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Abstract

Introduction
Carbohydrate availability is a key determinant of endurance performance, and insufficient intake can negatively impact training adaptations and lead to earlier fatigue onset. Despite well-established recommendations for carbohydrate intake in endurance sport, research shows that athletes often do not achieve these recommendations. This study aimed to examine endurance athletes’ knowledge of carbohydrate requirements, their reported carbohydrate fuelling practices, and the factors influencing these behaviours. 

Methods
A cross-sectional mixed-methods design was used. 22 individuals participating in endurance activity completed an online survey assessing their knowledge, attitudes and carbohydrate-fuelling practices. Six participants then participated in semi-structured interviews (SSI). Quantitative data were analysed descriptively using Microsoft Excel, with additional statistical analyses conducted in IBM SPSS Statistics. Qualitative data were analysed using a reflexive analysis framework (Braun and Clarke, 2006).

Results 
Participants generally demonstrated positive attitudes towards carbohydrate intake and endurance performance. Most participants reported adjusting their carbohydrate intake according to training demands and deliberately implementing carbohydrate-fuelling practices. Despite this, knowledge of evidence-based recommendations appeared less consistent with over half of participants unable to identify daily carbohydrate intake recommendations. Online resources were the most frequently reported source of nutrition information. Thematic analysis identified four main themes: understanding of carbohydrate fuelling for endurance performance; application of carbohydrate fuelling strategies; knowledge of evidence-based recommendations; factors influencing carbohydrate intake. Practical, financial, gastrointestinal and body-composition-related factors were identified as prominent influences on fuelling practices, suggesting that knowledge deficits alone did not determine behaviour.

Conclusions
The findings of this study indicate that endurance athletes deliberately engage in carbohydrate-fuelling practices, despite incomplete knowledge of formal recommendations. Application of the Capability, Opportunity, Motivation-Behaviour (COM-B) model provided a useful framework for understanding participants’ decision-making, demonstrating that knowledge alone may not determine behaviour (Michie et al., 2011). Future sports nutrition interventions should focus on supporting athletes to implement practical and sustainable fuelling practices in line with evidence-based recommendations whilst addressing motivational and practical barriers to adherence.
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Chapter 1 - Introduction

1.1 Introduction to chapter 

This chapter introduces the research topic of carbohydrate knowledge and fuelling practices among endurance athletes. It provides the background and rationale for the study, the aims and objectives, and the research questions. It also outlines the researcher’s motivation for undertaking the project and the overall structure of the dissertation. 

1.2 Background and context

Endurance sports, also known as aerobic training, are typically characterised by repetitive, isotonic contractions of large muscle groups over a prolonged duration. For example, such activities include running, swimming, rowing and cycling (Morici et al., 2016). These activities involve muscular contractions at a lower force and reduced power outputs for an extended duration of time (Best, 2020). Carbohydrate availability is a key determinant of endurance capacity (Noakes et al., 2026). Ensuring high carbohydrate availability before, during and after endurance exercise is essential for optimising performance and supporting recovery. Adequate carbohydrate intake helps the maintenance of blood glucose concentrations and maximises both skeletal and hepatic glycogen stores prior to exercise (Podlogar et al., 2022). 

Participation in endurance sports such as marathon running, triathlon and cycling has increased considerably in recent decades (Lepers et al., 2013; Scheerder et al., 2015). Alongside this growth, there is an increased interest in nutrition and dietary strategies to optimise health (Kabata et al., 2022). Sports nutrition is a rapidly growing sector with increasing demand for evidence-based recommendations (Carey et al., 2023). Nutrition is a key determinant of endurance training, performance and recovery. Appropriate nutritional strategies can support glycogen storage, delay fatigue and enhance recovery (Burke et al., 2004). Despite the increased interest of ketogenic diets in endurance sports (Sun et al., 2024), carbohydrates remain the key energy substrate for moderate to high-intensity endurance exercise and remain central to current sports nutrition recommendations (Podlogar et al., 2022). 

Given the importance of carbohydrates for endurance performance, athletes require knowledge of evidence-based recommendations along with the skills to translate them into practical, day-to-day fuelling practices (Naderi et al., 2023). However, current research suggests that athletes often do not meet carbohydrate recommendations, suggesting knowledge deficits or alternative factors influencing their behaviours. Understanding these factors is important to ensure performance, recovery and promote long-term athlete health. Endurance athletes represent a relevant demographic for this topic, given their high carbohydrate requirements and the importance of carbohydrate availability for endurance performance. 

Nutrition knowledge has been recognised as a key determinant of dietary behaviour, and a lack of knowledge can lead to poorer dietary choices. This can increase the risk of various non-communicable diseases, including cardiovascular disease and diabetes (Halki et al., 2016). Within athletic populations, improving knowledge of evidence-based recommendations for training, competition and recovery can support them to make informed choices on their fuelling practices which align with their training demands and performance goals. However, many practical, social and motivational factors can influence behaviour and fuelling practices, representing an area worth investigating within sports nutrition research. These may include sporting environment, cultural backgrounds, and individuals’ variations in appetite and taste preferences (Vásquez-Espino et al., 2022). 

1.3 Rationale for the study 
It is well established in the field of sports and exercise nutrition that carbohydrates are critical for exercise and athletic performance (Podlogar et al., 2022). This is reflected in the dietary carbohydrate guidelines for endurance activities, see table 2.1 (Thomas et al., 2016). Despite this, current literature suggests that endurance athletes consume less than the recommended amount of carbohydrates, though whether this is unintentional or intentional is unclear (Baranauskas et al., 2015). 

In an environment where access to nutrition information is readily available, it can be increasingly difficult for individuals to determine its accuracy and reliability. Social media can play a role in promoting health education whilst also acting as a vehicle for the rapid spread of misinformation (Alsaratee and Yunusa, 2025). The increasing popularity of endurance sports, alongside this growing access to nutrition information, may expose athletes to inconsistent or conflicting information regarding carbohydrate intake. Understanding athletes’ knowledge of evidence-based carbohydrate requirements and how these recommendations are applied in practice is highly relevant to ensure fuelling strategies are implemented safely and effectively. 

Although evidence-based carbohydrate recommendations are well established, there remains uncertainty regarding athletes' understanding of these recommendations and the extent to which knowledge influences their fuelling practices (Pozaić et al., 2023; Boucherville et al., 2023). Whilst previous studies have assessed nutrition knowledge among athletes and others have assessed carbohydrate intake practices, relatively few studies have integrated both perspectives to explore how knowledge translates into behaviour (Sampson et al., 2024; Baranauskas et al., 2015; Scrivin et al., 2023). Furthermore, there are relatively few studies which have included qualitative research exploring athletes’ experiences and the factors influencing their decision-making processes regarding carbohydrate fuelling behaviours (Bentley et al., 2019; Ryan et al., 2026; Fortis et al., 2026). Therefore, this study seeks to examine endurance athletes' knowledge of carbohydrate requirements, reported fuelling practices and the factors influencing these behaviours. As such, there is justification for research examining not only athletes’ knowledge, but also how this is applied in practice and what factors influence their implementation. As fuelling practices are likely influenced by other factors beyond knowledge alone, this study interprets findings using the Capability, Opportunity, Motivation-Behaviour (COM-B) model (Michie et al., 2011).

The findings of this study have the potential to inform sports nutrition practices by improving understanding of the barriers and facilitators influencing carbohydrate-fuelling behaviours among recreational endurance athletes. Improved understanding may support sports nutritionists, dietitians and coaches in educating athletes on translating acquired knowledge into practical, sustainable day-to-day practice. For example, supporting with meal planning and carbohydrate periodisation which aligns with their training load, which will support athletes to implement the evidence-based recommendations.

1.4 Study context 
The study was conducted among recreational endurance athletes from South Wales using an online mixed-method design. Inclusion criteria included adults who participate in at least 30 minutes of endurance activities, twice per week. Participants were recruited through a local triathlon club known to the lead researcher. All participants completed a survey and then a select number completed semi-structured interviews (SSI). The study explored participants’ knowledge and attitudes towards evidence-based carbohydrate recommendations and their fuelling practices. 

A mixed-methods approach was utilised and considered appropriate as it allowed assessment of participants’ knowledge and fuelling practices through quantitative data collection, and further exploration of their attitudes, beliefs and decision-making on fuelling practices, through qualitative data collection. Combining both methods provided a comprehensive understanding of the relationship between carbohydrate knowledge and dietary practices amongst participants. 

1.5 Research aim and objectives
This study aimed to examine endurance athletes’ knowledge of evidence-based carbohydrate requirements, their reported carbohydrate fuelling practices, and the factors influencing these behaviours. 
Objectives 
1) To assess participants’ knowledge and understanding of recommended carbohydrate intakes for endurance training, competition and recovery. 
2) To explore participants’ attitudes towards carbohydrate intake and endurance performance. 
3) To explore participants’ reported carbohydrate-fuelling practices.
4) To identify factors influencing carbohydrate-fuelling behaviours. 
5) To interpret the findings using the COM-B model of behaviour. 

1.6 Research questions
The study sought to address the following questions:
1) What knowledge do participants possess regarding evidence-based carbohydrate requirements for endurance performance and recovery?
2) What are participants’ typical carbohydrate-fuelling practices and which factors are influencing these behaviours?
3) To what extent does knowledge appear to influence participants’ fuelling practices?

1.7 Researcher motivation 

The researcher’s interest in this topic stems from personal involvement in endurance sport and professional experiences as a registered dietitian. The researcher has personal experience in endurance activities, having completed three marathons and numerous other running events. As a member of a local triathlon club, they have experienced first-hand the uncertainty around fuelling endurance training. Having also worked in a professional capacity with endurance athletes, this has further highlighted inconsistencies between evidence-based recommendations and athletes’ fuelling practices; often observing under-fuelling and poor timing of carbohydrate consumption. These experiences highlighted a recurring discrepancy between evidence-based recommendations and real-world fuelling practices. This prompted an interest in better understanding whether carbohydrate-fuelling practices are primarily influenced by knowledge or by other practical, social and motivational factors. 

1.8 Dissertation structure 

The dissertation is structured into six chapters, and the sequence is as follows:
· Chapter one introduces the research topic, outlines the study rationale and presents the aim and objectives. 
· Chapter two presents a critical review of the literature relating to evidence-based carbohydrate recommendations, athletes’ nutrition knowledge and attitudes, and factors influencing implementation of fuelling practices 
· Chapter three describes the research methodology, including study design, participant recruitment, data collection methods and methods of analysis for quantitative and qualitative data. 
· Chapter four presents the findings from the online survey and SSI.
· Chapter five discusses the findings in relation to existing literature and interprets them using the COM-B framework. It also presents the practical implications, identifies the study’s strengths and limitations, and suggestions for future research. 
· Chapter six presents a summary of the study and presents the overall conclusions. 

1.9 Chapter summary 

This chapter has introduced the research topic, outlined the rationale for the study, and presented the research aims, objectives and research questions. It has also situated the study within the wider field of sports nutrition and explained the structure of the dissertation. The next chapter critically reviews relevant literature relating to carbohydrate requirements for endurance performance, athlete nutrition knowledge and behavioural influences on their fuelling practices.  

















Chapter Two – A review of the literature 

2.1 Introduction to the chapter 

This chapter will summarise and critically analyse the existing literature on carbohydrate requirements in endurance sport. Firstly, it will discuss the evidence-based recommendations for carbohydrate intake, before establishing athletes’ knowledge and understanding of these recommendations. The chapter will then explore if athletes’ knowledge is implemented in day-to-day dietary practices. Lastly, the chapter will identify gaps in existing literature before establishing the rationale for the present study. 

2.2 Review of the literature 

2.2.1 Search strategy
Google scholar was used to identify peer-reviewed articles and journals relating to carbohydrate requirements, nutrition knowledge and dietary practices in endurance athletes. Searches were conducted using key terms including carbohydrate requirements; endurance athletes; athlete knowledge; athlete attitudes; fuelling practices. Focus was prioritised on peer-reviewed sources published from 2015 onwards to ensure the literature review reflects up-to-date evidence and sports nutrition guidelines. References used by relevant articles were also screened to identify any additional relevant information. 

2.2.2 Study selection
Studies were selected based on their relevance to the aims and objectives of the study. These included articles which researched carbohydrate requirements, athletes’ nutrition knowledge and dietary intake, and behavioural influences on fuelling practices amongst endurance athletes. Studies were excluded if they focused primarily on non-endurance sports and participant populations with specific medical conditions or injuries.

2.3 Carbohydrates
Carbohydrates are organic compounds composed of carbon, hydrogen and oxygen and are classed as a macronutrient. Dietary carbohydrates are primarily metabolised into glucose which can be oxidised to generate ATP which can be used directly by cells and tissues as a direct energy source (Campbell, 2017). Glucose can also be converted to glycogen which is predominantly stored in the liver and skeletal muscle as an energy reserve. For active individuals, carbohydrate availability is important to sustain the demands of physical activity, particularly high intensity exercise or competitions (Podlogar et al., 2022). Glycogen availability, along with exogenous carbohydrate intakes during exercise, are a key determinant of endurance capacity. They help to mitigate exercise-induced hypoglycaemia and delay the onset of fatigue (Noakes et al., 2026).

2.4 The role of carbohydrates in endurance performance 

Endurance activities such as running, swimming, rowing and cycling have high energy demands due to the prolonged involvement of large muscle groups (Morici et al., 2016). Carbohydrates are a key energy substrate for endurance exercise, particularly as exercise intensity increases, as carbohydrate oxidation supports a rapid rate of adenosine triphosphate (ATP) production (Podlogar et al., 2022). Carbohydrate is stored primarily as glycogen in skeletal muscle and the liver, which act as a readily available source of glucose during exercise to help maintain blood glucose concentrations and support sustained muscular contractions (Cao et al., 2025). 

Research consistently demonstrates that, during prolonged and/or high intensity exercise reduction in muscle glycogen availability is associated with compromised endurance performance and earlier onset of fatigue (Ortenblad et al., 2013; Podlogar et al., 2022). The phenomenon of “hitting the wall” or “bonking” is believed to be associated with glycogen depletion (Cao et al., 2025).  As such, carbohydrate availability before and during endurance exercise is key, especially for prolonged or higher intensity endurance activities (Noakes et al., 2026). The importance of carbohydrate availability provides the physiological basis for the development of evidence-based recommendations in endurance sport.

2.5 Carbohydrate recommendations for endurance exercise
Table of Contents
No table of contents entries found.
: Summary of macronutrient recommendations for endurance athletes (Thomas et al., 2016).
	Nutrient 
	Endurance athletes 

	Carbohydrate
	6-10 g·kg⁻¹·day⁻¹ (moderate-high intensity exercise)	

	Protein
	1.2-2.0 g·kg⁻¹·day⁻¹

	Fat 
	20-35% total energy intake 

	Pre-exercise carbohydrate
	1-4 g·kg⁻¹· consumed 1-4 hours before 

	During exercise carbohydrate (60-150 minutes)
	30-60g per hour

	During exercise carbohydrate (>150-180 minutes)
	Up to 90g per hour

	Carbohydrate loading (for events >90 minutes) 
	10-12g·kg⁻¹·day⁻¹ (for 36-48 hours)



Table 2.1 summarises current macronutrient recommendations for endurance athletes, with a breakdown of carbohydrate requirements based on duration of training. 

Sport nutrition guidelines advocate for strategic carbohydrate consumption before, during and after exercise to enhance performance (Burke et al., 2011; Jeukendrup et al., 2014). Stellingwerff et al. (2014) found that 82% of 61 published studies showed statistically significant endurance performance benefits from carbohydrate supplementation. Recommendations are generally expressed relative to body mass and vary according to exercise duration and intensity. For day-to-day endurance training (i.e. approximately 1-3 hours of moderate-high intensity exercise per day), the Academy of Nutrition and Dietetics, Dietitians of Canada, and the American College of Sports Medicine recommend 6-10 g·kg⁻¹·day⁻¹ carbohydrates per day (Thomas et al., 2016). Intake can fluctuate within this range, depending on the volume and intensity of exercise, whilst higher intake may be advisable when glycogen restoration is a priority e.g. during short recovery periods. Pre-exercise carbohydrate intake can further support carbohydrate availability, with recommendations suggesting an intake of 1–4 g·kg⁻¹ of carbohydrates one to four hours before exercise (Hargreaves et al., 2004). For endurance events lasting over 90 minutes, a carbohydrate loading strategy of 10–12 g·kg⁻¹·day⁻¹ is recommended, in the 24-48 hours preceding an event (Burke et al., 2011). These requirements are higher than those for strength and power-based sports, which are recommended at 3-7g per kg of body weight per day (Jäger et al., 2017).

During prolonged endurance exercise lasting over 90 minutes, exogenous carbohydrate intake helps maintain carbohydrate availability, support exercise performance and delay fatigue onset (Burke et al., 2004). Current recommendations advise carbohydrate intakes of 30-60g·hr⁻¹, increasing to 60-90g·hr⁻¹, as tolerated, for exercise exceeding 150 minutes (Mata et al., 2019). Post-exercise carbohydrate intake is also important, particularly when recovery periods are short, as rapid glycogen restoration can support subsequent training or competition. The recommendations for rapid refuelling are 1.2-1.4 g·kg⁻¹.hour⁻¹ for the first 4 hours then resume daily fuel needs (Thomas et al., 2016). These reflect the importance of considering carbohydrate requirements in relation to individuals’ training and recovery demands, rather than a single fixed daily target. 

Despite the availability of evidence-based guidelines, their day-to-day implementation requires athletes to understand how these recommendations can be translated into suitable dietary strategies and applied to their individual training schedule. The literature therefore suggests, that although athletes generally recognise the importance of carbohydrate for endurance performance, their understanding of specific recommendations for training, competition and recovery appears to be less consistent (Sampson et al., 2024; Scrivin et al., 2023; Pozaić et al., 2023; Boucherville et al., 2023).

2.6 Athletes’ knowledge of carbohydrate recommendations

Sampson et al. (2024) assessed the knowledge of carbohydrate for competition in 1,016 endurance athletes using the Carbohydrates for Endurance Athletes in Competition Questionnaire (CEAC-Q).  The findings demonstrated knowledge deficits across multiple domains including carbohydrate metabolism, carbohydrate loading, intra-exercise fuelling, and carbohydrates for recovery. Less than a third of participants correctly identified recommendations relating to carbohydrate-loading and post-exercise recovery, whilst fewer than half correctly identified recommendations for endurance events lasting longer than 150 minutes. These findings support that, although some athletes recognise the importance of carbohydrates for exercise performance, detailed understanding of evidence-based recommendations remains limited. Similarly, Scrivin et al., (2023) found that endurance athletes generally recognised the importance of carbohydrates for exercise performance, with most participants agreeing that consuming carbohydrates improved their exercise performance. Participants were also able to identify common carbohydrate-containing foods and beverages and reported increasing their carbohydrate intake before exercise as their most frequently used strategy. However, the study did not quantify participants’ carbohydrate intake; therefore, it is unclear whether their reported knowledge translated into strategies that aligned with evidence-based recommendations. Together, these findings indicate that athletes may recognise the importance of carbohydrates for performance without necessarily understanding how evidence-based recommendations should be applied. Furthermore, the existing literature has limited insight into the factors impacting athletes’ decision-making on fuelling practices. This present study therefore seeks to further explore this relationship by examining athletes’ knowledge of carbohydrate requirements, their fuelling practices and the decision-making process behind their behaviours. 

2.7 Factors influencing athletes’ nutrition knowledge

Some studies have investigated how sporting experience and/or competitive status can influence athletes’ nutrition knowledge. Boucherville et al (2023) evaluated nutrition knowledge amongst recreational athletes and found that 63.8% demonstrated awareness that carbohydrate consumption during exercise helps maintain blood glucose concentration. Despite this, less than 40% of participants correctly identified that 30-60g of carbohydrates per hour is recommended for events lasting between 60-90 minutes. The study demonstrated that participants with more than five years of exercise experience, had higher scores across all nutrition domains, compared to those with less experience. Interestingly, greater sporting status does not appear to correspond with improved nutritional knowledge. Pozaić et al., (2023) found that 54.3% of professional athletes and 69.1% of recreational athletes demonstrated poor levels of nutrition knowledge, suggesting that sport participation at a higher level does not automatically equate to greater nutritional knowledge. Collectively, these findings suggest that athletes possess a general awareness of the importance of carbohydrates for endurance performance, yet there remain inconsistencies in their understanding of specific evidence-based recommendations. Greater experience in sport may be associated with improved nutrition knowledge (Boucherville et al., 2023). However, sporting status alone does not appear to guarantee a higher level of understanding (Pozaić et al., 2023). This suggests that repeated participation in endurance sport does not necessarily result in accurate knowledge of carbohydrate requirements and highlights the importance of targeted nutrition education. 

Whilst these studies provide valuable insights, they have several methodological limitations. Most rely on cross-sectional questionnaire designs and self-reported responses.  Such approaches can identify knowledge deficits but provide limited insight into whether greater nutritional knowledge translates to reported carbohydrate intake and fuelling practices which align with evidence-based recommendations. 

2.8 Translation of athletes’ knowledge into dietary practices

Studies which investigate carbohydrate intake in endurance athletes suggest that many do not consistently achieve the recommended amounts. Baranauskas et al. (2015) found that 80.8% of 146 Lithuanian endurance athletes consumed less than the recommended amount of carbohydrates. Participants reported an average carbohydrate intake of 5.6 g·kg⁻¹·day⁻¹, which is below the recommended range (6-10g·kg⁻¹·day⁻¹). Differences were observed between the type of sport, with cyclists more likely to meet the lower end of recommended amounts (6.4 g·kg⁻¹·day⁻¹), compared with long-distance runners. However, interpretation of these results should be cautious as the study used a 24-hour dietary recall, which may not accurately reflect habitual intake or variation in carbohydrate requirements across different training loads. On the other hand, Fortis et al. (2026) used weighed food diaries and remote food photography methods in female endurance athletes competing in the Ironman world championships. They found that most athletes failed to meet the recommended carbohydrate intake of 8-12g·kg⁻¹·day⁻¹ in the 24-48 hours before competition. 

2.8.1 The knowledge-practice gap 

Although knowledge of carbohydrate recommendations is often assumed to influence dietary behaviour, research consistently demonstrates that nutrition knowledge alone does not reliably predict dietary behaviours. Sampson et al. (2024) examined the relationship between carbohydrate knowledge and self-reported carbohydrate intake in 50 endurance athletes. They found no significant association between knowledge of carbohydrate recommendations and self-reported intake. These findings suggest that possessing greater knowledge of recommendations doesn’t necessarily translate into dietary practice. When considered alongside Baranauskas et al. (2015)’s study that endurance athletes may fail to meet recommended carbohydrate intakes, this suggests that there may be other factors which may contribute to the knowledge-practice gap.

2.8.2 Barriers to achieving recommended carbohydrate intakes

A scoping review of 21 studies relating to athletes’ nutritional knowledge and dietary intake found that limited access to practical, evidence-based nutritional guidance is a key barrier to improving nutritional knowledge (Hopper et al., 2025). This suggests that nutrition knowledge may be influenced not only by individual factors, but also by structural and educational limitations, including access to qualified nutrition professionals. However, access to nutritional guidance represents only one potential influence on suboptimal carbohydrate intake in athletes. Athletes may be aware of carbohydrate recommendations yet still fail to meet them in practice due to a range of other physiological, psychological and contextual barriers. For example, barriers such as gastrointestinal symptoms, difficulties consuming enough carbohydrates, and sociocultural influences such as body composition concerns may also contribute to sub-optimal fuelling practices. 

There is robust evidence which demonstrates that inadequate energy intake and chronic under-fuelling leads to low energy availability (LEA), which is associated with a range of physiological consequences. Historically, these consequences were described through the female athlete triad and included low bone mineral density and menstrual cycle disturbances. More recently, the concept of Relative Energy Deficiency Syndrome (RED-S) has been introduced which encompasses a cluster of symptoms, including reduced athletic performance, increased risk of injury, endocrine and gastrointestinal disorders, and recurring infections (Mountjoy et al 2023). This term recognises that the physiological and psychological effects of LEA can occur in males and females (Grabia et al., 2014). 

Despite evidence of sub-optimal carbohydrate intake in endurance sport, the reasons remain unclear. Under-fuelling may be intentional, for example the desire to reduce body fat or manipulate body composition, or unintentional, potentially reflecting insufficient knowledge and understanding of requirements. It is also plausible that inadequate intake reflects a combination of these factors. A review of the dietary survey literature shows that female endurance athletes are less likely to achieve carbohydrate recommendations, with body composition concerns proposed as a potential contributing factor (Burke et al., 2001). This is particularly relevant given the significant energy and carbohydrate demands of endurance activity. 

Collectively, the literature suggests that the relationship between nutrition knowledge and dietary practices is complex and multifactorial. Although knowledge represents one potential influence on carbohydrate fuelling, intake may also be influenced by practical, physiological, psychological and contextual factors. Understanding this relationship therefore requires consideration of how knowledge, capability and motivation influence dietary behaviour.  

2.9 Theoretical framework 

2.9.1. The Knowledge-Attitude-Practice model 

The present study initially interpreted findings using the Knowledge–Attitude–Practice (KAP) model, which provides a framework for understanding health behaviours by considering the relationship between individuals’ knowledge, attitudes and subsequent practices (Zarei et al., 2024). In the context of endurance sport, the KAP model provides a framework for examining the relationship between athletes’ self-reported knowledge of evidence-based carbohydrate recommendations and their reported dietary practices. Within this study, the KAP model suggests that greater knowledge of carbohydrate recommendations may be associated with more positive attitudes towards carbohydrate consumption and, in turn, more appropriate fuelling strategies around training and competition. The KAP model has been widely applied within nutrition and public health research due to its simple explanation of how educational interventions may influence health-related behaviours (Dyett et al., 2025). 

However, the literature reviewed in this chapter suggests that knowledge alone does not consistently predict dietary behaviours, and consideration of other influential factors is required.  Several studies have demonstrated that endurance athletes may recognise the importance of carbohydrate intake while still failing to achieve recommended target intakes (Sampson et al., 2024; Baranauskas et al., 2015). This highlights a limitation of applying the KAP framework, which may not adequately capture the complexity of behaviour. Increased knowledge does not necessarily lead to behaviour change, as dietary practices may also be influenced by factors beyond knowledge and attitudes alone. 

2.9.2. The Capability, Opportunity, Motivation-Behaviour model

To further understand this discrepancy, the Capability, Opportunity, Motivation – Behaviour (COM-B) model is also applied within this present study (Michie et al., 2011). The COM-B model proposes that behaviour results from the interaction between capability, opportunity and motivation. This provides a broader framework for understanding why athletes may or may not translate their knowledge of carbohydrate requirements into dietary practice. Within this study, capability may include knowledge of carbohydrate requirements and the ability to apply them in practice. Opportunity may include access to sport nutrition professionals, the sporting environment and access to appropriate foods. Motivation may include attitudes towards carbohydrates, beliefs about body composition, performance goals and any other factors that may influence fuelling decisions. A qualitative analysis by Bentley et al., (2019) used the COM-B model to understand the barriers and enablers of adhering to nutritional guidance in high-performance sport. The study found that nutritional adherence is multi-factorial and influenced by all three COM-B components. This is particularly relevant to the present study, as it provides a framework through which athletes’ reported carbohydrate practices can be considered alongside knowledge, environmental factors, and motivational influences which may shape those practices.

2.10 Research gap
This chapter has demonstrated that carbohydrate availability and appropriate carbohydrate intake are fundamental for endurance performance, and insufficient intake can negatively impact training adaptations and lead to early onset of fatigue (Burke et al., 2011). Recommendations for carbohydrate intakes in endurance sport are well established (Thomas et al., 2016). Despite the availability of these recommendations, research shows that endurance athletes often do not meet these targets despite varying levels of nutrition knowledge. The research suggests that predicting dietary behaviours is multifactorial and cannot be adequately explained by nutrition knowledge alone. Existing literature remains limited in several aspects. There is evidence examining the relationship between carbohydrate knowledge and reported intake. However, there is more limited research exploring the contextual and behavioural factors that may explain why knowledge does or does not translate into appropriate dietary practices. In particular, there is limited qualitative insight into athletes’ experiences of applying carbohydrate recommendations within their own training and during competitions, including the practical, physiological, psychological and contextual factors that may influence their dietary practices. 

2.11 Chapter summary 
This chapter has presented and critically analysed scientific literature which relating to athletes’ knowledge of carbohydrate requirements, implementation of fuelling practices and possible barriers to implementation. This present study therefore aims to examine endurance athletes’ knowledge of carbohydrate requirements, alongside their reported carbohydrate fuelling practices. This will allow evaluation of the extent to which their reported practices align with current evidence-based recommendations. The inclusion of qualitative interviews provides an opportunity to explore athletes’ experiences of applying carbohydrate recommendations in practice and the factors that may influence their dietary behaviours. In doing so, this study seeks to provide further insight into the relationship between nutritional knowledge and practical fuelling behaviours within endurance sport.
















Chapter 3: Methodology 

3.1 Introduction to chapter

This chapter outlines the research philosophy, study design, participant recruitment, data collection and analysis procedures, ethical considerations, and overall timetable used in this project to allow any replication and justify the validity of the approach. 

3.2 Study design 

This study adopts a pragmatic research paradigm. A pragmatic approach allows the integration of both qualitative and quantitative data, enabling a more in-depth understanding of the relationship between carbohydrate knowledge and dietary practices (Elgeddawy and Abouria 2024). As this present study sought to assess endurance athletes’ attitudes, beliefs and knowledge of carbohydrate requirements in endurance sports and factors influencing their dietary practices, a pragmatic approach was considered appropriate.

This study adopts a relativist ontological position, recognising that individuals may have different levels of understanding and multiple interpretations of carbohydrate requirements for endurance sport, based on their personal beliefs and sporting experience (Pretorius, 2024). The study acknowledges that multiple interpretations exist due to human perception, rather than assuming a single objective understanding of carbohydrate-related knowledge and dietary practices. Furthermore, a pragmatic epistemology was adopted. Pragmatism recognises that knowledge can be obtained through multiple forms of evidence e.g. personal experiences and the outcomes they produce, therefore supporting the use of a mixed-method approach. Within this study, quantitative data provided insight into participants’ knowledge and behaviours, whilst qualitative data allowed exploration of participants’ experiences and perceptions relating to their carbohydrate intake, dietary practices and endurance training. 

Therefore, a convergent, cross-sectional mixed methods design was utilised. Quantitative and qualitative data were collected during the same phase of the research and analysed independently. The discussion of the findings provided a comprehensive understanding of the relationship between carbohydrate knowledge and dietary practices among endurance athletes. 

Neither a purely positivist nor interpretivist approach was considered sufficient to address the research aims. Whilst positivism would have captured measurable aspects of carbohydrate knowledge and behaviour, it would have offered limited insight into participants' experiences and perceptions. Conversely, interpretivism which explores subjective experiences and meanings, would have lacked the structured data necessary to identify broader patterns (Park et al., 2020). Consequently, a pragmatic mixed-methods approach was considered most appropriate. 

3.3 Research setting

The study was conducted remotely using online data collection methods. Quantitative survey data was collected via Microsoft Forms whilst qualitative data was collected through SSI. The use of an online platform provided a practical and time-efficient method of data collection, by reducing geographical barriers to participation (Wu et al., 2022). The survey was sent into a local triathlon club’s WhatsApp group, which meant participants could complete the survey at a time and place convenient to them, compared to face-to-face collection. Furthermore, the use of an online survey is appropriate for post graduate research given no financial burden. 

SSI were conducted both remotely via online communication platforms and face-to-face at locations convenient to participants. This reduced participant burden by limiting any travelling time or associated costs. The use of online platforms for qualitative data collection has been identified as a practical and cost-effective approach, which can produce data comparable to traditional face-to-face interviews (Archibald et al., 2019). The combination of online surveys and SSI was considered a pragmatic approach for this research project. 

3.4. Participants 

Inclusion criteria were adults aged 18 years and over, who participated in at least 30 minutes of endurance activity on two or more occasions per week. A review by Jones et al (2000) considers endurance exercise to be any continuous activity lasting from 5 to 240 minutes completed at around 65-100% of VO2 max. However, a narrative review by Spiering et al (2021) identified that, in general populations, endurance performance can be maintained for up to 15 weeks when training frequency is as low as two sessions per week (13-26 minutes) if intensity is maintained. As such, it was decided that eligible participants needed to be participating in an endurance activity lasting at least 30 minutes, twice a week. 

3.4.1 Participant recruitment 

Participant recruitment used opportunistic and convenience sampling via the principal researcher’s friends and associates. Convenience sampling is a practical approach for post graduate research as it can recruit participants based on factors such as accessibility, geographical proximity and the willingness to participate (Etikan et al., 2016).  A sampling frame included a complete list of potential participants from existing social and professional contacts. This method was chosen as it allowed recruitment of participants who were known to participate in endurance sport. Admittedly, this convenience sampling increases the likelihood of selection bias and may reduce the generalisability of the findings; however, it provided a pragmatic approach given the logistical and practical constraints of a postgraduate project. The sample was therefore considered appropriate in meeting the research aims and objectives as all participants met the predefined inclusion criteria. It must be acknowledged that the findings may not be representative of all individuals participating in endurance activities and can’t produce generalisable conclusions, limiting the external validity of findings. 

3.4.2 Sample size

A total of 22 participants completed the online survey. Given the exploratory nature of the study, the relatively homogenous sample, and constraints associated with postgraduate research, this sample was considered sufficient to address the research aims (Creswell and Clark, 2018). A total of six SSI were conducted. The interview sample size was justified based on the principle of data saturation, which is the point at which no new themes become apparent, and any new data collected fails to contribute to new insights (Roberts et al., 2026). A systematic review by Hennink et al. (2022) reported thematic saturation in relatively homogenous samples is commonly achieved within 9-17 interviews, with core themes frequently identified in the first 6-12. Given the homogeneous sample in this study and the focused nature of the research questions, a total of six interviews was considered sufficient to generate rich and meaningful data to explore the research questions. 

3.5 Research methods

3.5.1 Online survey 

The first part of data collection involved an online survey. The survey collected data including participants’ self-reported knowledge, beliefs and awareness of carbohydrates for endurance activities. This includes questions on nutritional guidelines in endurance sport, as well as participants’ own practices for their endurance training. The survey was developed using Microsoft Forms and distributed to participants. The survey includes a range of question types, including multiple choice, Likert scales and open and closed questions, (see Appendix B). Including multiple question types is beneficial to increase the likelihood of obtaining more meaningful findings. Likert scales, multiple choice and closed questions are useful to represent the research agenda, whilst open-ended questions help validate and expand on these responses, potentially identifying new issues (O’Cathain et al., 2004).  

Using an online survey, which can be distributed via a hyperlink to participants’ email or phone number will allow a larger number of responses. Due to time and resource constraints for this research project, only a small sample of participants would be achievable using alternative data collection methods e.g., one-to-one interview or focus groups. 

3.5.2 Semi-structured interviews (SSI) 

The initial study design included a self-reported 3-day food diary to estimate carbohydrate intake and compare reported intake with participants’ survey responses. However, participant compliance was low, with many diaries incomplete or not returned. It is acknowledged that completing food diaries has significant participant burden, especially if recording of multiple days is required (Whybrow et al., 2020). Given these challenges, and time constraints, it was decided that SSI were better suited for this study. They also allowed participants to discuss their experiences, beliefs and dietary practices in greater depth, than could be achieved with survey response alone. Transcripts of the SSI can be found in Appendix C.

SSI were conducted with a subset of survey participants to gain deeper insight into participants’ knowledge, attitudes and behaviours relating to carbohydrates and endurance training. Participants who completed the survey were invited to take part in a follow-up interview. SSI were conducted individually, consisting primarily of open-ended questions, with some probing questions to generate greater depth in participant responses. These were often followed up with ‘why’ or ‘how’ questions to gain further depth and insight. The interview guide was developed based on the research aims and relevant literature on sports nutrition knowledge. Specifically, elements from the Nutrition for Sport Knowledge Questionnaire developed by Trakman et al (2017) were used to guide the interview structure. This questionnaire has sub-sections which can be used individually, and the questions allow identification of differences in knowledge across athletes of different ages, genders and ability. SSI can obtain useful data on participants’ thoughts, feelings and attitudes by using guided questions which allows for some flexibility (Adams 2015). The interview questions were also designed to expand on themes identified within the survey, particularly in relation to knowledge, beliefs and self-reported dietary behaviours. 

In this current study, SSI were conducted with the researcher and participant only, and averaged approximately 10 minutes, allowing plenty of time for participant-led discussion. Due to time constraints, the SSI were not formally piloted; however, the interview structure was guided by the survey and relevant literature. No SSI were repeated or removed.  

3.6 Data analysis

Quantitative data was analysed using Microsoft Excel and IBM SPSS Statistics software. Prior to analysis, data was screened for any inaccuracies, missing values and coding errors. Descriptive statistics, including frequencies and percentages, were used to summarise participants’ characteristics and survey responses.

Due to the small sample size (n=22) and the ordinal nature of several variables, non-parametric statistical tests were selected (Politi et al., 2021). Variables included participants’ gender, years of experience in endurance sport, knowledge of carbohydrate requirements, self-reported confidence in carbohydrate knowledge and whether participants adjusted their carbohydrate intake according to their training load. Mann-Whitney U tests were used to compare confidence scores between independent groups, including gender, carbohydrate knowledge and carbohydrate-adjustment behaviour. Relationships between years of experience in endurance sport and confidence were examined using Spearman’s rank-order correlation. The relationship between years of experience in endurance sport and participants’ knowledge of carbohydrate requirements was assessed using a Fisherman-Freeman-Halton Exact Test, where expected cell counts were insufficient to meet the assumptions of Pearson’s Chi-square testing. A significance value of p <0.05 was used throughout (Slim et al., 2026).

Thematic analysis for the SSI was conducted using the Braun and Clarke’s (2006) six-phase reflexive framework. Table 3.1 illustrates the six-phase approach (Braun and Clarke, 2006). The coding framework and thematic map generated during the thematic analysis process are presented in Appendix E.

Table 3.1: Application of Braun & Clarke’s six-phased reflexive framework in this study. 
	Phase
	Application in current study 

	1) Familiarisation with the data
	Reading of interview transcripts to gain familiarity with the data

	2) Generating initial codes
	Segments of interview transcripts were coded systematically

	3) Searching for themes
	Related codes were grouped into potential themes

	4) Reviewing themes
	Themes were reviewed and refined

	5) Defining and naming themes
	Final themes and sub-themes were identified

	6) Writing the report
	Results were written using supporting quotes from transcripts.



3.7 Ethical considerations

This study was approved by the ethics committee at the University of Wales Trinity St David prior to data collection. All participants were provided with an electronic participant information sheet which outlined the aims of the study, the method of data collection and their rights as a participant. This included that their participation was entirely voluntary and they could withdraw from the study at any time. Participants were informed that the study was being conducted as part of a post-graduate dissertation with the UWTSD. Participants were required to electronically confirm their consent to participation prior to completing the survey and SSI. Given the researcher is a Registered Dietitian, the study was conducted in accordance with the HCPC Standards of Conduct, Performance and Ethics (Health and Care Professions Council, 2024). Survey and SSI data were anonymised, with no personally identifiable information retained and all data collected was stored securely on the UWTSD One Drive platform. Interview recordings and transcripts were anonymised prior to analysis and participants were assigned unique identification codes. The data will be securely deleted upon completion of the project. Appendix E contains the ethical approval documentation. 

3.8 Timescale for research 
Table 3.2: Research timescale
	Activity
	Date completed 

	Research proposal  
	September 2025

	Ethics application and approval 
	September 2025 

	Literature review
	October – November 2025 

	Survey development 
	October – November 2025

	Survey data collection
	January – February 2026 

	Methodology chapter
	March-April 2026 

	Semi-structured interviews 
	May-July 2026 

	Data analysis 
	August 2026 

	Results chapter 
	August 2026 

	Discussion chapter 
	August 2026 

	Final editing and formatting
	September 2026 



Table 3.2 illustrates the timeline for the completion of this research project. The project was conducted between September 2025 to September 2026.











Chapter 4: Results 

4.1 Introduction 
This chapter presents the quantitative results from the online survey, followed by the qualitative findings from the SSI.  

[bookmark: OLE_LINK3]4.2 Quantitative findings  
[bookmark: OLE_LINK2]This section presents the quantitative findings from the online survey. Results are organised according to participant characteristics, knowledge of carbohydrate recommendations, reported fuelling practices, attitudes and beliefs towards carbohydrate intake, sources of nutrition information and inferential statistical analyses. 

4.2.1 Participant characteristics 

Table 4.1: Age group of participants (total = 22)
	Age group (years)
	Number (%)

	25-34
	13 (59.1)

	35-44
	4 (18.2)

	45-54
	4 (18.2)

	>65
	1 (4.5)



Table 4.2: Gender distribution of participants 
	Gender 
	Number (%)

	Female
	11 (50)

	Male
	11 (50)



Table 4.3: Participants’ years of experience in endurance sport
	Experience in endurance training (years)
	Number (%)

	<2 years
	4 (18.2)

	2-5 years
	4 (18.2)

	>5 years
	14 (63.6)




4.2.2 Knowledge of carbohydrate recommendations 

4.2.2.1 Self-reported confidence in knowledge of carbohydrate requirements 


Figure 4.1: Participants’ self-reported confidence in their knowledge of carbohydrate requirements for endurance exercise.

Figure 4.1 demonstrates participants’ self-reported confidence in their knowledge of carbohydrate requirements for endurance training. Most participants reported moderate confidence in their knowledge of carbohydrate requirements for endurance exercise. Approximately two-thirds of participants (68.2%, n=15) described themselves as ‘somewhat confident’ whilst fewer reported feeling ‘very confident’ (9.1%, n=2) and ‘not so confident’ (22.7%, n=5). 

4.2.2.2 Knowledge of daily carbohydrate recommendations
Table 4.4: Participants’ knowledge of daily carbohydrate recommendations for endurance training. 
	Response
	Number (% of sample)

	3-5g/kg of body weight
	3 (13.6)

	5-7g/kg of body weight
	4 (18.2)

	6-10g/kg of body weight
	3 (13.6)

	Not sure
	12 (54.5)



Table 4.4 suggests variable knowledge levels amongst participants regarding recommended daily carbohydrate intake for endurance training. Current recommendations for moderate-to-high intensity endurance training are 6-10g·kg⁻¹·day⁻¹. Only three participants selected this range (13.6%), whilst over half of participants (54.5%) reported being unsure. 

4.2.3 Carbohydrate fuelling practices 

4.2.3.1 Adjusting carbohydrate intake based on training load


Figure 4.2: Participant response to whether they adjust their carbohydrate intake based on their training load. 

Figure 4.2 shows that most participants (81.8%) adjust their carbohydrate intake based on their training load. Fewer participants reported they do not make any adjustments (13.6%) and were not sure (4.5%).

4.2.3.2 Pre-exercise nutrition practices 

When asked to specify their pre-training/event meal or snack of choice, all participants reported consuming foods which were predominantly carbohydrate-based. Commonly reported choices included, porridge, bagels, honey, banana and pasta. 

4.2.3.3 Carbohydrate intake during exercise


Figure 4.3: Participants’ self-reported hourly carbohydrate intake during prolonged endurance training. 

Figure 4.3 illustrates that over half of participants (54.5%) consume 60-90g of carbohydrates during prolonged endurance training, followed by 40.9% reporting an intake of 30-60g per hour. One participant reported consuming >90g per hour, whilst two participants reported not consuming carbohydrates during prolonged endurance training. 

4.2.3.4 Duration of exercise before carbohydrate consumption 


Figure 4.4: Exercise duration at which participants reported consuming carbohydrates during endurance training or competition. 

Figure 4.4 illustrates the exercise duration at which participants report consuming carbohydrates. Most participants (72.7%) reported initiating carbohydrate intake during exercise lasting between 60-120 minutes, with fewer consuming carbohydrates in events <60 minutes or >120 minutes. 

4.2.4 Attitudes and beliefs towards carbohydrate consumption 

Figure 4.5: Participants’ attitudes and beliefs towards carbohydrate intake and endurance performance. 

Figure 4.5 illustrates participants’ attitudes towards carbohydrate intake and endurance performance. Generally, most participants agreed or strongly agreed that consuming carbohydrates improves their endurance performance and recovery. The strongest agreement (86.4% of participants) was observed for the statement relating to a drop in energy levels with inadequate intake of carbohydrates. In contrast, most participants (72.8%) disagreed or strongly disagreed that they intentionally reduce their carbohydrate intake to stay lean. 

4.2.5 Sources of information regarding carbohydrate requirements 


Figure 4.6: Sources of information used by participants to inform carbohydrate-fuelling practices. 

Figure 4.6 illustrates the primary sources of information used by participants to inform carbohydrate requirements for endurance training. Online resources were the most common answer (40.9%), followed by personal experience (22.7%), and coaches or trainers (18.2%). A smaller number of participants reported using either sports dietitians or nutritionists for information (13.6%) and one participant reported using a combination of coaching advice and their own independent research, which was categorised as a mixed source. 

4.2.6 Inferential statistical analysis 
4.2.6.1 Years of experience in sport and carbohydrate knowledge
A Fisherman-Freeman-Halton Exact Test was used to examine any relationship between participants’ years of experience in endurance sport and their knowledge of carbohydrate requirements for endurance exercise. No statistically significant association was identified between years of experience and participants’ knowledge (p=1.000). 

4.2.6.2 Reported confidence and knowledge of carbohydrate requirements 
A Mann-Whitney U test was conducted to examine whether self-reported confidence differed according to participants’ knowledge of carbohydrate requirements. Participants who correctly identified carbohydrate requirements (n=3) demonstrated higher confidence ranks (mean rank = 15.83) than those who were incorrect or unsure (mean rank = 10.82). However, this difference was not statistically significant (U = 15.5, p =0.226)

4.2.6.3 Gender differences in confidence
A Mann-Whitney U test was conducted to assess whether self-reported confidence levels differed according to gender. Female participants demonstrated a slightly higher confidence rank (mean rank = 12.09) than male participants (mean rank = 10.91), however this difference was not statistically significant (U = 54.00, p = 0.699).  
 
4.2.6.4 Years of experience and confidence in carbohydrate requirements 
A Spearman’s rank-order correlation was conducted to examine the relationship between years of experience in endurance sport and self-reported confidence in carbohydrate requirements. No significant relationship was found (rs = -0.036, p = 0.873).  

4.2.6.5 Confidence in carbohydrate requirements and adjusting carbohydrate intake 
A Mann-Whitney U test was conducted to examine whether confidence in carbohydrate requirements differed according to whether participants adjusted their carbohydrate intake based on training load. Participants who did not adjust their intake reported slightly higher confidence ranks (mean rank = 12.50) than those who did make adjustments (mean rank = 10.75). However, this difference was not statistically significant, U = 22.50, p = 0.669.

4.2.6.6 Summary of statistical tests 

Table 4.5: Summary of inferential statistics used in SPSS
	Variables 
	Test
	 Statistic 
	P- value

	Experience vs knowledge
	Fisherman-Freeman-Halton Exact Test
	Exact test
	1.000

	Knowledge vs confidence
	Mann-Whitney U
	U=15.50
	0.226

	Gender vs confidence
	Mann-Whitney U
	U=54.00
	0.699

	Experience vs confidence 
	Spearman’s rho
	rs= -0.036
	0.873

	Confidence vs Carbohydrate adjustment 
	Mann-Whitney U
	U=22.5
	0.669



Collectively, these analyses did not identify any significant relationships between years of experience in endurance sport, gender, knowledge of carbohydrate requirements or carbohydrate adjustments based on training load (all p >0.05). See Appendix D for SPSS output. 

4.2.7 Summary of quantitative findings 

In summary, most participants demonstrated positive attitudes towards carbohydrate intake and endurance exercise, and most reported deliberate fuelling practices in their own training. Overall, most participants reported feeling somewhat confident in their knowledge of carbohydrate requirements for endurance exercise, however knowledge of evidence-based recommendations appeared less consistent, with over half reporting they were unsure of daily carbohydrate intake recommendations. Online resources were the most frequently reported source of nutrition information.  

4.3 Qualitative findings 

Thematic analysis for the SSI was conducted using the Braun and Vicotria Clarke’s (2006) six-phase reflexive framework (Braun and Clarke, 2006). Four themes were identified from the data (1) Understanding of carbohydrate fuelling for endurance performance; (2) Application of carbohydrate fuelling strategies; (3) Knowledge of evidence-based recommendations; (4) Factors influencing carbohydrate intake. 

4.3.1 Overview of themes  

Table 4.6: Themes and Sub-themes identified through thematic analysis

	Theme
	Sub-themes

	Understanding of carbohydrate fuelling for endurance performance
	· Recognition of carbohydrates as an energy source
· Variable physiological understanding and uncertainty 

	Application of carbohydrate fuelling strategies 
	· Deliberate fuelling strategy
· Experience-based learning
· Inconsistent implementation

	Knowledge of evidence-based recommendations
	· Carbohydrate loading recommendations
· Greater awareness of practical fuelling strategies than formal recommendations 
· Limited knowledge of recovery recommendations

	Factors influencing carbohydrate intake 
	· Body composition concerns 
· Gastrointestinal barriers
· Practical barriers
· Cost considerations



4.3.2: Understanding of carbohydrate fuelling for endurance performance 

Generally, participants demonstrated an awareness that carbohydrates play a role in supporting endurance performance. All participants described carbohydrates as providing energy and enabling sustained exercise performance. 

4.3.2.1 Recognition of carbohydrates as an energy source

Five out of six participants recognised carbohydrates as an energy or fuel source for endurance exercise. Participants described carbohydrates as

“one of the main fuel sources for endurance performance” (ID1)

and

“carbs are one of the main energy sources for the body, especially in endurance sports” (ID3)

Several participants also associated carbohydrate consumption with the ability to sustain exercise performance for longer durations. For example:

“you can go for longer” (ID 6)

Overall, the findings suggest that participants were able to broadly recognise the importance of carbohydrates for endurance performance. 

4.3.2.2 Variable physiological understanding

Despite general awareness of carbohydrates as an energy source, the level of physiological knowledge and understanding varied. Three participants demonstrated awareness of glycogen as a storage molecule. For example, when asked how carbohydrates stored in the body, answers included:

“stored in glycogen in muscles and body” (ID3)

And 

“I think it becomes glycogen when it's stored, which will be stored in and around the muscles and then used when needed” (ID1)

Other participants were uncertain and acknowledged they didn’t know the answer, for example:

“I don’t know. I have no idea” (ID5).

These findings suggest that despite recognition of carbohydrates as an energy source, detailed physiological knowledge was inconsistent amongst participants. 

4.3.3 Application of carbohydrate fuelling strategies

4.3.3.1 Deliberate fuelling strategy

Participants described implementing a range of deliberate fuelling practices, both before and during endurance exercise, suggesting that carbohydrate intake was a considered an important factor for their training. For example, answers included:

“Over two-hour events, I usually carb load and I also use carbs within my racing” (ID1)

And 

“Yes, particularly for pretraining or racing, and then anything over like 90 minutes, during as well” (ID3)

And 

“Yes, 100%. I recently started taking gels for my runs. Fast carbs, easy to absorb whilst on the run” (ID4)

4.3.3.2 Experience-based learning 

Many participants described using personal experiences to influence their practices, rather than referencing specific nutrition recommendations. Some participants described how fuelling makes them feel physically. For example: 

“I think more is feeling the difference when I haven’t carb loaded. And then I try and do a big session in my training plan, and then it doesn't go to plan, because I know I haven't fuelled even though I'm trying to fuel the session with carbs.” (ID1)

And 

“If I don't eat enough the day before, I feel rubbish” (ID6).

Others referred to obtaining information from alternative sources, such as podcasts, rather than referencing specific recommendations. For example:

“When you hear podcasts and they say ‘I take this much’, then I’m like oh interesting, but I’m not sure how it would work” (ID2)

4.3.3.3 Inconsistent implementation

Despite recognising the importance of carbohydrate for endurance training, several participants reported inconsistently implementing their fuelling strategies, whether that be relating to evidence-based recommendations or their own interpretations from personal experiences. For example, when asked if they consider carbohydrates for endurance training and competitions, one participant stated:

“Yes, but mostly competitions. With training, I should take it more often” (ID2)

Another participant reported consuming carbohydrates regularly but not following a particular structure for fuelling. For example:

“If I'm being honest, it doesn't change with anything” and “I don’t adjust carbs in my training” (ID4).

4.3.4 Knowledge of evidence-based recommendations 

4.3.4.1 Carbohydrate loading recommendations

Participants’ knowledge of carbohydrate loading recommendations was variable. Whilst some participants were able to identify recommended intake ranges for carbohydrate loading with some accuracy, others demonstrated uncertainty. For example, one participant stated:

“10 to 12 grams per kilogram of body weight” (ID3) 

Whilst another provided a wider range,

“It’s probably between 8 and 12 grams per kilogram of body weight” (ID1).

The remainder of participants demonstrated uncertainty. For example,

“300 grams?”

And 

“Yeah. No idea. 100g? 150g? 200g?” 

4.3.4.2 Greater awareness of practical fuelling strategies than formal recommendations 

Interestingly, some participants described their carbohydrate fuelling strategy before exercise and/or competitions but were unable to accurately identify evidence-based recommendations. This pattern was evident across several participants who described opting for carbohydrate-based fuelling practices, despite demonstrating limited knowledge of evidence-based guidelines. For example, one participant described consuming porridge, spaghetti bolognese, garlic bread, and chocolate cake with ice cream before an event lasting over 90 minutes. When asked to identify carbohydrate loading recommendations the participant answered

“I don’t know, but if I’m racing it’s 70g, because I’m 70kg”

4.3.4.3 Limited knowledge of recovery recommendations 

Despite acknowledging the importance of carbohydrates before and during endurance training, knowledge deficits were evident in relation to post-exercise/recovery requirements. When asked how much carbohydrate should be consumed following glycogen-depleting exercise, none of the participants correctly identified evidence-based recommendations. Responses included:

“I don’t think about it” (ID6) 

And 

“I’ve no idea on that one” (ID5).

One participant attempted to provide a specific answer but still expressed uncertainty.

“I haven't actually thought too much about the amount that I need afterwards, but I would have thought if it was, say, an Iron Man, where it is eight hour an event, then it would be towards that 8 to12 grams per kilogram body weight the day after to really get rid of that depletion”

When asked about their food choices post-exercise, many relied on personal experience, whilst others referenced the need for carbohydrates, protein and hydration. Several participants reported a preference for milkshakes, for example:

“Hydration, protein and carbs. Preference would be, if it's been quite an intense workout, a milkshake, just because easy to get down.” (ID3)

And

“I do like a milkshake, straight after a race, which is usually quite high in in most things, so, carbs, fats, protein” (ID1).

4.3.5 Factors influencing carbohydrate intake

Participants reported several factors which influenced their attitudes towards carbohydrate consumption. 

4.3.5.1 Body composition concerns 

Although only one participant discussed body composition concerns, this issue emerged as a potential influence on their attitude towards carbohydrate intake, When asked if they have any reservations towards increasing their carbohydrate intakes, the participant stated:

“I guess, subconsciously yes” and “A lot of social media when I was growing up was around like, ‘carbs are bad’, and ‘carbs make you put on weight” (ID3). 

4.3.5.2 Gastrointestinal barriers

Although only one participant reported gastrointestinal issues as a barrier to increasing their carbohydrate intake, the issue emerged as a notable influence on their carbohydrate intake. They stated:

“I can't handle a lot in my stomach.” And “I gag when I eat a lot of carbs” (ID6).

4.3.5.3 Practical barriers
Several participants reported practical considerations influencing their fuelling practices. For example:

"I'm not very good at taking gels because I just find them really sticky.” (ID5) 

And 

“If I upped it (carbohydrates) from 70 to 100g, that means much more pockets” (ID2)
 
4.3.5.4 Cost considerations 

Participants identified cost as an influential factor on their fuelling practices. Whilst participants reported preferences for different brands of carbohydrate-based products, affordability appeared to influence final purchasing decisions. For example, one participant stated:

“I guess it comes down to cost of each brand. When you're taking on a lot of gels in the week and in training, you know that makes a big takes a big part in that.” (ID1)

4.4 Summary of qualitative findings 

Thematic analysis identified four main themes from the SSI. Generally, participants demonstrated awareness of the importance of carbohydrates for endurance exercise and reported implementing carbohydrate fuelling strategies around their training. Despite this, participants’ knowledge of evidence-based recommendations varied considerably, particularly with respect to post-exercise carbohydrate intakes. Participants also described several factors influencing carbohydrate intake, including gastrointestinal and practical considerations.




Chapter 5: Discussion

5.1 Introduction 

The aim of this study was to examine recreational endurance athletes’ knowledge of carbohydrate requirements, alongside their reported carbohydrate fuelling practices. This chapter presents the interpretation of the study’s findings in relation to existing literature and theoretical frameworks. 

5.2 Discussion of findings 

5.2.1 Knowledge of carbohydrate requirements 
The SSI results demonstrate that participants recognised the importance of carbohydrates for endurance performance, describing them as “one of the main energy sources for the body”. These findings are consistent with those reported by Scrivin et al. (2023), who found that endurance athletes recognised the importance of carbohydrates, with most participants agreeing that consuming carbohydrates improved their exercise performance. This was also mirrored in the results of this study; 86.3% of participants agreed or strongly agreed that carbohydrates improved their endurance performance. Scrivin et al. (2023) also found that participants were able to identify carbohydrate-containing foods. Whilst this was not necessarily assessed in this study, 100% of participants reported choosing a carbohydrate-based meal or snack before their endurance training/event. The findings suggest that endurance athletes generally express positive attitudes towards carbohydrates for endurance performance, consistent with the findings reported by Scrivin et al. (2023). This is encouraging for coaches and sports dietitians/nutritionists, as this may reduce resistance to nutrition education and behaviour change. Nutrition interventions can therefore be focused on implementation of evidence-based fuelling strategies, rather than spending time challenging any negative attitudes or perceptions of carbohydrate consumption. 

When asked about daily carbohydrate recommendations for endurance training, 54.5% of participants who completed the online survey reported being ‘not sure’. Table 2.1 illustrates carbohydrate requirements for endurance activities. Further exploration of participants’ knowledge of carbohydrate recommendations was investigated during the SSI. Considerable uncertainty was demonstrated by participants during the SSI when asked about evidence-based recommendations for carbohydrate loading and post-exercise recovery. Knowledge deficits were evident in relation to carbohydrate requirements for recovery. When asked how much carbohydrate should be consumed following glycogen-depleting exercise, no participant correctly identified evidence-based recommendations. For example, one participant stated “I don’t think about it”.  This finding is consistent with that demonstrated by Sampson et al. (2023), who identified knowledge deficits across multiple domains, including carbohydrates for recovery. Ryan et al. (2026) also found that, compared to pre- and during event nutrition, post-event recovery received less attention in ultra-endurance runners. These findings suggest that post-exercise recovery nutrition may represent a poorly understood aspect of sports nutrition knowledge amongst endurance athletes. One explanation may be that athletes place more importance on pre- and intra-training/event fuelling due to their immediate impact on performance, whereas the benefits of recovery nutrition may be less noticeable and benefits can occur over a longer timeframe. As a result, athletes may be less likely to seek information on recovery nutrition, potentially explaining the knowledge deficits observed among participants. Ryan et al. (2026) also suggests that athletes may justify opting for more indulgent and suboptimal dietary choice post-exercise due to their high energy expenditure. Csanaky et al. (2025) also found that recreational endurance athletes’ knowledge of recovery nutrition was sub-optimal and highlights a critical area for improvement. The researchers suggest that this may reflect knowledge deficits, but also competing priorities such as weight management, an emphasis on protein intake, and reliance on non-professional sources of nutrition information. 

5.2.2 Carbohydrate-fuelling practices and the knowledge-behaviour relationship 

The results of the online surveys suggest that athletes report implementing deliberate carbohydrate fuelling practices, despite limited knowledge and uncertainty of evidence-based recommendations. Specifically, 81.8% reported adjusting their carbohydrate intake according to their training load, whilst only 9% reported not consuming carbohydrates during exercise. This suggests that participants recognised the importance for carbohydrate fuelling but may have limited understanding and awareness of the quantities recommended for their training load. This finding is consistent with Rothschild et al. (2026), who found that although endurance athletes generally increased carbohydrate intake with greater training volume and duration, many did not adequately periodise their carbohydrate intake according to day-to-day training demands. Whilst the Knowledge-Attitudes-Kap model proposes that knowledge influences attitudes and subsequently behaviour, this study’s findings challenge the assumption that increasing knowledge alone will improve dietary behaviour, and that this relationship may be more complex. Overall, participants demonstrated positive attitudes towards carbohydrate use for endurance performance, and reported engaging in carbohydrate-fuelling practices, despite limited knowledge of evidence-based recommendations. This could indicate that participants may not rely on formal nutrition knowledge and that carbohydrate fuelling practices may be influenced by additional factors. For example, participants identified factors including gastrointestinal discomfort, cost, practicality, body composition concerns and personal experience. Similar findings were found in a recent study by Fortis et al. (2026) who investigated pre-race nutrition behaviours in female endurance athletes competing at the Ironman world championships. The authors concluded that, despite awareness of carbohydrate loading recommendations, their implementation was impacted by as much psychosocial and contextual factors as by knowledge. 

Athletes may have developed their fuelling practices through experimenting with different strategies and reflecting on past experiences. For example, one participant stated “I think more is feeling the difference when I haven’t carb loaded. And then I try and do a big session in my training plan, and then it doesn't go to plan, because I know I haven't fuelled even though I'm trying to fuel the session with carbs.” Accumulated experience of fuelling training sessions and competitions may further refine these practices. Furthermore, achieving their desired performance outcomes may reinforce the athletes’ behaviours, rather than referring to any formal knowledge of evidence-based recommendations. Fortis et al. (2026) found that female triathletes used past successes and failures to fine-tune their fuelling practices, whilst using these experiences to adjust their nutrition plans to address previous issues such as gastrointestinal distress. This process aligns with the experiential learning theory whereby behaviours are refined through repeated cycles of experience, feedback and adaptation (Kolb, 1984). 

The findings of this study also suggest a distinction between theoretical and practical nutrition knowledge. Despite participants demonstrating uncertainty regarding evidence-based recommendations (see table 2.1) most reported deliberately adjusting their carbohydrate intake based on their training load. This suggests that participants may possess practical knowledge to implement fuelling practices, even in the absence of detailed knowledge. The findings challenge the assumption that knowledge alone determines nutritional practices. These findings may be better aligned with the COM-B model which proposes that behaviour results from the interaction of capability, opportunity and motivation.

5.2.3 Interpretation using the COM-B model 
Applying the COM-B model to this study suggests that participants’ fuelling behaviour was influenced by an interaction between capability, motivation and opportunity (Michie et al., 2011). 

Capability
Capability refers to an individual’s ability to engage in a particular behaviour; this includes their physical ability and as well as knowledge (Michie et al., 2011). In this present study, 68.2% of participants reported feeling ‘somewhat confident’ in their knowledge of carbohydrate requirements; however, 54.5% reported being ‘unsure’ of evidence-based recommendations, suggesting considerable uncertainty and variability in knowledge. Despite this, most participants demonstrated deliberate engagement with carbohydrate-fuelling practices. This finding is consistent with Ryan et al. (2026) who found that ultra-endurance runners self-reported moderate levels of nutrition knowledge but did not consistently implement fuelling strategies. The study found that ultra-endurance runners relied on experiential decision making and bodily cues, including hunger and thirst. Together, these findings suggest that participants possess nutrition-related capability to support their fuelling practice, even in the absence of detailed knowledge and understanding of evidence-based recommendations. As such, capability may extend beyond factual knowledge to also include experiential learning to inform and implement fuelling practices. As discussed previously, several participants described using past experiences to inform their fuelling practices, which aligns with findings from Fortis et al. (2026), suggesting that endurance athletes refine their nutrition strategies through repeated experiences during training and competitions 

Opportunity 
The second component of the COM-B model is opportunity which encompasses physical and social factors that influence the individuals’ ability to perform a behaviour. For example, this includes an individual’s access to resources, time, supportive social environments and interpersonal influences (Michie et al., 2011). In this present study, opportunity-related influences included cost and practical barriers, whilst engagement with sports nutritionists and dietitians was limited compared with the use of online resources, personal experience and coaches/trainers. This may reflect the modern environment, whereby access to nutrition information is instant and available in different formats including social media platforms, online forums and podcasts. Whilst this availability may improve awareness of the important role of carbohydrates for endurance sport, it doesn’t necessarily ensure that the information is accurate and evidence based. A systematic review found that online nutrition information is often inaccurate and of poor quality, potentially subjecting consumers to inaccurate information (Denniss et al., 2023). This is consistent with findings reported by Mahoney et al. (2019) who found that health professionals (HCP) which included dietitians, doctors, nurses etc, were considered the least accessible and interesting, and used the least often. Reasons for this included lack of belief in the HCP’s experience with prescribing nutrition to ultra-endurance professionals. Ryan et al. (2026) found that ultra-endurance runners relied on other athletes and the internet as a key source of information. In this study, the low use of sports nutritionists/dietitians may provide a partial explanation as to why awareness of carbohydrate importance was strongly cited but accurate knowledge of evidence-based recommendations was limited. However, it is also possible that participants deliberately favour alternative sources because they perceive them as more relevant or practical to their circumstances, for example, a coach or trainer that also participates in the same sporting field. This interpretation is supported by Ryan et al. (2026) who similarly found that ultra-endurance runners recognised the importance of nutrition for performance, but their behavioural strategies were heavily influenced by alternative sources of information, including their peers and social media, over professional support. 

Motivation 
The third component of the COM-B model is motivation, which refers to an individual’s internal processes which direct behaviour, including reflective processes such as decision making and planning, and automatic processes involving emotions, impulses and habits (Michie et al., 2011).  Overall, participants consistently reported positive attitudes towards carbohydrate use and its positive impact on improving endurance performance, which may encourage fuelling behaviours despite knowledge deficits. The results of the survey also show that participants describe feeling a decline in energy levels when carbohydrate intake is insufficient. These findings suggest that achieving performance-related goals are a key motivational driver for carbohydrate fuelling practices, especially as most participants report that carbohydrates improve their endurance performance. The desire to optimise performance may encourage participants to engage in fuelling practices, despite knowledge deficits and uncertainty regarding evidence-based recommendations. It must be acknowledged that barriers to carbohydrate intake emerged during thematic analysis of SSI. Within the COM-B model, body composition concerns and gastrointestinal discomfort may represent motivational barriers which influence athletes’ engagement with carbohydrate fuelling practices. One participant described how social media impacted their previous perception of carbohydrates describing them like ‘carbs are bad’, and ‘carbs make you put on weight’. When asked about any reservations towards increasing carbohydrate intake, the same participant said “I guess, subconsciously yes”, highlighting that previous experiences may still be influencing fuelling practices. This finding is consistent with the literature that body composition concerns can be a potential barrier for athletes meeting their carbohydrate requirements (Burke et al., (2001). Similarly, gastrointestinal symptoms or discomfort may reduce athletes’ motivation to consume carbohydrates. In this present study, only one participant described gastrointestinal discomfort with carbohydrate intake, stating “I can't handle a lot in my stomach” and “I gag when I eat a lot of carbs”. Interestingly, the literature shows that exercise-induced gastrointestinal symptoms are prevalent in endurance sports with incidence rate >60%, compared to <10% in strength and power sports. Symptoms can include bloating, heartburn, mild regurgitation and the urge to defecate (Costa et al., 2017: Gaskell et al., 2023). This suggests that motivation may play a role in achieving desired performance outcomes, but also to avoid negative physiological experiences and concerns relating to body composition. Consequently, athletes may experience competing motivational influences when making fuelling decisions, balancing performance enhancement against potential body composition concerns or gastrointestinal symptoms.

Overall, the COM-B model provided a useful framework for interpreting the findings of this current study (Michie et al., 2011), demonstrating that carbohydrate fuelling practices are not influenced by knowledge alone, but a combination of experiential learning, environmental opportunities and competing motivational factors. Like the present study, Ryan et al. (2026) identified themes relating to capability, opportunity and motivation that influenced nutrition practices, suggesting that nutritional behaviours are shaped by a complex interaction of factors, rather than knowledge alone.  

5.3 Practical implications 

Despite athletes recognising the importance of carbohydrates for endurance performance, deficits in knowledge of evidence-based recommendations were evident, particularly relating to carbohydrate loading and post-exercise recovery. Education interventions targeted at this demographic should move beyond promoting the importance of carbohydrates and focus on improving their understanding of the practical use of carbohydrate requirements in different training loads and competitions. Knowledge deficits were consistent for post-exercise recovery nutrition. The aim of post-exercise carbohydrate intake is to restore the liver and muscle glycogen stores. Current recommendations suggest 1-1.2 g·kg⁻¹per hour for the first four hours post-exercise, to optimise glycogen replenishment (Podlogar et al., 2022). These findings suggest that future interventions should focus on improving athletes’ knowledge, and the translation into practical fuelling strategies. Focus should also be given to recovery nutrition, particularly for those competing in multi-day events, to ensure they are managing fatigue and training load (Naderi et al., 2025).  

Even with improving athletes’ knowledge of evidence-based recommendations, the results suggest that this alone is not the only driver behind carbohydrate-fuelling practices. This study suggests that despite knowledge deficits, participants still demonstrated deliberate implementation of carbohydrate-fuelling strategies. Future education interventions should also consider how to support athletes in translating the acquired knowledge into practical, sustainable day-to-day practice. For example, meal planning guidance and carbohydrate periodisation around training, which will support athletes to implement the evidence-based recommendations. 

Beyond athlete education, the findings also have implications for coaches and other members of an athletes’ support network who may act as a first point of contact for advice, including support with nutrition. In this present study, participants reported limited use of sports nutritionists and dietitians compared to alternative sources including online resources, personal experience and their coaches or trainers. As discussed previously, this may be because athletes perceive them as more relevant or practical to their sport-specific circumstances, particularly if their coach or trainer also participates in the same sporting field (Ryan et al., 2026). This highlights a need for collaboration between coaches and sports nutrition professionals to ensure athletes receive consistent, evidence-based information to inform their fuelling practices. Furthermore, sport organisations should consider providing coaches with appropriate nutrition education to help them identify any potential concerns relating to athletes’ nutritional practices and refer to registered sports dietitians or nutritionists when required (Hamnlund et al., 2024). The results of this study suggest that greater accessibility and promotion of sports dietitians and nutritionists is warranted. A recommendation by The International Consensus Conference “Optimising Performance of the Elite Athlete” is that athletes should engage with qualified HCP, including sports dietitians, either individually or in a multi-disciplinary team. They recommend an assessment of dietary intake and nutritional status, in addition to assessment of athletes’ nutrition knowledge, capability, motivation, beliefs and preferences. This will help inform a holistic fuelling plan tailored to an individual’s circumstances, including their unique physiology and training demands (Bangsbo et al., 2025).

Any interventions should also address motivational and practical barriers in addition to education alone. In this study, participants cited several barriers which may limit their implementation of evidence-based carbohydrate recommendations, including gastrointestinal issues, cost and practical considerations. Sports nutritionists and dietitians should provide not only nutrition knowledge, but also practical, tailored strategies to overcome these challenges. Gastrointestinal distress is common in endurance sports, and nutrition can have a strong impact on symptoms (Fortis et al., 2026). For example, a systematic analysis by Martinez et al. (2023) shows that practical support and repeated exposure to nutrients before and/or during exercise can reduce gut discomfort. Sports nutritionist and dietitians can support with these gut-training strategies, as well as addressing any financial burdens by providing affordable carbohydrate-rich foods. 

5.4 Strengths and limitations

A mixed-methods design can provide a more in-depth understanding of complex research questions, including those in social and health research (Taherdoost 2022). The online survey provided quantitative insights into athletes’ knowledge and practices and results suggest an overall positive attitude towards carbohydrate-fuelling behaviours. The SSI enabled further exploration of participants’ personal experiences, attitudes and beliefs. This method allowed increased flexibility alongside the structured survey, to gain a better understanding into participants’ uncertainties regarding carbohydrate recommendations and the practical barriers to their implementation. The SSI also allowed the researcher to explore any interesting themes which emerged during the interviews (DeJonckheere & Vaughn 2019). The use of a mixed-methods design is a key strength of this study as it allowed triangulation of findings between quantitative and qualitative findings. For example, the results of the online survey indicate that 81.8% of participants adjusted their carbohydrate intake according to their training load, whilst the interview data provided further insight into how participants developed these practices and explore any barriers to their implementation. 

Another strength of this study was the examination of both nutrition knowledge and fuelling practices, which allowed exploration of the relationship between them. The use of behavioural frameworks, including the KAP and COM-B models, provided a theoretical basis for interpreting the findings and provided insights into alternative factors influencing carbohydrate-fuelling practices beyond participants’ knowledge alone (Michie et al., 2011; Zarei et al., 2024). The COM-B model provided a framework to interpret findings and understanding why carbohydrate fuelling practices occurred despite deficits in formal nutrition knowledge, by considering the interaction of capability, opportunity and motivation behaviour (Michie et al., 2011). Given the focus on endurance athletes, the results provide practical relevance for sport practitioners, including sports nutritionists and dietitians and athletes themselves who want to optimise their carbohydrate-fuelling practices. 

Another consideration is the researcher’s position as a registered dietitian and an active participant in endurance sport, particularly long-distance running. This position means that the researcher has prior knowledge and personal experience of carbohydrate fuelling practices and this may have helped build and support rapport with participants completing the SSI. However, it must be acknowledged that this position may have influenced the researcher’s interpretation of qualitative findings. As such, researcher reflexivity was considered throughout the analysis process to identify and minimise the influence of any biases or personal assumptions (Braun and Clarke, 2021; Mao et al., 2016). 

This present study is not without limitations. Firstly, the sample size was small; n=6 for SSI, and n=22 for the online survey which may have reduced statistical power whilst conducting inferential statistics. Whilst no statistical findings were identified, it is still possible that meaningful relationships existed between, variables, but could not be detected due to the limited sample size. The interview sample was justified based on the principle of data saturation; core themes are frequently identified in the first 6-12 interviews in relatively homogenous samples (Hennink et al., 2022). However, the small overall sample limits the transferability of the findings to the wider endurance athlete population. A larger sample size would allow for exploration of subgroup differences, such as gender, age and competitive status. Individuals with a particular interest in sport and sports nutrition may have been more likely to participate, potentially influencing the results (Ryan et al., 2026). Despite the useful qualitative data obtained from the SSI, they were relatively short in duration (~10 minutes) which may have limited the depth of information provided by participants. Longer interviews, with more probing questions, may have generated additional insights into participants’ attitudes, experiences and decision-making process regarding carbohydrate fuelling practices. 

Self-reported surveys are commonly used to assess attitudes and behaviours but can be subject to recall bias and social desirability bias. This may be more pronounced when surveys include questions which are sensitive, as individuals may alter or misreport their answers due to concerns about social disapproval or their behaviours being perceived as less desirable (Teh et al., 2023). In the context of this study, reported carbohydrate-fuelling practices may not accurately reflect actual dietary intake. Future research could incorporate quantitative dietary assessment methods, such as food diaries or dietary recalls, to provide more objective estimates of carbohydrate intake to compare with evidence-based recommendations. 

Given the researcher’s personal interest in endurance sport, participants were recruited through social networks known to the researcher. The survey was distributed via text to a targeted demographic i.e. a triathlon club. The Whatssapp group in which the survey was distributed contained 99 members, meaning the response rate was 22.2%. Wu et al. (2022) found that the average online survey response rate is 44.1% and that sending the survey to a clearly defined and refined population yielded a higher response rate compared to sending it to more participants generally. Distributing the survey to a larger number of endurance sport clubs may have yielded a higher response rate. A further limitation of this study is the use of convenience sampling. As the survey was targeted at individuals participating in endurance sport, participants may be more likely to have an interest in nutrition and carbohydrate fuelling practices. Furthermore, the study did not assess or control for any formal nutrition education which participants may possess. Consequently, this may have introduced variability in participants’ baseline knowledge of nutrition in endurance sport and made it more difficult to ascertain if response reflected knowledge obtained through sporting experience, formal education, professional training or a combination of these factors. 

It is acknowledged that participants’ carbohydrate knowledge was assessed only using a small number of objective knowledge questions. Whilst this provided an insight into participants’ understanding of key carbohydrate recommendations, it is unlikely to have captured the full breadth and depth sports nutrition knowledge. Consequently, one can argue that participants’ knowledge may be over- or underestimated.

5.5 Recommendations for future research 

Future research should consider the use of larger sample sizes with increased diversity. This would allow comparisons across demographic and sporting sub-groups and may improve the transferability of findings. The use of longitudinal studies may inform researchers on how athletes’ fuelling practice change over a season. Rothschild et al. (2026) found that, over a 12-week period, athletes generally increased their carbohydrate intake with longer exercise duration; however, many did not consistently align carbohydrate intake with their training load. This highlights the value of longitudinal research to further investigate how athletes adjust their carbohydrate intake before, during and after endurance exercise in line with changing training demands across a season. Future research should also consider the use of validated sports nutrition knowledge questionnaires to provide a more comprehensive assessment of carbohydrate knowledge and understanding of evidence-based recommendations. They should also consider objective methods of dietary assessment, such as weighed food diaries or dietary recalls, to compare reported vs actual carbohydrate intake. Intervention studies using sport-specific nutrition education could be used to explore the impact of improved carbohydrate knowledge on fuelling practices and performance outcomes. A systematic review by Bordin et al. (2021) found that nutrition education does not consistently translate into improved dietary behaviours amongst athletes. However, the included studies varied in heterogeneity and quality, and the authors acknowledge there is limited research to inform the efficacy of nutrition education interventions in athletes. Given the common reports of sub-optimal carbohydrate intake within the literature, these findings highlight the need for high quality nutrition interventions for this demographic, in line with sport-specific evidenced based requirements. Future intervention studies may also be informed by the COM-B model to design strategies which consider and target capability, opportunity and motivation influences, rather than focusing exclusively on knowledge alone (Michie et al., 2011). 






Chapter Six - Conclusion

The aim of this study was to examine recreational endurance athletes’ knowledge of evidence-based carbohydrate requirements, their reported carbohydrate fuelling practices, and the factors influencing these behaviours. 

The study found that participants recognised the importance of carbohydrates and reported adjusting their carbohydrate intake based on their training load. Consistent with previous research, the results of the study suggest knowledge deficits relating to evidence-based carbohydrate recommendations, particularly for carbohydrate loading and carbohydrates for recovery (Sampson et al., 2024; Csanaky et al., 2025). Despite these knowledge deficits, participants reported deliberate carbohydrate-fuelling practices influenced by practical, social and financial factors. The COM-B model provided an explanatory framework to interpret findings, suggesting that participants’ fuelling behaviour was influenced by an interaction between capability, motivation and opportunity and not knowledge alone (Michie et al., 2011). For example, participants identified factors including gastrointestinal discomfort, cost, practicality, body composition concerns and personal experience. This supports existing literature which suggests that nutrition knowledge does not consistently translate into fuelling practices (Sampson et al., 2024)

Overall, participants demonstrated positive attitudes towards carbohydrate use for endurance performance, consistent with findings reported by Scrivin et al. (2023) and reported engaging in carbohydrate-fuelling practices, despite limited knowledge of evidence-based recommendations. This could indicate that participants may not rely on formal nutrition knowledge and that carbohydrate fuelling practices may be influenced by additional factors. Sports nutrition interventions should focus not only on improving knowledge of endurance athletes, but also on supporting the translation into realistic, sustainable fuelling practices whilst overcoming practical barriers. 



30-60g 	60-90g	>	90g 	None at all 	7	12	1	2	


<	60 minutes	60-90 minutes	90-120 minutes	>	120 minutes	No carbohydrates consumed	3	9	7	1	2	


Strongly disagree	Reduce carbohydrate intake to stay lean	Carbohydrates improve endurance	Energy drop without adequate carbohydrates	Carbohydrate loading improves performance	Carbohydrates improve recovery	36.4	0	0	0	0	Disagree	Reduce carbohydrate intake to stay lean	Carbohydrates improve endurance	Energy drop without adequate carbohydrates	Carbohydrate loading improves performance	Carbohydrates improve recovery	36.4	0	0	0	0	Neither agree nor disagree	Reduce carbohydrate intake to stay lean	Carbohydrates improve endurance	Energy drop without adequate carbohydrates	Carbohydrate loading improves performance	Carbohydrates improve recovery	18.2	13.6	13.6	22.7	27.3	Agree	Reduce carbohydrate intake to stay lean	Carbohydrates improve endurance	Energy drop without adequate carbohydrates	Carbohydrate loading improves performance	Carbohydrates improve recovery	9.1	54.5	36.4	36.4	50	Strongly agree	Reduce carbohydrate intake to stay lean	Carbohydrates improve endurance	Energy drop without adequate carbohydrates	Carbohydrate loading improves performance	Carbohydrates improve recovery	0	31.8	50	40.9	22.7	



Personal experiences 	Sports dietitians or nutritionists	Coaches or trainers	Online resources e.g. websites, blogs, forums	Mixed sources	5	3	4	9	1	
Number of participants



Very confident	Somewhat confident	Not so confident	2	15	5	Confidence level


Number of participants



Yes	No	Not sure 	18	3	1	
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