherapy 59(4), 255-261 

Plowman, S. (2014). ‘Top 10 Research Questions Related to Musculoskeletal Physical Fitness Testing 
in Children and Adolescents’ Research Quarterly for Exercise and Sport 85(2), 174-187 

Poehlman, E., Dvorak, R., DeNino, W., Brochu, M. and Ades, P. (2000) ‘Effects of Resistance Training 
and Endurance Training On Insulin Sensitivity in Nonobese, Young Women: A Controlled Randomized 
Trial’ Journal of Clinical Endocrinology & Metabolism 85 (7), 2463-2468 

Pouliot, M., Després, J., Lemieux, S., Moorjani, S., Bouchard, C., Tremblay, A., Nadeau, A. and Lupien, 
P. (1994) ‘Waist circumference and abdominal sagittal diameter: Best simple anthropometric 
indexes of abdominal visceral adipose tissue accumulation and related cardiovascular risk in men 
and women’ The American Journal of Cardiology 73(7), 460-468 

Pouliou, T., Sera, F., Griffiths, L., Joshi, H., Geraci, M., Cortina-Borja, M. and Law, C. 
(2014) ‘Environmental Influences on Children's Physical Activity’ Journal of Epidemiology & 
Community Health 

Pratt, M., Sarmiento, O., Montes, F., Ogilvie, D., Marcus, B., Perez, L. and Brownson, R. (2012) ‘The 
Implications of Megatrends in Information and Communication Technology and Transportation for 
Changes in Global Physical Activity’ The Lancet 380 (9838), 282-293 

Prentice., A. and Jebb, S. (2001) ‘Beyond Body Mass Index’ Obesity Reviews 2 (3), 141-7 

Priebe, C. and Spink, K. (2012) ‘Using Messages Promoting Descriptive Norms to Increase Physical 
Activity’ Health Communication 27 (3), 284-291 

Public Health England (2016) Government Dietary Recommendations [online] available from < 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/618167/governm 
ent_dietary_recommendations.pdf> [10 November 2016] 

Public Health England (2017) Child Health Profile March 2017 [online] available from < 
http://www.coventry.gov.uk/downloads/file/24028/2017_child_health_profile> [21 March 2018] 

Pulgaron, E. and Delamater, A. (2014) ‘Obesity and Type 2 Diabetes in Children: Epidemiology and 
Treatment’. Current Diabetes Reports 14 (8) 508 

Pulsford, R., Cortina-Borja, M., Rich, C., Kinnafick, F., Dezateux, C. and Griffiths, L. (2011) ‘Actigraph 
Accelerometer-Defined Boundaries for Sedentary Behaviour and Physical Activity Intensities in 7 
Year Old Children’ Plos ONE 6 (8), e21822 

Puyau, M., Adolph, A., Vohra, F. and Butte, N. (2002) ‘Validation and Calibration of Physical Activity 
Monitors in Children’ Obesity Research 10 (3), 150-157 

Ramos, J., Dalleck, L., Tjonna, A., Beetham, K. and Coombes, J. (2015) ‘The Impact of High-Intensity 
Interval Training Versus Moderate-Intensity Continuous Training on Vascular Function: a Systematic 
Review and Meta-Analysis’ Sports Medicine 45 (5), 679-692 

Raynor, H., Jeffery, R., Ruggiero, A., Clark, J. and Delahanty, L. (2008) ‘Weight Loss Strategies 
Associated With BMI In Overweight Adults With Type 2 Diabetes At Entry Into The Look AHEAD 
(Action For Health In Diabetes) Trial’ Diabetes Care 31 (7), 1299-1304 

http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/618167/governm
http://www.coventry.gov.uk/downloads/file/24028/2017_child_health_profile
http://www.coventry.gov.uk/downloads/file/24028/2017_child_health_profile


93  

Reeves, G., Postolache, T. and Snitker, S. (2008) ‘Childhood Obesity and Depression: Connection 
between these Growing Problems in Growing Children’ International Journal of Child Health and 
Human Development: IJCHD 1 (2), 103-114 

Reilly, J., Penpraze, V., Hislop, J., Davies, G., Grant, S. and Paton, J. (2008) ‘Objective Measurement of 
Physical Activity and Sedentary Behaviour: Review With New Data’ Archives of Disease in 
Childhood 93 (7), 614-619 

Rennie, K., Livingstone, M., Wells, J., McGloin, A., Coward, W., Prentice, A. and Jebb, S. (2005) 
‘Association of Physical Activity with Body-Composition Indexes in Children Aged 6–8 Y at Varied Risk 
of Obesity’ The American Journal Of Clinical Nutrition 82 (1), 13-20 

Rexrode, K., Carey, V., Hennekens, C., Walters, E., Colditz, G., Stampfer, M., Willett, W. and Manson, 
J. (1998) ‘Abdominal Adiposity and Coronary Heart Disease in Women’ JAMA 280(21), 1843 

Riddoch, C., Bo Andersen, L., Wedderkopp, N., Harro, M., Klasson-Heggebo, L., Sardinha, L., Cooper, 
A. and Ekelund, U. (2004) ‘Physical Activity Levels and Patterns of 9- and 15-yr-Old European 
Children’ Medicine & Science in Sports & Exercise 36(1), 86-92 

Riddoch, C., Mattocks, C., Deere, K., Saunders, J., Kirkby, J., Tilling, K., Leary, S., Blair, S. and Ness, A. 
(2007) ‘Objective measurement of levels and patterns of physical activity’ Archives of Disease in 
Childhood 92(11), 963-969 

Rittenhouse, M., Salvy, S. and Barkley, J. (2011) ‘The Effect of Peer Influence On the Amount of 
Physical Activity Performed In 8- To 12-Year-Old Boys’ Pediatric Exercise Science 23 (1), 49-60 

Roberts, P., Priest, H. and Traynor, M. (2006) ‘Reliability and Validity in Research’ Nursing Standard 
(through 2013) 20 (44), 41-45 

Rogol, A., Clark, P. and Roemmich, J. (2000) ‘Growth and Pubertal Development in Children and 
Adolescents: Effects of Diet and Physical Activity’ The American Journal of Clinical Nutrition 72 (2), 
521S-528S 

Rolland-Cachera, M. (2012) ‘Towards a simplified definition of childhood obesity? A focus on the 
extended IOTF references’ Pediatric Obesity 7 (4) 259–60 

Rowlands, A., Eston, R. and Ingledew, D. (1999) ‘Relationship between Activity Levels, Aerobic 
Fitness, and Body Fat in 8- To 10-Yr-Old Children’ Journal of Applied Physiology 86 (4), 1428-1435 

Rudolf, M., Cole, T., Krom, A., Sahota, P. and Walker, J. (2000) ‘Growth of primary school children: a 
validation of the 1990 references and their use in growth monitoring’ Archives of Disease in 
Childhood 83(4), 298-301 

Rugg-Gunn, A., Fletcher, E., Matthews, J., Hackett, A., Moynihan, P., Kelly, S., Adams, J., Mathers, J. 
and Adamson, A. (2007) ‘Changes in consumption of sugars by English adolescents over 20 years’ 
Public Health Nutrition 10(4), 

Ruiz, J., Ortega, F., Gutierrez, A., Meusel, D., Sjöström, M. and Castillo, M. (2006) ‘Health-Related 
Fitness Assessment in Childhood and Adolescence: A European Approach Based On the AVENA, EYHS 
and HELENA Studies’ Journal of Public Health 14 (5), 269-277 

Ruxton, C. and Derbyshire, E. (2011) ‘Diet adequacy in UK schoolchildren’ Nutrition & Food Science 
41(1), 20-33 



94  

Saad, M., Lillioja, S., Nyomba, B., Castillo, C., Ferraro, R., De Gregorio, M., Ravussin, E., Knowler, W., 
Bennett, P., Howard, B. and Bogardus, C. (1991) ‘Racial Differences in the Relation between Blood 
Pressure and Insulin Resistance’ New England Journal of Medicine 324(11), 733-739 

Sallis, J. and Glanz, K. (2009) ‘Physical Activity and Food Environments: Solutions to the Obesity 
Epidemic’ Milbank Quarterly 87(1), 123-154 

Sallis, J. and Saelens, B. (2000) ‘Assessment of Physical Activity by Self-Report: Status, Limitations, 
And Future Directions’ Research Quarterly for Exercise and Sport 71 (sup2), 1-14 

Sallis, J., Buono, M. and Freedson, P. (1991) ‘Bias in Estimating Caloric Expenditure from Physical 
Activity in Children’ Sports Medicine 11 (4), 203-209 

Sampson, R., Raudenbush, S. and Earls, F. (1997) "Neighborhoods and Violent Crime: A Multilevel 
Study of Collective Efficacy". Science 277 (5328), 918-924 

Sanchez, A., Norman, G., Sallis, J., Calfas, K., Cella, J. and Patrick, K. (2007) ‘Patterns and Correlates of 
Physical Activity and Nutrition Behaviors in Adolescents’ American Journal of Preventive Medicine 32 
(2), 124-130 

Sartorio, A., Lafortuna, C., Pogliaghi, S. and Trecate, L. (2002) ‘The Impact of Gender, Body 
Dimension and Body Composition on Hand-Grip Strength in Healthy Children’ Journal of 
Endocrinological Investigation 25 (5), 431-435 

Schmitz, K., Lytle, L., Phillips, G., Murray, D., Birnbaum, A. and Kubik, M. (2002) ‘Psychosocial 
Correlates Of Physical Activity and Sedentary Leisure Habits in Young Adolescents: The Teens Eating 
For Energy and Nutrition at School Study’ Preventive Medicine 34 (2), 266-278 

Sgro, M., McGuigan, M., Pettigrew, S. and Newton, R. (2009) ‘The Effect of Duration of Resistance 
Training Interventions in Children Who Are Overweight or Obese’ Journal of Strength and 
Conditioning Research 23(4), 1263-1270 

Shaibi, G., Cruz, M., Ball, G., Weigensberg, M., Salem, G., Crespo, N. and Goran, M. (2006) ‘Effects Of 
Resistance Training On Insulin Sensitivity In Overweight Latino Adolescent Males’ Medicine & Science 
In Sports & Exercise 38 (7), 1208-1215 

Sherar, L., Cumming, S., Eisenmann, J., Baxter-Jones, A. and Malina, R. (2010) ‘Adolescent Biological 
Maturity and Physical Activity: Biology Meets Behavior’ Pediatric Exercise Science 22 (3), 332-349 

Shim, J., Oh, K. and Kim, H. (2014) ‘Dietary assessment methods in epidemiologic studies’ 
Epidemiology and Health 36 e2014009 

Silventoinen, K., Magnusson, P., Tynelius, P., Batty, G. and Rasmussen, F. (2009) ‘Association of body 
size and muscle strength with incidence of coronary heart disease and cerebrovascular diseases: a 
population-based cohort study of one million Swedish men’ International Journal of Epidemiology 
38(1), 110-118 

Singh, A., Mulder, C., Twisk, J., Van Mechelen, W. and Chinapaw, M. (2008) ‘Tracking of childhood 
overweight into adulthood: a systematic review of the literature’ Obesity Reviews, 9(5), 474-488 

Sisson, S., Church, T., Martin, C., Tudor-Locke, C., Smith, S., Bouchard, C., Earnest, C., Rankinen, T., 
Newton, R. and Katzmarzyk, P. (2009) ‘Profiles of sedentary behavior in children and adolescents: 
The US National Health and Nutrition Examination Survey, 2001-2006’ International Journal of 
Pediatric Obesity 4 (4), 353-359 



95  

Skidmore, P., Welch, A., van Sluijs, E., Jones, A., Harvey, I., Harrison, F., Griffin, S. and Cassidy, A. 
(2009) ‘Impact Of Neighbourhood Food Environment On Food Consumption In Children Aged 9–10 
Years In The UK SPEEDY (Sport, Physical Activity And Eating Behaviour: Environmental Determinants 
In Young People) Study’ Public Health Nutrition 13 (07), 1022-1030 

Slavin, J. (2005) ‘Dietary fiber and body weight’ Nutrition 21 (3), 411-418 

Smith, J., Eather, N., Morgan, P., Plotnikoff, R., Faigenbaum, A. and Lubans, D. (2014) ‘The Health 
Benefits Of Muscular Fitness for Children and Adolescents: A Systematic Review and Meta- 
Analysis’ Sports Medicine 44 (9), 1209-1223 

Smithers, G., Gregory, J., Bates, C., Prentice, A., Jackson, L. and Wenlock, R. (2000) ‘The National Diet 
and Nutrition Survey: Young People Aged 4-18 Years’ Nutrition Bulletin 25 (2), 105-111 

Sperlich, B., Zinner, C., Heilemann, I., Kjendlie, P., Holmberg, H. and Mester, J. (2010) ‘High-intensity 
interval training improves VO2peak, maximal lactate accumulation, time trial and competition 
performance in 9–11-year-old swimmers’ European Journal of Applied Physiology 110(5), 1029-1036 

Steele, R., Brage, S., Corder, K., Wareham, N. and Ekelund, U. (2008) ‘Physical Activity, 
Cardiorespiratory Fitness, and the Metabolic Syndrome in Youth’ Journal of Applied Physiology 105 
(1), 342-351 

Steele, R., van Sluijs, E., Sharp, S., Landsbaugh, J., Ekelund, U. and Griffin, S. (2010) ‘An Investigation 
of Patterns of Children's Sedentary and Vigorous Physical Activity throughout the 
Week’ International Journal of Behavioural Nutrition and Physical Activity 7 (1), 88 

Steene-johannessen, J., Anderssen, S., Kolle, E. and Andersen, L. (2009) ‘Low Muscle Fitness Is 
Associated with Metabolic Risk in Youth’ Medicine & Science in Sports & Exercise 41 (7), 1361-1367 

Stefan, N., Kantartzis, K., Machann, J., Schick, F., Thamer, C., Rittig, K., Balletshofer, B., Machicao, F., 
Fritsche, A. and Haring, H. (2008) ‘Identification and Characterization of Metabolically Benign 
Obesity in Humans’ Archives of Internal Medicine 168(15), 1609 

St-Onge., Keller, K. Heymsfield, S. (2003) ‘Changes in childhood food consumption patterns: a cause 
for concern in light of increasing body weight’ The American Journal of Clinical Nutrition 78 (6), 1068- 
73 

Strong, W., Malina, R., Blimkie, C., Daniels, S., Dishman, R., Gutin, B., Hergenroeder, A., Must, A., 
Nixon, P., Pivarnik, J., Rowland, T., Trost, S. and Trudeau, F. (2005) ‘Evidence Based Physical Activity 
for School-age Youth’ The Journal of Pediatrics 146(6), 732-737 

Sun, S., Chumlea, W., Heymsfield, S., Lukaski, H., Schoeller, D., Friedl, K., Kuczmarski, R., Flegal, K., 
Johnson, C. and Hubbard. (2003) ‘Development of bioelectrical impedance analysis prediction 
equations for body composition with the use of a multicomponent model for use in epidemiologic 
surveys’ The American Journal of Clinical Nutrition 77 (2), 331-40 

Sung, R., Lau, P., Yu, C., Lam, P. and Nelson, E. (2001) ‘Measurement of body fat using leg to leg 
bioimpedance’ Archives of Disease in Childhood 85(3), 263-267 

Tanaka, C., Reilly, J. and Huang, W. (2014) ‘Longitudinal changes in objectively measured sedentary 
behaviour and their relationship with adiposity in children and adolescents: systematic review and 
evidence appraisal’ Obesity Reviews 15(10), 791-803 



96  

Tarrade, A., Rousseau-Ralliard, D., Aubrière, M., Peynot, N., Dahirel, M., Bertrand-Michel, J., Aguirre- 
Lavin, T., Morel, O., Beaujean, N., Duranthon, V. and Chavatte-Palmer, P. (2013) ‘Sexual Dimorphism 
of the Feto-Placental Phenotype in Response to a High Fat and Control Maternal Diets in a Rabbit 
Model’ PLoS ONE 8(12), e83458 

Taylor, R., Gold, E., Manning, P. and Goulding, A. (1997) ‘Gender Differences in Body Fat Content Are 
Present Well Before Puberty’ International Journal of Obesity 21(11), 1082-1084 

Tecklin, J. (2008) Pediatric Physical Therapy. USA: Lippincott Williams & Wilkins 

Telama, R., Yang, X., Vilkari, J., Valimaki, L., Wanne, O. and Raitakari, O. (2005) ‘Physical activity from 
childhood to adulthood: a 21-year tracking study’ American Journal of Preventive Medicine 28 (3), 
267-73 

Thivel, D., Isacco, L., Lazaar, N., Aucouturier, J., Ratel, S., Doré, E., Meyer, M. and Duché, P. (2011) 
‘Effect of A 6-Month School-Based Physical Activity Program on Body Composition and Physical 
Fitness in Lean and Obese Schoolchildren’ European Journal of Pediatrics 170 (11), 1435-1443 

Thivel, D., Ring-Dimitriou, S., Weghuber, D., Frelut, M. and O'Malley, G. (2016) ‘Muscle Strength and 
Fitness in Pediatric Obesity: A Systematic Review from the European Childhood Obesity 
Group’ Obesity Facts 9 (1), 52-63 

Timperio, A., Crawford, D., Telford, A. and Salmon, J. (2004) ‘Perceptions about the Local 
Neighborhood and Walking and Cycling Among Children’ Preventive Medicine 38 (1), 39-47 

Townsend, N., Wickramasinghe, K., Williams, J., Bhatnagar, P. Rayner, M. (2015) Physical Activity 
Statistics 2015 British Heart Foundation: London 

Townshend, T. and Lake, A. (2017) ‘Obesogenic environments: current evidence of the built and food 
environments’ Perspectives in Public Health 137(1), 38-44 

Treuth, M., Schmitz, K., Catellier, D., McMurray, R., Murray, D., Almeida, M., Going, S., Norman, J., 
and Pate, R. (2004) ‘Defining accelerometer thresholds for activity intensities in adolescent girls’ 
Medicine and Science in Sport and Exercise 36 (7), 1259-66 

Trost, S., Loprinzi, P., Moore, R. and Pfeiffer, K. (2011) ‘Comparison of Accelerometer Cut Points for 
Predicting Activity Intensity in Youth’ Medicine & Science in Sports & Exercise 43(7), 1360-1368 

Trost, S., Pate, R., Freedson, P., Sallis, J. and Taylor, W. (2000) ‘Using objective physical activity 
measures with youth: How many days of monitoring are needed?’ Medicine & Science in Sports & 
Exercise 32(2), 426 

Trost, S., Pate, R., Freedson, P., Sallis, J. and Taylor, W. (2000) ‘Using Objective Physical Activity 
Measures With Youth: How Many Days Of Monitoring Are Needed?’ Medicine & Science in Sports & 
Exercise 32 (2), 426 

Trost, S., Pate, R., Sallis, J., Freedson, P., Taylor, W., Dowda, M. and Sirard, J. (2002) ‘Age and gender 
differences in objectively measured physical activity in youth’ Medicine and Science in Sports and 
Exercise 34(2), 350-355 

Trost, S., Ward, D., Moorhead, S., Watson, P., Riner, W. & Burke, J. (1998) ‘Validity of the Computer 
Science and Applications (CSA) activity monitor in children’ Medicine and Science in Sports and 
Exercise 30 (4), 629-633 



97  

Tsiros, M., Grimshaw, P., Shield, A. Buckley, J. (2011) ‘The Biodex isokinetic dynamometer for knee 
strength assessment in children: advantages and limitations’ Work (Reading, Mass) 39 (2) 161-7 

Tucker, K., Hallfrisch, J., Qiao, N., Muller, D., Andres, R. and Fleg, J. (2005) ‘The Combination of High 
Fruit and Vegetable and Low Saturated Fat Intakes Is More Protective against Mortality in Aging Men 
than Is Either Alone: The Baltimore Longitudinal Study of Aging’ The American Society for Nutritional 
Sciences 135 (3), 556-561 

Tucker, P. and Gilliland, J. (2007) ‘The Effect Of Season And Weather On Physical Activity: A 
Systematic Review’ Public Health 121 (12), 909-922 

Tweney, E., Emmett, P., Golding, J., Goodfellow, S. and Taylor, C. (2017) ‘Comparison Of Dietary 
Intakes Of 7-Year-Old Children Enrolled In Observational Birth Cohort Studies On The Isle Of Man 
And In South-West England’ Nutrients 9 (12), 724 

van der Heijden, G., Wang, Z., Chu, Z., Sauer, P., Haymond, M., Rodriguez, L. and Sunehag, A. (2010) 
‘A 12-Week Aerobic Exercise Program Reduces Hepatic Fat Accumulation And Insulin Resistance In 
Obese, Hispanic Adolescents’ Obesity 18 (2), 384-390 

van Jaarsveld, C. and Gulliford, M. (2015) ‘Childhood obesity trends from primary care electronic 
health records in England between 1994 and 2013: population-based cohort study’ Archives of 
Disease in Childhood 100(3), 214-219 

Vandewater, E., Shim, M. and Caplovitz, A. (2004) ‘Linking obesity and activity level with children's 
television and video game use’ Journal of Adolescence 27(1), 71-85 

Vartanian, L. (2015) ‘Development and Validation of a Brief Version of the Stigmatizing Situations 
Inventory’ Obesity Science & Practice 1 (2), 119-125 

Velez, A., Golem, D. and Arent, S. (2010) ‘The Impact of A 12-Week Resistance Training Program on 
Strength, Body Composition, and Self-Concept of Hispanic Adolescents’ Journal of Strength and 
Conditioning Research 24 (4), 1065-1073 

Ventura, A., Loken, E., Mitchell, D., Smiciklas-Wright, H. and Birch, L. (2006) ‘Understanding 
Reporting Bias in the Dietary Recall Data of 11-Year-Old Girls’ Obesity 14(6), 1073-1084 

Verloigne, M., Van Lippevelde, W., Maes, L., Yildirim, M., Chinapaw, M., Manios, Y., Androutsos, O., 
Kovacs, E., Bringolf-Isler, B., Brug, J. and De Bourdeaudhuij, I. (2012) ‘Levels of physical activity and 
sedentary time among 10- to 12-year-old boys and girls across 5 European countries using 
accelerometers: an observational study within the ENERGY-project’ International Journal of 
Behavioral Nutrition and Physical Activity 9(1), 34 

von Hurst, P., Walsh, D., Conlon, C., Ingram, M., Kruger, R. and Stonehouse, W. (2015) ‘Validity And 
Reliability Of Bioelectrical Impedance Analysis To Estimate Body Fat Percentage Against Air 
Displacement Plethysmography And Dual-Energy X-Ray Absorptiometry’ Nutrition & Dietetics 73 (2), 
197-204 

Voss, C., Ogunleye, A. and Sandercock, G. (2013) ‘Physical Activity Questionnaire for Children and 
Adolescents: English Norms and Cut-Off Points’ Pediatrics International 55 (4), 498-507 

Weiss, R., Bremer, A. and Lustig, R. (2013) ‘What is metabolic syndrome, and why are children 
getting it?’ Annals of the New York Academy of Sciences 1281(1), 123-140 



98  

Welk, G. (2002). Physical activity assessments for health-related research Champaign, Ill.: Human 
Kinetics 

Whitaker, R., Wright, J., Pepe, M., Seidel, K. and Dietz, W. (1997) ‘Predicting Obesity In Young 
Adulthood From Childhood And Parental Obesity’ New England Journal Of Medicine 337(13), 869- 
873 

WHO. WHO STEPwise approach to surveillance (STEPS). Geneva, World Health Organization (WHO), 
2008 

Williams, T., van Staa, T., Puri, S. and Eaton, S. (2012) ‘Recent advances in the utility and use of the 
General Practice Research Database as an example of a UK Primary Care Data resource’ Therapeutic 
Advances in Drug Safety 3(2), 89-99 

Wind, A., Takken, T., Helders, P. and Engelbert, R. (2010) ‘Is Grip Strength A Predictor for Total 
Muscle Strength in Healthy Children, Adolescents, and Young Adults?’ European Journal of 
Pediatrics169 (3), 281-287 

Wolfe, R. (2006) ‘The underappreciated role of muscle in health and disease’ The American Journal 
of Clinical Nutrition 84 (3), 475-82 

World Health Organisation (2018a) Obesity and Overweight [online] available from < 
http://www.who.int/mediacentre/factsheets/fs311/en/> [25 February 2018] 

World Health Organisation (2018b) Childhood Overweight and Obesity [online] available from < 
http://www.who.int/dietphysicalactivity/childhood/en/> [21 March 2018] 

Wilkinson, R., and Marmot, M. (2003) Social determinants of health: the solid facts [online] Second 
Edition. Denmark: World Health Organisation. available from < 
http://www.euro.who.int/ data/assets/pdf_file/0005/98438/e81384.pdf> [23 March 2018] 

Wrieden, W., Longbottom, P., Adamson, A., Ogston, S., Payne, A., Haleem, M. and Barton, K. (2008) 
‘Estimation of Typical Food Portion Sizes For Children of Different Ages in Great Britain’ British 
Journal of Nutrition 99(6), 1344-53 

Xu, J., Eilat-Adar, S., Loria, C., Goldbourt, U., Howard, B., Fabsitz, R., Zephier, E., Mattil, C. and Lee. E. 
(2006) ‘Dietary fat intake and risk of coronary heart disease: the Strong Heart Study’ The American 
Journal of Clinical Nutrition 84 (4), 894-902 

Yang, W., Kelly, T. and He, J. (2007) ‘Genetic Epidemiology of Obesity’ Epidemiologic Reviews 29 (1), 
49-61 

Yusuf, S., Hawken, S., Ôunpuu, S., Bautista, L., Franzosi, M., Commerford, P., Lang, C., Rumboldt, Z., 
Onen, C., Lisheng, L., Tanomsup, S., Wangai, P., Razak, F., Sharma, A. and Anand, S. (2005) ‘Obesity 
and the risk of myocardial infarction in 27 000 participants from 52 countries: a case-control 
study’ The Lancet 366(9497), 1640-1649 

http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/dietphysicalactivity/childhood/en/
http://www.who.int/dietphysicalactivity/childhood/en/
http://www.euro.who.int/


99  

Appendices 
 

Appendix 1 

 
 

4th April 2016 

Dear Head Teacher, 

 
Faculty of Health and Life Sciences 
Coventry University 
Priory Street 
Coventry 
CV1 5FB 

 

Re: The association between lifestyle factors and health in South Asian and White children aged 7- 
10 years old. 

I am a researcher based in the Centre for Applied Biological and Exercise Sciences at Coventry 
University. I am writing to ask for your assistance with the above study, which will help develop a 
better understanding of lifestyle factors and health indices in children from South Asian and White 
backgrounds. This research is taking place as it has become apparent that physical activity levels are 
too low in children leading to an increase in childhood obesity and poorer health. Furthermore, I am 
also particularly keen on assessing South Asian children as it has become increasingly apparent that 
they have a greater chance of suffering from the adverse health outcomes related to obesity in later 
life. This research will aim to understand how lifestyle factors are associated with poorer health and 
how these factors differ in children from different ethnic backgrounds. 

I would like to invite children in years 3 and 4, and 5, aged 7-10 years old, to participate in this study. 
I hope to recruit 300 children with an even ratio of White and South Asian children. I understand 
that it may not be possible for your school to offer such a large sample size and hence 2 or 3 
different schools may be contacted. All testing would be carried out during school term time and in 
conjunction with the school’s timetabling system, ensuring minimal interruption to learning. Subject 
to approval by Coventry University Ethics and agreement with the school, this study will be 
measuring objectively measured physical activity, sedentary behaviour, weight status, strength, diet 
and blood pressure. Physical activity and sedentary behaviour will be monitored using 
accelerometers. Weight status and body composition will be assessed using multiple methods 
including height, body mass, BMI, waist circumference, hip circumference, waist-hip ratio, and 
Bioelectrical impedance analysis. Strength will be assessed using two methods: Handgrip 
dynamometry and vertical jump. Diet will be assessed using a questionnaire. Lastly, blood pressure 
will be assessed using a blood pressure monitor. The testing will be a fun and interesting experience 
for the children who take part. 

Once all the data has been collected and analysed each school will receive a written report of the 
findings, and I will be happy to discuss the findings and provide feedback for parents and staff. All 
the procedures that will be used in this study are safe and will be conducted by trained personnel. 
The data collected will be anonymous, treated in confidence and solely used for the purposes of the 
research study. Participation in the study is entirely voluntary and the children will have the right to 
withdraw from the study at any time. Participation in this project will help aid our scientific 
understanding of the lifestyle factors mentioned above and how they are related to cardiovascular 
disease risk in the future. We hope you and your school will be interested in participating in this 
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research and should you have any queries please do not hesitate to get in touch. My contact details 
can be found at the bottom of this letter. I am more than happy to expand on this information 
further and visit the school in order to go over the project. 

Many thanks for taking the time to consider this request and I look forward to hearing from you. 
 
 

Yours Faithfully, 
 
 
 
 

 
Some materials have been removed from this thesis 
due to Third Party Copyright. Pages where material 
has been removed are clearly marked in the electronic 
version. The unabridged version of the thesis can be 
viewed at the Lanchester Library, Coventry University
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Appendix 2 
 
 

PARTICIPANT INFORMATION SHEET: Children 
This letter is an invitation for you to take part in a research study. 

 
What is the purpose of this study? 
This study will look at the association between weight status, physical activity levels, 
strength, diet and health among children from South Asian and White backgrounds. 

 
This study will look at these different factors and compare them between children 
from different backgrounds. 

 
Why have I been chosen? 
We are asking 300 children to take part in the study. Your school has agreed to help. 

 
Do I have to take part? 
No. It is up to you to decide if you would like to take part. If at any time during the 
testing you would like to withdraw then you are free to do so without giving any 
reason. 

 
What would I have to do? 

 
• Firstly, we would like to measure how tall you are and how much you weigh. 
• With these measurements we will calculate your body mass index (BMI). 
• Then we would like to measure your waist and hip circumference. 
• We would also like to measure your body fat using special weighing scales. 

 
Once we have gathered information about your weight status we will then like to see 
how strong you are. We will assess this using two methods: 

• Hand grip strength 
• Vertical jump 

 
We would also like to know what you are eating on a daily basis. We will therefore 
ask you to fill out a questionnaire telling us what you have eaten and drank in the 
previous day. You will be asked to fill this out on four separate occasions. 

 
We would also like to see how much physical activity you do. We would like you to 
wear an activity monitor on your wrist for 7 days. 

 
Lastly, we would like to measure your blood pressure in order to get an idea of your 
health. 

 
What are the risks associated with this project? 
The risks are minimal and no more than what you would experience in your daily life. 

 
What are the benefits of taking part? 
The study may not benefit you directly but the information gathered will increase our 
knowledge on lifestyle patterns in children and how this is related to health. We will 
also gain further information relating to lifestyle factors and health in children from 



102  

South Asian backgrounds. We can use the information gained to help improve 
children’s health in the future. 

 
Do I have to take part? 
It is up to you to decide whether you want to take part. It is voluntary. 
If you change your mind during the study and want to stop taking part, then you are 
free to do so. 

 
Will my information be kept a secret? 
All information collected about you will be kept a secret. You will be given a number 
so you can not be identified by name. At the end of the study we will talk about the 
results for all the children that took part in the study together as a summary, but we 
will not mention you by name. 

 
What will happen with the results of the study? 
When the study is complete we will compare the results between the different 
groups. The results will be presented at scientific meetings and written up in 
scientific journals. We also plan to provide a written summary of the data to your 
school and all the people who took part. 

 
Who has reviewed this study? 
This study has been reviewed and approved by the Ethics Committee at Coventry 
University and the procedures in place in the study adhere to the Code of Conduct of 
the British Association of Sport and Exercise Sciences 

 Some materials have been removed from this thesis due to Third Party Copyright. Pages where 
material has been removed are clearly marked in the electronic version. The unabridged version 
of the thesis can be viewed at the Lanchester Library, Coventry University
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Appendix 3 
 
 

PARTICIPANT INFORMATION SHEET: PARENTS 
This letter is an invitation for your child to take part in a research study. Before you 
decide it is important for you to understand why the research is being done and what 
it will involve. Please take time to read the following carefully and discuss it with 
others if you would like to. Please ask if there is anything that is not clear to you or if 
you would like more information. Our contact details are at the bottom of the sheet. 

 
Information about the project/purpose of the project 
Engaging in regular physical activity has many important health benefits. 
Understanding the lifestyle factors relating to low levels of physical activity and 
increased body fat are also important. This study aims to examine the association 
between weight status, physical activity, sedentary behaviour, strength, diet and 
blood pressure in South Asian and White children. 

 
Why has my child been chosen? 
We are aiming to recruit 300 children to take part in the study. We are looking for 
boys and girls who are aged between 7 and 10 years and are healthy. We are also 
aiming to recruit children from both South Asian and White backgrounds. Your 
school has agreed to take part in our study and we will be contacting all children in 
your child’s class to see if they would be interested in taking part. 

 
Does my child have to take part? 
No. It is up to you and your child to decide if you would like to take part. If at anytime 
during the testing you or your child would like to withdraw then you are free to do so 
without giving any reason. 

 
What does my child have to do? 
• Firstly, we would like to measure your child’s height and weight. 
• With these measurements we will calculate your child’s body mass index 
(BMI). 
• Then we would also like to measure your child’s waist and hip circumference. 
• Following this we will aim to measure your child’s body fat using specialist 
weighing scales. 

 
Once we have gathered information regarding your child’s weight status we will then 
like to take some strength measurements. We will assess your child’s strength using 
two methods: 
• Hand grip strength 
• Vertical jump 

 
Your child’s diet will also be assessed. We will therefore ask your child to fill out a 
questionnaire telling us what he/she has eaten and drank in the previous day. Your 
child will be asked to fill this questionnaire out on four separate occasions. 

 
Physical activity levels will also be assessed. We would therefore like your child to 
wear an activity monitor for 7 days. 
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Lastly, we are interested in understanding how these factors are related to your 
child’s health and would therefore like to measure your child’s blood pressure in 
order to gain this information. 

 
All testing will be carried out during school term time and in conjunction with the 
school’s timetabling system, ensuring minimal interruption to learning. 

 
What are the risks associated with this project? 
The risks that your child may encounter during the testing are minimal and no more 
than encountered during their day to day physical activities. 

 
What are the benefits of taking part? 
It cannot be guaranteed that the study will benefit you/your child directly but the 
information gathered will increase our knowledge on lifestyle patterns in children and 
how this is related to health. We will also gain further information relating to lifestyle 
factors and health in children from South Asian backgrounds. The information gained 
from this research can help plan strategic interventions in the future in order to 
reduce the risk of cardiovascular disease in later life. 

 
Withdrawal options 
Your child’s participation in the study is completely voluntary. If you wish to withdraw 
at any time during the study then you and your child are free to do so and you do not 
need to provide a reason. You can also withdraw from the study two weeks following 
the data collection. 

 
Data protection and confidentiality 
Procedures for handling, processing, storage and destruction of the data will follow 
the Data Protection Act 1998. All data gathered will be anonymous so that your child 
receives a participant number. The data will be treated in strictest confidence. The 
data will be used for the purposes described above and will only be accessed by 
myself and my supervisory team (Dr Emma Eyre, Dr Neil Clarke, Dr Val Cox, Prof 
Michael Duncan). All members of the research team will have a valid Disclosure and 
Barring Service (DBS) certificate. 

 

 

What will happen with the results of the study? 
When the study is complete we will compare the data gained between the ethnic 
groups. We will also use this data to help plan subsequent studies in order to help 
improve lifestyle factors and reduce the risk of adverse health in the future. The 
results will be presented at scientific meetings and written up in scientific journals. 

Some materials have been removed from this thesis due to 
Third Party Copyright. Pages where material has been 
removed are clearly marked in the electronic version. The 
unabridged version of the thesis can be viewed at the 
Lanchester Library, Coventry University
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We also plan to provide a written summary of the data to schools and families who 
took part. 

 
Who has reviewed this study? 
This study has been reviewed and approved by the Ethics Committee at Coventry 
University and the procedures in place adhere to the Code of Conduct of the British 
Association of Sport and Exercise Sciences 

 
Further information/Key contact details of researcher and supervisor 
If you have any questions about the study then please contact: 

 

 

Some materials have been removed from this thesis due to Third Party Copyright. Pages where 
material has been removed are clearly marked in the electronic version. The unabridged version of 
the thesis can be viewed at the Lanchester Library, Coventry University
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Appendix 4 
 

Ethics Number: P41839  
Informed Consent Form 

 
Title of Project: The association between lifestyle factors and health in South 
Asian and White children aged 7-10 years old. 

 
Name of Researcher: Bilal Muhammad 

Please tick 
1. I confirm that I have read and understood the participant information sheet 
for the above study and have had the opportunity to ask questions and have 
had these answered satisfactorily. 

2. I understand that my child’s participation is voluntary and that we are free to 
withdraw at anytime without giving a reason. 

 

3. I understand that all the information my child provides will be treated in 
confidence 

 

4. I understand that I and my child have the right to change my mind about 
participating in the study for a short period after the study has concluded 
(within 14 days). 

 

5. I agree for my child to take part in the research project 

 
Name of child: ................................................................................................. 

 
 

Name of parent/guardian: .............................................................................. 
 
 

Parent/guardian signature: …………………………………………………………………………………………….. 
 
 

Date:   ................................................................................................................ 
 
 
 

Name of Researcher: ........................................................................................ 
 
 

Signature of researcher: ................................................................................... 
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Date:.................................................................................................................. 
 

Some materials have been removed from this thesis due to Third Party Copyright. Pages 
where material has been removed are clearly marked in the electronic version. The 
unabridged version of the thesis can be viewed at the Lanchester Library, Coventry 
University
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