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Abstract
Aim: To investigate people living with Type 1 Diabetes knowledge and understanding of nutritional strategies to aid glycaemic control and influence performance during their chosen exercise 
Method: Individual virtual interviews were conducted using a person centred approach. Thirteen people over the age of 18 participated. All participants lived with Type 1 Diabetes and were involved with any type of exercise. Qualitative analysis of the data was performed using Thematic Analysis. 
Results: Four main themes were identified, 1. Living with Diabetes and managing exercise 2. Knowledge, understanding and support to achieve exercise 3. Carbohydrate verses low carbohydrate 4. Post exercise strategy. An important finding was how difficult participants found managing exercise and Type 1 Diabetes, also how their nutritional strategies differed. Some thought carbohydrate was beneficial in terms of energy and maintaining blood glucose levels whilst others felt it was a burden on blood glucose levels and restricted as much as possible.  
Conclusion: Many lacked knowledge and understanding how nutrition can benefit performance and blood glucose stability before, during and post exercise. Health care teams should be educated in how to manage nutrition, exercise and Type 1 Diabetes as well as insulin dosage. Resources should be created to educate people living with Type 1 Diabetes, to improve confidence, well being and to inspire them to exercise to the level they wish to achieve. 
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Chapter 1: Introduction
1.1 Introduction to the chapter
This chapter presents evidence to the nutritional approaches that a person living with Type 1 Diabetes and exercises may undertake. It explains the importance of exercising with Type 1 Diabetes and the studies aim and objectives. 
1.2 Physiology of Type 1 Diabetes 
Type 1 diabetes is an autoimmune disease where the β-cells in the pancreas which
produce insulin are destroyed (Scott et al, 2020, p. 459). Without insulin, people are unable to maintain euglycaemia (blood glucose concentration 4–8 mmol/l) and need exogenous insulin administration (by either insulin pump or injection). They are required to regularly monitor blood glucose levels and dietary intake.  This concept can be difficult to manage and as a result there is an increased risk of acute and long-term complications because of the difficulties of regulating blood glucose concentrations (Agiostratidou et al, 2017, p. 1623).

Hyperglycaemia measured by a high glucose level over 10mmol/l is a risk factor for microvascular complications (Agiostratidou et al, 2017, p. 1626). Complications such as neuropathy, nephropathy, retinopathy, heart disease, stroke, and foot ulcers which may lead to amputation if not healed may occur with poor control (Scott et al, 2020, p. 459). Cardiovascular disease is the most common cause of mortality in people with Type 1 Diabetes (Sousa et al, 2018, p. 731). Hypoglycaemia, occurs when glucose levels reach the lower end of the post absorptive plasma glucose range, 3.9mmol/l. Symptoms include shaking, palpitations, sweating and hunger. Repeated severe hypoglycaemia is linked with an increased risk of cardiovascular events and mortality (Agiostratidou et al, 2017, p. 1624). 

1.3  Management of Type 1 Diabetes 

Carbohydrate is considered the predominant macro nutrient affecting postprandial glucose control (Bell et al, 2015, p. 1009). Exercise and Type 1 diabetes can be a challenge as managing the combination of administering insulin and carbohydrate is a complex situation (Colberg et al, 2021, p. 2). 
[bookmark: _Hlk170022955]To improve glycaemic control, many individuals determine insulin dose based on the volume of carbohydrate consumed (Riddell et al, 2020, p. 1480). This provides flexibility to the amount of carbohydrate consumed. However, many encounter difficulties in accurately estimating carbohydrate amounts, leading to incorrect dosing of insulin, especially when carbohydrate intake is high (Krebs et al, 2016, p. 78). Many people restrict carbohydrate as large volumes of carbohydrate, matched with large insulin dose lead to unpredictable blood glucose levels (Krebs et al, 2016, p. 78). Mixed meals also make this approach difficult (Riddell et al, 2020, p. 1480). 

1.4  Benefits of Exercise

People with Type 1 diabetes are encouraged to exercise regularly due to its physiological and psychological benefits (Scott et al, 2019, p. 571). Many people living with Type 1 diabetes do not engage in regular physical activity and about 60% are overweight or obese (Riddell et al, 2017, p. 377). Regular exercise can improve health and well-being as well as improving cardiovascular risk and reduce HbA1c (Riddell et al, 2017, p. 377)
People with Diabetes are encouraged to participate in 150 minutes of regular exercise, of moderate intensity or 75 minutes of vigorous intensity per week (Colberg et al, 2016, p. 2069). 
1.5 Exercise and Type 1 Diabetes 
Despite the positive effect of regular activity, only 17.8% of Type 1 Diabetes patients are active. Approximately 60% of Type 1 Diabetes patients do not perform the minimum recommended exercise (Montt-Blanchard, 2022, p. 2). People find exercise difficult to manage due to lack of time, work commitments, bad weather as well as lack of nutrition knowledge, cost of food or lack of time to cook (Jagim et al, 2021. p. 7). Additional barriers exist for many people with Type 1 Diabetes including fear of hypoglycaemia and inadequate knowledge around exercise management (Scott et al, 2019, p. 571). Many people with Type 1 Diabetes report that they find it difficult to manage their blood glucose and physical activity levels. The majority of their decision making on optimal strategies was reported to be based on personal trial and error rather than input from medical professionals (Scott et al, 2019, p. 571).

Exercise increases the variability of glycaemic excursions depending on the intensity and duration of the exercise (Moser et al, 2020, p. 1376). Aerobic exercise can cause hypoglycaemia which is common and adequate carbohydrate and reduced insulin dosage is required (Colberg et al, 2016, p. 2068). 
Glucose levels at the start of exercise can be used to determine how much carbohydrate to consume, again to reduce the risk of hypoglycaemia (Moser et al, 2020, p. 1385). If people can overcome these hypoglycaemia barriers, they are capable of exercising in a wide variety of sports to a high level, whether this is for health reasons or for sporting achievements (Colberg et al, 2021, p. 2). 
1.6 Fuel for exercise
Muscle glycogen is the primary fuel in moderate to intense exercise (Colberg, 2020, p. 751). Replenishment of muscle and liver glycogen stores is essential to prevent late onset hypoglycaemia (Riddell et al, 2017, p. 382) and carbohydrate may prevent hypoglycaemia which can maintain performance (Colberg et al, 2021, p. 2). 
It is well documented that carbohydrate is the main nutrient required for fuel during endurance exercise to improve performance in individuals without Diabetes (Colberg, 2020, p. 752), however it is unclear if special or additional requirements are needed for people with Diabetes (Riddell et al, 2020, p. 1480). 
1.7 Dietary Approaches 
People with Type 1 Diabetes should be mindful of dietary approaches and nutritional intake to maintain glycaemic balance which in turn can have a positive effect on performance and recovery (Colberg, 2020, p. 751). 
1.7.1 Low carbohydrate diets
Despite a multitude of research into the requirement of carbohydrate in exercise, many athletes with Diabetes adapt a low or moderate carbohydrate intake to improve glycaemic management but it is unclear if this approach has an impact on performance (Riddell et al, 2020, p. 1480). However, there is little research in low carbohydrate diets and exercise, especially for Type 1 Diabetes. It is thought that this is not suitable for high level athletes with Type 1 Diabetes due to the energy required to fuel their training (Scott et al, 2019, p. 12) and due to the glycogen depletion caused by this type of diet (Colberg, 2020, p. 754). 
Despite research for increased carbohydrate for fuel, 40% of athletes with Type 1 Diabetes reported acceptable carbohydrate intake, whilst 60% restricted carbohydrate to some degree (30% moderate, 17% low and 13% very low) but these figures were not compared to performance (Riddell et al, 2020, p. 1481).
1.7.2 Protein 
Protein combined with carbohydrate can improve glycogen storage, especially when carbohydrate intake is suboptimal (Burke et al, 2011, p. 19). Protein is also advised post exercise for recovery as this will promote glycogen resynthesis and muscle protein balance (Scott et al, 2021, p. 304) whilst balancing blood glucose levels (Riddell et al, 2020, p. 1482).
1.7.3 Glycaemic Index (GI)
The rate how quickly carbohydrate foods digest and raise glucose levels is defined as the Glycaemic Index (GI). This is another dietary strategy used to improve performance, however there is some debate about the consistency of the outcomes (Burke et al, 2011, p. 17). The lower GI foods containing fibre can optimise blood glucose levels, promote satiety and can be used in exercise to prevent hypoglycaemia (Colberg, 2020, p. 754). 
It is important to explore the research into all these nutritional options so people with Type 1 Diabetes can maintain glycaemic control whilst exercising. This can allow people to exercise to a high level and perform well. An athlete’s aim is to meet the energy and specific fuel requirements required to support training and competition (Burke et al, 2019, p. 74). 
Little research has been undertaken on the normal pattern of carbohydrate intake for active individuals with Type 1 Diabetes. Further work is required to compare lower carbohydrate intake to performance (Colberg, 2020, p. 753). 



1.8 Research Aims and Objectives 
1.8.1 Aim
· To investigate people living with Type 1 Diabetes knowledge and understanding of nutritional strategies to aid glycaemic control and how this influences  performance during their chosen exercise.

1.8.2 Objective
· To capture opinions of people in how these strategies are used in practice for before, during and post exercise. 




















Chapter 2: Literature Review

2.1 Introduction to the chapter

The literature review examines research of the role of different nutritional strategies to manage glycaemic levels and aid performance in exercise and Type 1 Diabetes. It also explains the challenges of living with Type 1 Diabetes when undertaking exercise.  

2.2 Nutrition in sport

Nutrition in sport has been documented to be invaluable for athletes training and competition programme. The quantity, structure and timing are important to ensure athletes can train more effectively to reduce the risk of injury and illness in order to improve performance (Potgieter, 2012, p. 6). Good nutrition can also assist with muscle recovery and energy intake should consist of a variety of nutrients specifically carbohydrate, protein, fat and micronutrients (Potgieter, 2012, p. 7).   

Athletes can be at risk of relative energy deficiencies in sport if energy intake is not balanced with energy output (Burke et al, 2019, p. 73). This may further lead to relative energy deficiency in sport (RED-S) which refers to impaired physiological function including amenorrhea, poor bone health, increased risk of illness and injury, cardiovascular disease and reduced performance to name a few (Mountjoy et al, 2014, p. 1). 

2.3 Exercise and Type 1 Diabetes  

Type 1 Diabetes and exercise poses daily challenges to maintain euglycaemia for before, during and post exercise. It can be problematic to achieve tight glycaemic control and avoid hypoglycaemia (Barlovic et al, 2022, p. 1). 

For people living with Type 1 Diabetes, the glucoregulatory response to moderate-intensity exercise is impaired, due to insufficient endogenous insulin secretion. As a consequence, higher insulin levels from exogenous insulin cause a dysregulated cell response, lower glucagon levels and reduced hepatic glucose production. This leads to a drop in glycemia (Scott et al, 2019, p. 2). As well as this, exogenous insulin has a longer half life than endogenous insulin and is therefore present in the circulation system at the start of exercise (Scott et al, 2020, p. 466). This is termed “insulin on board” (Scott et al, 2019, p. 2). 

Within any given exercise bout, numerous factors can have an impact on glycaemia, including exercise type, duration, and intensity as well as level of circulating exogenous insulin during and after exercise and pre-exercise blood glucose concentration (Scott et al, 2019, p. 2). 

Higher exercise intensity leads to a higher risk of hypoglycaemia for up to 31 hours post exercise, but the risk is at its highest for the first 12-24 hours (Scott et al, 2020, p. 463). This risk is even higher for those engaged in endurance exercise (Montt-Blanchard, 2022, p. 2) 

Resistance exercise is associated with less of a decline in blood glucose than aerobic and can provide a protective effect against glycaemic declines if performed prior to aerobic exercise. The timing of exercise can impact outcomes, with exercise before breakfast resulting in less hypoglycaemia than the same bout of aerobic or resistance activity undertaken later in the day (Colberg et al, 2021, p. 2). 

2.4 Continuous Glucose Monitoring (CGM) 

CGM technology shows trend arrows of glucose levels, whether levels are rising or falling and this technology can also indicate when carbohydrate should be consumed in order to prevent hypoglycaemia (Moser et al, 2020, p. 1385). Studies such as (Griffin et al, 2023) and (Phillip et al, 2022) resulted in guidelines to advise on timing and amount of insulin reduced as well as carbohydrate consumption depending on glucose levels (Adolfsson et al, 2022, p. 1342). This amount differs before, during and post exercise (Moser et al, 2020, p. 1385).

CGM has been proven to improve the time spent in euglycaemia and can reduce severe hypoglycaemia (Moser et al, 2020, p. 1377). Many people living with Type 1 Diabetes are moving toward their use especially during periods of increased physical activity to help prevent exercise associated hypoglycaemia (Riddell and Milliken, 2011, p. 2). Thus, CGM systems can reduce the fear of hypoglycaemia which has been described as a barrier towards exercise. This will allow people to continue exercising to their highest standard (Colberg et al, 2016, p. 2069). 

2.4.1 Insulin administration 

The accuracy of these monitoring systems has been questioned due to differences between CGM data and blood glucose monitoring data. The Mean Absolute Relative Difference (MARD) was compared for different CGM devises and different types of exercise. There was no clear statistical difference found in the precision of sensors for factors such as the blood glucose measurement method or the type of exercise and the accuracy has been deemed adequate for all types of exercise (Munoz Fabra, 2021, p. 15). 

Advances in CGM have led to the development of automated insulin delivery (AID) systems to improve glucose management and to minimise the burden of insulin delivery. The AID system continuously adjusts insulin delivery in response to CGM data (Phillip et al, 2023, p. 257). These systems have been found to lower the risk of severe hyperglycaemia and hypoglycaemia and reduced the fear of hypoglycaemia (Phillip et al, 2023, p. 261). Further data of studies of people wearing CGM and standard insulin pumps conclude that hypoglycaemia is reduced if insulin basal rates are reduced (Franc et al, 2015, p. 1150) 

2.5 Carbohydrate for fuel in exercise

Carbohydrate has been deemed an important nutrient for exercise since the late 1930s, when muscle glycogen levels were measured during various dietary and exercise interventions (Hargreaves et al, 2004, p. 31).  Research has focused on nutritional strategies to maximise endogenous carbohydrate stores to reduce the effects of depletion (Hargreaves et al, 2004, p. 31). 

Glucose is the primary carbohydrate fuel for the working muscle, and its contribution to total energy increases relative to exercise intensity. Carbohydrate intake for pre and post exercise, the timing and type of carbohydrate in the post workout recovery period is essential as a means of refuelling and supporting recovery efforts and maximising skeletal muscle protein synthesis.  Muscle glycogen depletion and hypoglycaemia have shown to be involved in reducing athletic performance and promoting fatigue (Wildman et al, 2010, p. 21). 

These energy requirements of training are largely met by oxidation of fat and carbohydrate. The higher the intensity of exercise, the greater the reliance on carbohydrate as a fuel. At an exercise intensity corresponding to about 50% of an individual’s maximum oxygen uptake (VO2 max), approximately two-thirds of the total energy requirement is met by fat oxidation, with carbohydrate oxidation supply. If the exercise intensity is increased to about 75% of VO2 max, the total energy expenditure is increased and carbohydrate is now the major fuel (Maughan and Shirreffs, 2012, p. 112). This increased reliance on carbohydrate is due to an elevation in the respiratory exchange ratio and the level of lactic acid in the blood during high intensity exercise (Wildman et al, 2010, p. 22). Carbohydrate is a more economic fuel source than fat as it produces greater amounts of adenosine triphosphate (ATP) for a given amount of oxygen so becomes the dominant fuel source at higher intensities (Burke et al, 2019, p. 79). 

Sports performance relies upon a combination of anaerobic and aerobic energy systems, both of which rely on muscle glycogen and/or blood glucose as an important substrate for energy production (Baker et al, 2015, p. 5733). Team sports with a “stop and go” effect, drain muscle glycogen stores, leading to a decrease in power output and a reduction in general work rate during training and competition. Increasing liver and muscle carbohydrate stores before sports helps delay the onset of fatigue during prolonged intermittent variable-speed running. Carbohydrate intake during exercise, typically ingested as carbohydrate-electrolyte solutions, is also associated with improved performance (Williams and Rollo, 2015, p. 13). 

For team sports such as football, players have high aerobic requirements throughout a game and extensive anaerobic demands during periods of a match leading to major metabolic changes, which might contribute to the observed development of fatigue during and toward the end of a game (Bangsbo et al, 2022, p. 111). This would lead to less distance being covered with reduced speed in the second half when players start with a lower glycogen level (Collins et al, 2021, p. 418). A separate study found for many team sports, carbohydrate intake did not meet sports nutrition recommendations (Jenner et al, 2019, p. 12).

Guidelines suggest a carbohydrate intake of 5 to 7g/kg body mass on moderate training days, and from 7 up to 12 g/kg body mass for heavy training days or in preparation for a match (Brinkmans et al, 2019, p. 2765). Further support for 5-7g/kg for moderate exercise, approximately one hour per day is evidenced by a review of team sports but higher intensity of 1-3 hours per day would benefit from 6-10g/kg per day (Mujika and Burke, 2011, p. 30). Further research concluded that 5-10g/kg/day was required for exercise of 1-2 hours per day (Oliveira et al, 2017, p. 9). These guidelines are also followed for endurance sports such as cycling and marathons (Jeukendrup, 2011, p. 92). 

2.6 Carbohydrate intake for Type 1 Diabetes and exercise

The area of carbohydrate and exercise has been researched extensively, however, there is much less research available for people living with Type 1 Diabetes and exercise (Scott et al, 2019, p. 9). 

Carbohydrate consumption is equally an important nutrient for people with Diabetes in order to maintain performance and avoid hypoglycaemia. The main strategies to carbohydrate supplementation are about the amount, (quantity in relation to demands to fuel exercise and avoid hypoglycaemia), the timing of the intake (before, during and after the exercise) and the quality of the carbohydrates (including differing carbohydrate types within a meal) (Scott et al, 2019, p. 1). 
	
This carbohydrate required to avoid hypoglycaemia, fuel provision for optimal performance, weight management and long-term glycaemic control all need to be considered (Scott et al, 2019, p. 2).

Many studies for Type 1 Diabetes have looked at the carbohydrate intake to reduce hypoglycaemia rather than optimising performance. People with Diabetes are advised to have a small intake of carbohydrate during exercise (approximately 10-15g) to prevent hypoglycaemia, but this amount may not be enough to maintain performance and meet the recommended intake (Riddell et al, 2017, p. 382). 

Results of a self reported on line survey of people with Type 1 Diabetes who participate in exercise, reported that some athletes adopted a low to moderate carbohydrate intake to improve glycaemic management (Riddell et al, 2020, p. 1480). A similar study found that only 29% of people could identify correct carbohydrate amounts required in student athletes (Andrews et al, 2016, p. 2). The understanding of the normal pattern of macronutrient intake for active individuals with Type 1 Diabetes is lacking and further research is required in this area (Colberg 2020, p. 753).

For recovery, carbohydrate promotes rapid glycogen repletion which is dependent on insulin availability. If carbohydrate is restricted, glycogen repletion may be delayed. For people with Type 1 Diabetes, timely repletion of glycogen encourages normal blood glucose levels. Limiting carbohydrate intake after training does have the potential to increase the risk of hypoglycaemia (Colberg, 2020, p. 755). After prolonged exercise restoring muscle glycogen levels are likely to take longer which may increase nocturnal hypoglycaemia (Riddell et al, 2020, p. 1481). 

2.7 Dietary strategies 

2.7.1 Low carbohydrate intake for people living with Type 1 Diabetes

There are multiple dietary approaches for people with Diabetes to improve their glycaemic control, such as low Glycaemic Index, high fibre, limited fat intake (Firman et al, 2023, p. 3) or the addition of protein to carbohydrate sources (Scott et al, 2021, p. 311). However, low carbohydrate diets are becoming more popular for athletes with Type 1 Diabetes in order to improve glucose levels (Riddell et al, 2020, p. 1480).

There is variability in the literature regarding the definition of a low carbohydrate diet. Studies characterise carbohydrates in terms of percentage from energy intake or total daily grammes of carbohydrate (Landry et al, 2021, p. 410). However, in general terms a low carbohydrate intake consists of 20 to 60g per day of carbohydrates (<20% of total daily calorie intake), and very-low-carbohydrate ketogenic diets typically restrict carbohydrates to less than 20g per day. Some less-restrictive diets allow up to 130g per day of carbohydrates (26% of total calories) and 50g for very low diets (Fields et al, 2016, p. 788). (See Table 2.1). 


Table 2.1: Definition of low carbohydrate intake

	Carbohydrate intake
	Amount of carbohydrate (g)
	% energy

	High carbohydrate
	>230
	> 45

	Moderate carbohydrate
	>130-230
	> 26-45

	Low carbohydrate
	< 130
	< 26

	Very low carbohydrate/ ketogenic
	20-50 
	<20



								(Feinman et al, 2015, p. 4)

Low carbohydrate diets often result in low energy intake and thus requires a high fat or protein intake to provide energy. This high fat intake reduces iron absorption. Iron, as well as fibre and B Vitamins, are also reduced with a low carbohydrate intake (Seckold et al, 2019, p. 328).  If iron is depleted even a small amount it may cause a reduction in maximum oxygen uptake as it is involved with oxidative energy production. It may also reduce the bodies endurance capacity as deficiency may cause fatigue. High intensity exercise has a higher requirement and iron turnover leading to depletion of iron stores (Burke et al, 2021, p. 241). 

This diet also restricts legumes, fruits, starchy vegetables, and grains (including whole grains), despite the established general health benefits of these foods and food groups (Landry et al, 2021, p. 431). This may reduce the intake of minerals such as calcium, magnesium and potassium which play important roles in skeletal muscle, bone function and the cardiovascular system. Depletion of these nutrients may impair exercise performance and cardiovascular function (Macedo et al, 2020, p. 23). 

Further research into athletes following low carbohydrate diets has shown that bone stress injuries occur when low energy along with poor Vitamin D and inadequate calcium intake occurs. When low carbohydrate intake therefore low glycogen stores occur, cytokine interleukin-6 is released from the muscle which controls bone turnover and increases bone breakdown (Heikura et al, 2020, p. 2).

2.8 Low carbohydrate diet and effects on health related outcomes

For people with Type 1 Diabetes, there is uncertainty if a low carbohydrate diet should be followed as the condition cannot be reversed with this type of diet and it maybe dangerous due to the risk of hypoglycaemia and diabetes ketoacidosis (Firman et al, 2023, p. 9).

2.8.1 Weight 

Glucose is synthesised from the liver and kidneys without carbohydrate consumption. Glucose is produced from amino acids, glycerol and lactate which is adequate for the demand of glucose dependent cells and tissues. A low carbohydrate intake can reduce glucose demand and skeletal muscle proteolysis as lipolysis occurs. Ketone bodies are produced which supply the body with its energy requirements. This may help maintain lean mass whilst inducing body mass loss (Macedo et al, 2020, p. 18). 

Conversely, if a low carbohydrate diet requires a high fat intake to increase energy intake, it can lead to a high saturated fat intake and increase triglyceride levels. This increases the risk of cardiovascular diseases (Macedo et al, 2020, p. 18). 

There are limited studies on Type 1 Diabetes and low carbohydrate diets (Turton et al, 2018, p. 1). A 12 week randomised control trial comparing low carbohydrate to standard carbohydrate found that 5 Kg weight loss occurred in the low carbohydrate group but not significantly different. This was a motivated group and 12 weeks is a short time to assess if motivation could continue long term (Krebs et al, 2016, p. 82). 

Studies researching this area on the effect of weight loss over two years found no significant reduction in body weight (Krebs et al, 2016, p. 75). Supporting research in this area also found no significant changes in weight over four years. There is insufficient evidence to demonstrate following a low carbohydrate intake impacts on weight loss in Type 1 Diabetes (Neilsen et al, 2012, p. 3).

2.8.2 Lipids

Research presents mixed results on the effect on lipid profile (Fields et al, 2016, p. 791). Low carbohydrate diets have been found to lower triglyceride levels, however a systematic review evaluated a comparison of diets on HDL, LDL and total cholesterol levels. The study found 43% with no difference in the diets and 45% showed mixed results, with low carbohydrate diets sometimes improving HDL but not LDL or total cholesterol levels (Fields et al, 2017, p. 791). 

The low carbohydrate, high fat strategy has been found to be associated with high blood pressure, lower HDL cholesterol and lower waist to hip ratio. Furthermore, on a positive note, it has been linked with lower glucose variability, lower BMI and lower diastolic blood pressure, but a higher cholesterol level (Ahola et al, 2019, p. 5). Additional studies indicate a reduction in total cholesterol and LDL cholesterol but an increase in HDL cholesterol with ketogenic diets. When a medium amount of carbohydrate is introduced, there is still a similar profile on lipids (Kosinski and Jornayvaz, 2017, p. 7). 

Randomised trials of very low carbohydrate diets to low fat diets showed greater reductions of body mass, diastolic blood pressure and LDL in the first six months compared to low fat diets but no differences in weight, triglycerides and LDL by 12-24 months (Macedo et al, 2020, p. 19). 

Research shows that a competitive cyclist with Type 1 Diabetes who followed a low carbohydrate, high fat diet for four years had a lipid profile of total cholesterol, 9.5mmol/l and LDL cholesterol, 5.9mmol/l demonstrating dyslipidaemia. The evidence is conflicting and the long term effects of this are unknown (Nolan et al, 2019, p. 1506). 
2.8.3 HbA1c

A systematic review found only nine studies of Type 1 Diabetes and low carbohydrate diets. Only three studies found significant changes in HbA1c and two studies compared low carbohydrate intake to high carbohydrate intake with no significant difference found (Turton et al, 2018, p. 7). Despite studies showing evidence that low carbohydrate, ketogenic diets improve HbA1c with few acute Diabetes related complications (Buehler et al, 2021, p. 547) this diet is not recommended due to lack of evidence for long term safety and efficacy due to the risk of diabetic ketoacidosis and hypoglycaemia (Firman et al, 2023, p. 9). 

A further study showed that people consuming <40g per day had the lowest HbA1c (Colberg et al, 2021, p. 8). The study showed that 40% of people consumed a normal intake of > 200g carbohydrate per day, resulting in 60% restricting to some extent (31% moderate intake 100-200g, 17% low intake 40-99g per day, 12% very low, less than 40g per day) but these figures were not compared to performance (Colberg et al, 2021, p. 9). 

A separate study reported a significant reduction in HbA1c in the low carbohydrate group. However, it was concluded that larger numbers were required as only 10 participants were involved. This trial is required over a longer time frame to assess if a low carbohydrate intake is sustainable (Krebs et al, 2016, p. 82). 

Following these diets for any length of time is challenging (Colberg, 2020, p. 754). Long term evidence for this diet and Type 1 Diabetes is lacking as studies have shown people do not adhere to this for longer than 2 years (Nielsen et al, 2012, p. 3). There is limited data in low carbohydrate diets and Type 1 Diabetes, it is recommended for more studies in this area (Turton et al, 2018, p. 1). 

2.9 Low carbohydrate diets and effects on performance

Low carbohydrate, high fat diets have been found to have no benefit on performance (Burke, 2015, p. 33). They remain controversial in nutrition guidelines and exercise performance (Macedo et al, 2020, p. 17). This may be due to reduced levels of muscle glycogen especially before exercise, impacting on performance. People starting with low glycogen levels may require carbohydrate during exercise to avoid a decline in performance (Colberg, 2020, p. 754). For people who participate in power or high intensity sports and  rely on muscle glycogen for fuel, a low carbohydrate intake may reduce performance as the ability to rapidly resynthesise enough ATP is limited (Colberg, 2020, p. 755). However, there are no long term studies in this area regarding general health, glycaemic control or performance (Burke et al, 2002, p. 88). 

2.10 Glycaemic Index (GI)

Low GI snacks maintain stable glucose levels for prolonged exercise at low to moderate intensity and high GI foods should be consumed for hypoglycaemia (Burke et al, 2021, p. 536). Studies on carbohydrate and exercise often concentrate on the quantity rather than quality of the carbohydrate. However, the quality of the carbohydrate is important as it can have an effect on the post prandial glucose levels but there is little evidence in this area (Campbell et al, 2014, p. 1846).

2.10.1 Glycaemic Index pre exercise 

[bookmark: _Hlk161319829]A low GI intake before exercise in a non Diabetes population was found to prolong time to exhaustion when compared to a high GI meal. This was thought to be due to glycogen sparing, promoting more stable blood glucose levels during the exercise and  reduced rates of carbohydrate oxidation. This trial led to guidelines recommending the consumption of low GI foods before exercise (Burke et al, 2021, p. 322). 

Additional evidence also suggests that a low GI meal before exercise results in smaller postprandial glucose rises and a reduced decline during and after exercise compared to a high GI meal (Burke et al, 2021, p. 536). 

However, other studies have found no performance benefits following a low GI meal before exercise. There are many differences in the methodology of the studies and the key considerations are whether carbohydrate is consumed during the activity. This approach is beneficial to maintain glucose levels during activity as it provides a continuous supply of carbohydrate (Burke et al, 2021, p. 322).

A meta analysis of the effect of low GI foods before exercise on performance found a small non significant improvement on performance when a low GI meal was consumed before exercise without additional carbohydrate during the exercise. There was no evidence of any significant improvement to performance regardless of carbohydrate intake during the exercise (Burdon et al, 2017, p. 1088). 

2.10.2 Glycaemic Index post exercise

A study considered how the GI effected glycaemic control after exercise in the evening. The glucose levels were significantly greater with high GI compared to low GI carbohydrates and individuals were protected from hypoglycaemia immediately post exercise regardless of the GI. However, late-onset nocturnal hypoglycaemia was still a concern eight hours later regardless of the type snack post exercise (Campbell et al, 2014, p. 1852). 

A high GI meal later in the recovery period could support increased muscle glycogen resynthesis compared with a low GI meal (Stevenson et al, 2005, p. 291). Therefore, the GI of the carbohydrate consumed immediately post exercise might not be as important provided a sufficient amount of carbohydrate is consumed by the individual. The GI post-exercise following high intensity exercise does not have any impact on performance (Stevenson et al, 2005, p. 291).  

A separate study found muscle glycogen concentration increases in the first 6 hours post exercise after a high GI meal was consumed but there was no difference after 20 hours for low or high GI foods (O’Reilly et al, 2010, p. 33). 

Other nutrients, particularly protein and fat can significantly modify postprandial glucose excursions when consumed with carbohydrates. Education is clearly required in this area so people understand the impact of these nutrients on glucose levels (Bell et al, 2015, p. 1009). 

For people with Type 1 Diabetes, it is recommended carbohydrate is consumed before exercise depending on the glucose level and what direction the CGM arrow is traveling. Low GI carbohydrates are beneficial (Moser et al. 2020, p. 1385). During exercise high GI foods should be consumed every 15-20 minutes to maintain glucose levels and more if CGM traces are showing a downward trend. Post exercise, 10-15g of carbohydrate should be consumed depending on glucose levels and CGM trends. However, addition of protein to increase glycogen synthesis is not discussed in these guidelines (Moser et al. 2020, p. 1386). Studies involving CGM have shown that reducing insulin with consuming low GI carbohydrates as a meal or prior to bed but after exercise resulted in less post prandial hyperglycaemia and protection against hypoglycaemia (Campbell et al, 2014, p. 3) 

2.11 Protein

Research has shown that there are many benefits of consuming high quality proteins (essential amino acids) in the 24 hours post exercise. This promotes new body proteins and replaces damaged ones (Burke et al, 2019, p. 78). Dietary protein requirements increase with strength, speed or endurance training as protein supports muscle protein synthesis, reduces muscle protein breakdown and repairs muscle damage (Potgieter, 2013, p. 11).Protein before exercise should be included with carbohydrate for resistance exercise. 

The American College of Sports medicine (ACSM), reported that evidence is inconclusive if protein is of benefit during exercise. However, The International Society for Sport Nutrition (ISSN) concluded that protein and carbohydrate on a ratio of 3-4g carbohydrate: 1g protein post exercise can improve performance and increase muscle glycogen stores. The International Olympic Committee (IOC) also endorse protein with carbohydrate post exercise (Potgieter, 2013, p. 12). 

At times of carbohydrate restriction such as people following low carbohydrate diets, high quality proteins can contribute to skeletal muscle energy needs (Riddell et al, 2020, p. 1477). Protein provides the liver with alternate substrates for gluconeogenesis and adaptation to a very low carbohydrate intake and regular training may restore normal glycogen repletion rates. A small amount of protein, 0.2-0.4g per kg per hour, with less carbohydrate 0.8g per kg may provide similar muscle glycogen repletion rates (Colberg, 2020, p. 755). Protein intake of approximately 20-30g in addition to carbohydrate post exercise can accelerate glycogen resynthesis (Scott et al, 2021, p. 311). Protein can therefore reduce the risk of hypoglycaemia a few hours post exercise (Colberg, 2020, p. 755).

Restoration of glycogen is mostly dependant on insulin availability although to a lesser extent in the first two hours post exercise. If carbohydrate intake is limited glycogen uptake may be delayed. However, protein intake during recovery may speed uptake when carbohydrate intake is suboptimal (Colberg, 2020, p. 755). 

For athletes with Type 1 Diabetes, rapid replenishment of muscle and liver glycogen stores is essential to prevent late onset of hypoglycaemia (Riddell et al, 2017, p. 382). Timely repletion of liver and muscle glycogen, with correct insulin dosage allows near to normal glucose levels. Higher glycogen stores have been found for people with Type 1 Diabetes when they have consumed a smaller amount of carbohydrate, 50% of total calories compared to 59% (Colberg, 2020, p. 755). 

Studies have shown the differences in glucose levels with the addition of protein only compared to protein plus carbohydrate. For protein only, glucose levels rose after 100 minutes compared to carbohydrate and protein, glucose levels rose after 3-4 hours (Bell et al, 2015, p. 1010). If exercise is in the evening, a snack pre bed with fat, protein and carbohydrate can reduce the risk of nocturnal hypoglycaemia (Colberg, 2020, p. 755). 










Chapter 3: Methodology

3.1 Introduction to the chapter

The procedure of carrying out the research is explained in this chapter such as the recruitment process and how the data was collected and analysed. 

3.2 Research Design

[bookmark: _Hlk149379136]Qualitative research will understand people’s perspectives of dietary techniques (Braun and Clarke, 2014, p. 4). The term qualitative research refers to different techniques of data collection and data analysis over a wide framework or paradigm and uses the words of the participants (Braun and Clarke, 2014, p. 4). The paradigm of this research takes into account the beliefs, assumptions, values and practices shared by the participants (Braun and Clarke, 2014, p. 4). This type of research finds patterns and differences between participants with a less fixed method compared to quantitative research (Braun and Clarke, 2014, p. 4) and it will look at the quality of the participant’s data (Armour and MacDonald, 2012, p. 5). The data collection methods in qualitative research aim to closely resemble real life rather than experiments (Braun and Clarke, 2014, p. 6). 

Paradigms include how people look at the world and embodies the values and beliefs of a group (Cohen et al 2018, p. 34). Many paradigms exist, but this research uses a positive paradigm for natural sciences as it is looking at the “real world” of people’s opinions on their dietary strategies. This qualitative research is a constructivism paradigm as the objective of the research is to understand a phenomenon as it is seen and interpreted by the participants (Cohen et al 2018, p. 34). Further to this, an interpretivist paradigm is used as people will describe their experiences differently and the research will attempt to uncover the individual’s interpretation of their nutritional strategy (Armour and MacDonald, 2012, p. 56). 

This qualitative research takes on a naturalistic approach as it will focus on a way that the participants will make sense of their experiences in how they live (Armour and MacDonald, 2012, p. 80). This approach to understanding individuals’ behaviour may be termed idiographic (Cohen et al 2018, p. 6). 

The research will allow the participants to freely explain their views on how different strategies of food may affect their glucose levels and performance. This type of research is useful as it captures people’s ideas, knowledge and motivation about the foods they consume and when it feels most appropriate for them (Armour and MacDonald, 2012, p. 81).

When conducting this research, it important to choose the most appropriate design, method, analysis and reporting which complies with ethical standards (Armour and MacDonald, 2012, p. 5). 

3.2.1 Ontology 

The methodology of qualitative research relies on ontology and epistemology. The ontology of the research relates to the assumption about the nature of reality and the nature of things (Cohen et al, p. 3). Ontology aims to explain what it is we are trying to understand (Cohen et al, p. 288). This reality is seen through many viewpoints (Creswell, 2013, p. 20) termed relativism as the view depends on human interpretation and knowledge (Braun and Clarke, 2014, p. 27). The participants will have many different ideas about their food strategies from their own knowledge. These multiple viewpoints will develop themes using the actual words of the participants (Creswell, 2013, p. 20). 

3.2.2 Epistemology

The epistemology enables us to decide how we understand a topic (Cohen et al, p. 288). It gives rise to ways of researching and enquiring into the nature of reality and the nature of things (Cohen et al, p. 3). The main aim of this approach is to decide what counts as genuine knowledge and to understand what evidence to trust (Braun and Clarke, 2014, p. 28). This then determines how meaningful the knowledge is and what it represents (Braun and Clarke, 2014, p. 29). This collates subjective evidence based on the individual views building on knowledge for the researcher (Creswell, 2013, p. 20). 

This epistemological approach allows the researcher to get close to the participants to allow them to talk more freely and understand their experiences. This in itself will allow many quotes from the participants to use as evidence in the analysis (Creswell, 2013, p. 21). 

3.3 Population Sample

The participants in the sample for qualitative research and phenomenological studies should have lived experience in order to discuss the topic in hand also known as purposeful sampling (Creswell, 2013, p. 155). The participants are selected because they have specific characteristics linked to this research question (Armour and MacDonald, 2012, p. 83). (See Table 3.1). 

All participants have lived experience of Type 1 Diabetes and exercise regularly in any given sport. This is important so they can provide a true reflection and generate an insight and in depth understanding of the research question and individual questions asked (Braun and Clarke, 2014, p. 56). This allows the information received to be accurate and true to the question for in-depth analysis (Braun and Clarke, 2014, p. 56). This is also known as convenience sampling as the sample selected are assessable to the researcher (Braun and Clarke, 2014, p. 57). 

Table 3.1: Inclusion criteria

	Type 1 Diabetes, diagnosed for any length of time

	Actively exercising a number of times per week 

	Involved with any type of exercise

	Over 18 years of age



Further sociodemographic information such as occupation and relationship status were not asked as it was not relevant to answer the research questions. 

3.4 Sample size  

The sample size was important to make sure a wide range of opinions were provided (Creswell, 2013, p. 157) to represent more clearly the population of people with Diabetes. There is no specific number of participants required for this type of study, but phenomenology involves a range of 3-10 participants (Creswell and Creswell, 2023, p. 198). For qualitative research it is important to represent the range of people rather than numbers but not to data saturation where further data does not enhance the outcome (Armour and MacDonald, 2012, p. 80). Too small a population only gives a small understanding of their opinion and knowledge and a larger sample size is required for a wider view point and in depth reasoning (Armour and MacDonald, 2012, p. 80).

3.4.1 Recruitment process 

The aim was to interview 10-15 participants, 13 participants were recruited. This is a similar sample size compared with other qualitative research in exercise and Type 1 Diabetes such as (Kennedy et al, 2017, p. 2) who recruited 15 participants and (Ryninks et al, 2015, p. 3) who recruited 12 participants.  

Social media via Facebook was used to recruit participants, sharing on the authors page with friends sharing on their pages. This was shared during the month of February 2024. It explained the research question and criteria.  The people who were interested in partaking in the study were asked to make contact via the platform of “Messenger” or email. The first participants to come forward and meet the inclusion criteria were recruited to avoid bias between individuals. A suitable date and time were made to meet to undertake the interview. 

3.5 Consent
It is important to obtain written permission for the participants to be studied (Creswell, 2013, p. 154). A written information document stating the outline of the research was emailed to the participants. (Appendix 1). The purpose of the study was disclosed with informed consent stating they would not be under any risk or harm and can leave the research at any time without the need to provide the reason for withdrawal (Creswell, 2013. P. 57). 
The document stated that taking part was voluntary, information would be kept confidential, length of time required for the interview and plans for using the results. It invited the participants to ask questions prior to the interview so they were comfortable with the process. (Creswell, 2013, p. 166). A consent form (Appendix 2) was emailed to participants prior to speaking to them and returned as an email attachment with signature completed (Braun and Clarke, 2014, p. 100). 

3.6 Data collection
Data collection was via virtual one to one interviews which were recorded. Individual interviews are applied for closer communication into the participants thoughts and exact information required can be obtained by the researcher (Armour and MacDonald, 2012, p. 85). The aim was to capture a range and diverse response from the participants in their own words (Braun and Clarke, 2014, p. 79). 
A semi structured interview approach is the dominant approach for qualitative interviews (Braun and Clarke, 2014, p. 78) and was used for this research. An interview guide was prepared prior to the interview to cover the topics of interest (Appendix 3). This was written with the understanding that the questions can be discussed in a different order, which allows the conversation to flow depending on the individual. Flexibility during the interview is required to address the participants concerns but also to complete the questions required for the interview (Braun and Clarke, 2014, p. 78). 

3.7 Interview Approach 

Introductions, the purpose of the research and the general structure of the interview were discussed (Creswell and Creswell, 2023, p. 203). Verbal consent was obtained at the start of the interview. Open ended questions were used so participants were able to reply in their own words which allowed detailed responses (Braun and Clarke, 2014, p. 79). Probes were used to further clarification or more information on a particular topic (Creswell and Creswell, 2023, p. 205). To close the interview, the participants were thanked for their time and any questions answered. Participants did not ask for further follow up but if this was the case, they could be sent an overview of the analysis (Creswell and Creswell, 2023, p. 205). 

Good interpersonal skills are required for qualitative research and individual interviews. Participants were made to feel comfortable to allow them to talk freely which is an important skill. This provided insights into their account of the question and their experiences in this area (Silverman, 2011, p. 139). 

To follow a semi structured approach, the questions were written in a way that the conversation was able to flow. Initially, it was important to ask more open questions and then move to the more direct questions (Braun and Clarke, 2014, p. 84). Questions about themselves and the exercise they undertake were asked initially to make the participants feel at ease. The interview then moved on to ask the research questions. It was also important to consider how the participants would feel answering these questions (Braun and Clarke, 2014, p. 85). The research questions were identified in order to meet the criteria to answer the research question. 

The interviews were undertaken throughout March 2024 using the platform “Teams”. A virtual platform allowed a wider geographical area to be recruited and participants volunteered from across the UK. The virtual platform also allowed a calm environment for the participant to feel at ease as they conducted the interview from their home or work place. The interviews lasted approximately one hour. The recordings were transcribed and coded to identify themes between participants (Creswell and Creswell, 2023, p. 203). There are limitations that need to be understood in order to improve the technique. Individual interviews take time to conduct and analyse the data and take up the participant’s time. Flexibility was provided towards the participants to allow cancellations and rearranging dates (Braun and Clarke, 2014, p. 80). Building rapport with the participants is important from the beginning. If they feel anxious, they may not feel able to fully express their feelings and thoughts to engage in the interview. The interview should be positive and allow participants to express their own viewpoint (Bowling, 2014, p. 338).


3.8 Method of Analysis
Thematic analysis was used which provides a flexible approach to provide a detailed account of the data. This type of analysis demonstrates clarity on the process of the research and will find repeated patterns of the meanings (Braun and Clarke, 2006, p. 86).
Data analysis is a step wise approach. Initial steps transcribed the interviews, notes were made and the data was arranged into different sections (Creswell and Creswell, 2023, p. 207). Each transcript was checked against the recording for accuracy (Braun and Clarke, 2006, p. 96). The interviews were read multiple times in order to become familiar with the data. This made it easier to understand the participants thoughts and feelings and identify themes. It is important to understand the meaning of the data such as what are the participants are saying and what impression they are giving (Creswell and Creswell, 2023, p. 207). 
3.9 Coding
The interviews were coded to interpret the data collected (See Table 3.2). This process moves towards describing, classifying and interpreting the data. The text combined information into small categories, then labelled the information (Creswell, 2013, p. 184). There was a vast amount of information gathered which was “winnowed” by focusing on the important aspects of the data and disregarding other parts (Creswell and Creswell, 2023, p. 206).
Table 3.2 Examples of codes
	Blood glucose monitoring
	Carbohydrate pre exercise

	Insulin on board/ active insulin
	Carbohydrate during exercise

	Performance
	Glycaemic Index

	Concentration
	Protein



3.10 Themes
The codes identified themes between participants. The themes emerged during the analysis were selected of which ones were of interest (Braun and Clarke, 2006, p. 80). These themes consisted of a number of codes which formed a common idea, which came from the individual experiences (Creswell, 2013, p. 207). These themes included a variety of perspectives from the individuals and specific evidence (Creswell and Creswell, 2023, p. 208). The themes were checked against each other and the original data set (Braun and Clarke, 2006, p. 96). 
3.11 Data Analysis
Once codes and themes had been developed, the data was interpreted to understand the content. It was important to interpret the data correctly based purely on answers provided (Creswell, 2013, p. 184). When interpreting the data it was essential to summarise the overall findings, compare them to the literature and state limitations and future research (Creswell and Creswell, 2023, p. 212). 
3.12 Ethics
It was important to consider ethical issues throughout the whole process for the researcher’s role as well as the participants involved (Creswell, 2013, p. 56). 
Ethical issues include showing respect towards the participants, avoiding leading questions and ensuring that honesty and confidentiality and were all adhered to (Braun and Clarke, 2014, p. 62). It was also important to make sure the interview did not lead to distress or embarrassment (Bowling, 2014, p. 183).  The benefits should outweigh the risks (Allen, 2012, p. 85).  It is the researcher’s responsibility to “do no harm” which minimises risk and informs participants of rights to withdraw. Integrity of research which includes honesty and accuracy is a crucial point to make sure the analysis is not misrepresented and other researchers work is referenced (Braun and Clarke, 2014, p. 63). The participants were informed that they can withdraw at any time. The participants details will be kept confidential to avoid intrusion which can make people uncooperative and the research will be affected (Allen, 2012, p. 85).  
All researchers should familiarise themselves with the relevant ethic code which they work under (Braun and Clarke, 2014, p. 63). Professional competence by the researcher should be maintained at all times. Codes of practice should be adhered to in order to protect the interest of the participants (Cohen et al, 2018, p. 117).  
The research followed University of Wales Trinity Saint David (UWSTD) and British Educational Research Association guidelines (BERA).
An ethics form was completed via The University of Wales Trinity Saint David and approved in October 2023 (See Appendix 4).  
3.13 Literature Search 
A literature search was conducted through PubMed and Google Scholar for related articles. Also, books stored in the library on methodology were used. Related articles found in other research papers were found and used if relevant to this research. 
Examples of terms used were “Type 1 diabetes and sport”, “Type 1 Diabetes and exercise”, “Qualitative research, diabetes and exercise”, “carbohydrate, Diabetes and exercise”, “low carbohydrate/ ketogenic diets and exercise”, “Glycaemic index and exercise”, “protein and carbohydrate and Glycaemic Index”, “protein and exercise”.
















Chapter 4: Results
4.1 Introduction to the chapter
This chapter highlights the range of subjects that were discussed in the interviews. Themes were identified from a number of common codes which were linked together. As well as nutritional strategies participants followed before, during and post exercise, it was also highlighted how people identified their concerns living with Type 1 Diabetes and achieving exercise. 
4.2 Participant demographics
Thirteen participants were interviewed on a virtual platform. Four male, nine female, all living in the UK (Table 4.1). Each interview lasted approximately 1 hour and together resulted in 550 pages of transcribed text. Participant 8 and 12 competed at a National level. All other participants exercise at a recreational level. 
Table 4.1: Participant Demographics 
	Participant Number
	Gender
	Age (years)
	Duration since diagnosis (years)
	Method of insulin delivery/ CGM Sensor
	Type of Exercise

	1
	Female
	32
	30
	AID
Omnipod Dash Dexcom One
	Weights
Tennis
Football
Cycling


	2
	Female
	53
	19
	AID Medtronic 780G/ Guardian 4

	Badminton
Running: 10Km
Gym classes
Weights
Cycling: 40-60Km

	3
	Female
	29
	27
	AID Medtronic 780G/ Guardian 4

	Walking brisk
Gym: cardio, rowing & treadmill
Strength classes

	4
	Female
	33
	3
	MDI/
Libre 2
	Strength classes
Cardio classes

	5
	Female
	36
	33
	AID
Medtronic 780G/ Guardian 4

	Yoga
Swimming


	6
	Female
	35
	25
	SP Medtronic 640G/ Libre 2

	Pilates
Swimming
Spin class
Walking

	7
	Male
	39
	12
	SP
Medtronic 640G/ Libre 2

	Football
Badminton

	8
	Female
	36
	23
	AID  Medtronic 780G/ Guardian 4

	Sprinting
Gym
Track work
Resistant running

	9
	Female
	36
	6
	AID
T Slim Dexcom G6

	Weights
Running

	10
	Male
	37
	2
	MDI/
 Libre 2
	Running: 5-10Km
Football

	11
	Male
	19
	7
	AID Omnipod 5/  Dexcom G6

	Weights
Cricket
Golf
Football

	12
	Male
	38
	20
	AID
T Slim/ Dexcom G6
	Squash
Football
Paddle tennis

	13
	Female
	52
	34
	SP
Omnipod Dash/ Libre 2
	Cycling
Ultra running: 100Km
Gym: aerobic and weights
Yoga/ Pilates
Hiking

	Mean
	4 male
9 female
	36
	18.5
	8 AID
     3 SP
2 MDI
	



Key: 	AID: 	Automated insulin delivery
	SP: 	Standard pump
	MDI: 	Multiple daily injections 

4.3 Themes
The findings from thematic analysis of the interviews led to four main themes (See Table 4.2). 
Table 4.2: Themes and Codes
	Theme
	Code

	1. Living with Diabetes and managing exercise 
	Blood glucose levels
Continuous Glucose Monitoring
Insulin pump and Insulin administration 
Difficulties of living with Type 1 Diabetes and exercise
Concerns of hypoglycaemia

	2. Knowledge, understanding and support to achieve exercise
	Lack of understanding how to manage insulin 
Lack of knowledge of nutrition in exercise
Internet and Peer support 
Health Care Professionals knowledge

	3. Carbohydrate verses low carbohydrate
	Concentration, performance
Reasons for and against consuming carbohydrate 
Weight 
Carbohydrate before exercise
Timing of food 
Carbohydrate during exercise
Glycaemic Index 

	4. Post exercise strategy
	Appetite and blood glucose levels post exercise
Protein 
Timing and type of protein
Protein combined with carbohydrate
Disadvantages of protein


 
4.4 Theme 1: Living with Diabetes and managing exercise
4.4.1 Blood Glucose Levels
Participants overwhelmingly explained that blood glucose levels in an acceptable range, not too high or too low before and during exercise was very important to them. Followed closely by the amount of insulin in their blood system during exercise, referred to frequently as “active insulin” or “insulin on board”. They all expressed that no insulin or very little working during exercise was important.  
To overcome variable blood glucose levels participants found exercising in the morning before food was helpful as “no insulin on board” and “more straightforward” to manage. Also described as “safe”.
Glucose levels in range were more important than having enough energy to continue the exercise “It’s less about the energy, its more about trying to regulate the sugar”. “It’s more about the blood sugar levels”. The blood glucose levels before exercise, influenced everyone to decide if they should consume food and how much and what type. Blood glucose levels, were referred to throughout the interviews and on every topic discussed. 
“I’ll spend the two hours before exercise just trying to tweak my blood sugar so they are not going up or dropping too low between”.
4.4.2 Continuous Glucose Monitoring (CGM)
All participants felt that they should monitor their glucose levels to avoid high or low levels. “I don’t wanna be high and I don’t wanna be low, obviously” 
All participants wore a CGM, either specific to their insulin pump or one of their choice. Again, the vast majority of participants felt this was helpful in respect to tracking glucose levels during exercise. 
“Because I wear my Dexcom, I know what I’m doing”.
They felt it gave them more data to understand if glucose levels were dropping into hypoglycaemia, giving them more confidence to continue their exercise knowing they were safe. They could learn from the data to improve glucose levels. “It gives me some kind of indication as to what happened during the game. I can see I went sky high and that’s why I perhaps felt a bit lethargic during the game”. 
One person was unsure if the CGM was helpful during exercise. Participant 8 felt that it was “easier coming into exercise cause you can see what’s going on” but “difficult to say because I think you end up relying on the pump more”. 
4.4.3 Insulin Administration
The eight participants receiving insulin via AID felt that the pump was able to control glucose levels well and they trusted the pump to “sort it out for me”.
Participant 2 found that “It switches off and can cope with slight changes” but on the downside, “It doesn’t cope with the big changes and I forget to switch it to the temp target”.
Participant 11 found that the AID pump was “more helpful than the older pumps. It works perfectly well at night time. During the night is when it really comes into its own”.
Participants receiving insulin via a standard pump or multiple daily injections were also positive about altering the dose to manage exercise. Those using a standard pump mentioned they would like an AID system but it was not available in their area or they were waiting to start using this system. 
Those taking daily injections were comfortable with this and had not considered using an insulin pump to manage Diabetes. 
4.4.4 Difficulties of living with Type 1 Diabetes and exercising
The majority of people mentioned voluntarily that it was difficult to live with Diabetes and manage exercise. Points such as “the enjoyment of food has gone as you have to consider the timing, type, amount of food every time carbohydrate is consumed”. Others found that hypoglycaemia can make exercise harder to manage. 
A few people mentioned that taking exercise to the next level would be impossible due to hypoglycaemia. “Trying to exercise is stressful and frustrating whilst trying to manage Diabetes” and “Diabetes is consuming sometimes”.
Although all participants agreed that CGM during exercise was useful in recognising glucose levels were heading towards hypoglycaemia, it was also frustrating with alarms and having to stop exercising in order to prevent or deal with hypoglycaemia. 
Overall, although they enjoyed exercising, they had to think about managing Diabetes before, during and post exercise to reduce the risk of hypoglycaemia. This then impacted on food and insulin decision making. Restriction of food became easier for some in order to avoid glucose levels rising and restrict the amount of insulin administered. They thought that larger meals with carbohydrate influenced the variability of insulin required and they found that estimating the carbohydrate of a larger meals was more difficult than estimating a smaller meal. 
4.4.5 Hypoglycaemia
Throughout the interviews, all participants at points discussed the risks and concerns about hypoglycaemia during or post exercise. 
“I am generally more concerned about avoiding a hypo”.
They mentioned the difficulties living with Diabetes and managing exercise and avoiding hypoglycaemia at all costs was very important “I’ll try and rescue the glucose level before I get shaky and avoid something serious”. A number of participants would refuel with carbohydrate during the exercise to avoid hypoglycaemia but only if this was a necessity. Others felt that refuelling would increase their glucose levels too high. 
A number of participants would regularly have hypoglycaemia when exercising, with one participant experiencing hypoglycaemia almost every exercise session. “I probably have more hypos than I should because I run on the low side”. 
4.4.6 Not an athlete
A number of participants quoted “I am not an athlete” and did not feel they should push themselves any harder to improve performance. They felt that taking exercise to another level would be too difficult to achieve as this would be too challenging and demanding. Participants felt that their level of knowledge on nutrition was low and if they were to exercise to a higher level, they would seek further information. For the participants who did exercise to a higher level, they felt nutrition was key to their performance and having a good understanding in this area helped to achieve their sporting goals. 
4.5 Theme 2: Knowledge, understanding and support to achieve exercise
4.5.1 Insulin adjustment knowledge
All participants understood that reducing insulin prior to and during exercise would reduce the risk of hypoglycaemia. However, the amount they reduced it by came from experience rather than following guidelines. This differed between the participants. A number of people were unsure how much to reduce their insulin dose. Some were reluctant to reduce it too much in fear of glucose levels rising too high prior to exercise. 
4.5.2 Nutrition knowledge
Participants were less confident in understanding nutrition in exercise. Nine participants did not know what or how much carbohydrate to consume for stable blood glucose levels or to fuel their exercise. Many understood the importance of protein but didn’t necessarily know how much or which proteins were important to consume. 
The participant who exercised to the highest level felt very knowledgeable in nutrition.
 “I’ve done so much dietary analysis over the years” “I have exceptional knowledge on both insulin and nutrition because I wouldn’t have been able to reach the level of sport that I did without them”. 
Participant 11, studied nutrition as part of his university degree so felt he had good knowledge in this area.  
4.5.3 Internet and peer support
Five participants mentioned using social media sites or the internet to obtain knowledge on nutrition in sport but found the information conflicting. “I get conflicting advice, so I’m kind of a bit lost”.
Those part of a peer support group found discussing issues between them more helpful than the internet. They could learn from each other and they were not alone in the difficulties in managing glucose levels and exercise. “Peer support is the best because you do find others in the same circumstance and they have direct experience than clinicians”. 
4.5.4 Health care professionals (HCP)
Ten participants did not feel they had received adequate advice on exercise and Type 1 Diabetes from their HCP. Some felt that they had received advice how to reduce insulin but most welcomed further advice and support about nutrition. They felt that HCP did not see exercise as a priority to discuss at a clinic appointment, it was more about their blood glucose levels. Although participants understood it may be difficult to give specific advice, they also thought that the advice was too basic. They wanted individual information. 
One person discussed that they didn’t have support about exercise at diagnosis of Type 1 Diabetes and was told not to exercise. Another person felt that education at the time of starting on an AID insulin pump would have been helpful. 
“If there was a bit more education specifically in hybrid about managing exercise, that would have been a nice introduction”. 
Participant 8 who competed to a national level felt that “The knowledge hasn’t been there. I’ve had to travel to different health boards to try and piece everything together”.
Some discussed formal guidelines and felt that they were complicating and vast and were not sure on the correct advice to follow. 
4.6 Theme 3: Carbohydrate verses low carbohydrate intake
4.6.1 Carbohydrate Intake 
Participants referred to carbohydrate in depth throughout the interviews with positive and negative views. Some participants consumed carbohydrate for appetite and enjoyment, where others found it a burden as it caused fluctuations in blood glucose levels. This led to some participants consuming carbohydrate freely and others restricted carbohydrate as much as possible. (Table 4.3).
4.6.2 Concentration during exercise
Eleven participants found that consuming carbohydrate helped with concentration during the exercise. It helped them to focus when they became tired and helped with fuel to provide energy to complete the activity and improve performance. They felt more motivated and less tired when regular carbohydrate was consumed. However, two participants felt that the amount of carbohydrate consumed did not impact on concentration levels. 
Participant 1 was purposefully restricting carbohydrate and had recently increased activity levels. This participant found that they lacked concentration during the exercise and the lack of fuel impacted on performance. This participant had also noticed more episodes of hypoglycaemia during the increased level of exercise. 
Many participants related lack of concentration to fluctuating blood glucose levels and hunger. Many participants reduced carbohydrate prior to exercise to avoid glucose levels rising and to reduce the volume of insulin taken. If their glucose levels were high or low this made them feel lethargic, lost concentration, therefore they did not perform as well. “I had gone too high and I definitely felt a bit kind of lethargic during it”. High glucose levels “Impacts my enthusiasm and motivation which affects my concentration”.
4.6.3 Performance during exercise
Participants felt performance could differ at each activity session depending on when they ate last and what level their glucose level was. All participants tried not to eat at least two hours prior to exercise in order to have no insulin on board during activity. 
One participant did not think as much about performance since being diagnosed with Diabetes, “It was more about glucose levels in the correct range”. 
Performance was again linked to blood glucose levels. If they were low, it would make participants feel tired, impacting on performance during exercise. They may have also felt slower in exercise, needing to stop exercise, or making more mistakes in matches. 
Eleven participants felt that having a regular intake of carbohydrate gave them energy to exercise. “Carbohydrate keeps me going, I find I push myself a bit more”.
“If I’ve had a small lunch, I get quite tired quite quickly. That’s not enough fuel in the body”. 
4.6.4 Carbohydrate verses low carbohydrate
Five participants currently followed a low carbohydrate intake at all times and a further two participants slightly restricted carbohydrate with smaller portion sizes. Two participants had followed a low intake at some point since diagnosed with Diabetes but had since stopped and four participants did not restrict in any way (See Table 4.3). 
Participants referred to the amount of carbohydrate consumed as “restrict, small portions, low carbohydrate intake, eating less than other family members” rather than a discussion of exact amounts of carbohydrate. 
Table 4.3: Number of participants restricting or consuming carbohydrate
	Participant
	No restriction
	Previous restriction but now no restriction
	Currently restricting to some extent
	Currently restricting to large extent

	Number of participants
	4
	2
	2
	5

	Percentage (%)
	30
	15
	15
	40

	Total, no current restriction (%)
	    45
	
	0

	Total, restricting carbohydrate
	
	0
	       55



The participants who consumed regular carbohydrate felt that this gave them energy to continue with exercise, particularly over a longer duration. They found small carbohydrate meals led to tiredness during the exercise. Others found that carbohydrate throughout the day would provide energy. 
“Two hours is fine on no carbohydrate but I would run out of energy, legs feeling heavy and carbohydrate gives energy”. “Then it makes a difference if I was having more sugary stuff”.
Participants understood that carbohydrate promotes fuel which would impact on improving performance. They felt that reducing carbohydrate would reduce their energy level.
“If your body doesn’t get carbs, then your not getting fuel”.
Participants who followed a reduced carbohydrate intake found this was beneficial to control blood glucose levels and prevented nocturnal hypoglycaemia. Also, they did not have to calculate the amount of insulin required when consuming carbohydrate, simplifying the thought process at meal times. Another person who followed a low carbohydrate diet, on exercise days would add carbohydrate to the meal prior to exercise to provide more energy. 
One person restricted carbohydrate when exercising in the evening so there was no insulin on board when going to bed to reduce the risk of hypoglycaemia during the night. Contradicting this, another participant would consume carbohydrate at the evening meal to “balance out the blood glucose and prevent hypos overnight”. 
The participants following a low carbohydrate intake still found long term compliance difficult, especially when family/ friends were consuming carbohydrate. Many felt hungry when consuming smaller amounts. Some had linked low carbohydrate intake to injuries with lack of energy. Those who previously followed a low carbohydrate intake followed it for approximately six months before they felt this was unsustainable. 
“I wasn’t really happy following a low carb intake. I was going quite low all the time and I didn’t have as much energy”. 
4.6.5 Weight
Weight was mentioned by a number of participants. Participants felt a low carbohydrate intake would aid weight loss or maintain a lower weight. It also helped with a decreased appetite in general. 
One participant wanted to gain weight, therefore consumed carbohydrate regularly. He felt the slower digesting carbohydrates would help to maintain blood glucose levels during the exercise. 
4.6.6 Carbohydrate before exercise
All participants thought about the timing of carbohydrate and insulin resulting in carbohydrate restriction at least two hours prior to exercise. This avoidance was mainly to reduce insulin on board during the exercise and reduce the risk of hypoglycaemia. This was very important to all participants. Some participants had become rigid in their timing of carbohydrate, insulin and exercise. They would not exercise if they had insulin on board.
“It’s more about the timing of the insulin as it’s a way of avoiding hypos. It’s nice to be able to run and think I’ve got no active insulin”.
“I still try to not eat anything before, I try not to have any food or insulin on board”.
They felt that consuming carbohydrate before exercise made it more difficult and more to think about in terms of managing glucose levels. Some would have a small carbohydrate snack before exercise in order to increase their glucose levels if their levels were on the lower side. “If my levels are 7, I need to take some Lucozade to lift me, about 45 minutes before the exercise”.
“I always make sure I have a snack between 10-15g of carbs”.
Only one participant would actively eat carbohydrate prior to starting exercise and not worry about the insulin on board. “I feel like I’ll have less energy. I won’t be as strong if I go before I’ve had any food”.
4.6.7 Carbohydrate during exercise
A number of participants would build refuelling carbohydrate into their exercise strategy for energy, particularly over longer duration. Others would try not to take any carbohydrate during exercise in fear that it would increase their glucose levels. All participants would use carbohydrate if their glucose levels were approaching or they experienced hypoglycaemia. All would use a high Glycaemic Index drink or sweets. 
For longer duration exercise, participants would use sugary based drinks as quick acting energy as well as aiming to maintain blood glucose levels. Some would take a break in ultra running or cycling and consume food. They would reduce insulin with this meal. 
4.6.8 Glycaemic Index (GI)
All participants understood the term GI and used this in their decision making of suitable foods to consume. They felt having lower GI foods did not have such an impact on glucose levels rising and regularly consumed these foods. This made them feel happier with the overall management of Diabetes. 
“I think about it every day. For health and for blood sugar management”. 
“I do notice a completely different kind of spike with high GI”. 
This increase in glucose levels influenced people into the types of carbohydrate they choose to eat. 
“I used to eat white bread, tiger bread, cereal but they spike my levels”. 
Some used the GI to influence blood glucose levels. They consumed higher GI foods if they needed to increase glucose levels quickly. They were often consumed before exercise if levels were too low to start exercising. They were always used during exercise to stop glucose levels from falling and to treat hypoglycaemia.  
4.7 Theme 4: Post exercise 
4.7.1 Appetite and blood glucose levels post exercise
All participants were hungry post exercise so they aimed to eat quickly however this was dependent on blood glucose levels. If glucose levels were low at the end of exercise, then carbohydrate would be consumed as soon as possible. If glucose levels were high post exercise, then participants would not eat. They would give an insulin dose, wait for glucose levels to come down before eating “It’s all based on what my blood sugars are”.
4.7.2 Protein
Several people felt that having a protein shake immediately post exercise helped them manage their appetite, preventing hunger.  
11 participants understood the importance of protein as a nutrient to aid recovery of muscles post exercise and actively considered it as part of their meals. Two participants understood protein was an important nutrient for health but did not consider it for their exercise regime. 
All could identify protein rich sources and understand the importance during exercise but participants had different levels of knowledge about the reasons why they consumed protein. Some discussed improving blood glucose levels, aiding muscle recovery, as part of a healthy balanced diet or promoting satiety.
Two participants had researched the amount of protein that should be consumed per day according to their weight. Others just ate it as part of a balanced meal. Some wanted to know more about how much protein they should be having. 
One person whose sole exercise was weights in the gym concentrated more on protein intake than any other nutrient. “For me it’s more about the protein”.
4.7.3 Timing of protein
For those who consumed a protein shake, they aimed to do this in the first 5-10 minutes of finishing exercise. They thought this would help prevent injuries, stop muscles aching and provide fuel ready for the next training session. 
Most participants would aim to eat within the hour, due to appetite or to aid muscle protein synthesis, “I eat as quickly as I can”.
Participants also understood to spread protein out across the day rather than trying to consume large portions in one meal.  Others didn’t think about the amount, just what was available at the time.
Participants did not consume protein pre bed to improve muscle protein synthesis. 
4.7.4 Type of protein
Participants understood that high biological protein was beneficial for muscle protein synthesis which aids recovery quickly. 
 “I realised I couldn’t get enough protein as a vegetarian. I’ve realised there’s enough of the right complete proteins, so now eating more chicken and fish”.
“The body just uses animal protein better”.
4.7.5 Protein combined with carbohydrate
Ten people specifically thought about combining protein with carbohydrate. Participants realised that eating protein with carbohydrate slows digestion of the carbohydrate, preventing post prandial rise after the meal and hypoglycaemia through the night. 
“The spike wasn’t as much when I added eggs to toast”.
Three participants were unsure of the impact of protein with carbohydrate.
4.7.6 Disadvantage of protein
The disadvantages of protein were also mentioned. “Its hard work to eat that much protein in a day”.
“I worry it will increase my cholesterol level with the eggs. I don’t know if I am doing the right thing”.
“It’s the environmental and financial cost of protein”.
Protein choice also was decided in relation to “What fits in with the family





















Chapter 5: Discussion
5.1 Introduction to the chapter
This chapter provides an in depth analysis of the four themes as outlined below. It clarifies the participants view points and explains why participants followed the nutritional strategies that they considered important with comparisons to previous research. 
5.2 Theme 1: Living with Diabetes and managing exercise

Throughout the themes, the overwhelming response showed how much effort was required for participants to exercise safely. Stable blood glucose levels were the most important factor, which was apparent throughout every theme. Hypoglycaemia is disabling and exercise cannot continue when it occurs (Agiostratidou et al, 2017, p. 1624). 

They were all very concerned with having active insulin on board whilst exercising as this increases the risk of hypoglycaemia. All participants seemed to understand that hypoglycaemia could occur but understanding how to reduce insulin and treat hypoglycaemia effectively gave them more confidence to exercise. All participants were knowledgeable in this area which did prepare them for exercise.  
Further confidence came from up to date technology via CGM. All participants wore a CGM that tracked their glucose levels which indicated if the trend was moving down. Alarms on these devises would also give early warning signs (Moser et al, 2020, p. 1379). All participants understood how to interpret this data and found self-assurance and confidence to exercise. Participants would listen to the alarms and fuel before hypoglycaemia to aim to prevent this from happening. Nevertheless, hypoglycaemia did still occur during exercise and people were aware how to treat this. This shows that even with up to date technology, hypoglycaemia still occurs, highlighting that exercise and Type 1 Diabetes is difficult to manage. 
As well as understanding the technology of CGM, those who wore an AID pump found the system useful to manage their glucose levels. As the system reduces insulin when glucose levels are falling (Griffin et al, 2023, p. 2), it provided further confidence and reassurance during exercise. Eight participants wore an AID system and found it beneficial for exercise. The other five participants mentioned this system becoming available for them but depending where they lived, they were not eligible on the NHS to access this system. Guidelines produced (NICE, 2023, p. 31), recommend this system for all individuals living with Type 1 Diabetes to control glucose levels and to ease exercise management.   
5.2.1 Identifying barriers to exercise
It is clear why there are barriers for people with Type 1 Diabetes to exercise and how living with this condition is time consuming and exhausting. Some of the participants wore two pieces of technology to manage glucose levels and had learnt how to manage the technology during exercise. The constant thoughts of what and when to eat which determines the insulin dose and timing is frustrating for many. It is therefore understandable why participants put so much effort into monitoring their glucose levels. This may explain why people living with Type 1 Diabetes choose not to exercise. 
Hypoglycaemia has been identified as a barrier to exercise for people living with Type 1 Diabetes (Scott et al, 2019, p. 571). Understanding how to reduce risk is key to provide confidence and safety. The participants overcame many barriers and chose to exercise to improve general health, maintain a healthy weight and for mental health well being. Two participants were exercising at competition level and exercise became a passion for them. All participants found these reasons outweighed the barriers already discussed and were enthusiastic about continuing. 
5.3 Theme 2: Knowledge, understanding and support to achieve exercise 
5.3.1 Insulin management knowledge
All the participants had good knowledge to reduce insulin dose prior to exercise. They regularly discussed reducing insulin so less active insulin on board and taking this two hours prior to exercise, reducing the risks of hypoglycaemia. Again, insulin on board was mentioned without prompting, showing it was an important part of participants thoughts and management plan. 
All participants understood the importance to reduce insulin with the meal post exercise to reduce the risk of hypoglycaemia, indicating that they understood the link between hypoglycaemia, insulin and exercise. 
5.3.2 Nutrition knowledge
Nutrition knowledge was more variable between participants. Many participants shared the view that understanding what and when to eat was confusing and they welcomed more advise in this area. However, two people who were confident had received advice in more depth, either from studying nutrition or pursued advise specifically to improve their performance. Both these participants were confident to undertake exercise and felt sound nutrition knowledge had provided them with a positive outlook on their performance. The other participants with less knowledge lacked confidence in many areas, including how much to eat to reduce risks of hypoglycaemia or to provide energy to perform well. Nutrition is important to maintain glucose levels and improve performance and this information should be more readily available to support them to exercise safely and confidently. 
5.3.3 Support for Diabetes 
Six participants found peer support from other individuals and internet use invaluable. Peer support from other individuals in a similar situation has been found to be beneficial as everyone is in the same situation and understands living with Diabetes is challenging. Reinforcement towards each other is provided that is unavailable from medical professionals in a clinical setting (Ju et al, 2018, p. 771). They can share experiences and truly understand how difficult it is to avoid hypoglycaemia and can relate to each other in respect to the effort that is required to manage exercise and Diabetes. 
The participant who exercised to the highest level of competitive sprinting, frequently discussed nutrition with other athlete peers who did not have Type 1 Diabetes. This participant found it useful to discuss technique and nutrition to gain further insight into the area. 
5.3.4 Health Care Professionals (HCP)
Another dominant theme was that participants felt they had not received enough information from their HCP. Participants did not feel they had enough time to discuss exercise, or the HCP was not able to answer the questions from the participant, leading many to turn to peer support or online information instead.
This study has identified the need for HCP to be better informed about managing exercise and Diabetes. Also, to address nutrition and exercise in Diabetes not just insulin management. Most of the participants welcomed further advise on nutrition but felt well informed about insulin adjustment. The study has also shown that people are confused where to obtain reliable information. The internet is confusing and participants are unable to talk the details through with anyone. This is in common with other studies that HCP are unable to provide correct information (Kime et al, 2018, p. 385) and people expected more from them (Kennedy et al, 2017, p. 8). Lack of education in HCP has been cited for years (Kime et al, 2018, p. 385). Knowledge of HCP is important to help people manage the desired level and help them rise to higher levels if they so wish. 
Guidelines are available for HCP (Moser et al, 2020, p. 1379) but these are vast and to explain to people in a short appointment would be difficult. One participant had read and understood guidelines but felt they were complicating. It is thus important for HCP to develop patient resources with links to relevant information to educate appropriately.
It is understandable that HCP do not understand Diabetes and exercise to a high level as this is a role of professionals involved with sport. However, most of the participants were exercising for health benefits and enjoyment rather than sporting achievements and HCP should understand their role to this level. This would support people to take up and continue exercise which would improve their overall health and wellbeing. This study has also highlighted that people require more knowledge and support to help them perform well and that they find nutrition and Type 1 information limited and confusing. There are limited people with Type 1 Diabetes competing to a high level and advise and support is required to allow people to exercise to their desired level. 
5.4 Theme 3: Carbohydrate verses low carbohydrate 
Carbohydrate was a clear discussion point throughout the interviews with conflicting opinions about when, how much and the type to consume or whether it should be consumed at all. The main point that the participants made throughout the interviews was the importance of stable blood glucose levels and how complex this task was to manage in relation to consuming carbohydrate and adjusting insulin dose. Clearly a great deal of thought went into this for every participant. 
5.4.1 Low carbohydrate intake 
However, some found estimating the carbohydrate, particularly larger meals a more difficult concept. They felt if they did not eat carbohydrate, they would not have to think about how much insulin to inject. This condition again shows how it controls how a person lives and determines what a person eats by the requirement for insulin injections. This relates to the research that people find it difficult to balance large portions of carbohydrate with insulin (Krebs et al, 2016, p. 78).
Previous research has shown that approximately 60% of people living with Type 1 Diabetes restrict carbohydrate, however the study did not compare the restriction of carbohydrate to performance (Riddell et al, 2020, p. 1480). This study confirmed similar results with seven participants, 55% restricting carbohydrate to some extent. 
Low carbohydrate diets are associated with high cholesterol, high blood pressure but may improve glucose variability (Ahola et al, 2019, p.5). For those with Type 1 Diabetes, understanding the impact low carbohydrate has on cardiovascular risk is crucial for informed dietary choices. They should be made aware that this type of diet can improve glucose levels but to the detriment of cardiovascular health. 
5.4.2 Concentration during exercise
Eleven participants felt consuming carbohydrate helped them concentrate during the exercise. This relates to research in that people feel more focused and less tired with regular sources of carbohydrate, which aids decision making during team sports. (Williams and Rollo, 2015, p. 13).
5.4.3 Performance during exercise 
Performance during exercise was very important to some, whereas stable glucose management was more important to others. Hyperglycaemia or hypoglycaemia can cause fatigue, reduce concentration or feel generally unwell (Agiostratidou et al, 2017, p. 1624) which would require exercise to stop and therefore impact on performance. It is therefore understandable why blood glucose management is the most important aspect of participants exercise strategy rather than performance.   
Conversely, those exercising to a higher level felt performance was very important. They felt their nutrition knowledge was crucial to improving their performance. They consumed carbohydrate daily with no restrictions and did not feel they would be able to manage their training sessions without it. Carbohydrate provided energy which led to strength and speed. A regular source of carbohydrate is important as people become more aerobically fit. They have a higher hypoglycaemia risk during exercise compared to those who are less fit due to higher absolute power output and greater rates of carbohydrate oxidation (Riddell et al, 2020, p. 1480). This regular carbohydrate provided fuel and reduced their risk of hypoglycaemia, relating to this research.  
For six participants involved with low carbohydrate diets, exercise was not about performance but about stable blood glucose management. This often led to restriction of carbohydrate to maintain glucose levels. However, low carbohydrate diets have been found to have no benefit on performance and people should be made aware of this in order to create informed dietary choices (Burke, 2015, p. 33). 
Points such as low energy levels, regular hypoglycaemia, bone fractures with low carbohydrate diets did not worry them and they were happy to continue as they were. The fact that they were having regular episodes of hypoglycaemia and a change in nutrition plan could reduce this risk, did not concern them. Their performance was effected as they had to stop to treat the hypoglycaemia. For these participants it did not seem to be a problem, lower glucose levels were more important. For people exercising to a higher level, this management would impact greatly on their performance and appropriate dietary strategies would be in place to reduce the risk of hypoglycaemia. 
5.4.4 Not an athlete
The majority of participants discussed that they were not an athlete so did not need to consider nutrition, however, all wanted to perform well whether it was for a local team or for themselves. They lacked the understanding how nutrition can improve glycogen storage and reduce the risk of hypoglycaemia. One person did not feel they could reach a higher level of exercise due to living with Type 1 Diabetes. This further highlights the importance of providing adequate support for people living with Diabetes who aspire to increase their sporting level and performance. Whether this support is from HCP or coaches, further awareness is required to reinforce the level of effort people with Type 1 Diabetes need to go to, to reach their achievements. Peer support would be invaluable in this instance to show that people are not alone in aiming to reach their full potential and improve performance. The more people that can achieve exercise to a higher level will increase awareness and engage others to participate with confidence. 
5.4.5 Participants experiences 
The participants following a low carbohydrate intake were very concerned with preventing hyperglycaemia, hypoglycaemia and potential future complications. Their approach to managing exercise differed between the participants but all followed a structured regime. One person would only exercise before eating in the morning to avoid active insulin. She was rigid in her routine due to hypoglycaemia fears. Another experienced hypoglycaemia during every exercise session despite eating more at lunch on exercise days. The hypoglycaemia episode seemed almost inevitable to her during the exercise. Increasing carbohydrate for fuel to prevent hypoglycaemia was not an option due to the worry of high glucose levels. 
A third participant experienced an increased number of hypoglycaemia episodes, after increasing exercise intensity. She was fatigued and lacked concentration during the exercise. She recognised this may be due to lack of carbohydrate for energy but hesitated increasing the amount due to the worry of high glucose levels. 
The fourth participant avoided exercise with active insulin and restricted food to avoid taking insulin. This caused his day to become very rigid about managing blood glucose levels and food at all times. Their life was controlled by Diabetes. The worry of glucose levels led to decisions about when and what to eat. Their approach was more rigid compared to those who consumed regular carbohydrates.
A number of participants were involved with team sports which have been recognised to drain muscle stores with the high intensity of running, leading to reduced power (Williams and Rollo, 2015, p. 13). Regular exercise increases carbohydrate requirements up to 10g/kg/ day depending on the intensity (Mujika and Burke, 2011, p.30). Participants following a low carbohydrate diet who played team sports faced disadvantages like reduced energy, power, and increased hypoglycaemia risk compared to those who do refuel throughout exercise. 
Two participants previously followed a low carbohydrate intake but stopped because they were hungry, lacked energy and wanted to eat with the family. The other aimed to burn fat whilst exercising. This participant had many bone injuries but did not link a low carbohydrate and energy intake to bone fractures (Burke et al, 2019, p. 81). Both found the low carbohydrate intake unsustainable after a few months. This study has shown a low carbohydrate intake can be a very strict and inflexible regime to follow relating to the research that people find this diet difficult to sustain for over two years (Nielsen et al, 2012, p. 3).

5.4.6 Diabetes burnout

[bookmark: _Hlk170756574]Diabetes is a lifelong condition which can cause burn out and mental health problems. This comes from frustrations and daily demands of managing Diabetes. Diabetes burnout can lead to destructive and negligent self-care behaviour (Abdoli et al, 2020, p. 2). The constant worries, concerns and fears of managing Diabetes are also related to Diabetes burnout (Abdoli et al, 2020, p. 2). This leads to reasoning why participants may follow a low carbohydrate intake. It reduces the burden of estimating carbohydrate intake and variable insulin dose which impacts on glucose levels and reducing the risk of longer term complications. However, this constant worry of high glucose levels, timing and restriction of food causes different anxieties, still influencing their life living with Diabetes. These are still constant concerns, which again can lead to Diabetes burnout.  

It is not clear that a lower HbA1c achieved by restricting carbohydrate rather than appropriate insulin dose may compromise endurance performance or increase the risk of hypoglycaemia (Riddell et al, 2020, p. 1481). Participants aimed for a lower HbA1c by restricting carbohydrate but if this is to the detriment of performance and increase the risk of hypoglycaemia it may not benefit quality of life, causing further risks of burnout. 
5.4.7 Nutrition strategy before exercise 
Participants described their exercise strategies in three stages, before, during and post exercise. They considered food, insulin, and blood glucose levels at each stage to avoid hypoglycaemia. The timing of food prior to exercise was very important for the participants to reduce the insulin on board. This led to most participants restricting food for hours or even most of the day, resulting in lack of fuel to provide energy. This could lead to reduced glycogen storage, hypoglycaemia, fatigue and decreasing performance (Wildman et al, 2010, p, 21). 
Guidelines recommend consuming carbohydrate depending on blood glucose level at the start of exercise (Riddell et al, 2017, p. 382). Guidelines suggest 10g carbohydrate if glucose levels are below 7.0mmol/l (Moser et al, 2020, p1385). Participants were knowledgeable that they required food prior to exercise if levels were too low to exercise in order to reduce the risk of hypoglycaemia. Again, this was very important to the participants. Participants found that raising the glucose levels prior to exercise reduced the risk of hypoglycaemia. In turn this gave them more confidence to exercise and improve performance.  
5.4.8 Glycaemic Index before exercise
Participants chose between a small snack of carbohydrate (low GI) or a glucose drink (high GI).  Research recommends low GI snacks pre exercise to promote glycogen sparing and reduced rates of carbohydrate oxidation (Burdon et al, 2017, p. 1088). Additionally, research indicated that a low GI snack pre exercise can maintain stable glucose levels for prolonged exercise at low to moderate intensity exercise (Burke et al, 2021, p. 322). 
Hypoglycaemia was common among participants, suggesting they would benefit from low GI snacks to reduce this risk, especially those who did not consume any snack before exercise. Promoting low GI snacks could reduce hypoglycaemia, improve confidence and performance in people with Type 1 Diabetes and motivate more people to exercise. However, this study showed that participants found it beneficial to have a high GI food prior to exercise to raise glucose levels quickly to start exercise at a safe level, which is inconsistent with the research. Most did not snack if their glucose levels were in an acceptable range prior to exercise. Raising glucose levels before exercise is crucial. It may not always be practical to strictly adhere to research recommendations. People should be guided that consuming a high or low GI snack is advantageous and promotes safety during exercise. 

5.4.9 Nutrition strategy during exercise
Hypoglycaemia during exercise was a main concern but did not deter participants from exercising. All participants enjoyed exercise for mental and physical health reasons and understood it improved glucose levels. Carbohydrate becomes important during exercise because it is the more economical fuel source as exercise intensity increases (Wildman et al, 2010, p. 22). The participants were aware that carbohydrate provided fuel and despite many experiencing hypoglycaemia during exercise, they were reluctant to change their strategy to increase carbohydrate, in fear of raising glucose levels too high. This influenced their decision to consume as little carbohydrate as possible. 
Those involved with longer endurance events would refuel with carbohydrate to provide ongoing energy. They felt this was essential to provide energy and enable them to continue to exercise. Those exercising a shorter time, regardless of their carbohydrate strategy, avoided refueling unless necessary to prevent hypoglycaemia. Again, people with Type 1 Diabetes can put themselves at a disadvantage if they restrict carbohydrate as they lack fuel. 
All participants would consume glucose if their blood glucose levels were at hypoglycaemic  range. A high GI source was taken to increase glucose levels quickly. The participants following a low carbohydrate intake are at increased risk of hypoglycaemia during exercise and further support and guidance is required to manage their exercise effectively. This study highlights the need for improved Diabetes management which may increase the amount of people feeling safe and confident.  
5.5 Theme 4: Nutrition strategy post exercise 
The few hours after exercise were just as important to the participants to consider due to the continued risk of hypoglycaemia, particularly whilst driving home. 
5.5.1 Glycaemic Index post exercise
Participants were unconcerned about the GI of the meal post exercise. They knew they required carbohydrate of any source to replenish glycogen stores and prevent hypoglycaemia. They had not found any difference on the effects of GI on glucose levels, disagreeing with the research that high GI may increase glucose levels (Campbell et al, 2014, p. 1852).  However, some participants avoided high GI foods due to concerns about the rapid increase in blood glucose levels and may not have fully understood this impact on their glucose levels. Other research suggests the quantity is more important (Stevenson et al, 2005, p. 291), which participants in this study agreed with. For people with Diabetes, carbohydrate post meals is important with a reduction in insulin dose to reduce the risk of hypoglycaemia and improve their exercise strategies. 
Only in a few instances, participants restricted carbohydrate post meals. This was to avoid taking insulin and reduce the risk of nocturnal hypoglycaemia or from concerns of glucose levels rising. Limiting carbohydrates post-exercise may prolong the restoration of muscle glycogen levels, resulting in nocturnal hypoglycaemia (Riddell 1481). Participants did not understand how consuming carbohydrate with or without protein can improve glycogen storage and reduce the risk of hypoglycaemia with appropriate insulin reduction.  
5.5.2 Carbohydrate and protein intake 
Participants found a low GI meal reduced the rise of glucose levels post meals especially when combined with protein. Protein has been found to speed up the uptake of glycogen storage when carbohydrate is suboptimal (Jager et al, 2017, p. 3). This would benefit those following a low carbohydrate intake. People should be aware of this strategy to consume enough protein, particularly high biological proteins (Jager et al, 2017, p. 11) to improve glycogen storage. This would help reduce the risk of nocturnal hypoglycaemia and provide reassurance during the night. 
Many participants however, aimed to consume protein with carbohydrate as they felt this prevented blood glucose levels from rising post meals then reduced the risk of hypoglycaemia a few hours post exercise. This practice aligns with the research that combining protein and carbohydrate reduces the risk of hypoglycaemia post exercise (Scott et al, 2021, p. 311). 
5.5.3 Protein
Overall, most participants understood the importance of protein but they were still unsure about the amount, type and timing of protein highlighting again that they lacked knowledge of nutrition and exercise. An intake of approximately 20-30g protein with carbohydrate can help to accelerate glycogen resynthesis and muscle protein synthesis (Riddell et al, 2017, p. 382). Participants did not understand the specific quantity required, just that  protein was required and welcomed further information on protein consumption. 
Two participants had researched the amount of protein required for exercise against their weight. They had found this information from the internet. They did not feel their HCP had enough knowledge to discuss this with them. 
A protein snack pre bed has been shown to reduce the risk of nocturnal hypoglycaemia (Colberg, 2020, p. 755). Participants did not routinely consume a snack pre bed unless glucose levels were low. They understood to reduce their insulin dose which managed hypoglycaemia. However, high biological protein pre bed can improve muscle synthesis, participants were not knowledgeable in this area. (Jager et al, 2017, p. 19). 
This study has highlighted the lack of knowledge of nutrition for recovery of exercise. Recovery, is a crucial part of exercise, particularly with endurance sports to aid muscle protein synthesis (Jager et al, 2017, p. 4). Further recommendations are required disseminating this information to people living with Type 1 Diabetes. 











Chapter 6: Future research and recommendations
6.1 Introduction to the chapter
This study has made comparisons to previous research and this chapter will present points that require additional research. 
6.2 Future research
This study has highlighted that people manage living with Diabetes in various ways. The role of carbohydrate in exercise is well researched but there is less research on Type 1 Diabetes and exercise. Low carbohydrate diets are becoming more popular to maintain blood glucose levels but the effects on long term health is unknown.  
Further studies for low carbohydrate diets are required to produce long term data on health and physical outcomes such as lipid levels, bone health, strength and power levels during exercise. This maybe challenging as individuals find it difficult to follow these diets over long term, limiting outcome data. This study was unable to obtain blood results from the participants but further research could establish what impact a low carbohydrate diet has on lipid profile compared to glucose variability. Case studies or further qualitative research could capture data through focusing around outcomes of a low carbohydrate diet. 
Reducing hypoglycaemia during exercise is important for safety and performance. Many participants experienced hypoglycaemia, regardless of whether they followed a low carbohydrate diet. Quantitative studies would monitor people’s glucose levels with CGM traces to determine if low carbohydrate diets increase hypoglycaemia episodes. 
Further work could be completed to explore how the Glycaemic Index can aid maintaining glucose levels during exercise. Further resources and support are required to help people understand how to manage Diabetes and exercise effectively.  





Chapter 7: Summary and Conclusion
7.1 Introduction to the chapter
This chapter summarises the study by providing an overview of the main findings and draws together final points. 
7.2 Summary of the study
In summary, four themes emerged from the study, First, participants spent time at each exercise session monitoring glucose levels were safe to exercise, all prioritised avoiding hypoglycaemia.  
Secondly, participants knowledge of insulin administration and nutrition differed considerably. All understood how to manage insulin but many lacked knowledge how nutrition could benefit maintaining glucose levels and improving performance. Social media and peer support was beneficial to provide practical advice and support. Some participants found this more supportive than talking to HCP who were sometimes perceived as lacking in time or expertise.
The third main finding was participants approach to carbohydrate intake for fuel and management of glucose levels differed. Some participants restricted carbohydrate intake in fear of rising glucose levels, whereas others embraced carbohydrate for enjoyment and energy.  
The last theme found that post exercise was a concern as the risk of hypoglycaemia is still high. Participants ate or avoided carbohydrate depending on glucose levels and others tried to consume carbohydrate and protein as soon as possible to aid muscle protein synthesis. Again, this approach differed between participants reflecting on their individual experiences and knowledge. 
7.3 Conclusion
The study has demonstrated that people living with Type 1 Diabetes can exercise regularly in any given sport. The participants enjoyed being involved with their chosen exercise for physical and mental health benefits. Exercise does impact on blood glucose levels but understanding managing Diabetes and exercise is essential for safety. 
Nutrition is crucial in regulating glucose levels, particularly carbohydrate and protein sources. The timing, type and quantity of carbohydrate plays an important role. Most participants had limited knowledge in this area indicating further education is required to enhance their exercise regimes. This will allow people to exercise with confidence to continue the enjoyment and reach the level of exercise they wish to achieve. 
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Appendix 1: Information sheet sent to participants 


[image: C:\Users\an093636\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\D8DA01B0.tmp]University of Wales, Trinity Saint David,
College Road,
Carmarthen. 
SA31 3EP
Hello, my name is Andrea Miller, I am currently studying a Masters in Nutrition and Exercise, at the University of Wales, Trinity Saint David. I am also a State Registered Dietitian working in Diabetes. 
My University supervisor is Chris Cashin RD, MSc, RNutr, SENr, DProf (c), Registered Dietitian / Sports Nutritionist, Registered Nutritionist and a Senior Lecturer in Sports Nutrition / Nutrition and Programme Manager MSc Sport and Exercise Nutrition. Her email is Chris.Cashin@uwtsd.ac.uk

I am undertaking a dissertation entitled “Which dietary strategies aid glycaemic control and performance for people with Type 1 Diabetes during exercise? Are people with Type 1 Diabetes aware of these strategies?”
· What influences your nutritional intake for you to take part in exercise? Do you consume extra carbohydrate for fuel or do you find its better to restrict carbohydrate to reduce insulin requirements? How does this reflect on your performance? 
· Have you ever thought about the type of carbohydrate to reduce risk of hypos, performance or recovery but still give you enough fuel for the exercise? Do you think about consuming protein to help you with your recovery and performance? 
My aim is to look at which dietary strategies people with Type 1 Diabetes find beneficial to maintain blood glucose levels and improve performance in exercise. 
Can you spare up to 1 hour to discuss how you manage nutrition and exercise? All information provided will be kept confidential. 
Please email me if you are happy to take part;
· andreamilleruk@gmail.com
Criteria:
· Type 1 Diabetes of any length of time
· Over 18 years of age
· Use an insulin pump or pen
· Participate in regular physical activity of any type
· Happy to attend an individual discussion on “Teams” digital platform at a date and time convenient for yourself (during the day, evening or weekends)
· Willing to share your email with me so I can send a meeting link (this will not be passed onto anyone else)
· The discussion will be recorded
· It will take approx. 1 hour 
· Complete consent form, attached prior to the discussion

Thank you for your time









Appendix 2: Consent form

“Which dietary strategies aid glycaemic control and performance for people with Type 1 Diabetes? Are people with Type 1 Diabetes aware of these strategies?” 
Consent form
1. I confirm I have read and understood the information sheet about this research
2. I have been given the time and opportunity to read the information, discuss it with others and to decide whether or not to take part in the research
3. I have had the opportunity to ask questions and I am satisfied with the answers and explanations that have been provided
4. I confirm that the procedures and information have been explained to me during the consent process
5. I understand that my participation is volunatary and I am free to with draw at any time without giving any reason
6. I give consent to undergo the research described. The nature and purpose have been fully described to me

Name: 
Signature: 

Researcher name: Andrea Miller
Signature: 






Appendix 3: Interview questions
1. Welcome, introduce self 
2. Discuss purpose of the interview
3. Confirm they have read the supporting information and give consent
4. Ask about the individual: 
a. confirm they have Type 1 Diabetes
b. do they administer insulin via pen or pump? Which pump and sensor. 
c. What type of exercise do they do? Duration and frequency of exercise
5. Discuss CGM. Has it improved confidence with exercise

Carbohydrate
1. Explain there has been research into exercise and benefits of carbohydrate but little research into Type 1 Diabetes. Explain I would like to clarify their strategies of carbohydrate before, during and after exercise as well as in relation to blood glucose levels and performance of exercise
2. Discussion of performance
a. Do they think about how much food to consume for fuel?
b. Is there a change in intake from an exercise day to a non exercise day? 
c. Does carbohydrate aid concentration levels during exercise?
d. Any particilaur strategies followed before exercise? How do they manage food and insulin before exercise?
e. Does this manage glucose levels during exercise? 
f. Does carbohydrate help with performance? Does consuming carbohydrate provide more energy? 
g. Are there any particular strategies followed during exercise? Do they refuel during exercise or just manage glucose levels? How do they manage glucose levels? 
h. Is hypoglycaemia an issue during exercise? 

Low carbohydrate intake
1. Have you ever reduced or restriced carbohydrate intake?
a. YES: 	what were the reasons for this? To improve glcuose levels or to decrease insulin dose? 
b. How long did you follow it for? 
c. Did low carbohydrate help or reduce performance levels?
d. Any particular positive or negative points with following this type of diet? Such as improved glucsoe levels, weight or reduced energy levels, injuries
e. NO: any particular reasons for this? 

2. Do they follow periodisation of nutition around exercise? 
a. Any differences in carbohydrate intake on an exercise day compared to a non exercise day?

Recovery
1. Do you understand about nutrition for recovery? 
2. Would you eat carbohydrate post exercsie? When? How much? 
3. Is this to maintain blood glcusoe levels or for recovery of muscles? 
4. Do you think about adding protein for recovery? 

Glycaemic Index
1. Have you heard of the GI?
2. Do you use this in your nutrition plan?
a. What types of food do you have before, during and post exercise?
3. Do you understand about the GI relating to risk of hypoglycaemia? 
4. Do you understand how the GI effects glucose levels if consumed with other foods such as fat or protein? 
5. Do they find the glucose levels are effected more by the GI or portions of carbohydrate? 
Protein
1. Do they know why protein is important? 
2. Have they considered how much protein they require and when the most beneficial time to consume it is?
a. Other points: discuss protein for recovery, timing, pre bed, with carbohydrate, particular sources
Other points
1. Do they feel confident adjusting insulin dose?
2. Do they feel their knowledge of insulin and nutrition is of a good standard? 
3. Do they feel their HCP have enough knowledge in exercise and Diabetes? Is there enough time to discuss this in clinic appointments? 
4. Are there any other strategies/ points to discuss about nutrition and exercise that they regulalry follow that havent been discussed? 
5. Thank them for their time
	 
















Appendix 4: Application for ethical approval

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  

SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Andrea Miller

	2
	Tick all boxes that apply:
	Member of staff:
	☐
	Honorary research fellow:
	☐

	
	Undergraduate Student
	☐	Taught Postgraduate Student
	☒	Postgraduate Research Student
	☐


	3
	Institute/Academic Discipline/Centre:
	University of Wales, Trinity Saint David


	4
	Campus:
	

Carmarthen

	5
	E-mail address:
	
2114093@student.uwtsd.ac.uk


	6
	Contact Telephone Number:
	

07737375186

	
	For students:

	7
	Student Number:
	2114093

	8
	Programme of Study:
	Sport and Exercise Nutrition (MSc)

	9
	Director of Studies/Supervisor:
	Chris Cashin



SECTION B: Approval for Research Activity
	1
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☐	

	
	
	Institute Research Committee
	☐	

	
	
	Other (write in) Chris Cashin

	☒	03/11/2023



SECTION C:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☐
	2
	UWTSD Research Data Management Policy
	☐

	3
	BERA Guidelines

	☒



SECTION D: External Collaborative Research Activity
If there are external collaborators then you should gain consent from the contact persons to share their personal data with the university. If there are no external collaborators then leave this section blank and continue to section E.
	1
	Institution
	


	2
	Contact person name
	


	3
	Contact person e-mail address

	

	4
	Is your research externally funded?
	YES
	☐
	NO
	☐

	5
	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☐

	6
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☐

	7
	
	Employed
	YES
	☐
	NO
	☐

	8
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)?
	If YES then the permission question below does not need to be answered.
	YES
	☐
	NO
	☐

	9
	Has permission to undertake the research has been provided by the partner organisation?
	(If YES attach copy)
If NO the application cannot continue
	YES
	☐
	NO
	☐




Where research activity is carried out in collaboration with an external organisation
	10
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	
	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation (this may be a copy of an email if appropriate).




SECTION E: Details of Research Activity
	1
	Indicative title:
	An investigation into how people with Type 1 Diabetes manage dietary intake to aid glycaemic control and improve performance

	2
	Proposed start date:
	Nov 2023
	Proposed end date:
	June 2024

	
	Introduction to the Research (maximum 300 words per section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	[bookmark: _Hlk150081275]3
	Purpose of Research Activity

Exercise is important for health and wellbeing (Riddell et al, 2017. P. 377), however, Type 1 Diabetes and exercise can prove challenging (Colberg et al, 2021. P. 1). 
There are many nutritional strategies used to improve performance in people without Diabetes, but how do these impact on glycaemic control with Diabetes? 
Carbohydrate is the main nutrient required for fuel during endurance exercise to improve performance but many athletes with Diabetes adapt a reduced carbohydrate intake to improve glycaemic management. It is unclear if this approach has an impact on performance (Riddell et al, 2020. P. 1480). There is little research in low carbohydrate diets and exercise, especially for Type 1 Diabetes. It is thought that this is not suitable for high level athletes with Type 1 Diabetes due to the energy required to fuel their training (Scott et al, 2019. P. 12) and due to the glycogen depletion caused by this type of diet (Colberg, 2020. P. 754). 
Other dietary strategies researched to improve glycogen storage are to add protein to carbohydrate meals, especially when carbohydrate intake is suboptimal (Burke et al, 2011. P. 19). Protein is also advised post exercise for recovery as this will promote glycogen resynthesis and muscle protein balance (Scott et al, 2021. P. 304) whilst balancing blood glucose levels (Riddell et al, 2020. P. 1482).
The Glycaemic Index is used to improve performance, however there is some debate about the consistency of the outcomes (Burke et al, 2011. P. 17). The lower Glycaemic Index foods containing fibre can optimise blood glucose levels, promote satiety and can be used in exercise to prevent hypoglycaemia (Colberg et al, 2020. P. 754). 
It is important to explore the research into these nutritional options so people with Type 1 Diabetes can maintain glycaemic control and improve performance whilst exercising. 




(this box should expand as you type)

	4
	Research Question
Which dietary strategies aid glycaemic control and performance for people with Type 1 Diabetes? Are people with Type 1 Diabetes aware of these strategies?



(this box should expand as you type)

	5
	Aims of Research Activity


· To understand which dietary strategies are beneficial for athletes with Type 1 Diabetes, to aid glycaemic control and positively influence performance

(this box should expand as you type)

	6
	Objectives of Research Activity
· To conduct individual virtual interviews for athletes with Type 1 Diabetes in order to obtain their opinion how these strategies work in practice for training, competition and recovery


(this box should expand as you type)

	
	Proposed methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here, but should instead describe how you intend to collect the data necessary for you to complete your project.

	7
	· Data collection will be via virtual face to face interviews. 
· All participants will have Type 1 Diabetes and exercise regularly in any sport
· Participants will be asked to have a camera and microphone on. 
· The interview will be recorded. 
· The digital platform of “Teams” will be used.
·  Individual interviews will be used to allow about their thoughts and feelings for the question asked. 
· A semi structured interview approach will be used. This will allow similar information from each participant. 

(this box should expand as you type)

	

	Location of research activity
Identify all locations where research activity will take place.

	8
	All interviews will be virtual. All participants will live in the UK

(this box should expand as you type)

	
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants. If you live in the country where you will do the research then please state this.

	9
	

(this box should expand as you type)



	10
	Use of documentation not in the public domain: Are any documents NOT publicly available? 

	NO
	☒

	
	
	YES
	☐

	11
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with the current data protection law of the country in question and that of England and Wales.



(this box should expand as you type)



	
	Does your research relate to one or more of the seven aims of the Well-being of Future Generations (Wales) Act 2015?
	
YES
	
NO

	12
	A prosperous Wales
	☐
	☒

	13
	A resilient Wales
	☐
	☒

	14
	A healthier Wales
	☒
	☐

	15
	A more equal Wales
	☐
	☒

	16
	A Wales of cohesive communities
	☐
	☒

	17
	A Wales of vibrant culture and thriving Welsh language
	☐
	☒

	18
	A globally responsible Wales
	☐
	☒

	19
	If YES to any of the above, please give details:

	
	
A Healthier Wales aims to improve physical and mental well being in order to benefit future health. It acknowledges that there is not enough investment to keep people well and enable them to live a healthy life. It aims to increase the benefits of physical activity for everyone. Current research has shown that people with Type 1 Diabetes find it difficult to exercise due to carbohydrate and insulin management. This may lead to people being unable to meet their full potential of physical well being. This research will look at current guidelines and practice and aim to improve the wellbeing of people living with Type 1 Diabetes.

(this box should expand as you type)



SECTION F: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☐
	☐

	2
	Use of interviews?
	☒
	☐

	3
	Use of focus groups?
	☐
	☒

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☒
	☐

	6
	Use of computer-generated log files?
	☐
	☒

	7
	Participant observation with their knowledge?
	☐
	☒

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☐
	☒

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☒

	
	Details of any other primary data collection method:



(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 

SECTION G: Intended Participants
If there are no participants then do not complete this section, but go directly to section H.

	
	Who are the intended participants:
	
YES
	
NO

	1
	Students or staff at the University?
	☐
	☒

	2
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☒

	
	Details of any other participant groups:


(this box should expand as you type)
	
	



	
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	10
	How many participants are expected?

	
10-15

(this box should expand as you type)

	11
	Who will the participants be?

	
All participants will have been diagnosed with Type 1 Diabetes for any length of time, over 18 years. All participants should be involved with regular exercise of a minimum of 2-3 hours per week. 



(this box should expand as you type)

	12
	How will you identify the participants?
	

Social media, word of mouth
(this box should expand as you type)




	
	Information for participants:
	
YES
	NO
	
N/A

	13
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	14
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	15
	Will you obtain written consent for participation?
	☒
	☐
	☐

	16
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	17
	If the research is observational, will you ask participants for their consent to being observed?
	☐
	☐
	☒

	18
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	19
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☐
	☐
	☒

	20
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	21
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	22
	If NO to any of above questions, please give an explanation 

	
	

(this box should expand as you type)



	
	Information for participants:
	
YES
	NO
	
N/A

	24
	Will participants be paid?
	☐
	☒
	☐

	25
	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	28
	If YES to any question, please provide full details 

	
	The participants will be asked use their personal digital devise such as I pad/ laptop. The researcher will also use a personal devise. 


(this box should expand as you type)



SECTION H: Anticipated Risks

	
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	1
	Full risk assessment completed and appended? 
	Yes 
	☐

	
	
	No
	☒

	2
	Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	
	Risk to participants:

1. Participant bias: when participants answer the questions that they think will be correct rather than their own thought

2. Emotional harm





3. Breach of privacy





4. Embarrassment 

(this box should expand as you type)
	How you will mitigate the risk to participants:

1. Follow the semi structured interview approach and be engaging to all answers. Further questioning following a response to show interest 
2. Assess situation and If people show a negative emotion (crying, feeling sad) to answering the questions, do not continue to probe for the answer


3. Explain process of keeping data secure. Not recording personal details during the interview.  


4. If participants cannot answer the question they may feel embarrassed. Reword questions and allow people to feel at ease during the interview



(this box should expand as you type)

	3
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	

N/A

(this box should expand as you type)

	4
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to the investigator:

1. Risk of bias





2. Power imbalances 





3. Receiving verbal abuse




4. Unethical behaviour in interviews

5. Accusation from participants of being unprofessional

(this box should expand as you type)
	How you will mitigate the risk to the investigator:


1. Not to discuss own views to lead the participants answers. Do not control or lead the interview. 


2. Both participant and research have power of the interview. The interviewer should create a welcoming and informal environment.  


3. If the participant becomes verbally aggressive, explain not happy with this approach and leave the call. 

4. Make sure participants are appropriately dressed and in a safe environment 
5. Interviews will be recorded for evidence 


(this box should expand as you type)

	5
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to the University:
1. Data breaches 



2. Conduct risk



(this box should expand as you type)
	How you will mitigate the risk to the University:
1. Ensure recordings of interviews are password protected and stored in a safe place

2. The interviewer should be professional in dress and manner



(this box should expand as you type)

	6
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	Risk to the environment:
N/A

(this box should expand as you type)
	How you will mitigate the risk to environment:



(this box should expand as you type)



	
	Disclosure and Barring Service

	
	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	7
	Does your research require you to hold a current DBS Certificate?
	☐
	☒
	☐

	8
	If YES, please give the certificate number. If the certificate number is not available please write “Pending”; in this case any ethical approval will be subject to providing the appropriate certificate number.
	



SECTION I: Feedback, Consent and Confidentiality

	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	An email address will be provided to the participants where they can contact if they would like information/ feedback on the results of the research

(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	An outline of the research will be written explaining what the project entails, reasons for the research and details about the interview. Information about myself will be added so people understand the research is via a trustworthy source. It will also explain that written consent will be required, they can withdraw at any point, confidentiality of their details and interview will be maintained at all times. 
An email address will be added so people know who to contact. The consent form will be emailed to those willing to participate and returned prior to the interview

(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	Names, date of birth, address will not be recorded. 

Recorded interviews will be saved under a password protected laptop and referred to as a letter rather than a name

(this box should expand as you type)



SECTION J: Data Protection and Storage

	
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	1
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.
	x☐
	☐

	
	If YES, provide a description of the data and explain why this data needs to be collected:

	2
	· Data will include participants personal email. This is as the interviews will be virtual and an email will be required to send to the individuals with an appropriate link to join the call. 
· Written consent forms will be sent to the participants via email to complete prior to the interview

· Virtual interviews will be recorded. This will allow time to listen back to the interview to analyse the data. However, no personal data will be discussed during this interview. 

(this box should expand as you type)

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
x☐
	
☐

	
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	4
	The research is specifically studying carbohydrate strategies of people with Type 1 Diabetes. It is therefore important to confirm their health condition.

(this box should expand as you type)



	
	
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?
	YES
	NO

	5
	Manual files (i.e. in paper form)?
	☐
	☒

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☐
	☒

	8
	Home or other personal computers?
	☐
	☒

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☐
	☒

	11
	Other – specify:

	☐
	☒

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	Recorded Interviews will be stored on “Teams” digital platform. The interviews will be password protected. The laptop is password protected. 


(this box should expand as you type)



	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☐
	☒

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☒
	☐

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	19
	Use of data management system?
	☐
	☒

	20
	Data archiving?
	☐
	☒

	21
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and any international equivalents, where appropriate):

	
	People will volunteer their emails if they wish to participate in the research. Their details will be used in guidance with the GDPR and Data Protection Act
· Email addresses will be used fairly, lawfully and transparently
· Used for specific explicit purpose
· Used for only contacting the person to send a virtual link to the interview and to contact them if they would like an update on the final data for the project
· Kept no longer than necessary i.e. until the end of the research project
· Emails will be handled securely


(this box should expand as you type)

	22
	List all who will have access to the data generated by the research activity:

	
	
Andrea Miller – researcher
Chris Cashin - supervisor

(this box should expand as you type)

	23
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	
Andrea Miller, main researcher

(this box should expand as you type)

	24
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	
	
· Virtual interviews will be recorded and stored on “Teams” digital platform. This will be password protected
· The laptop used is password protected 
· It will be stored until the end of the research project. The interviews will be deleted at the end of the project, June 2024

(this box should expand as you type)

	25
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 

	
	
N/A


(this box should expand as you type)

	26
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	YES
	☒

	27
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒





SECTION K: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	A Miller
	Date: 05/11/2023




For STUDENT Submissions:
	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
	

	



For STAFF Submissions:
	4
	Academic Director/ Assistant Dean:
	
	Date:

	5
	Signature:
	

	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.

	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form (and receive the outcome) via systems explained to you by the supervisor/module leader.







2

image1.jpeg
PRIFYSGOL CYMRU
Y Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David




image2.png
Prifysgol Cymru

¥ Drindod Dewi Sant
University of Wales
Trinity Saint David




image3.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




