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Abstract 

Breakfast consumption (BC) frequency declines from childhood to adolescence and is 

associated with poor metabolic health. This research aimed to analyse whether BC versus 

breakfast omission (BO) affects substrate oxidation during rest in adolescent girls. Secondly, 

it examined whether BC vs BO influences postprandial and 5 h glycaemia and insulineamia. 

Lastly, it evaluated the effects of BC vs BO on Fatmax, MFO, rate of perceived exertion and 

physical activity (PA) enjoyment during an exercise bout performed 2 h after lunch. Seventeen 

breakfast consuming girls (13.2 ± 0.7 years old) were recruited. Two experimental trials were 

completed in a randomised counterbalanced order: BC and BO. A standardised lunch was 

provided three hours after breakfast (BC) or after breakfast omission (BO). Finger prick blood 

samples for the analysis of plasma glucose and plasma insulin and expired gas samples for 

the analysis of substrate oxidation were taken throughout the trials. An incremental 7-stage 

cycling test was performed 2 h after lunch for the determination of maximum fat oxidation 

(MFO) and intensity at which MFO occurred (Fatmax). OMNI Scale was used to evaluate the 

perceived exertion at the end of each cycling stage. PA enjoyment was evaluated after the 

cool-down using Physical Activity Enjoyment Scale (PACES). There was a significant main 

effect of condition (BC vs BO) for fat (p= 0.008) and carbohydrate (p< 0.001) oxidation after 

lunch. Fat oxidation was significantly higher during BO compared to BC, while carbohydrate 

oxidation was significantly higher during BC compared to BO.  The main effect of condition for 

glucose and insulin incremental area under the curve (iAUC) (p= 0.509; p= 0.603, respectively) 

and total area under the curve (tAUC) for glucose and insulin (p= 0.738; p= 0.665, respectively) 

throughout the whole day was not significant. However, post lunch glucose and insulin iAUC 

(p= 0.05; p= 0.001) and tAUC (p= 0.05; p= 0.001) were significantly higher during BO 

compared to BC. There was no significant difference in MFO (p= 0.104) or Fatmax (p= 0.945) 

between conditions. Physical activity enjoyment was higher during BC vs BO with an almost 

significant difference (p= 0.055). The main effect of condition for perceived exertion (p= 0.307) 

was not significantly different. In conclusion, BC resulted in lower fat oxidation and lower 



III 
 

second meal glycaemic and insulineamic responses. Ultimately, the findings of this study will 

assist in understanding further the effects of BC vs BO on adolescents’ metabolism. This may 

have important implications in prevention of obesity and type 2 diabetes. 
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Research at the University of Bedfordshire. It has not been submitted before for any degree 
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Chapter I 
 

Introduction 
 

Breakfast is habitually associated with a healthy diet and a healthy weight (O’Neal et al., 2014) 

as it has an important role in energy balance and dietary control (Rampersaud et al., 2005).  

Breakfast skipping is often linked with an increased body mass index (BMI) and obesity 

(Monzani et al., 2019). An increased BMI in breakfast skippers can be caused by either a 

higher energy intake or by a lower energy expenditure (Betts et al., 2016). Data from several 

studies suggest that breakfast consumers have lower (Reeves et al., 2014), similar or higher 

(Sandercock et al., 2010) energy intakes compared to breakfast skipping adolescents and 

adults. Therefore, it is difficult to state that the higher BMI in breakfast skippers is related to 

higher energy intakes. Furthermore, breakfast skipping adolescent girls do not seem to have 

lower energy expenditure levels based on a study of Zakrzewski et al. (2017), however Corder 

et al. (2011) and Corder et al. (2014) observed that breakfast consumers may have higher PA 

levels during the morning and weekends. Based on the existing literature it is difficult to 

understand whether an increased BMI in breakfast skippers is related to energy expenditure. 

More experimental research is needed to find the cause of increased BMI in breakfast 

skippers. A possible explanation could be the concept that regular breakfast consumers 

generally have healthier food choices compared to breakfast skippers (Utter et al., 2007). 

Another possible explanation could be an impaired fat oxidation rate in breakfast skippers. A 

reduced ability to oxidise lipids is an important determinant of obesity and type 2 diabetes 

(Achten & Jeukendrup, 2004). Understanding the factors which may influence fat oxidation 

during rest and exercise is important as improving fat metabolism may help prevent or manage 

the symptoms of obesity and type 2 diabetes.  

The prevalence of metabolic diseases in youth is continuously increasing in the United 

Kingdom. A recent survey revealed that 44% of girls aged 13 to 15 years are either overweight  
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or obese (Health Survey for England, 2017). Based on the Diabetes UK Survey (2010), 22,000 

people under the age of 17 years were diagnosed with diabetes and this is the highest 

prevalence amongst European Countries. The mean age of diagnosing type 2 diabetes in 

youth is 13.4 years, as this period is characterised with the onset of physiologic pubertal insulin 

resistance (Ehtisham et al., 2004). This is an important justification why puberty is a critical 

period to educate healthy lifestyle behaviours. Pubertal insulin resistance together with 

unhealthy diet and lack on PA creates a favourable environment for development of obesity 

and diabetes. The latest survey from the Chief Medical Officers (2011) indicated that 84% of 

girls aged 5-15 years are not meeting the PA recommendations. Additionally, among 

secondary school children, 24% skip breakfast (British Nutrition Foundation Survey, 2015), 

despite the known benefits of consuming this meal. Regular breakfast consumption may also 

have psychological benefits, which may or may not be a result of physiological state. A 

previous study found that adolescents were more alert and content on the day when breakfast 

was consumed compared to when it was skipped (Defeyter and Russo, 2003). Maintaining a 

healthy psychological state is important as it may influence further behaviour (Defeyter and 

Russo, 2003), just as food and activity choices. A more alert and content child for example, 

may be more likely to participate in after-school activities. For nearly all children and 

adolescents, regular participation in PA is beneficial, improving cardiovascular health and 

insulin sensitivity, while lowering the risks of obesity, impaired lipid profile, and insulin 

resistance (Riddell, 2008). Enjoyment represents the primary intrinsic motivation for PA 

participation and adherence in youth (Cairney et al., 2012). Hence, to increase PA participation 

in adolescent girls, it is worth finding ways to maintain a positive mood. 

The increasing number of schoolchildren with an impaired metabolic health presents the 

necessity to investigate the possible causes of this problem. Breakfast consumption, as a 

healthy lifestyle component, may have an impact on physiological and psychological status. 

Given that breakfast skipping is the most prevalent within adolescent girls, analysing the acute  

 

https://www.physiology.org/doi/full/10.1152/japplphysiol.00031.2008
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effects of breakfast consumption (BC) vs breakfast omission (BO) on metabolism and PA 

enjoyment in this population may help prevent or manage the consequences of an unhealthy 

lifestyle.  
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Chapter II 
 

Review of Literature 
 

Chapter II includes a critical review of the literature based on the impact of breakfast 

consumption and omission on substrate oxidation during rest and exercise. The studies on 

“the second meal phenomenon” have been reviewed to explain the relationship between 

second-meal glycaemic and insulineamic response and fat oxidation. The first section of this 

chapter includes the main definitions and provides an overview of the issues related to the 

lack of a specificity in defining breakfast-related terms. The following sections contain 

information linked to the possible risks of breakfast skipping, second meal response, pubertal 

insulin resistance, factors affecting fat oxidation during exercise and PA enjoyment. The end 

of the chapter outlines the rationale and the aims of the study. 

2.1 Breakfast consumption and skipping: scientific definitions  
 

Breakfast consumption is often believed to be a component of a healthy diet, and there is a 

wealth of cross-sectional evidence to support this belief in children, adolescents and adults 

(Cuenca-García et al., 2013; O’Neal et al., 2014). However, the lack of a standard definition 

of breakfast makes it difficult to conclude on the benefits of consuming this meal. O’Neal et 

al., (2014) and Ruge et al., (2009) proposed the definition of breakfast as the meal consumed 

within 2-3 hours after the longest sleep in a 24-h period, meant to “break the fast”, comprised 

of at least one food group (e.g. grain foods, dairy products, fruits or vegetables), representing 

20-35% of the total daily calorie intake. Additionally, there is a wide range of definitions used 

for breakfast skipping as a habitual choice in day to day life (Tolfrey & Zakrzewski, 2012): from 

skipping once per week to almost never consuming this meal (Dialektakou &Vranas, 2008). 

An individual who skips breakfast once per week may respond differently to an intervention 

compared to the one who almost never consumes this meal, therefore using the same term 

obscures the results of the existing literature in this research area (Thomas et al., 2015). 

Breakfast omission is an experimental manipulation, where participants categorised as 
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breakfast consumers or skippers, gave the consent of omitting breakfast when requested 

through the study protocol (Tolfrey & Zakrzewski, 2012).  Also, in order to be classified as a 

regular breakfast consumer, one must eat more than 50 kcal within 2 hours of waking from 

the longest sleep in a 24-h cycle on more than four days per week (Timlin & Pereira, 2007). 

The words “breakfast”, “breakfast omission”, “breakfast skipping” and “breakfast consumer” 

used in the present study are centred on the definitions mentioned above.  

2.2 Breakfast skipping 
 

The frequency of breakfast skipping seems to increase from childhood to adolescence 

(Pearson et al., 2009), with the highest prevalence (44%) in adolescent girls aged 12.5-17.49 

years old (Barrett et al., 2018). Poor parental breakfast habits (Pearson et al., 2009), low socio-

economic status (Utter et al., 2007), body dissatisfaction and dieting are the main factors 

triggering breakfast skipping in adolescent girls (Neumark-Sztainer, et al., 2008). Skipping 

breakfast leads to a reduced intake of the nutrients essential for healthy physical maturation, 

which are rarely compensated for during the other meals (Utter et al., 2007). Additionally, 

skipping breakfast equates to a missed opportunity to receive the energy and nutrients needed 

for the body systems to function properly throughout the day (O’Neal et al., 2014). A previous 

review of the literature suggested a strong link between breakfast skipping and increased 

adiposity levels in children and adolescents (Giovannini et al., 2008). For example, Berkey et 

al. (2003) conducted a longitudinal study in a sample of > 41,4000 adolescent girls and boys, 

9-14 years old, reporting that normal weight children who never consume breakfast gained 

weight (girls: +0.08 kg/m2) over a one year period compared to breakfast consuming children. 

The mechanisms underlying this increase in body weight is not fully understood. When 

comparing physical activity (PA) levels on a day when breakfast is consumed, to when it is 

skipped, no significant difference (p= 0.657) in energy expenditure was demonstrated 

(Zakrzewski et al., 2017). Therefore, the increase in body weight may be because children 

who skip breakfast are more likely to consume foods with high energy density during the day. 

For example, Utter et al. (2007) conducted a cross-sectional population survey which included 
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a sample of 3275 children of both sexes aged 5 to 14 years. Indicators of child nutrition was 

assessed through interviews, dietary evaluations, and clinical measures. The study concluded 

that children who skipped breakfast are less likely to meet the daily fruit and vegetable 

recommendations (p= 0.005) and more predisposed to consume unhealthy, energy dense 

snacks instead, hence the association between breakfast skipping and increased body mass 

index (BMI) (p= 0.002). Studies comparing total energy intake between breakfast consumers 

and breakfast skippers found conflicting evidence. Sandercock et al., (2010) reported that 

schoolchildren aged 10-16 years who regularly consume breakfast have higher energy intakes 

throughout the day compared to breakfast skippers. However, earlier research has reported 

breakfast skippers have higher energy intakes during the remainder of the day to compensate 

for the morning fast (Hubert et al., 1998). These contradictory findings may suggest that the 

mechanisms underlying the associations between breakfast skipping and higher BMI are not 

dictated by the quantity of food consumed throughout the day, but rather by its quality and 

timing. A few studies reported a low fibre, protein, fruit and vegetable consumption and higher 

unhealthy snack consumption in breakfast skipping participants compared to regular breakfast 

consumers (Utter et al., 2007; Giovannini et al., 2008). Also, a review of Moreno et al. (2007) 

concluded that overweight children who have a lower energy intake during breakfast, tend to 

skip breakfast more often and have a higher energy intake at dinner. 

While the definitions of breakfast skipping and consumption differ from one study to another, 

some studies categorise participants based on the number of days per week breakfast was 

skipped. Cayres et al.  (2016) found in a sample of 120 healthy adolescents of both sexes 

aged 11-14 years, that trunk fatness percentage was significantly greater (p= 0.002) in 

adolescents who skipped breakfast at least 1 day/week, compared to those who reported 

never skipping breakfast. Increased body fat is related to a decrease in sympathetic activity in 

paediatric populations (Vanderlei et al., 2010) and increased lipolysis which causes insulin 

resistance (Huang, 2009). The sympathetic autonomous nervous system participates in the 

control of glucose and fat metabolism; therefore, a decreased sympathetic activity is linked 
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with a lower energy expenditure and increased body weight (Vanderlei et al., 2010). 

Furthermore, Farshchi et al. (2005) conducted a randomised cross over trial comparing 

metabolic responses between two weeks of BC vs two weeks of BO in a sample of 10 lean 

women reporting to eat breakfast regularly. They found a significantly higher total cholesterol 

(p= 0.001), low-density lipoprotein (LDL) cholesterol (p= 0.009) and postprandial insulin levels 

(p= 0.01) after BO compared to BC.  Another study analysed the effects of skipping breakfast 

in 9- 15-year-old children followed up 20-years later and classified participants into one of four 

groups: 1) skipped breakfast in neither childhood nor adulthood, 2) skipped breakfast only in 

childhood, 3) skipped breakfast only in adulthood, and 4) skipped breakfast in both childhood 

and adulthood (Smith et al., 2010). Skipping breakfast during childhood and adulthood was 

associated with higher BMI, fasting insulin, total cholesterol and LDL cholesterol compared to 

those who did not skip breakfast in either childhood nor adulthood (Smith et al., 2010). The 

above-mentioned negative changes in BMI, fasting insulin, cholesterol, and LDL cholesterol 

caused by BO represent potentially important risk factors for cardiometabolic disease and 

diabetes mellitus (Smith et al., 2010). Therefore, analysing the acute metabolic responses to 

BC vs BO in adolescent girls may help further understand the mechanisms underlying the 

association between breakfast skipping and increased adiposity. It is important to educate 

health-promoting behaviours towards breakfast consumption during adolescence as the 

habits formed during adolescence are strongly correlated to those during adulthood (Frech, 

2013). Also, adolescent girls tend to skip breakfast more than any other population (Barrett et 

al., 2018) and they tend to be less physically active than boys (Cairney et al., 2014), this adds 

to the importance of this study especially considering the lack of research in this population.  

2.3 Pubertal insulin resistance 
 

Adolescents may have a different second meal response compared to adults as they rely more 

on exogenous carbohydrate and have a reduced capacity to store glycogen (Timmons et al., 

2007). Also, previous cross-sectional and longitudinal studies have reported a transient 

increase in insulin resistance occurring from early to mid-puberty, which recovers by the end 

Commented [JZ1]: Need to add supporting references. 
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of puberty (Moran et al., 1999; Goran & Gower, 2001). Goran & Gower (2001) conducted a 

longitudinal study in a group of 60 children at Tanner stage I (9.2 ±1.4 years) during the initial 

visit, of whom 31 progressed to Tanner stage III or IV during the follow-up 2.0 ± 0.6 years later. 

A 32% reduction in insulin sensitivity and an unreasonably low acute insulin response was 

observed only in children who progressed from the initial Tanner stage during the follow-up. 

These findings may suggest a defective ꞵ-cell response or a conservation of ꞵ-cell function in 

children who progressed from Tanner stage I to stage III or IV, independent of adiposity levels 

(Goran & Gower, 2001). As a healthy response to a reduction in insulin sensitivity, ꞵ-cells 

should compensate for the degree of insulin resistance to clear the excess glucose from the 

bloodstream (Ball et al., 2006). Even though pubertal insulin resistance is a regular physiologic 

process, it may contribute to the development of type 2 diabetes during adolescence 

especially in the presence of excess adiposity and a defective ꞵ-cell response (Ball et al., 

2006).  Therefore, administering dietary and PA interventions to sustain a healthy ꞵ-cell 

function is critical during pubertal development. 

2.4 Breakfast and fat oxidation during exercise 
 

Physical activity, defined as “bodily movement produced by the contraction of skeletal muscle 

which substantially increases energy expenditure” with its subcategory “exercise” defined as 

“PA done with the intention of developing physical fitness” are the key elements of energy 

balance, normal weight and cardiovascular and metabolic health (World Health Organization, 

2019). It is well known that the contribution of fat oxidation to total energy expenditure during 

exercise decreases as the exercise intensity increases (Achten & Jeukendrup, 2004). To find 

the optimal exercise intensity (Fatmax) which promotes maximum fat oxidation (MFO), 

researchers designed a Fatmax incremental test (Jeukendrup & Achten, 2001). This idea was 

initiated by Christensen (1932) when the influence of exercise intensity on respiratory 

exchange ratios (RERs) was observed for the first time. The Fatmax and MFO are used to 

monitor substrate oxidation and to find individualised exercise intensities which promote 

maximal fat oxidation (Brandou et al., 2005). As fat oxidation is highly dependable on other 
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fuel availability, investigating the effects of BC vs BO on Fatmax and MFO may be particularly 

beneficial in understanding to what extent breakfast influences fat oxidation during exercise. 

Having a better understanding of lipid metabolism may encourage habits which promote fat 

oxidation, therefore decreasing cardio-metabolic disease risk.  

2.5 The link between insulin sensitivity and substrate oxidation 
 

Previous literature reported a possible link between fat oxidation and insulin sensitivity, with 

an increased rate of fat oxidation linked to a reduction in the accumulation of fatty acid 

metabolites (diacylglycerol, ceramide) within the skeletal muscle (Holloway et al., 2004). The 

accumulation of fatty acid metabolites results in a subsequent uptake by the skeletal muscle, 

which causes an increased intramuscular triglyceride accumulation (Boden et al., 2001). A 

larger FA metabolites accumulation interfere with insulin signalling (Holloway et al., 2004). 

Decreasing fatty acid metabolite accumulation may result in an improved insulin sensitivity 

(Holloway et al., 2004). Any PA shifts from a main reliance on non-esterified fatty acids at rest 

to a mixture of fat, glucose, muscle glycogen and amino acids during exercise (Schenk & 

Horowitz, 2007). A previous study in adults (26 ± 2 years old) reported that even a single 

endurance exercise session impedes the impairment in insulin sensitivity induced by the fatty 

acid accumulation accompanied by an increased lipogenic capacity and an increased 

partitioning of excess fatty acids toward triglyceride synthesis in skeletal muscle (Schenk & 

Horowitz, 2007). One of the main benefits of regular exercise is enhanced fat oxidation through 

the adaptations in the fat metabolism pathways or through reducing adiposity levels (Achten 

& Jeukendrup, 2004). These findings outline important implications of regular exercise in 

improving insulin sensitivity in individuals with high endogenous fatty acid availability, therefore 

helping in the prevention or management type 2 diabetes and obesity (Schenk & Horowitz, 

2007).   
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2.6 Factors influencing fat oxidation 
 

The metabolic responses to exercise are age-dependant; children and adolescents are better 

adapted to aerobic, moderate intensity exercise of > 2 min duration than adults, as they rely 

more on oxidative metabolism as the primary energy source (Boisseau & Delamarche, 2000). 

Compared to adults, children and adolescents rely more on fat oxidation during aerobic 

exercise (Boisseau & Delamarche, 2000), shown by a lower RER at the same submaximal 

exercise intensity (Martinez & Haymes, 1992). Experimental findings comparing fat oxidation 

between boys (9.8 ± 0.1 years old) and men (22.1 ± 0.5 years old) found a relatively higher fat 

oxidation rate in boys than men during 60 min of cycling at 70% peak oxygen uptake (VO2peak) 

(Timmons et al., 2003). Furthermore, independent of chronological age, maturation affects fat 

oxidation, with the highest fat oxidation rate found in less mature boys compared to more 

mature counterparts based on Tanner scale ratings (Timmons et al., 2007). McMurray and 

Hosick (2011) analysed the interaction of obesity, pubertal status, and sex on substrate 

oxidation at rest and when running at three exercise intensities (4, 5.6 and 8 km/h) on a 

treadmill 3-h after a meal. They found greater substrate oxidation rates at rest and at low 

exercise intensities in pubertal children compared to pre-pubertal children, which may be 

because pubertal children have usually a larger body size and may require more substrate to 

support their higher metabolic rates. They also concluded that at moderate to high exercise 

intensities, the interaction between obesity, pubertal status and substrate oxidation is minimal. 

This is inconsistent with the findings presented by Chu et al., (2014) showing that non-

overweight early pubertal girls have a greater capacity to oxidise fat compared to both late 

pubertal and overweight girls. This difference may be explained by the effect of increased 

insulin resistance, believed to be secondary to raises in growth hormone during puberty 

(Goran and Gower, 2001). The decline in fat oxidation from early to late puberty was not 

observed in overweight girls, perhaps because they had an increased insulin resistance due 

to excess adiposity both during early and late puberty. Also, Zunquin et al. (2009) found lower 

fat oxidation rates in non-overweight boys than obese boys at intensities > 40% V̇O2peak. Also, 
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MFO decreases from early to late puberty (Chu et al., 2014). Early pubertal girls reached MFO 

at or above > 40% V̇O2peak, while late pubertal girls at intensities lower than 40% V̇O2peak. 

These findings highlight the interindividual variations in fat oxidation and Fatmax, suggesting 

that the exercise programs for adolescent girls should use individual exercise intensities to 

facilitate fat oxidation regardless of pubertal or adiposity status. 

Research in girls aged 8-18 found that early pubertal non-overweight girls have a larger 

capacity to metabolise fat compared to both non-overweight late pubertal and overweight girls 

(Chu et al., 2014). The latter represented low fat oxidation rates during early and late puberty, 

likely because the rate of fat oxidation was already impaired during early puberty due to excess 

adiposity (Chu et al., 2014).  Fat is at the “bottom of oxidative hierarchy” and its oxidation 

highly depends on the other fuel availability (Melzer, 2011). It is known that carbohydrate 

intake in the hours before exercise reduces the rates of fat oxidation in adults during exercise 

(Horowith et al., 1997). Carbohydrate oxidation is directly proportional to exercise intensity, 

while fat oxidation increases up to a point and starts decreasing as the exercise intensity 

continues to rise (Romjin et al., 1993). Furthermore, BO resulted in a greater fat oxidation 

during a 30 min steady state exercise session and a ~4.5% reduction in exercise performance 

compared to breakfast consumption in adults (Clayton et al., 2015). In a previous paediatric 

study, exogenous carbohydrate intake reduced fat oxidation during exercise in younger girls 

(12 years old, Tanner stage 3). The rate of fat oxidation did not change in older girls (14 years 

old, Tanner stage 4), and there were no differences in the contribution of exogenous 

carbohydrate to total energy expenditure between the two age groups (Timmons et al., 2007). 

As exogenous carbohydrate intake only impaired fat oxidation in younger and not in older girls, 

there may be a difference in substrate metabolism between pubertal statuses. Goran and 

Gower (2001) found a consistent change in insulin sensitivity throughout pubertal 

development. The fall in insulin sensitivity is temporary, with the peak reduction occurring 

during Tanner stage 3 and recovering by the end of puberty (Tanner stage 4-5) (Goran and 

Gower, 2001). The reduced fat oxidation during exercise in younger girls may be caused by 
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the decreased insulin sensitivity, which subsequently causes an increased insulin 

concentration associated with a decline in fat oxidation. The effects of BC vs BO on fat 

oxidation through the “second meal response” remains a gap in the literature. Analysing the 

effects of postprandial insulin on fat oxidation during the exercise performed after lunch is 

important, as this time equates to the “after school” period, which is a critical time for the 

accumulation of PA in school children (Arundell et al., 2015). Research in fuel metabolism 

during rest and exercise in non-overweight and overweight adolescent girls may provide 

clinical strategies in improving metabolic health in adolescents. 

2.7 Second-meal phenomenon 
 

Glycaemic and insulinaemic response after a meal is improved after the consumption of a 

prior meal, termed the “second meal phenomenon” (Hamman & Hirschman, 1919). In healthy, 

lean, obese and diabetic adults, a significantly lower plasma glucose and insulin response to 

lunch was found when breakfast was consumed compared to when it was skipped (Farshchi 

et al., 2005; Jovanovic et al., 2009; Chowdhury et al., 2015). Farshchi et al. (2005) conducted 

a randomized crossover trial, where 10 lean women, who were habitual breakfast consumers 

underwent either 14 days of BC or 14 days of BO. They found a significantly lower (p< 0.01) 

insulin response after BC than after BO and concluded that BO impairs postprandial insulin 

sensitivity. Their previous study suggested a disturbance of energy metabolism because of 

irregular meal frequency, which may cause a higher insulin resistance (Farshchi et al., 2004). 

Jovanovic et al., (2009) tried to establish the metabolic bases of the second-meal 

phenomenon. They have recruited 10 healthy individuals, who underwent two conditions in a 

randomized order: BC and BO. They found a similar insulin response on both days and a 

significantly higher (p< 0.001) glucose response after the second meal in BO trial. This 

response was established to be a consequence of non-esterified fatty acid suppression 

following a meal, which results in an increased muscle glycogen concentration (Jovanovic et 

al., 2009). Furthermore, Chowdhury et al. (2015) conducted a randomized controlled trial, in 

which 35 lean men and women underwent a BC and BO trial. On both trials, participants 
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received an ad libitum lunch. A significantly higher glucose and insulin response was found 

after the second meal in BO trial (p< 0.01). This difference was partly explained by a higher 

energy intake at lunch during BO compared to BC, however the presence of a second meal 

response was demonstrated even in those who had similar energy intakes during lunch on 

both trials. Investigating the second-meal responses is important as acute postprandial 

glycaemic excursions are associated with a high risk of developing type 2 diabetes (Lorenzo 

et al., 2003) and cardiovascular disease (Standl et al., 2011). Presently, the “second meal 

phenomenon” has only been studied in adults (Farshchi et al., 2005; Jovanovic et al., 2009; 

Chowdhury et al., 2015), therefore it is important to investigate the post-lunch responses in 

relation to BC versus BO in adolescent girls; a population that regularly skip breakfast (Corder 

et al., 2014).   

2.8 Physical activity enjoyment 
 

Studies have found that alongside an existing decline in breakfast consumption in adolescent 

girls, there is a 7% per year decline in PA participation in adolescents aged 10- 19 years old 

(Dumith et al., 2011) with a higher prevalence in girls than boys (Cairney et al., 2014). The 

habits and behaviours accumulated during childhood and adolescence predict the health 

behaviours during adulthood (National Cancer Institute, 2007). Based on the Health and 

Safety Executive Survey (2012), only 16% of girls aged 5-15 years were meeting the PA 

guidelines with a decrease from 23% to 8% from children aged 5 years to those aged 15 years. 

The PA recommendations for children and adolescents include at least 60 min of moderate to 

vigorous activity on all days of the week and minimising extended periods of sedentary time 

(Chief Medical Officers, 2011). Therefore, adolescent girls are at a high risk of becoming 

inactive and it is important to educate the health behaviours early, to decrease the risks related 

to inactivity later in life. During the after-school period, children and adolescents typically have 

the choice between sedentary and active behaviours. A previous study found that 38% of the 

after-school period is spent being sedentary, while only 23% of this period is spent in 

performing moderate or vigorous PA (Arundell et al., 2013). Physical activity enjoyment is the 
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primary intrinsic motivation for PA adherence in adolescent girls and is a determinant of PA 

participation throughout adulthood (Cairney et al., 2012). Although the findings are mixed, 

most studies in adolescent girls have shown that breakfast skippers are less physically active, 

and this could be due to the feelings of boredom and tiredness associated with BO (Shaw et 

al., 1998). To increase PA participation, the focus could be on increasing enjoyment (Cairney 

et al., 2012). Physical activity enjoyment is influenced by several intrinsic and extrinsic factors 

including mental state, physical state, and previous experience. If breakfast skipping is 

associated with feelings of boredom and lethargy, these therefore may decrease motivation 

for PA participation or make the activity less pleasant. As opposed to BO, BC positively affects 

mood (Keski-Rahkonen et al., 2003). A recent study compared stress and depression levels 

between eating or skipping breakfast and whether the quality of breakfast may influence these 

outcomes. Adolescents who consumed a high-quality breakfast had lower levels of stress (p= 

0.013) and depression (p= 0.081) compared to those who did not consume or had a low-

quality breakfast. Consequently, it is worth analysing whether breakfast effect on mood may 

be reflected in the levels of enjoyment of an exercise bout.  

2.9 Rationale for study 
 

Adolescent girls are at a high risk of developing cardiometabolic diseases due to physiologic 

insulin resistance combined with unhealthy diet and low PA levels. Breakfast is often referred 

to as the most important meal of the day, being associated with an improved diet quality and 

lower adiposity levels. Levels of adiposity are directly related to one’s ability to oxidise fat 

during rest and exercise. There are many factors regulating fat oxidation and one of the most 

important factors is diet. Also, regular breakfast consumption beneficially and acutely 

modulates blood glucose excursions throughout the day in adults, however this has not been 

analysed in adolescent girls. The findings on “second-meal response” are not only valuable 

because of the possible risks related to postprandial rises in glucose when breakfast is 

omitted, but also because of the effects it may have on fat oxidation throughout the day and 

during the post-lunch PA. Therefore, analysing the acute impact of BC vs BC on fat oxidation 
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during rest and exercise may help further understand fat metabolism during pubertal 

development. These findings may have critical clinical relevance in prevention or management 

of cardiometabolic diseases such as obesity and type 2 diabetes. 

2.10 Study aims and hypothesis 
 

The primary aim of this research is to examine the effect of BC vs BO on substrate oxidation 

during rest. The secondary aim is to examine whether BC vs BO affects post-lunch and total 

(i.e. post-breakfast and post-lunch combined) glycaemia and insulinaemia. Finally, the third 

aim it to observe whether Fatmax, MFO, PA enjoyment and perceived exertion are influenced 

by BC vs BO throughout an exercise bout performed during the “after-school” period.  

It could be hypothesised that, overall, fat oxidation will be higher during BO compared to BC, 

due to a lower glucose availability throughout BO. However, fat oxidation after lunch could be 

higher during BC vs BO, as the expected spike in postprandial insulinaemia during BO may 

supress fat oxidation. Based on studies conducted with samples composed of adult 

participants, a significantly higher postprandial glycaemic and insulinaemic response is 

expected during BO compared to BC. Also, it is not known whether BO vs BC affects Fatmax 

and MFO over a range of exercise intensities. However, it is known that a higher insulin 

response to lunch after BO may reduce fat oxidation and MFO, whereas BO may promote an 

overall energy deficit, which may increase fat oxidation. To date, there is no research which 

has attempted to answer these questions. Higher PA enjoyment and lower perceived exertion 

scores are expected to be found during BC trial, as breakfast consumption is often associated 

with a positive mood.  
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Chapter III 
 
Methods 
 

3.1 Study design 
 

A randomised crossover within-subject design was implemented in a controlled setting at the 

University of Bedfordshire Sport and Exercise Science Laboratories. Participants attended the 

laboratory on three occasions: a preliminary visit and two experimental conditions (BO and 

BC) in a randomised, counterbalanced order with a minimum of seven days washout period 

to avoid carry-over effects between conditions. The order of the experimental visits was 

randomised using an online software (https://www.randomizer.org/). Fifteen sets of numbers 

with two numbers per set (1- BC and 2- BO) were generated to counterbalance condition 

order, therefore 15 participants were assigned to BC first and 15 were assigned to BO first. 

The study was conducted according to the ethical principles stated in the Declaration of 

Helsinki and was approved by the University of Bedfordshire Institute for Sport and Physical 

Activity Research Ethics Committee, approval number 2018ISPAR018 (Appendix 1).  

3.2 Participants 
 

Participants were recruited from local secondary schools. After gaining the secondary school 

consent (Appendix 2), girls were invited to an assembly where researchers presented the 

study protocol highlighting the importance of their enrolment. Those interested in participating 

received an envelope with the Participant Information Sheet (Appendix 3), Parental Consent 

Form (Appendix 4), Child Assent Form (Appendix 5), Breakfast Habits Questionnaire 

(Appendix 6) and Health Screen Questionnaire (Appendix 7) to identify and confirm eligibility.  

Eligible participants met the following inclusion criteria: (1) non-overweight (3rd- 91st 

percentile (Cole et al., 2000)) and overweight (91st centile and above (Cole et al., 2000)) 

adolescent girls aged 11-14 years, (2) no health conditions which could affect the results of 

the study or be affected by the study such as allergies to the food ingredients provided, fitted 

about:blank
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with a pacemaker or taking medication which may influence the results, and (3) consume 

breakfast on ≥ 4 days per week. Earlier research suggests that usual eating habits can 

influence the substrate oxidation and the second meal responses to BC vs BO (Thomas et al., 

2015). Habitual breakfast eaters had greater insulin responses to lunch during BO compared 

to regular breakfast skippers in a sample of obese women (Thomas et al., 2015). This finding 

indicates that breaking the eating habit by skipping breakfast may result in adverse effects for 

breakfast consumers, but not for breakfast skippers. Hence, the present study recruited only 

regular breakfast consumers to analyse the possible adverse effects of skipping breakfast in 

adolescent girls. 

3.3 Preliminary visit 
 

3.3.1 Anthropometric measurements 
 

Participants attended the laboratory for 1.5 h after school, where anthropometric 

measurements were taken, pre-testing requirements explained, and participants were 

familiarised with the questionnaires and procedures followed during the main conditions. All 

measurements were taken twice, and a third measurement was recorded if the range between 

the original two was > 0.5 units or 2 % difference in body fat. Standing height was measured 

to the nearest 0.1 cm using a stadiometer (Holtain, UK). Participants had to stand tall, barefoot, 

facing forward, removing any head attire. The measurement was recorded at the end of a 

deep inhalation. Waist circumference (WC), defined as the measurement taken at midpoint 

between last rib and the top of iliac crest (McCarthy et al., 2005), was taken to the nearest 

0.01 cm using a flexible non-elastic tape which was wrapped around the abdomen directly on 

the skin or on a thin layer of clothing. Waist circumference represents a simple and reliable 

method to assess abdominal adipose tissue (Rankinen et al., 1999). Body mass, fat free mass 

(FFM) and percentage body fat was measured to the nearest 0.1 kg and 0.1 % using a Tanita 

SC- 240 Body Composition Analyzer (Arlington Heights, IL). The body mass index (BMI) 

centile was used to classify participants as non-overweight or overweight using the equation: 
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BMI (kg /m2) = mass / height2.  After calculating BMI, it was plotted in a centile chart (Appendix 

8). The centiles express the BMI of a child relative to other children in the UK of the same age 

and gender. A BMI between 3rd and 91st centile suggests the child is non-overweight or has a 

healthy weight (Cole et al., 2000). A BMI above the 91st centile suggests the child is overweight 

(Cole et al., 2000). BMI centile adjusted for age and sex is an optimal method for assessing 

adiposity on a single occasion in children and adolescents (Cole et al., 2005). As the BMI cut 

off points are based on international data (Cole et al., 2000), these can be used to define 

overweight and obesity in a multi-ethnic sample of participants. 

3.3.2 Identifying pubertal status 
 

Both puberty and obesity may influence substrate oxidation (Chu et al., 2014). Consequently, 

the effects of BC vs BO on fat oxidation may be also attributed to the maturity stage and 

adiposity levels of the participants (Chu et al., 2014). Thus, knowing the maturity stage of the 

participants is essential. Participants received an envelope with self-assessment of Physical 

Maturation Scale (Tanner, 1962, Appendix. 9) to complete at home with a parent or guardian. 

They were also given the verbal and written instructions on how to complete it and were asked 

to return it on the next visit in a sealed envelope.  

3.3.3 Familiarization with the experimental trials 
 

Substrate oxidation during rest and the submaximal exercise test was measured using indirect 

calorimetry. This is an accurate and non-invasive method; however, it can be influenced by 

anxiety levels, especially during the first experience (Thomas et al., 2015). Therefore, during 

the preliminary visits, participants were familiarised with wearing the mask to decrease levels 

of anxiety during the experimental trials. Participants were fitted the appropriate mask size 

and instructed to breathe freely and avoid any actions which may alter breathing rate such as 

talking, laughing, and moving. They were also familiarised with the cycling on a bike (Lode, 

Netherlands), with the saddle height adjusted based on subjective comfort of participants 

(Grainger et al., 2017).   
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Additionally, participants were explained the meaning of each sentence from the Physical 

Activity Enjoyment Scale (PACES) and were given the opportunity to complete the 

questionnaire (Appendix 11). Also, they were explained the use of the OMNI (‘omnibus’) scale 

and mentioned the importance of giving an honest response (Appendix 10). 

3.3.4 Pre-testing requirements 
 

Because substrate metabolism is influenced by initial muscle glycogen content and fat intake 

preceding the experimental trials (Goedecke et al., 2002), it is necessary to standardise food 

and liquid intake before the main trials. Therefore, participants received a food diary and a 

food scale (Salter Electronic Scale 1037, ESPO) with instructions on how to use it and how to 

complete it correctly. The food diary had to be completed 24 h before the first experimental 

trial with the purpose of repeating the same diet during the second trial. As the last meal of 

the day on the evening before the trial day, participants were required to consume pasta with 

tomato sauce and cheese based on individual preferences (the meal was not provided) before 

20:00. Further pre-testing requirements included: avoiding vigorous exercise (e.g. Physical 

Education lessons, Sports Clubs) 48 h before the main trials, avoiding caffeine (tea, coffee, 

energy drinks, dark chocolate) 24 h before the main trials, having a full night’s sleep of  ≥ 8 h 

and minimising walking while coming to the laboratory. Participants received e-mails 

reminding them of the pre-testing requirements three days before the trial dates.  
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3.4 Experimental protocol 
 

3.4.1 Breakfast consumption and breakfast omission 
 

Participants arrived at the laboratory at 8:30 and rested for at least 10 min. Within this time, 

researchers checked whether participants adhered to pre-testing requirements by asking 

specific questions (e.g. Did you exercise during the last 2 days?) and checking the food diary. 

Once all the requirements were met, the resting metabolic rate (RMR) was measured and a 

fasting blood sample taken. During BO, participants consumed water within 15 min to prevent 

dehydration, the individual volume of which was calculated based on the liquid content of the 

breakfast [milk (ml)+ orange juice (ml)]. During BC, participants received a breakfast meal 

based on individual RMR (described later) (Chowdhury et al., 2015). Participants were 

instructed to consume the meal provided within 15 min (Chowdhury et al., 2015). The 

experimental trial started after the last mouthful of the breakfast meal during BC and water 

during BO. The post-breakfast period lasted 3 h, with four blood samples and expired air 

samples collected during this time (see Figure 1). After this period, a standardised lunch based 

on individual RMR was consumed within 15 min. The consumption time was recorded and 

replicated during the second experimental trial.  The second postprandial period started after 

the last mouthful of food from this meal. This period lasted 2 h, with five blood samples and 

four expired air samples collected (Figure 1). After this period, participants completed the 

Fatmax incremental cycling test (described below), with expired gas analysed throughout 

(Metalyser 3B; Cortex, Leipzig, Germany). Participants were permitted to spend their time 

carrying out activities such as reading, writing, watching DVDs, while keeping sedentary.  
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-30  0   30   60        120      180      0 15 30   60   90   120        Fatmax          PACES   

            Breakfast postprandial period         Lunch postprandial period     Incremental cycling                  

   Blood sample. 

 Expired gas sample. 

 BC/BO counterbalanced order. 

   Standardised lunch. 

         Fatmax test stages. 

 Physical Activity Enjoyment Scale. 

Figure 1. Experimental protocol: breakfast consumption (BC) and breakfast omission (BO). 

 

3.4.2 Expired gas samples 
 

The Metalyser CORTEX (Biophysik MetaSoft® CPX) was calibrated before each experimental 

trial based on the procedures described in Zakrewski & Tolfrey, (2011) to account for any 

environmental changes. Resting metabolic rate was calculated using indirect calorimetry, 

providing information on oxygen consumption (V̇O2), carbon dioxide production (V̇CO2) and 

respiratory exchange ratio (RER= V̇CO2/ V̇O2). Upon arrival, participants rested for at least 10 

min in a reclined position. The initial expired gas was sampled for a 10-min duration using 

online gas analysis. During this measurement participants rested in a supine position. The 

final seven minutes from this sample were used to calculate a 5-min rolling average. The 

lowest energy expenditure (kcal/day) rate from the 5-min rolling average was used as RMR. 

The stoichiometric equations were used to calculate carbohydrate and fat oxidation (Frayn, 

1983).  
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Fat oxidation (g/min) = (VO2 * 1.67)- (VCO2 * 1.67) 

Carbohydrate oxidation (g/min) = (VO2 * 4.55)- (VCO2 * 3.21) 

Fat oxidation (g/min) * 9 kcal= fat oxidation (kcal/min) 

Carbohydrate oxidation (g/min) * 4kcal= carbohydrate oxidation (kcal/min) 

Energy expenditure (kcal/min) = fat oxidation (kcal/min) + carbohydrate oxidation (kcal/min) 

Energy expenditure (kcal/day) = energy expenditure (kcal/min) * 1440 (min/day) 

Resting metabolic rate was measured at -10, 30, 60, 120, 180 min before lunch and at 30, 60, 

90, 120 min after lunch. A large sample of ≤ 28 min was collected during the incremental 

cycling test. The test included seven progressive stages of four minutes duration, from which 

the last minute of each stage was used in the analysis, to assure the steady state was 

achieved during each exercise intensity. The test was stopped before the 7th stage if RER 

exceeded 1.00 (details in the next section).  

3.4.3 Fatmax test 
 

Incremental cycling tests have been validated in children and adolescents for determination 

of Fatmax and MFO (Zakrzewski & Tolfrey, 2011). Before commencing the test on a Lode bike, 

a heart rate (HR) monitor was fitted (POLAR Electro) and the resting heart rate (RHR) 

measured.  The test was composed of seven stages, of 4 min duration, where participants 

had to keep a steady pedalling rate of 60 revs∙ min -1. The intensity for each stage was 

calculated based on the percentage (0%, 20%, 30%, 40%, 50%, 60%, 70%) of the theoretical 

maximal aerobic power (Wmaxth= 3W* kg FFM (Wasserman et al., 1987). The HR and expired 

air data were read live though CORTEX testing software. In the last 30s of each stage, the 

researcher measured perceived exertion using the OMNI scale (Pfeiffer et al., 2002). The 

intensity was increased at the beginning of each stage. Incremental exercise tests with 3-6 

min stages have been validated for the determination of Fatmax in children, adolescents, and 

adults (Zakrzewski and Tolfrey, 2011; Achten et al., 2003).   The test was terminated before 
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the last stage if RMR exceeded 1.00, as this indicated that CHO is the predominant fuel source 

and the substrate oxidation estimations become invalid (Melzer, 2011). After the completion 

of the test, participants cooled down for 5 min before completing the PACES questionnaire.  

3.4.4 Blood samples 
 

Participants were instructed to keep one hand in warm water for 5 min to increase the blood 

flow. All blood samples were taken using the standard operating procedures for finger prick 

blood sampling of the University of Bedfordshire Sport and Exercise Sciences Laboratories, 

collected into two 300 µL microcuvette capillary collection tubes. The samples were 

centrifuged for 5 minutes at 2000 x g in a micro haematocrit centrifuge (Hawksley 

Haematospin 1300; Hawksley Medical and Laboratory Equipment, Lancing, UK). Plasma 

(approximately 120 µL) was removed from the samples and stored in a -80OC freezer to 

prevent degradation. 

3.4.4.1 Glucose analysis 
 

The plasma glucose concentration was analysed using the enzymatic calorimetric method 

(GOD PAP) (Randox kit; Randox Laboratories Ltd. UK). Each sample was analysed in 

duplicate using 10 µL of plasma per cuvette.  Glucose was determined after enzymatic 

oxidation in the presence of glucose oxidase. This reaction forms a hydrogen peroxide 

molecule which in conjunction with phenol and 4-aminophenazone forms a red violet 

quinonimine dye. The chemical mixtures were read using a spectrophotometer (Cecil CE 

1011, 1000 Series) calibrated according to the instructions. 

Glucose + O2 + H2O →GLUCOSE OXIDASE gluconic acid + H2O2 

2 H2O2 + 4-aminophenazone + phenol →PEROXIDASE quinonimine + 4H2O 
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3.4.4.2 Insulin analysis 
 

The quantitative determination of plasma insulin was carried out using the enzyme-linked 

immunosorbent assay method (Mercodia Insulin ELISA, Sweden). Each sample was analysed 

in duplicate, using 25 µL of plasma in each well. This method includes a “sandwich technique”, 

where two anti-insulin antibodies are directed against antigenic determinants on the insulin 

molecule. During an hour of incubation on a microplate shaker (Stuart SSM5) at 800 rpm at 

room temperature (18-25°C) the insulin reacts with the anti-insulin antibodies which bind to 

the microplate wells. The unbound antibodies are therefore removed from the microplate 

through a simple washing step using a microplate washing device (Atlantis Asys). The bound 

conjugate to the microplate wells reacts with 3, 3’. 5,5’-tetramethylbenzidine (TMB) and the 

reaction is stopped by adding an acidic solution (0.5 M H2 SO4). The wells are therefore read 

spectrophotometrically (Tecan Infinite F200 Pro) within 30 minutes using Magellan 7.2 Data 

Analysis Software.  

3.4.5 Children’s OMNI scale of perceived exertion 
 

Perceived exertion represents the cognitive awareness of the exercise-mediated sensations 

(Noble & Robertson, 1996). Using a scale of perceived exertion implies the ability to assign 

these sensations to a picture or a verbal cue. The Borg Rate of Perceived Exertion (RPE) 

scale was validated and widely used in adults (Borg, 1982) however children may have 

difficulties in assigning words to describe the subjective sensations of exercise intensity 

(Williams et al., 1991). The OMNI scale (Appendix 10) is a quantitative measure of perceived 

exertion and it has been validated for use in adolescents of mixed ethnicities (Pfeiffer et al., 

2002). The term ‘OMNI’ represents an acronym for the word ‘omnibus’, explained by the 

combination of verbal, pictorial and numerical descriptors (Robertson et al., 2003). The scale 

is composed of numbers from 0 to 10 with a verbal description from “not tired at all” to “very, 

very tired”. Each category has an assigned picture with a child cycling, reflecting the difficulty 
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of the exercise through the posture of the child and the terrain (from flat ground to uphill). 

During the last minute of each stage, the participants pointed the finger to the number which 

the best described the subjective feeling of tiredness during that moment in time.  

3.4.6 Physical Activity Enjoyment Scale 
 

PACES (Appendix 11) is a valid instrument to measure PA enjoyment in adolescent girls and 

is independent of physical fitness and ethnicity (Motl et al., 2001). The scale is composed of 

16 statements (9 positive and 7 negative) which begin with the phrase “When I am physically 

active…”. The participants must answer by giving an answer from 1 “disagree a lot” to 5 “agree 

a lot” to each statement. The average score of the positive statements is calculated to be used 

in the analysis.  

3.5 Meal composition 
 

3.5.1 Breakfast 
 

The breakfast provided was designed based on the breakfast characteristics outlined in 

Giovannini et al. (2008).  They suggested that a breakfast meal should be balanced in both 

micronutrients and macronutrients and should include low fat milk or dairy products, whole 

grain cereals and fruits or natural juice. The breakfast provided in the present study included 

the following: all-bran cereals (Kellogg’s), semi-skimmed milk (Tesco), Royal Gala Apple 

(Tesco) and Orange Juice from Concentrate (Tesco) containing the amount of carbohydrates 

usually consumed at breakfast in the UK (Reeves et al., 2013). The percentage of energy from 

macronutrients are 70% carbohydrates, which is sufficient to challenge glycaemic control 

(Chowdhury et al., 2015), 15% fat and 16% protein (see Table 2.). The portion for each 

participant contained 0.06 g of carbohydrate per kcal of measured RMR (Chowdhury et al., 

2015).  As the portion size (20% of daily calorie intake) was calculated based on individual 

RMR, no leftovers were allowed. Participants who were unable to consume all the breakfast 

ingredients provided, were excluded from data analysis. The individual serving was calculated 

as follows: 
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RMR for standard serving (kcal/day) = Total CHO of standard serving (g)/ 0.06 (g) 

Factor= RMR (kcal/day)/ RMR for standard serving (kcal/day) 

Individual serving (g)= Standard serving (g)* Factor 

3.5.2 Standardised lunch 
 

The standardised lunch consisted of white bread without crust (Tesco), margarine ‘Butter Me 

Up Spread’ (Tesco), strawberry jam (Tesco), salted crisps (Walkers) and sparkling glucose 

drink (Lucozade Energy Original). The percentage of energy from macronutrients were 67% 

carbohydrate, 27 % fat and 6 % protein (see Table 1) (Jovanovic et al., 2009; Chowdhury et 

al., 2015). The portion size was based on individual RMR calculated during the first 

experimental trial (calculations described above). Participants were instructed to consume the 

standardised lunch within 15 min, the consumption time was recorded during the first 

experimental trial and replicated during the second one. No leftovers were allowed. The 

standardized high GI lunch was designed to trigger quick and exaggerated glucose and insulin 

responses (Chowdhury et al., 2015). 

 

Table 1. Dietary characteristics of breakfast and lunch meals1. 

 Breakfast Lunch 

Energy content (kcal) 451 588.8 

Total protein (g) 16.1 8.7 

Total carbohydrate (g) 72 96 

Fibre (g) 15.8 3.6 

Total fat (g) 6.8 17.6 

Meal GI2 41.75 74.6 

1 Values based on an RMR of 1200 kcal.  

2 GI, Glycaemic Index; low GI ≤ 55, high GI ≥ 70. 
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3.6 Area under the curve 
 

3.6.1 Total area under the curve 
 

Total area under the curve (tAUC) for glucose and insulin concentrations was evaluated using 

the trapezoidal method. Total area under the curve (5-h) was divided into nine small 

trapezoids, corresponding to 10 timepoints (T1 – T9). Postprandial tAUC (2 h) was divided into 

five small trapezoids (T5 – T9). Area of each trapezoid was calculated using the following 

formula: 

T1= h ( 𝑏𝑏1+𝑏𝑏2
2

) 

Where h is the height of the trapezoid, which represents the time between the timepoints (e.g. 

the time interval between the 1st and 2nd blood sample was 30 min). 

And b1 and b2 are the bases, which represent the insulin or glucose concentration value at 

timepoint 1 and 2. 

tAUC= T1 + T2 … + T9  

 

3.6.2 Incremental area under the curve  
 

Incremental area under the curve (iAUC) for glucose and insulin concentrations was calculated 

by multiplying the sum of time gaps by the baseline value and dividing it from tAUC as follows: 

iAUC (5-h) = tAUC- ((h1 +h2 + … h9) * b1) 

iAUC (2-h) = tAUC- ((h5 +h6 + … h9) * b1) 

 

3.7 Statistical analysis 
 

Statistical analyses were performed using IBM SPSS version 22 statistics software (SPSS 

INC., Armonk, N.Y., USA). Quantile-Quantile plots were used to check the normal distribution 
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of all variables (Field, 2009). Descriptive statistics were presented as mean ± standard 

deviation (SD) and significance accepted at p≤ 0.05. Linear mixed models were used to 

analyse the main effect of BC vs BO on the dependent variables (fat oxidation during rest, 

MFO, Fatmax, iAUC, tAUC, OMNI and PACES). Condition (BC and BO) and covariates 

(baseline insulin and glucose values for all day and postprandial periods, body fat percentage 

and pubertal status) were used as fixed factors and participant ID was used as a random 

factor. Baseline glucose and insulin levels (fasting and pre-lunch) were used as covariates for 

all day and postprandial iAUC and tAUC. Body fat percentage and pubertal status were used 

as covariates for fat oxidation, MFO and Fatmax. Cohen's d effect sizes were determined to 

explain the magnitude of differences between conditions: Cohen’s d effect sizes were 

calculated when p≤ 0.20; effect sizes were 0.2 (small), 0.5 (medium) and 0.8 (large). 
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Chapter IV  
 

Results 
 

Seventeen healthy adolescent girls (13.23 ± 0.72 years old) completed the experimental 

conditions and their data was used in the statistical analysis. Descriptive characteristics of the 

participants are presented in Table 2. Data collection took place from December 2018 to June 

2019. The mean values of all the variables measured for both experimental conditions with 

the related p values are presented in Table 3.  
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4.1 Recruitment 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Schematic detailing the number of participants recruited, dropout reasons and 

number of participants assessed (Eldridge et al., 2016); Breakfast consumption, BC; breakfast 

omission, BO. 
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Table 2. Participant characteristics (n=17). 

Characteristics Mean ± SD 

Age (year) 13.2 ± 0.7 

Height (m) 1.6 ± 0.1 

Weight (kg) 51.2 ± 13.9 

WC (cm) 66.8 ± 9.1 

BMI (kg/m2) 

Centile (non-overweight; n=11) 

Centile (overweight; n=6) 

22.3 ± 5.9 

39.4 ± 31.6 
 

91.3 ± 3.9 

Body fat (%) 27.7 ± 7.0 

Fat Free Mass (kg) 36.9 ± 6.8 

Tanner Stage (BS) 

Tanner Stage (PH) 

4 ± 1 

4 ± 1 

WC, Waist circumference; BMI, Body mass index; BS, Breast stage; PH, Pubic hair 

 

4.2 Fat and carbohydrate oxidation during rest 
 

Baseline fat and CHO oxidation levels were not statistically significant between trials (p= 

0.243; p= 0.649). There was a significant main effect of condition for post-breakfast fat 

oxidation (p< 0.001). Fat oxidation levels were significantly lower (p< 0.001) during the post-

breakfast period (3 h after breakfast meal/water intake) in BC compared to BO, while CHO 

oxidation significantly increased (p< 0.001) during the post-breakfast period in BC compared 

to BO. There was a significant main effect of condition (BC vs BO) for fat (p= 0.008) and 

carbohydrate (p< 0.001) oxidation after lunch (Table 3).  Mean fat oxidation rate after lunch 

was reduced by 37.7% during BC compared to BO with a large effect size (d= 0.78) for this 

difference (Figure 3.a). Mean carbohydrate oxidation rate after lunch was reduced by 18.05% 

during BO compared to BC with a large effect size (d= 0.82) for this difference (Figure 3.b).  
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a. 

 

b.  

 

 

Figure 3. Changes in fat (a) and carbohydrate (b) oxidation during BC (black rhombus) and 

BO (white rhombus). Data is presented as mean ± SD. CHO, carbohydrate. The white 

rectangle denotes the timing and duration of breakfast/water consumption; the black rectangle 

denotes the timing and duration of lunch consumption. .* Denotes significant difference p≤ 

0.05. 
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4.3 Postprandial insulin and glucose responses 
 

Fasting glucose and insulin concentrations were not significantly different between trials (p= 

0.363; p= 0.768). Pre-lunch plasma glucose and insulin levels at baseline for the postprandial 

period were significantly higher (p= 0.017; p= 0.01) during BC compared to BO. The main 

effect of condition for glucose and insulin iAUC (p=0.509; p= 0.603) and tAUC (p= 0.738; p= 

0.665) throughout the whole day was not significant. However, when analysing post lunch 

glucose and insulin iAUC (p=0.05; p= 0.001) and tAUC (p=0.05; p= 0.001) a significant 

difference was found, with higher values in BO compared to BC (Figure 4.a & b).  
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a. 

 

b. 

 

Figure 4. Changes in plasma glucose (a) and insulin (b) concentrations during BC (black 

rhombus) & BO (white rhombus). Data is presented as mean ± SD. The white rectangle 

denotes the timing and duration of breakfast/water consumption; the black rectangle denotes 

the timing and duration of lunch consumption; * Denotes significant difference p≤ 0.05. 
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4.4 Maximum fat oxidation and Fatmax 
 

There was no significant difference in MFO (p=0.104) and Fatmax (p= 0.945) between 

conditions (Figure 5).  

a. 

 

b. 

 

Figure 5. Maximum fat oxidation (MFO) (a) and intensity at which MFO occurred (Fatmax) (b) 

mean values ± SD. BC, breakfast consumption; BO, breakfast omission; %HRmax, percentage 

of maximum heart rate.  
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4.5 Physical activity enjoyment scale and perceived exertion 
 

The main effect of condition for PA enjoyment (p= 0.055; Figure 6) and perceived exertion (p= 

0.307; Figure 7) were not significant (Table 3).  

 

Figure 6. Physical activity enjoyment scale (PACES) mean positive scores ± SD. 

Breakfast consumption, BC; breakfast omission, BO. 

 

Figure 7. Omni children’s scale of perceived exertion mean scores ± SD. 

Breakfast consumption, BC; breakfast omission, BO. 
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Table 3. Mean values for the measured variables for each condition. 

Variable BC BO p values 

Fasting fat oxidation (mg/min) 50.2 ±18.9 45.0 ± 19.8 0.243 

PB fat oxidation (mg/min) 27.5 ± 14.8 52.7 ± 21.5 <0.001 

PL fat oxidation (mg/min) 20.4 ± 9.5 29.9 ± 14.5 0.009 

Fasting CHO oxidation (mg/min) 159.9 ± 36.6 164.7 ± 56.2 0.649 

PB CHO oxidation (mg/min) 270.4 ± 42.9 162.6 ± 36.4 <0.001 

PL CHO oxidation (mg/min) 303.8 ± 46.3 253.5 ± 47.7 <0.001 

Fasting plasma glucose (mmol/L) 5.1 ± 0.6 5.2 ± 0.8 0.363 

Pre-lunch plasma glucose (mmol/L) 5.1 ± 0.6 4.8 ± 0.5 0.017 

Plasma glucose iAUC (mmol/L ∙ 5h) 410.5 ± 139.0 422.7 ± 293.9 0.330 

Plasma glucose tAUC (mmol/L ∙ 5h) 2158.8 ± 236.9 2222.1 ± 407.9 0.377 

Plasma glucose iAUC (mmol/L ∙ 2h) 320.3 ± 116.4 530.6 ± 317.5 0.003 

Plasma glucose tAUC (mmol/L ∙ 2h) 1158.2 ± 147.9 1325.4 ± 347.5 0.033 

Fasting plasma insulin (μU/mL) 8.9 ± 4.5 8.6 ± 2.4 0.768 

Pre-lunch plasma insulin (μU/mL) 11.6 ± 8.6 6.1 ± 2.0 0.01 

Plasma insulin iAUC (μU/mL· 5h) 7732.1 ± 7209.5 8175.8 ± 7104.2 0.603 

Plasma insulin tAUC (μU/mL· 5h) 9645.5 ± 8788.0 7732.1 ± 7209.0 0.665 

Plasma insulin iAUC (μU/mL· 2h) 5110.4 ± 4644.2 8417.6 ± 7147.6 < 0.001 

Plasma insulin tAUC (μU/mL· 2h) 6310.2 ± 5672.7 9048.2 ± 7659.3 0.001 

MFO (mg/min) 50.5 ± 26.5 60.2 ± 24.0 0.104 

Fatmax (%HRmax) 60.6 ± 10.6 60.4 ± 12.0 0.945 

OMNI (score) 3.6 ± 1.6 3.9 ± 1.2 0.307 

PACES (positive score) 33.5 ± 4.7 30.5 ± 4.7 0.055 

Data presented as mean ± SD. BC, breakfast consumption; BO, breakfast omission; PB, post-

breakfast period; PL, post lunch period; CHO, carbohydrate; iAUC, incremental area under 

the curve; tAUC, total area under the curve; MFO, maximum fat oxidation; Intensity at which 

MFO occurred, Fatmax; Percentage of maximum heart rate (%HRmax) PACES, Physical Activity 

Enjoyment Scale. Bold text denotes a significant main effect of condition (p≤ 0.05). 
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Chapter V 
 

Discussion 
 

The main purpose of this research study was to analyse the effects of BC vs BO on fat 

oxidation and understand the possible influence of the “second meal response” on post-lunch 

fat oxidation in adolescent girls self-reported habitual breakfast consumers.  To the author’s 

knowledge, this is the first study to evaluate substrate oxidation over a course of 5h during BC 

vs BO during rest, followed by an incremental exercise cycling test performed during the after-

school period to investigate the effects of BC vs BO on MFO and Fatmax in adolescent girls. 

The main findings of this study are: 1) fat oxidation rates were significantly lower during BC 

compared to BO 2) glucose and insulin tAUC and iAUC were significantly higher after the 

second meal during BO compared to BC, however not significantly different throughout the 

whole day 3) there was no significant difference in MFO and Fatmax between BC and BO 4) 

there was no significant difference in PACES and OMNI scores between conditions.  

Fat oxidation was greater during BO both before and after lunch with the highest oxidation 

rate recorded at 2-h and 3-h, corresponding to the last timepoints before lunch. As participants 

were recommended to attend the main trials after an overnight fast of at least 10 h, during the 

BO trial participants fasted for at least 13 h before consuming the lunch provided. In the 

absence of an exogenous feeding, fat represented the main energy source. This is in line with 

earlier research (Achten et al., 2004) which supports the main reliance on fatty acid oxidation 

during the fasting condition. In the absorptive state, after breakfast was consumed, a 

considerable shift from fat to CHO oxidation was seen. This is in line with the findings of 

Thomas et al. (2015), who found a greater fat oxidation during BO compared to BC. This 

randomised controlled study was conducted using a sample of overweight women, nine 

breakfast eaters and nine breakfast skippers. Participants received a standard lunch 4 h after 

BC or BO. Breakfast skippers had higher fat oxidation rates than breakfast eaters during BC, 

possibly because of the higher non-esterified fatty acids found in this population. They 
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proposed that the higher fat oxidation during BO both before and post-lunch is due to the 

ongoing lipolysis. Another randomized crossover study (Stookey et al., 2012) described the 

effect of consuming orange juice during breakfast on fat oxidation under resting 

circumstances. Seven healthy adolescents and ten healthy adults ate the same breakfast. On 

one day, the breakfast was provided with orange juice and on a separate day, participants had 

drinking water with the same breakfast. The breakfast with orange juice contained 210 kcal 

more than breakfast with drinking water, with the same amount of fat (12 g) in both meals. The 

amount of carbohydrate in the orange juice doubled the carbohydrate content of the meal. Fat 

oxidation was significantly lower after the breakfast with orange juice. They concluded that 

independent of a state of energy excess, when a caloric beverage is consumed with a meal 

instead of drinking water, both adolescents and adults are less likely to oxidise the fat 

consumed in the meal. Caloric beverages usually contain a large amount of carbohydrate, 

which besides of increased energy intake, it prioritizes carbohydrate oxidation over fat 

oxidation.  In the present study, orange juice was included in the breakfast meal and Lucozade 

drink was included in the lunch meal, which may partially explain the significant decrease in 

postprandial fat oxidation.  

After lunch, fat oxidation decreased, however it remained significantly higher in BO compared 

to BC. These findings are consistent with those of Kobayashy et al., (2014), who evaluated 

the effects of BC (3 meals/day) and BO (2 meals/day) on diurnal variation of substrate 

oxidation and blood glucose in a sample of eight male (25.3± 1.2 years), regular breakfast 

consumers. Skipping breakfast resulted in an enhanced fat oxidation (p< 0.05) and lower CHO 

oxidation (p< 0.05) during the morning, however fat and CHO oxidation were not significantly 

different after lunch between trials. Also, when breakfast was skipped, 24-h blood glucose was 

increased, being significantly higher (p< 0.05) after lunch and during sleep. Postprandial 

hyperglycaemia as a result of reduction in meal frequency may be due to a misalignment 

between behavioural and circadian cycles as when a regular breakfast consumer skips 

breakfast. Circadian misalignment of feeding rhythms is associated with negative health 
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outcomes (Baron and Reid, 2014). The potential mechanisms underlying this association 

includes changes in appetite stimulating hormones and glucose metabolism (Baron and Reid, 

2014). This also accords with the observations of the present study, which supports the 

presence of a postprandial hyperglycaemia during BO in schoolgirls. However difficult to 

compare studies of adults and adolescents, knowing the differences in their substrate 

metabolism may help find a relationship between studies. Adolescents’ metabolism is 

characterised by a conservation of endogenous substrates and in the absence of an 

exogenous feeding, they tend to rely more on endogenous fat than on endogenous CHO 

compared to adults (Timmons et al., 2003). A lower reliance on endogenous CHO may be due 

to low muscle glycogen levels, which determines the choice of an extra muscular source of 

fuel as adipose-derived non-esterified fatty acids or exogenous CHO when available 

(Timmons et al., 2007). Based on this metabolic difference, in the fasted state adolescents 

may rely more on fat as fuel source compared to adults represented by a lower RER (Timmons 

et al., 2007), therefore oxidising more fatty acids.  

Significantly higher glycaemic and insulinaemic responses resulted after lunch when breakfast 

was skipped. Both plasma glucose and insulin levels peaked at 15-30 min after the second 

meal probably as an immediate response to the high GI lunch provided. Postprandial 

hyperinsulinaemia 30 min after the meal predicts an increase in waist circumference and body 

weight in adults (Chaput et al., 2008). Postprandial mean was 8.6 ± 2.42 mmol/L in BO, with 

a peak of 9.93 mmol/L at 30 min after lunch. Given that 140mg/dl is the cut-off point for a 

healthy postprandial response, which equals to 7.8 mmol/L, the postprandial peak during BO 

was above the cut-off point for hyperglycaemia. During BC, the peak of 8.44 mmol/L was at 

30 min after lunch, with a mean value for postprandial period of 7.35, below the cut-off point.  

While a high GI was expected to increase glucose response (Monro and Shaw, 2008), a prior 

food intake, in this case breakfast, seemed to lower the glycaemic response of the subsequent 

meal. This finding supports the previous literature in the “second-meal phenomenon”, which 

has only been explored in adults. A possible justification of the second-meal effect in adults is 
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that the lower glucose response because of non-esterified fatty acid suppression after BC, 

causes glucose being stored as glycogen (Jovanovic et al., 2009). After BC, CHO oxidation 

increases, while circulating non-esterified fatty acids levels are decreased, this creating a 

favourable environment for glucose uptake after consumption of the second meal. On the 

contrary, when breakfast is skipped, there is an increased level of circulating non-esterified 

fatty acids, which, by decreasing insulin sensitivity impedes the glucose uptake after the meal 

consumed (Jovanovic et al., 2009). Therefore, it has been proposed that in order to maintain 

low levels of the plasma non-esterified fatty acids, known to reduce insulin sensitivity, it is 

necessary to increase the frequency of meal or snack intake (Jovanovic et al., 2009). Previous 

literature suggests that children and adolescents may have an “underdeveloped glycolytic 

capacity” (Bar-Or O and Rowland, 2004), which was later contradicted by Timmons et al. 

(2007 pg 999) who rather implied an “underdeveloped depot of intramuscular fuels”. If children 

and adolescents have a lower glycogen storage capacity than adults, they may have a slower 

rate of glucose clearance. When comparing the present study with a study with a similar design 

using adults (22–56 years old) as participants (Chowdhury et al., 2015), the differences in 

insulin and glucose concentrations after lunch were significantly higher in both studies. 

However, after consuming the high GI ad libitum lunch (79% CHO, 14% fat, 7% protein) in BO 

trial, glucose and insulin levels peaked at 1.5h with a mean value of 7.5mmol/l for glucose and 

40.32 μU/ml for insulin (Chowdhury et al., 2015). In the present study, glucose and insulin 

levels peaked at 15-30 min after the high GI standardised lunch with a mean value of 10mmol/l 

for glucose and 130 μU/ml for insulin. It is difficult to compare the postprandial responses 

between different studies as different meals were provided. However, the glycaemic and 

insulinaemic response after lunch during BO may be considerably higher in adolescent girls 

than adults possibly due to their limited glycogen storage capacity or pubertal insulin 

resistance. As consistently high postprandial demand on the ꞵ-cells may further increase 

insulin resistance (Ludwig, 2002) additional investigation is needed to further understand 

second meal responses in youth to prevent the metabolic risks associated with insulin 

resistance.  
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One of the hypotheses of the present research was a possible suppression of post-lunch fat 

oxidation because of a higher insulinaemic response in BO trial. However, the findings 

contradict the hypothesis and sustain that fat oxidation rate is inversely proportional to CHO 

oxidation. Nas et al. (2017) has conducted a randomised crossover trial in 17 participants 

(men and women) who underwent 3 interventions: breakfast omission, dinner omission and a 

3-meal control trial.  In line with our findings, BO induced higher postprandial fat oxidation at 

lunchtime despite increased insulin concentrations (Nas et al., 2017). Dinner skipping day 

resulted in significantly lower iAUC for glucose and insulin compared to BO. These results 

have been explained to be a consequence of a metabolic inflexibility, defined as the 

mitochondrial incapacity to switch between fuels (Muoio, 2014). Insulin-resistant and 

overweight individuals tend to oxidise a mixture of fat and CHO regardless of the nutritional 

context, increasing the cardio-metabolic disease risk (Muoio, 2014). While lean and healthy 

individuals shift from the main reliance on fat oxidation during the fasted state to CHO oxidation 

during the fed state, by increasing plasma insulin concentrations and maintaining low blood 

glucose (Muoio, 2014). Metabolic inflexibility is associated with obesity in children and 

adolescents (Aucouturier et al., 2011). This may be explained by the concept that individuals 

with insulin resistance tend to accumulate lipids in muscle cells during the insulin-stimulated 

conditions, as result of a poor suppression of lipolysis (Aucouturier et al., 2011). Higher fat 

oxidation despite hyperinsulinaemia in the BO trial in the present study may be caused by the 

prolonged fasted state inducing a release of non-esterified fatty acids from adipose tissue, 

causing an increased insulin resistance and decreased glucose disposal rate. This concept 

supports the evidence that frequent and smaller portion meals are beneficial for nutrient 

sensing and metabolic control, compared to large and less frequent meals (Fuse et al., 2012). 

Historically, there has been a dilemma as to whether oxidising fat is healthier than oxidising 

CHO (Muoio, 2014). Recently the concept of metabolic flexibility was developed, portraying 

the optimal cell function as the ability to adapt oxidative substrates quickly and easily in 

response to nutritional and physiological changes. Therefore, the common belief that oxidising 

fat is healthier than oxidising CHO is not always true. In the present study we did not measure 
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metabolic flexibility, therefore we can only assume its presence based on previous research. 

Further research is needed to understand whether BC vs BO may affect metabolic flexibility 

in pubertal girls, and whether pubertal insulin resistance may cause metabolic inflexibility.  

Maximal fat oxidation point during the incremental exercise test was higher during BO than 

BC, however this was not statistically significant. As the exercise bout was performed 120 min 

after lunch, exogenous CHO may have represented the main energy source. Previous 

investigations suggested that the storage of the CHO from a meal is complete within 5 h 

(Singhal et al., 2002). The exogenous CHO available during exercise may have been 

comparable in BC and BO, as the exercise test was performed 5 h after breakfast, which may 

explain the lack of a significant difference in MFO between conditions. The mean MFO values, 

50.47± 26.45 mg/min in BC and 60.24± 23.96 mg/min in BO, were considerably lower 

compared to mean MFO value of 190±38 mg/min from earlier research (Tolfrey and 

Jeukendrup, 2010). The Fatmax test in Tolfrey and Jeukendrup (2010) was performed after 11-

h of an overnight fast. Eleven healthy adolescent girls (13.9± 0.3 years old) completed 8 

incremental stages of 3 min duration at 60 revs/min. Fat oxidation was determined from the 

final minute of each stage using the stoichiometric calculations (Frayn, 1983). The differences 

in MFO between the present study and earlier research may be because the Fatmax test was 

performed in the fasted state (Riddell et al., 2008; Tolfrey and Jeukendrup, 2010).  

The intensity at which MFO occurred, Fatmax, was not significantly different between trials. 

Exercise intensity influences fuel selection during exercise (Aucouturier et al., 2008), shifting 

from fat towards CHO oxidation as exercise intensity increases (Brooks and Mercier, 1994). 

When the Fatmax test is performed in the fasted state, fat oxidation increases from low to 

moderate exercise intensity, peaking at moderate intensity, therefore decreasing at moderate 

to high exercise intensities (Jeukendrup and Achten, 2001). Achten and Jeukendrup, (2003) 

conducted a randomised crossover study. Eleven individuals (23.6 ± 1.3 years old) performed 

two graded exercise tests ingesting a placebo drink or 75g CHO 45 min beforehand. Maximum 

fat oxidation decreased by 28% from 46 ± 6 mg/min to 33 ± 6 mg/min during the exercise 

https://www.physiology.org/doi/full/10.1152/japplphysiol.00031.2008
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performed after CHO ingestion, while Fatmax decreased by 14%. A lower Fatmax suggests that 

individuals start to rely on CHO oxidation earlier during the exercise. Relying on CHO early in 

exercise leads to a lower fat oxidation. Increased fat oxidation during exercise is important for 

cardiometabolic disease prevention, therefore oxidising less fat would mean that the exercise 

is not as efficient for weight loss and health as it would be in case of a higher fat oxidation. In 

the present study MFO decreased by 16% in BC (50.47 ± 26.45 mg/min) compared to BO 

(60.24 ± 23.96 mg/min), with no alterations in Fatmax perhaps because breakfast was 

consumed 5 h before the exercise trial. Also, when comparing Fatmax and MFO between 

studies in adults and adolescents, metabolic differences between these populations should be 

considered. Compared to adults, children and adolescents rely more on fat oxidation during 

aerobic exercise (Boisseau & Delamarche, 2000). Higher MFO in adolescent girls than adults 

can be seen when comparing the present study with the study of Achten and Jeukendrup 

(2003), however these differences may be attributed to variations between the study designs. 

This study was conducted with 11 adult males ingesting a placebo drink or 75g CHO 45 min 

before the Fatmax test. Mean MFO was higher in our study compared to Achten and 

Jeukendrup (2003), probably because 75 g of CHO drink caused a quick spike in blood 

glucose 15-30 min after ingestion and its effect did not last as long as the effect of a high CHO 

lunch in adolescent girls. 

Zakrzewski and Tolfrey (2012) examined the acute effect of exercise performed at individual 

Fatmax on glucose, insulin, and fat oxidation in overweight and non-overweight girls (12-13 

years old). The Fatmax test was performed during a preliminary visit between 15:30-17:30. 

Participants were asked to avoid food and caffeine intake 2-h before the visit. The treadmill 

speed was established based on a previously determined V̇O2peak. The mean Fatmax for 

overweight was 54 ± 8% V̇O2peak and 63 ± 12 % V̇O2peak for non-overweight girls. For the 

experimental trials, participants either exercised at an intensity corresponding to their 

individual Fatmax or rested for the same period during the afterschool period. The exercise 

performed at individual Fatmax was performed under the same conditions as it was measured. 
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Participants received a high GI breakfast the next morning. They found that exercise at Fatmax 

reduced fasting and postprandial insulin in non-overweight girls and increased fat oxidation in 

all girls the next morning. A lower insulinaemic response may be as result of an increased 

insulin sensitivity induced by the exercise at Fatmax (Ben Ounis et al., 2008). We did not analyse 

the effects of training at Fatmax on metabolic health, however it is important to understand the 

benefits of training at the intensity which elicit MFO and whether it is affected by BC or BO. 

The OMNI score as a measure of perceived exertion in children was slightly higher in BO (3.86 

± 1.21) compared to BC (3.5 9± 1.57), however not statistically significant. A score of “4” on 

the OMNI scale equates to the “getting more tired” verbal cue and a higher score indicates a 

higher level of fatigue. Physical activity enjoyment expressed through PACES was slightly 

higher in BC (33.53 ± 4.72) than BO (30.54 ± 4.72) with a medium effect size (d= 0.46) and 

an almost significant p value (p= 0.055). In line with our findings, Horswill et al., (1992) 

proposed to determine the acute impact of BC vs BO on exercise tolerance in adolescents 

measured using an RPE scale. The RPE was measured 4 h after BC or BO. Participants 

performed an incremental cycling test of 16 min duration (4 stages, 4 min duration). The RPE 

was measured at the end of each stage. They concluded that BC vs BO does not affect RPE, 

however the HR in girls was higher in BO compared to BC. HR is an objective way of 

measuring exercise intensity. A higher HR in BO would show that the cardiovascular system 

worked harder to meet the body requirements during the exercise. This may be because 

during BO, the energy for exercise would be taken from adipose tissue and intramuscular 

sources, which is a longer and more tiring process than taking energy from exogenous 

sources. Or simply during BC, there was more energy available than during BO. Previous 

research found that skipping breakfast may reduce performance during the exercise 

completed in the afternoon despite lunch consumption 4.5 hours in advance (Clayton et al., 

2015). This may be as a result of a lower glucose availability during BO. A high CHO breakfast 

consumption is highly encouraged to replenish liver glycogen following an overnight fast, 

therefore meeting daily CHO requirements during a prolonged exercise (Shriver et al., 2013). 
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In the present study, a slightly higher enjoyment levels during BC may be as result of a higher 

glucose availability.  

5.1 Strengths and limitations 
 

One of the strengths of this research is the use of a food diary 24 h before the first trial and 

replicating it on the second trial allowed for a standardisation of the initial state of the 

participants, however, even having the same diet 36 h in advance may not be enough to 

control for substrate variations (Meyer et al., 2007). The exercise test was performed during 

the “after-school period”, which equates to the time when schoolchildren would normally be 

involved in PA (Arundell et al., 2015).  

Menstrual cycle may affect substrate oxidation during exercise (Chu et al., 2014). The girls 

who have reached menarche should have attended the main visits during early follicular 

phase, which starts on the first day of menses and lasts up to six days (Apter et al., 1987). 

This phase is characterised by a relatively lower steroid hormones secretion compared to late 

follicular and mid-luteal phase and a constant pulse amplitude of the Luteinizing Hormone 

(Apter et al., 1987). Inviting participants to take part in this study in pairs allowed for a higher 

adherence, retention, and lower anxiety levels. This is important, as high anxiety levels have 

been shown to influence direct calorimetry values (Thomas et al., 2015). As participants 

preferred to attend the laboratory in pairs, it was difficult to account for the follicular phase of 

both attendees, who were most frequently in different phases and had irregular menstrual 

cycles. Therefore, a part of the variations of fat oxidation may be a result of differences in 

follicular phases.  

Furthermore, the high GI lunch provided was designed to challenge the postprandial 

glycaemic and insulinaemic response. Therefore, providing a healthy low GI lunch, may have 

induced lower postprandial responses.  And lastly, to analyse expired air for substrate 

oxidation, the participants were wearing a mask, which may have influenced PA enjoyment.  
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5.2 Future recommendations 
 

The macronutrient composition and glycaemic index of breakfast influences the metabolic 

responses of the second meal (Chowdhury et al., 2015). Therefore, it may be difficult to 

conclude whether the attained results show the effect of the presence of a prior meal per se 

or the effect of its composition and glycaemic index. That is, this aspect raises the question 

as to whether a different breakfast composition causes similar second-meal responses. Future 

studies should focus on comparing different breakfast compositions and timings on second 

meal fat oxidation during rest and exercise.  

Moreover, recent literature suggested that skipping breakfast may be better than consuming 

a poor-quality breakfast, reflected in a better physical and psychological wellbeing (Ferrer-

Cascales et al., 2018). Further research is needed to compare metabolic responses when 

different quality breakfast meals are consumed.  

Perhaps to increase fat oxidation throughout the whole day, the timing of the exercise bout 

should be changed. Previous studies indicated that 24-h fat oxidation is higher when the 

exercise bout is performed before rather than after breakfast (Iwayama et al., 2015). This is 

due to the transient energy deficit induced by the exercise performed in the fasted state. Future 

research should analyse 24-h fat oxidation in adolescents when exercise is performed before 

breakfast or lunch. This may help further understand the metabolism in adolescents and 

perhaps may assist in finding new strategies to improve fat oxidation without decreasing meal 

frequency.  

As substrate oxidation is highly dependent upon maturity stage (Timmons et al., 2007) and 

BMI (McMurray & Hosick 2011), further studies should focus on comparing fat oxidation 

between different maturity stages, while stratifying by weight status. Also, the postprandial 

response to a meal is dependent on the eating habits of the participants in adults (Thomas et 

al., 2015). Further studies should examine the second meal responses in usual breakfast 

skippers, while stratifying by maturity stage and adiposity.  

Commented [JZ5]: References? 
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5.3 Application of findings 
 

The current findings suggest that fat oxidation at rest is increased when breakfast is skipped 

compared to when it is consumed, however it also causes an increased post-lunch insulin and 

glucose response. An increased fat oxidation may suggest a positive effect of BO; however, 

the high postprandial glucose and insulin response represents a risk factor for cardio-

metabolic disease. This study analysed the acute impact of BC and BO, further studies are 

needed to evaluate the metabolic responses to BC and BO over the long term. Because 

skipping meals is a common behaviour within adolescent girls, cardio-metabolic disease risk 

may be increased, given the physiological insulin resistance and increased adiposity during 

puberty. The implications to prevent these risks through further research and perhaps 

promoting regular breakfast consumption alongside regular exercise and PA in schools, may 

help educate healthy behaviours early in life. This will therefore reduce the widespread 

overweight and obesity within the population and health problems associated with it. 

5.4 Conclusion 
 

In conclusion, this study demonstrated a lower fat oxidation during rest as result of BC 

compared to BO. This may suggest that skipping breakfast can be used as a method to 

promote fat oxidation and therefore weight loss. However, a higher acute post-lunch 

insulineamic response in BO represents a risk factor for metabolic disease. Therefore, one 

may find safer and healthier ways to increase fat oxidation without skipping breakfast, as 

consuming low GI meals, decreasing portion size or exercising. Also, no significant differences 

were found in MFO and Fatmax, OMNI and PACES scores between trials. This may suggest 

that exercise metabolism and exercise tolerance are not affected by BC and BO, perhaps 

because the exercise bout was performed 5 h after breakfast. These findings may have 

important implications in preventing or managing cardio-metabolic diseases in adolescent 

girls.  
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Appendices 
 

Appendix 1. Research Ethics Scrutiny  
 

When completing this form please ensure that you read and comply with the following: 

 

Researchers must demonstrate clear understanding of an engagement with the following: 

  

1. Integrity - The research has been carried out in a rigorous and professional manner and 
due credit has been attributed to all parties involved.  

2. Plagiarism - Proper acknowledgement has been given to the authorship of data and ideas.  

3. Conflicts of Interest - All financial and professional conflicts of interest have been properly 
identified and declared.  

 4. Data Handling - The research draws upon effective record keeping, proper storage of date 
in line with confidentiality, statute and University policy.  

5. Ethical Procedures - Proper consideration has been given to all ethical issues and 
appropriate approval sought and received from all relevant stakeholders. In addition, the 
research should conform to professional codes of conduct where appropriate.  

6. Supervision - Effective management and supervision of staff and student for whom the 
researcher(s) is/are responsible  

7. Health and Safety- Proper training on health and safety issues has been received and 
completed by all involved parties. Health and safety issues have been identified and 
appropriate assessment and action have been undertaken. 

 

The Research Institutes are responsible for ensuring that all researchers abide by the above. 
It is anticipated that ethical approval will be granted by each Research Institute. Each 
Research Institute will give guidance and approval on ethical procedures and ensure they 
conform to the requirements of relevant professional bodies. As such, Research Institutes are 
required to provide the University Research Ethics Committee with details of their procedures 
for ensuring adherence to relevant ethical requirements. This applies to any research whether 
it be, or not, likely to raise ethical issues. Research proposals involving vulnerable groups; 
sensitive topics; groups requiring gatekeeper permission; deception or without full informed 
consent; use of personal/confidential information; participants in stress, anxiety, humiliation or 
intrusive interventions must be referred to the University Research Ethics Committee.  

 

Research projects involving participants in the NHS will be submitted through the NHS 
National Research Ethics Service (NRES). The University Research Ethics Committee will 
normally accept the judgement of NRES (it will never approve a proposal that has been 
rejected by NRES), however NRES approval will need to be verified before research can 
commence and the nature of the research will need to be verified.  
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Where work is conducted in collaboration with other institutions ethical approval by the 
University and the collaborating partner(s) will be required.  

 

The University Research Ethics Committee is a sub-committee of the Academic Board and 
is chaired by a member of the Vice Chancellor’s Executive Group, appointed by the Vice-
Chancellor and includes members external to the University  

 

Research Misconduct: Allegations of Research Misconduct against staff or postgraduate 
(non-taught) research students should be made to the Head of the Research Graduate School 
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UNIVERSITY OF BEDFORDSHIRE      

 

Research Bid:  Ethical Issues (STAFF RESEARCH) 

 

Section A must be completed by the proposer and the form should then be submitted with a 
copy of the research proposal to the ISPAR Research Institute Ethics Chair.  To be completed 
prior to the onset of any research activity. 

 

Proposer: Dr Rebecca Jones   Research Institute: ISPAR    

 

Proposal short title: Acute impact of breakfast consumption and omission on the glycaemic, 
insulinaemic and lipaemic responses to lunch and subsequent exercise metabolism in 
adolescent girls 

 

 

SECTION A To be completed by the candidate 

The candidate is required to summarise in the box below the ethical issues involved in the 
research proposal and how they will be addressed. In any proposal involving human 
participants the following should be provided: 

 

• how you will gain informed consent 

• how you will ensure confidentiality and deal with disclosures of harm or illegal activity 

• how you will inform participants about the purpose of the research and dissemination 
of findings, who will have access to the data  

• what steps will be taken to ensure the safety of researchers and participants,  

• what mechanisms you will employ to enable participants to withdraw from the research 
if they should wish to do so  

• how you will store the data you collect and what you will do with it on completion of 
the project.  

• if participants are being placed under any form of stress (physical or mental) identify 
what steps are being taken to minimise risk 

 

If protocols are being used that have already received UREC ethical approval, then please 
specify. Roles of any collaborating institutions should be clearly identified. Reference should 
be made to the appropriate professional body code of practice. 
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Answer the following question by ringing/deleting yes or no as appropriate: 

 

1. Does the study involve vulnerable participants or those unable to give informed 
consent (e.g. children, people with learning disabilities, your own students)? 
    Yes 

If YES: Have/will researchers be DBS checked? 

               Yes 

 

2. Will the study require permission of a gatekeeper for access to participants (e.g. 
schools, self-help groups, residential homes)?     
    No 

 

3. Will it be necessary for participants to be involved without consent (e.g. covert 
observation in non-public places)?       
    No 

 

4. Will the study involve sensitive topics (e.g. sexual activity, substance abuse)? 
    No 

 

5. Will blood or tissue samples be taken from participants?    
    Yes 

 

6. Will the research involve intrusive interventions (e.g. drugs, hypnosis, physical 
exercise)?   Yes 

 

7. Will financial or other inducements be offered to participants (except reasonable 
expenses)?   No 

 

8. Will the research investigate any aspect of illegal activity? 

      No 

 

9. Will participants be stressed beyond what is normal for them? 

No 

                                                               

10. Will the study involve participants from the NHS (e.g. patients) or participants who fall 
under the requirements of the Mental Capacity Act 2005?    
    No 
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If you have answered yes to any of the above questions or if you consider that there are other 
significant ethical issues then details should be included in your summary below. If you have 
answered yes to Question 1 then a clear justification for the importance of the research must 
be provided. 

 

*Please note if the answer to Question 10 is yes then the proposal should be submitted through 
NHS research ethics approval procedures to the appropriate NRES. The University 
Research Ethics Committee should be informed of the outcome 

 

Obtaining Informed Consent 

Prior to any testing, a parental informed consent form (Appendix A) and health screen 
questionnaire (Appendix B) will be completed by the parents/guardians and the participants 
will receive a child information form (Appendix C) and asked to complete a child assent form 
(Appendix D) and breakfast habits questionnaire (Appendix E). All participants and their 
parents will be given the opportunity to ask questions before signing up to the study. 

 

Working with young people under the age of 18 years  

All data collectors will be DBS checked. A minimum of two adults (one must be female) will be 
present always during the trials; no data collector is ever alone with a child. To minimise 
feelings of embarrassment, the waist circumference measure will be taken in a secluded area 
(e.g. in a separate room or behind a screen) and it will be emphasised to the participant that 
they do not have to lift their top up if they feel uncomfortable. Also, the body mass and body 
fat values on the Tanita scales will be covered and only visible to the data collector. Any 
participants who are fitted with a pacemaker, as identified through the health questionnaire 
(Appendix E), will not have their body fat measured using the Tanita scales. The Tanner scale 
is going to be used to assess biological maturation; the scale defines physical measurements 
of development, based on external secondary sex characteristics, for example, size of breasts 
(Tanner, 1962). Some children may feel uncomfortable giving out this information for the 
project, and for those who really do not want to do it they will not have to. Once the participants 
have filled out the answer form, they will be asked to place it inside of a sealed envelope and 
return it to the researchers. The answer form and envelope will be numbered with the 
participant ID to ensure anonymity. Furthermore, the participants will be told to only return the 
answer sheet so that their answers cannot be linked to the maturation pictures. The envelopes 
will then be passed onto a person at the university who is completely independent to the study. 
This person will then input the participant’s data into a spreadsheet, next to a numbered code, 
to ensure answers remain completely confidential from the research team. These procedures 
to ensure anonymity and confidentiality will minimise the likelihood of participants experiencing 
any feelings or embarrassment. Participants will be reminded that if they do not wish to provide 
this information, then they do not have to. For each of the visits to and from the University, the 
participant will be transported by their parents or they can only make their own way if they 
have parental permission to do so (see appendix B). 
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Allergies to the breakfast meals  

To reduce the risk of participants having an adverse reaction to the breakfasts provided, the 
parents will complete a health screen questionnaire on behalf of their daughter before 
beginning of the study (Appendix E). This will identify any allergies the participants may have 
to the breakfast meals, e.g. lactose or gluten intolerance. To follow-up on potential allergies to 
the breakfast meals, the parents of the participants will be provided with a specific ‘health 
screen follow-up: parental informed consent’ to confirm that their child does not have an allergy 
to the specific foods provided as part of the study (Appendix E). 

 

Omitting breakfast  

All participants and their parents will be informed that involvement in the study will require 
abstaining from any energy-containing food or drink items until around midday during one of 
the experimental trials (after which participants will be provided with a standardised lunch), 
and that this is a very important part of the research. The main short-term adverse effect of 
omitting breakfast is low blood glucose and feeling of hunger and light-headedness. To 
minimise these potential risks, a member of the research team at all time will supervise 
participants. Participants who have diabetes will not be allowed to take part for their own 
safety. 

 

Blood sampling 

The collection of blood will follow the SOP for finger-prick blood sampling and actions identified 
in the ‘Blood Analysis and Blood Collection risk assessments’ (Appendix G) to minimise risks 
of participant injury or participant infection with blood-borne diseases. The risk assessment for 
‘Collection, Storage and Disposal of Clinical Waste’ (Appendix G) will also be adhered to. The 
parent must complete a health screen and physiological testing questionnaire (Appendix C) to 
verify that their daughter does not have a blood-borne disease, virus or infection; girls with a 
known blood-borne disease will not be able to participate in the study. 

 

Exercise on a Lode bike  

The exercise will be submaximal and thus, will have limited risks.  

 

Test meal preparation  

The test meals will be prepared in accordance to the ‘Research Kitchen Induction Handbook’ 
and follow the SOP for ‘Handwashing’ (Appendix G). Expired or unwanted meal items will be 
disposed of appropriately, and the preparation area will be cleaned before and after use to 
minimise the risk of food contamination. 
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Disinfecting equipment  

Researchers will use disposable gloves when disinfecting equipment. The cortex mask and 
turbine will be cleaned in the following way in line with the instructions mounted on the wall 
within the Sport and Exercise Science laboratories: 

• Immerse the Turbine in 1% Virkon solution. Leave for 10 minutes. Rinse the Turbine in tap 
water in a beaker. DO NOT HOLD UNDER A RUNNING TAP as this will damage the delicate 
turbine.  Change the water in the beaker and repeat. Finally, rinse the turbine in a beaker of 
distilled water. Dry as much as possible by waving in air (do not use mechanical driers or 
towels or tissues) 

• Dip the Housing in Virkon solution, then rinse under a running tap and dry. Do not clean the 
Electronic assembly. This must not get wet. Re-assemble as shown in diagram.  

• Rinse the mask in warm water, then immerse in Virkon for 10 minutes. Rinse thoroughly 
(under the tap). Dry with paper towels (Appendix G). 

 

Anonymity of data  

All participants will be identified using unique codes, rather than using names. The data 
collected will not in any way be linked to specific participants. 

 

Confidentiality of data  

All data will be stored on a password-protected computer or a locked cupboard and will only 
be accessible by the researchers working on the study. Results of this project may be 
published, but any data included will in no way be linked to any specific participant. 

 

Right to withdraw  

All participants and parents will be informed that they have the right to withdraw from the study 
at any point and without having to give a reason. 

 

Checklist of documents which should be included: 

• Project proposal (with details of methodology) & source of funding 

• Documentation seeking informed consent (if appropriate) 

• Information sheet for participants (if appropriate) 

• Questionnaire (if appropriate) 

 

 

 

Proposer declaration 

I understand that I cannot collect any data until the application referred to in this form 
has been approved by all relevant parties. I agree to carry out the research in the 
manner specified. If I make any changes to the approved method I will seek further 
ethical approval for any changes. 
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This form together with a copy of the proposal should now be submitted to your Research 
Institute Director. 

 

Applicant declaration 

I understand that I cannot begin any fieldwork until the application referred to in this form 
has been approved by all relevant parties. I agree to carry out the research in the manner 
specified. If I make any changes to the approved method I will seek further ethical approval 
for any changes 

Signed (Staff Applicant):  Date: 6th September 2018 

 

SECTION B Decision by ISPAR Research Institute Ethics Committee 

Comments of ISPAR Ethics Committee: 

Reviewer comments:  

 

This study is ethically sound.  All ethical issues have been considered and have been 
suitably addressed.  A clear, well written document.  Excellent participant and parent 
information sheets.   

 

     03.10.2018 

 

 

The ISPAR Ethics Committee have considered this proposal and are satisfied that the ethical 
issues have been satisfactorily addressed 

 

Chair of ISPAR Ethics Committee: Dr Laura Charalambous  

 

 

Date: 03/10/2018 
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Appendix 2. School Information Sheet 
 

THE ‘BREAK’ STUDY!  

Does eating compared with skipping breakfast affect levels of sugar and fat in the blood 
after lunch and subsequent exercise responses in adolescent girls?  

The widely known saying ‘breakfast is the most important meal of the day’ has prompted 
scientific research on the metabolic, physiological and psychological responses of breakfast 
consumption and breakfast omission. Recent findings evidenced the negative effect of 
breakfast omission on glucose (sugar) levels after lunch in adults. Elevated glucose levels 
after a meal represents an increased future disease risk (e.g. type 2 diabetes and heart 
disease). Because the metabolism of children and adolescents differs from that of adults, it is 
important to examine if adolescent girls may be exposed to this risk when they skip breakfast. 
Furthermore, there is also evidence that skipping breakfast affects exercise responses in the 
evening in adults. For the first time, we are conducting a study that examines whether 
consuming breakfast, as opposed to skipping breakfast, affects levels of glucose and fat in 
the blood and exercise responses after lunch in girls aged 11 to 14 years. The findings are 
important because many adolescent girls skip breakfast and will be used to contribute to 
promote healthy dietary behaviours in adolescent girls to help prevent the development of 
future disease. We hope that many girls from those invited will be interested in to take part.  

The following pages contain full details about the project procedures. We hope this will 
reassure you that involvement would not be disruptive to school proceedings. All our 
researchers have clearance from the Disclosure and Barring Service (DBS) and can run the 
study with no extra staff, although parents or teachers are welcome to attend the laboratory 
sessions. Please also note that participants can withdraw from the study at any time or decline 
answers to questionnaires without any penalty. Data will remain confidential on a password-
protected computer and will be analysed by one of the study researchers.  

What would we ask from the school?  

Before the study begins, we would ask to visit the school to present the study to girls in Year 
8 or Year 9 (approx. 20 min). We will explain the study aims and procedures so that the 
students are provided with enough information to decide whether they would like to volunteer. 
All students will receive an information sheet, parental consent form, a health screen 
questionnaire and a breakfast habits questionnaire, which should be given to their 
parent/guardian and returned to the school within three days. Only those who return their 
forms and report that they usually have breakfast (consume more than 50 kcal before 10:30) 
on at least four days per week will be eligible to participate in the study.  

What will the participants be asked to do?  

Girls who volunteer to participate will be invited to the Sport and Exercise Science Laboratories 
at the University of Bedfordshire in pairs for the following:  

1. Visit 1 (after school): We will take some measurements, including height, weight, body 
composition (the percentage of body fat, muscles and bone) and complete some easy-to-
moderate intensity exercise on a cycle ergometer (stationary bike).  
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2. Visit 2 (08:30-15:00): We will measure the resting metabolic rate (the rate at which the 
body uses energy while at rest to maintain vital functions e.g. breathing) of the participants. 
They will be asked to wear a soft mask and rest for 10 minutes. The participants will be given 
a breakfast in one of the visits 2 or 3 and lunch on both visits. We will take a blood sample 
every 15 or 30 minutes (10 blood samples in total) to be able to analyse levels of glucose and 
fat in the blood. For the time free from data collection, girls can watch films while sitting on a 
chair. At the end of the day, the participants will be asked to complete some cycling exercise 
and we will measure their responses through the soft mask and expired air.  

3. Visit 3 (08:30-15:00): After 2-28 days (depending on menstrual cycle stage) will ask the 
participants to come back to the University, where we will repeat the procedures from visit 2, 
the only difference being whether breakfast is consumed or skipped.  

 

For all the above visits, parents will be asked to transport their daughter to and from University, 
or the girls can walk to the University alone with parental permission and will be greeted at 
reception on arrival.  

Please note that the girls will need two full days off school to complete visits 2 and 3, 
for which we will require approval from the Head teacher. We hope that this will not 
retract form their education, as we have found that being involved in a scientific 
research study provides a very valuable educational experience for adolescents in our 
previous studies.  

Main benefits of taking part:  

● Participating in the project can enhance the student’s learning by providing them with the 
opportunity to participate in a novel scientific research project.  

● Students will become familiar with research procedures, have the opportunity to use our up-
to-date scientific equipment in our laboratories and grasp an understanding of reasons for 
conducting research.  

● The findings will help improve future research involving nutrition, physical activity and health 
in young girls.  

● We can feedback the results of the study to the school and individual results to the 
participants.  

If you/ your school are interested in participating in this exciting research project, please do 
not hesitate to contact our team (contact details below) for further information and/or to 
arrange a meeting (note that this does not mean that the school is obliged to participate).  

Yours sincerely,  

Victoria Morari (MSc by Research Student) 

Rachael Champion (MSc by Research Student) 

Institute for Sport and Physical Activity Research (ISPAR)  

School of Sport Science and Physical Activity  

University of Bedfordshire  

Polhill Avenue,  
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Appendix 3. Participant Information Sheet 
 

 

 



71 
 

 



72 
 

 

Appendix 4. Parental Consent Form 
 

THE BREAK STUDY 

Does eating compared with skipping breakfast affect levels of sugar and fat in the blood 
after lunch and affect exercise responses in adolescent girls? 

We are writing to you to invite your daughter to take part in an exciting new research project 
being run by the University of Bedfordshire. Breakfast is commonly cited as 'the most important 
meal of the day' and may benefit both health and academic performance in children and 
adolescents (young people). Therefore, it is of concern that many girls often skip this meal. In 
adults, skipping breakfast, as opposed to eating breakfast, triggers an undesirable peak in 
blood sugar and fat levels after eating lunch that may be harmful for long-term health. This 
blood sugar response might subsequently affect exercise responses later in the day. To date, 
there is no scientific evidence to confirm whether such responses occur in adolescents. With 
this in mind, we are conducting a new study that examines the effect of consuming versus 
skipping breakfast on metabolic and exercise responses in adolescent girls. The findings will 
be used to contribute to interventions that aim to improve the health of young people. 
Therefore, we hope as many girls as possible from those invited will take part. 

 

This letter provides you with more detailed information about the study and what would be 
involved if you give permission for your child to take part. Please do not hesitate to contact us 
if you have any further questions. If you agree to your child participating, please complete the 
slip at the end of the form and return it to the school. We would like to reassure you that if you 
provide consent for your child to sign up today, you/your child are still free to drop out at any 
time, without giving us a reason. If your child does not participate, there will be no 
disadvantage to you or your child and we thank you for considering our request. 

 

What you should know about a research study  

● We give you this consent form so that you may read about the purpose, risks and 
benefits of this research study. 

● The main goal of research studies is to gain knowledge that may help future 
generations. 

● You have the right to refuse to provide consent for your child to take part, or agree to 
them taking part now and change your mind later on. 

● Please review this consent form carefully and ask any questions before you decide. 

● Your child’s participation is voluntary. 

● By signing this consent form, you agree to your child participating in the study as it is 
described. 
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What is the aim of the project? 

The main aim of this study is to examine the effect of consuming versus skipping breakfast on 
the metabolic (e.g., glucose and insulin) responses to lunch and exercise responses later in 
the day in girls aged 11 to 14 years. The study will focus on girls who normally eat breakfast 
(i.e., usually consume a minimum of 50 kcal before 10:30 on at least 4 days per week). 

 

Who is conducting the study? 

Dr. Zakrzewski-Fruer and Dr. Rebecca Jones from the University of Bedfordshire direct this 
study. Postgraduate research students, Rachael Champion and Victoria Morari, from the 
University will be visiting schools in Bedford to collect data. The research team have clearance 
from the Disclosure and Barring Service (DBS).  

Who is eligible to participate in the study?  Who is ineligible?   

Your child is eligible for the study if:  

● Your child is enrolled in a school that is participating in the study. 

● Your child is aged between 11 and 14 at the time of study enrolment.  

● You (the parent or legal guardian) and your child agree (by signing this form) 
to participate in the study. 

● Your child signs the separate assent form indicating that she wishes to 
volunteer for the study.  

● Your child normally eats breakfast (i.e., consumes a minimum of 50 kcal* 
before 10:30) on at least 4 days per week. 

*50 kcal is generally equivalent to a piece of fruit, small yoghurt, or small glass of juice.   

 

Your child will not be eligible for the study if: 

● You (the parent or legal guardian) do not sign this consent form, or your child 
does not sign the assent form indicating that they wish to volunteer. 

● Your child has allergies to any of the ingredients in the breakfast and lunch 
meals provided (e.g. wheat, barley, dairy products, lactose). 

● Your child is fitted with a pacemaker or other internal medical devices. 

● A Health Screen Questionnaire must be completed for each child who 
volunteers to participate in the study. Children with the following conditions will be 
excluded from the study for their own safety: musculoskeletal injury that has affected 
normal movement within the last month, disturbance of vision, congenital heart 
disease, uncontrolled exercise-induced asthma, diabetes, epilepsy and chronic 
obstructive pulmonary disease (COPD). As it is not feasible to list every medical 
condition, it is possible that children with other medical conditions, not given above, 
may be excluded from the study once identified. 
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What will participants be asked to do? 

You (the parent or legal guardian) will be asked to complete this consent form (with your 
contact details so that we may call you to arrange suitable times for your daughter to visit the 
University) and a health screen questionnaire on behalf of your daughter. Your daughter will 
be asked to complete a separate assent form along with a ‘Breakfast Habits’ questionnaire – 
only girls who report that they usually eat breakfast on at least 4 days per week will be able to 
take part. Your daughter will then be invited to the Sport and Exercise Science Laboratories 
at the University of Bedfordshire during the study period. You can either stay with your child 
at the University or leave them in our care. They can visit the lab with a friend who is also 
involved in the study and there will be at least two investigators present at all times (both 
female).  

 

Visit 1 (after school): We will measure your daughter’s standing and sitting height, weight, 
body composition (the percentage of body fat, muscles and bone) and waist circumference. 
We will also give your daughter a chance to get used to some of the equipment used in visits 
2 and 3, including practicing breathing through a soft face mask that measures the air that 
your child breathes out and doing some light exercise on our stationary bike.  

 

With your help at home, we will also ask the girls to complete a self-assessment of their level 
of maturation using a questionnaire called the ‘Tanner scale’ that is commonly used in 
paediatric research. The scale defines five stages of maturation based on secondary sexual 
characteristics (e.g., size of breasts). Additionally, we will ask for the start date of your 
daughters last 3 menstrual cycles. If these cannot be recalled, we request that a record is kept 
for the next 3 months. This is explained in detail in the health questionnaire that you will 
receive.   

 

Some girls may feel uncomfortable giving out this information for the project - for those who 
really do not want to do it, they will not have to. To ensure anonymity and confidentiality of the 
data, your daughter will be assigned an ID number and her name will not be included on the 
answer sheet or any of the documentation associated with this measure. Also, a person at the 
University who is completely independent from the study will input your daughter’s responses 
to a spread sheet next to a numbered code; therefore it will not be possible to associate any 
answer sheet with the individual.  

 

Visit 2 (08:30 to 15:00): Your daughter will be required to attend the University at 08:30 for 
the measurement of her resting metabolic rate (amount of energy ‘burned’ while at rest and 
on an empty stomach). This will involve your daughter lying still and wearing a soft mask so 
that we can measure the air that she breathes out. Following this measurement, a finger prick 
blood sample will be taken, hunger and mood questionnaires will be completed, and breakfast 
will be consumed. Lunch will be served three hours after breakfast. Expired air samples, finger 
prick blood samples and hunger and mood questionnaires will be repeated at regular intervals 
from the beginning of the visit until two hours after lunch; a total of 10 blood samples will be 
taken. Your daughter will be required to remain as still as possible throughout and is therefore 
invited to watch DVD’s that will be provided by the University or girls could bring their own 
DVDs or books to read. Two hours after lunch, your daughter will be asked to complete around 
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24 minutes of exercise on a bike; this will start very easy and gradually become more intense 
but will never be very difficult.  

 

Visit 3 (08:30 to 15:00): This will be the same as visit 2, except breakfast will not be provided 
(lunch will be the first meal of the day).  

 

Please note that visits 2 and 3 will be performed in no particular order; some girls will 
do the breakfast consumption condition first and some will do the breakfast skipping 
condition first. Visits 2 and 3 will be completed two to 28 days apart, depending on your 
daughter’s menstrual cycle phase. If your daughter has not started her menstrual cycle, these 
visits will be conducted around seven days apart.  

 

What are the possible risks of taking part in the study? 

Wearing a face mask may feel unusual at first, but we have found that children and 
adolescents quickly adapt to the sensation and an appropriate size mask will be fitted to your 
daughter to maximise comfort. All girls who volunteer to participate will be provided with a set 
breakfast and lunch - if your child is allergic to any of the ingredients in the breakfast meals, 
they cannot participate in the study. During exercise, your daughter may feel slightly hot and 
tired, but it is very rare for children to experience any muscle soreness afterwards. The 
exercise performed will be in line with standard practise and a large number of children have 
performed similar exercise protocols without negative outcomes. Also, your daughter will 
control her own pace and will be able to stop if she wishes. The finger-prick blood samples 
will be taken by trained researchers in line with standard health and safety protocols to 
minimise the risk of possible infection, but they may leave a slight bruise on your child’s finger 
that will last a few days. 

 

The use of personal data in the University of Bedfordshire conforms to data protection 
guidelines and all efforts will be taken to maintain your daughter’s confidentiality throughout 
the research. All data will be stored on a pass-worded protected computer; only the people 
involved in the project will have access to the information. Finally, please be aware that all 
children participating in the study will miss up to two school days, which has been approved 
by the Head teacher.  

 

What are the possible benefits? 

This is an exciting opportunity for your daughter to be involved in a novel and relevant research 
study, which will produce important findings for improving the health of young people. 
Participating in the project can enhance your daughter’s learning; the participants will become 
familiar with research procedures and grasp an understanding of reasons for conducting 
research.  
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What if your child decides to withdraw from the project? 

Your child is free to withdraw from the study at any time and without giving a reason. There 
will be no disadvantage to your child should she wish to withdraw. 

 

 

What will happen to the data and information collected? 

All information and results collected will be held securely at the University of Bedfordshire and 
will only be accessible to related University staff. Results of this project may be published, but 
any data included will in no way be linked to any specific participant. Your child’s anonymity 
will be preserved. All data will be collected in a confidential manner. Your child will be given a 
unique identity number and names will not appear on questionnaires or data collection forms.  

 

What charges will you be asked to pay or will you receive? 

None. 

 

What if you have any questions? 

We welcome any questions, and would invite you to contact any of the people named below 
should you have any queries;  

 

Masters by Research students: 

Victoria Morari  

victoria.morari@study.beds.ac.uk  

 

Rachael B. Champion  

rachael.champion@study.beds.ac.uk 

 

This project has been reviewed and approved by the Ethics Committee of the 
Department of Sport Science and Physical Activity. 

 

Yours sincerely,  

       

Dr. Julia Zakrzewski-Fruer 

 

Lecturer in Health, Nutrition and Exercise 

 

Study supervisors:  

Dr. Julia Zakrzewski Fruer  

Lecturer in Health, Nutrition and Exercise  

Julia.Fruer@beds.ac.uk 

01234 793410  

 

    

         

  

 

about:blank
about:blank
about:blank
about:blank
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Appendix 5. Child Assent Form 
 

The “BREAK” Study - Does eating compared with skipping breakfast affect levels of 
sugar and fat in the blood and does it affect the exercise responses after lunch in girls? 

 

Name of Principal Investigator: Dr. Julia Zakrzewski-Fruer 

Contact: Julia.Fruer@beds.ac.uk 

Why am I here? 

The study team is interested in whether eating breakfast affects levels of sugar and fat in the 
blood after lunch and exercise responses at the end of the day in girls. They want to see if you 
would like to be in this study.   

Why are they doing this study? 

They want to learn more about how eating or not eating breakfast can affect levels of sugar 
and fat in the blood and exercise responses after lunch. The results of a similar study have 
shown that skipping breakfast increases blood sugar after lunch in adults and they tend to 
exercise less. This outcome is very important as high fat and blood sugar levels may cause 
many diseases.  

What will I be asked to do if I take part? 

You will be asked to visit our Sport and Exercise Science Laboratories at the University of 
Bedfordshire for some measures - please see your ‘Participant Information Sheet’. In addition, 
the day before visit 2 and 3, we will ask you to complete a food diary with everything you 
consumed that day. You will also be asked to avoid exercising and eating after 20:00 the day 
before main visits.   

 

What if I have any questions? 

You can ask questions any time. You can ask now. You can ask later. You can talk to the 
study team or you can talk to someone else. 

Are there any reasons that I cannot take part in the study? 

You can take part in the study if: 

● You are a pupil in a school that is participating in the study. 

● You are in aged 11 to 14 at the time the study is being carried out. 

● Your parent (or legal guardian) agrees (by signing the parental consent form) 
that you can participate in the study. 

● You normally have breakfast on at least 4 days each week (less than 50 kcal 
eaten before 10:30). 

● You sign this form showing that you wish to volunteer for the study.  

 

You will not be able to take part in the study if: 
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● Your parent or legal guardian does not sign the consent form, or if you do not 
sign this form showing that you wish to volunteer for the study. 

● You have any health-related issue that could be affected by the study, e.g. 
allergies to the breakfast and lunch foods that will you will be asked to eat. 

 

Do I have to be in the study? 

You don’t have to be in this study.  No one will be mad at you if you don’t want to do this.  If 
you don’t want to be in the study, you just have to tell the study team. If you want to be in the 
study, you just have to tell the study team. You can say yes now and change your mind later. 
It is up to you. 

 

I have read the Participant Information Sheet concerning this project and understand 
what it is about. All my further questions have been answered to my satisfaction. I 
understand that I am free to request further information at any stage. 

I understand that data will remain confidential on a password secure computer and that 
it will be looked at by one of the team members. I understand that my health will be the 
researcher’s first consideration and a researcher shall act in my best interest 
throughout the study period.   

 

____________________________           ______________             ________________ 

Name of Volunteer     Date of birth       Date 

 

 

 

Signature of Person Administering Informed Consent        Date 
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Appendix 6. Breakfast Habits Questionnaire 
 
Breakfast Habits Questionnaire (to be completed by the participant) 

 

Please read every question carefully. Choose the box that fits your answer best and fill it in. 
This is not a test so there are no wrong answers. Also, nobody who knows you will look at 
your questionnaire once you have finished it. 

 

1. How often do you usually have breakfast? Mark one box for weekdays and one box 
for weekend. When answering this question, bear in mind that breakfast is the first 
meal of the day that breaks the fast after the longest period of sleep and is consumed 
within 2 to 3 hours of waking; it is comprised of food or beverage from at least one food 
group, and may be consumed at any location. 

 
 Weekdays      Weekend 

I never have breakfast on weekdays  I      Never have breakfast on the weekend
  
One day    I usually have breakfast on only one day 

of 
Two days    the weekend (Saturday OR Sunday) 
Three days    I usually have breakfast on both weekend  
Four days    days (Saturday AND Sunday) 
Five days 

 

2. How often do you normally consume less than 50 kcal (e.g. less than a piece of fruit 
or a small glass of juice) before 10:30.  

Weekdays      Weekend 
I never have breakfast on weekdays  I      Never have breakfast on the weekend
  
One day    I usually have breakfast on only one day 

of 
Two days    the weekend (Saturday OR Sunday) 
Three days    I usually have breakfast on both weekend  
Four days    days (Saturday AND Sunday) 
Five days 

 

3. What time do you normally consume breakfast? 
 

Weekdays: 

: AM / PM (circle AM or PM) 

Weekend days: 

: AM / PM (circle AM or PM) 
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4. Where do you normally consume breakfast? Mark one box for weekdays and one box 
for weekend. 

   
 Weekdays      Weekend 

At home     At home 
On way to work/school/University  On way to work/ school/University 
Other: _________    Other: __________  

 
 

5. What do you normally eat and drink for breakfast? 
 
Weekdays (Monday to Friday):  
 
___________________________________________________________________
__ 
 
___________________________________________________________________
__ 

 
 

Weekends (Saturday and Sunday): 
___________________________________________________________________
__ 
 
___________________________________________________________________
__ 

 

 
6. If you ever skip breakfast, why do you skip it? Mark one box for weekdays and one 

box for weekend. 
   
 Weekdays      Weekend 

Not hungry (lack of appetite)   Not hungry (lack of appetite)  
Feel nauseated/ weak/ tired            Feel nauseated/ weak/ tired 
Do not like the food    Do not like the food 
No motivation to prepare breakfast         No motivation to prepare breakfast  
Lack of time    Lack of time 
Would rather sleep    Would rather sleep  
To help lose weight    To help lose weight 

          Other: _________                 Other: __________ 
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Appendix 7: Health Screen and Physiological Testing 
Questionnaire 
 

 

Name ...............………………………………..  

 

Sex...............…………………………………. 

 

Date of Birth ...............………………………. 

 

Health Screen and Physiological Testing Questionnaire 

As an individual participating in physical activity, it is important that you are currently in good 
health. This is to ensure your well-being and to try and prevent confounding data. This 
completed questionnaire will be held in a locked filing cabinet in the Sport and Exercise 
Science Laboratories for a period of three years. After this time it will be shredded. Please ask 
for a photocopy of this questionnaire if you require one. 

Please complete this brief questionnaire to confirm your ability to participate: 

1. At present, do you have any health problem for which you are: 

(a) on medication, prescribed or otherwise  Yes  No  

(b) attending your general practitioner  Yes  No  

(c) on a hospital waiting list for an injury  Yes  No  

(d) recovering from an illness or operation  Yes  No  

 

2. In the past two years, have you had any illness or injury which required you to: 

(a) consult your GP  Yes  No  

(b) attend a hospital outpatient department  Yes  No  

(c) be admitted to hospital   Yes  No  

 

3. Have you ever had any of the following: 

(a) Convulsions/epilepsy   Yes  No  

(b)         Respiratory conditions such as 
asthma/bronchitis/ Turburculosis……………….. 

Yes  No  

(d) Eczema   Yes  No  

(e) Diabetes   Yes  No  
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(f) A blood disorder (including infections/viruses)
  

Yes  No  

(g) Head injury including concussion  Yes  No  

(h) Digestive/ Gastrointestinal problems   Yes  No  

(i) Heart problems/chest pains/ angina/heart 
attack/varicose vein/ 
embolism/aneurysm.……………………………. 

Yes  No  

(j) Problems with muscles, bones or joints (for 
example arthritis/back pain)  

Yes  No  

(k) Disturbance of balance/coordination   Yes  No  

(l) Dizziness / black outs / fainting  Yes  No  

(m) Disturbance of vision   Yes  No  

(n) Ear/hearing problems   Yes  No  

(o) Thyroid problems   Yes  No  

(p) Kidney or liver problems   Yes  No  

(q) Problems with blood pressure (low or high)  Yes  No  

(r)  A pacemaker   Yes  No  

(s) Chronic obstructive pulmonary disease (COPD) Yes  No  

 

(t) Anaphylactic shock symptoms to needles, 
probes or other medical-type equipment 

Yes  No  

(u)  Any allergies or food intolerances Yes  No  

(v)  A history of heart disease in the family Yes  No  

(w)  Been pregnant or given birth in the last 6 
months 

Yes  No  

(x) Rectal problems Yes  No  

If YES to any question, please describe in more detail if you wish (for example, was the 
problem short lived, if it is controlled, if it is re-occurring, if your doctor has given you 
specific information/instructions regarding the problem).  

...................................................................................................................................................

............ 

...................................................................................................................................................

............ 
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4. Please state what medication (if any) you are currently taking, explain briefly what 
the medication is for and how long you have been taking it. 

……………………………………………………………………………………………………………
……… 

 

5.  Do you have any other condition or disability that you feel we should be aware of? 

      Yes/No 

 

If yes, please briefly explain below: 

……………………………………………………………………………………………………………
……… 

 

6. Are you currently involved in any other lab activity at the University or elsewhere? 

    Yes/No 

 

If yes, please provide details.  

……………………………………………………………………………………………………………
… 

7. What is your current height and weight? 

 

 

……………………………………………………………………………………………………………
… 

 

8. Do you smoke or have you smoked within the previous 12 months?  

Yes/No 

9. Please provide contact details of a suitable person for us to contact in the event of 
any incident or emergency. 

Name:       Relationship to Participant: 

          ……………………………………………                                           ………………………….. 

Telephone Number:  Work/Home/ Mobile …………………………………………………
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I declare that this information is correct and is for the sole purpose of giving the tester guidance as to my 
suitability for the test. As far as I am aware, there is nothing that might prevent me from successfully 
completing the tests that have been outlined to me. For any issues raised in sections 1-5 the appropriate 
precautions (Doctors check, medication to hand) have been taken and I am therefore still willing and 
able to participate in the current laboratory session as a participant. Whilst also being aware of the risks 
associated with the current protocol.  

 

Signed (participant)……………………………………………  Date………………………….. 

 

Signed (Researcher) ………………………………………  Date………………………….. 
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Appendix 8. BMI Centile Chart 
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Appendix 9. Physical Maturation Scale 
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Code _____________________ 

 

Girls 

 

Please circle the number where the written description and picture is most like you. You need 
to provide two responses (refer to the scientific pictures given to you). Please remember that 
none of the people that you have met at the University will be able to link this information 
directly to you. 

 

 

1. BD  1  2  3  4  5 

 

 

2.  PH  1  2  3  4  5 

 

 

 

Thank you for answering the questions. Please put the completed sheet in the envelope and 
give it to one of the researchers when they come to your school. All of your answers and 
responses are completely confidential and would have no meaning to anyone not involved in 
the study. 

 

 

Please do not send the photograph sheet back with your response (answer) sheet 
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Appendix 10. Children’s OMNI Scale 
 

 

 

 

 

 

Pfeiffer, K. A., Pivarnik, J. M., Womack, C. J., Reeves, M. J., & Malina, R. M. (2002). Reliability 

and validity of the Borg and OMNI rating of perceived exertion scales in adolescent 

girls. Medicine and Science In Sports And Exercise, 34(12), 2057-2061. 
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Appendix 11. PACES  
 

Physical Activity Enjoyment Scale (PACES) 

When I am active… (1) Disagree a lot… (5) Agree a lot. 

1. I enjoy it 

2. I feel bored 

3. I dislike it 

4. I find it pleasurable 

5. It’s no fun at all 

6. It gives me energy 

7. It makes me depressed 

8. It’s very pleasant 

9. My body feels good 

10. I get something out of it 

11. It’s very exiting 

12. It frustrates me 

13. It’s not at all interesting 

14. It gives me a strong feeling of success 

15.  It feels good 

16.  I feel as though I would rather be doing something else 

 

Motl, R. W., Dishman, R. K., Saunders, R., Dowda, M., Felton, G., & Pate, R. R. (2001). 

Measuring enjoyment of physical activity in adolescent girls. American Journal of Preventive 

Medicine, 21(2), 110-117. 
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