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Emerging evidence indicates late eating can be related to a higher BMI. However, findings are inconsistent and the psychological and behavioural characteristics of early versus late eaters are unclear. Thus, the current thesis aimed to i) explore the associations between meal timing, BMI, eating behaviour traits (uncontrolled eating, craving control, emotional eating, cognitive restraint and satiety responsiveness) and health behaviours
 such as physical activity and sleep, ii) compare the differences in eating behaviour traits and health behaviours between early versus late eaters, and explore the factors that may contribute to late eating and understand the enablers and barriers of changing late evening eating. 

A narrative review (Chapter 2) was conducted to provide an overview of the current literature within meal timing, body weight, eating behaviour traits and health behaviours. Chapter 3 introduced the methods, procedures and measurements used in the studies. An online survey (Chapter 4) (n = 260) showed that later eating was not significantly associated with BMI, yet late eaters reported significantly lower craving control and longer daily consumption window than early eaters. Other eating behaviour traits and health behaviour were not significantly different between early versus late eaters. A 14-day pilot study (Chapter 5) using objective measures of height, weight, physical activity and sleep in adults living with obesity (n = 30), demonstrated that later eating was significantly associated with higher uncontrolled eating, but not with higher BMI. Compared with early eaters, late eaters consumed significantly less %protein and reported poorer dietary quality. Chapter 6, using qualitative methods, identified four main contributors to late evening eating: internal signals; external and situational factors; social factors, and behavioural and emotional factors. Time constraints and work schedules were identified as main barriers to changing late evening eating. Recommendations are provided on interventions that may be effective for individuals at risk of overweight and obesity. 

Using quantitative and qualitative methods, this thesis identified the eating behaviour traits linked with overconsumption and health behaviours related to late eating. Practical strategies to address barriers to changing late evening eating are also provided. 
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[bookmark: _Toc172984769]1.1 Overweight and obesity: trends and implications
According to the World Health Organisation (WHO), obesity is an abnormal or excessive accumulation of fat in the body and determined by body mass index (BMI) (WHO, 2023). Specifically, a BMI between 25 and 29.9 kg/m2 is considered to be with overweight, while a BMI of 30 kg/m2 and over is regarded as obesity (Williams et al., 2015). Obesity is prevalent in both developing and developed countries, with global statistics showing that 43% of adults were living with overweight and 16% living with obesity in 2022 (WHO, 2024). In addition, the global prevalence of obesity is increasing rapidly. By 2025, nearly a third of the adult population is expected to be living with overweight and more than one billion adults will be with obesity (Omer, 2020). Recent statistics from England indicate that the majority of adults (64%) are currently with overweight or obesity (69% of men; 58% of women) (UK Gov, 2023). In particular, the prevalence of obesity has increased from 14.9% to 26% between 1993 and 2022. In addition, there are social inequalities in obesity. Obesity prevalence is lowest among adults living in the least deprived areas (20%) and highest in the most deprived areas (34%) (Health Survey for England, 2022). Moreover, the upward trend in overweight and obesity has implications for both individual health and the economy. Specifically, obesity costs the NHS around £6.5 billion a year (UK Gov, 2024). 

Obesity is linked to a variety of acute and chronic health problems, such as diabetes, heart disease, dementia, cardiovascular disease, and specific types of cancer (Wilding, 2012; Bray et al., 2016; Tyrrell et al., 2016; Meldrum et al., 2017). People with obesity also have an increased risk of stroke and higher blood pressure (do Carmo et al., 2016; Kinlen et al., 2018). In addition, obesity is associated with numerous psychological consequences, including depression (Carpenter et al., 2000), low self-esteem (Sarwer and Polonsky, 2016), eating disorders (Stunkard and Allison, 2003), anxiety (Sarwer et al., 2012), and weight stigma (Puhl and Heuer, 2009). Consequently, it is essential to reduce the prevalence of obesity, relieve the burden on the NHS and reduce mortality and morbidity. This highlights the need to develop effective prevention and treatment strategies. 

[bookmark: _Toc172984770]1.2 Weight management
Given the rise in obesity prevalence, there is also an increase in weight management. Weight management is the conscious regulation of behaviour to achieve weight loss, weight gain or weight maintenance (Winik and Bonham, 2018). With obesity rates rising rapidly, research in the general population has shown that the proportion of people who have tried to lose weight has increased significantly. A meta-analysis of 72 studies showed that 42% of adults in the general population and 44% of adults in ethnic minority communities are trying to lose weight, while 23% have reported trying to maintain their weight (Santos et al., 2017). There are notable differences in the prevalence of weight loss attempts between geographical regions. The region with the highest prevalence was North America, with 44% of cases, while the lowest prevalence was recorded in Africa, with a rate of 16.6%. According to Santos et al. (2017), the primary strategy for weight loss is to engage in or increase physical activity. Dieting was the second most popular method of trying to lose weight, with almost two thirds of people trying to lose weight in this way. Furthermore, health behaviours, such as maintaining a balanced diet and engaging in adequate physical activity and sleep, also have the potential to prevent obesity (Felső et al., 2017). While dietary restriction can lead to initial weight loss, maintaining this weight loss after dietary intervention is a challenge for some people with obesity (MacLean et al., 2015). For example, a systematic review by Franz et al. (2007) of 80 clinical trials assessed the effectiveness of various weight loss interventions, including diet alone, diet and exercise, exercise alone, meal replacements and very low energy diets. Weight measurements taken up to 48 months showed an average weight loss of 5 to 8.5 kg (5 to 9% of initial body weight) in the first 6 months after treatment, followed by a subsequent increase in average weight. It is therefore necessary to develop a comprehensive understanding of the aetiology of obesity to develop effective weight management strategies for the treatment and prevention of overweight and obesity.

[bookmark: _Toc172984771]1.3 Cause of obesity
The Obesity Systems Map shows the complexities of obesity, centred on the concept of 'energy balance', which compares energy intake with energy expenditure (see Figure 1.1). Specifically, the Obesity Systems Map identifies 108 variables that have a direct or indirect influence on energy balance and shows how these variables are linked or interact with each other (Butland et al., 2007). These variables are clustered in seven themes, including biology, food consumption, food production, individual activity, individual psychology, activity environment and societal influences. In particular, the biology cluster comprises many biological variables, including genetic predisposition to obesity and resting metabolic rate. The individual activity cluster includes characteristics related to an individual's or group's level of recreational, domestic, occupational, and transit activity. The physical activity environment cluster contains factors that might either foster or hinder physical activity. Also included are variables reflecting cultural values linked to activity patterns, such as ‘reliance on labour-saving devices. The food consumption cluster encompasses a variety of characteristics of the food market in which consumers engage, as well as the health characteristics of food products, including the level of food abundance and variety, the energy density of food, and portion size. The food production cluster includes various factors that influence the food industry, such as ‘market price of food’, ‘cost of ingredients’ and ‘effort to increase efficiency of production’. It also contains variables that are representative of the wider social and economic environment in the UK, such as ‘purchasing power’ and ‘societal pressure to consume’. The individual psychology cluster comprises variables that define a variety of psychological characteristics, including ‘self-esteem’, ‘stress’, ‘demand for indulgence’ and ‘level of food literacy’. The social psychology cluster consists of variables that have influence at the societal level, including ‘education’. It also includes variables related to societal attitudes to weight such as ‘social acceptability of fatness’ and ‘importance of ideal body-size image’. The current consensus is that obesity is the result of a complex interaction of genetic, evolutionary, social, psychological and environmental factors (Hruby et al., 2016). The Behavioural Susceptibility Theory (Llewellyn and Wardle, 2015) focuses specifically on genetics and the obesogenic environment, explaining individual variability in food intake by proposing that genetic predispositions determine appetitive traits which interact with the environment (see more detail in 1.8). Therefore, the following sections focus on the genetic and environmental factors that influence obesity.

[image: ]
[bookmark: _heading=h.26in1rg]Figure 1.1. The Obesity Systems map identifies over 100 variables which influence energy balance and the obesity epidemic, source: Butland et al. (2007)

1.3.1 Genetics of Obesity
Numerous studies have highlighted the importance of genetic predisposition in obesity (Bouchard et al., 1990; Stunkard et al., 1986; Weyer et al., 2001; Mahmoud et al., 2022). A study by Stunkard et al. (1986) analysed the influences on body weight in 540 adopted adults. The adults, who had been adopted during childhood, were categorised into four BMI categories, which ranged from underweight to obesity. The results showed a significant correlation between the BMI categories of these adults and their biological parents, while no significant link was found between the BMI classifications of the individuals and their adoptive parents. Furthermore, a Canadian study explored the impact of increased calorie intake on weight regulation (Bouchard et al., 1990). For this study, a total of 12 pairs of identical male twins were provided with an additional 1000 kilocalories per day, six days a week, for a duration of 100 days. The findings indicated that weight gain patterns, including overall weight gain, distribution of fat, and percentage of fat, were consistent within twin pairs, however notable variations were detected among various pairs (Bouchard et al., 1990). Therefore, it is clear that genes have a role in the development of overweight and obesity. However, the rapid increase in the prevalence of obesity in both developed and developing countries, due to the rapid changes in obesity outpace changes in the gene pool, suggests that there are other risk factors beyond genetic predisposition that influence obesity.

1.3.2 Environmental factors
Environmental factors are one of the multi-faced factors that influence food choice and intake (Swinburn et al., 2011). The term ‘obesogenic environment’ refers to the influences that the environment, opportunities or living conditions have on promoting obesity in individuals and populations (Swinburn et al., 1999). For example, excess energy intake and weight gain may be partly due to the increased availability, accessibility and affordability of nutrient-poor, energy-dense foods (Swinburn et al., 2011). The global food system has experienced an increase in the production of processed and affordable foods, which may contribute to passive overconsumption (an increase in energy intake driven by a high-fat, energy-dense food environment) (Swinburn et al., 2011). Epidemiological studies suggest that diets containing foods with a higher energy density, which are likely to be more challenging to resist or regulate because of their high energy density, are associated with higher daily energy intake and weight gain (Stelmach-Mardas et al., 2016; Ledikwe et al., 2006; Karl and Roberts, 2014). Moreover, a meta-analysis of 23 studies found that dietary energy density was related to increased risk of excess adiposity and higher BMI (Rouhani et al., 2016). Furthermore, the availability of processed foods, which are frequently high in sugar, fat, and sodium, has increased significantly in a variety of retail outlets, e.g., convenience stores, mini-marts, and grocery stores (Badland et al., 2014; Harrison et al., 2010). 

In addition, the 'obesogenic environment' also increased opportunities for low energy expenditure. Energy expenditure, including physical activity, has decreased over the past 50 years (Prentice and Jebb, 1995). The 'built environment' refers to the artificial or modified settings that promote human activities (Papas et al., 2007). For instance, measured urban sprawl (the expansion of the geographic extent of cities and towns) was significantly associated with increased BMI and obesity after adjusting for socioeconomic and behavioural covariates (Ewing et al., 2014). This finding was also replicated in studies using population density as a proxy for urban sprawl (Kelly-Schwartz et al., 2004; Giles-Corti et al., 2003; Epstein et al., 2012). This can be explained by the imbalance between time spent commuting and time spent on healthy behaviours (Langlois et al., 2016; Hoehner et al., 2012; Tajalli and Hajbabaie, 2017; Urhonen et al., 2016), and the imbalance between time spent travelling and time spent on healthy behaviours such as cooking and exercise (Christian, 2012). In addition, changes in transport and mechanisation have reduced the amount of physical activity, while the variety of sedentary screen-based entertainment has increased (Brownson et al., 2005). Therefore, genetics and the obesogenic environment play a role in the development of obesity. However, this idea illustrates the power of the environment to influence food intake and assert its dominance over the body's natural homeostatic regulation of food intake.

1.3.3 Individual differences in response to an obesogenic environment
There is a large degree of individual variability in the body weight under the obesogenic environment (Blundell et al., 2005). The prevalence of obesity is influenced by a variety of variables, including the food itself, such as foods with high energy density, high fat and larger portion size, and the food environment, such as eating in fast food restaurants, eating out, snacking and watching TV (Blundell et al., 2005). In spite of the obesogenic environment, not all individuals are living with obesity. This suggests that there is considerable variation in how individuals respond to the obesogenic environment (Finlayson et al., 2012). In principle, obesity is associated with a chronic state in which energy intake exceeds energy expenditure, known as a chronic positive energy balance. However, in an obesogenic environment it can be difficult to maintain a balance between energy intake and energy expenditure. Therefore, energy balance is discussed in the following sections.

[bookmark: _Toc172984772]1.4 Energy balance
The basic thermodynamic principle is that energy cannot be destroyed, and it can only be gained, lost or stored by an organism. Energy balance is the state in which the amount of energy consumed is equal to the amount of energy expended (Hill et al., 2013). When the body is in a state of energy balance, body weight remains constant (Hafekost et al., 2013; Hill et al., 2012). An individual's energy intake is determined by the consumption of nutritious food and beverages, including carbohydrates, protein, fat, and alcohol. The primary factors that contribute to energy expenditure are resting energy expenditure, which is the energy required for maintaining normal bodily functions and homeostasis, the thermic effect of food (TEF), which is the energy required for the absorption, digestion, and metabolism of consumed food and typically represents 8-10% of daily energy expenditure (Johnstone et al., 2005) and physical activity. Disruptions in energy balance lead to changes in body weight. When the amount of energy consumed is greater than the amount of energy expended, the body experiences a positive energy balance, resulting in an increase in body mass. Conversely, if the amount of energy expended is greater than the amount of energy consumed, the body will experience a negative energy balance, leading to a decrease in body mass. The primary cause of changes in body composition from lean to overweight and finally to obesity is a persistent imbalance between energy intake and energy expenditure, with intake exceeding expenditure (Mela and Rogers, 1998).

Energy intake refers to the total amount of calories consumed by an individual and is made up of three primary macronutrient categories: carbohydrates (3.75 kcal/g), proteins (4 kcal/g), and fats (9 kcal/g). Another smaller component is alcohol (7 kcal/g). Survey data suggest that carbohydrate accounts for 45-65% of energy intake, protein for 10-30% and fat for 25-35% (Kwon et al., 2020). However, it is important to note that not all energy consumed can be metabolised and used for biological functions. The bioavailability of ingested foods varies, and approximately 2-10% of ingested energy is lost in the faeces. Individual differences in energy absorption depend on food composition, food preparation and intestinal variables (Hall et al., 2012).

Energy expenditure is the amount of calories burned (Hall and Guo, 2017). Resting energy expenditure, which accounts for about 50-70% of total energy expenditure, is the most prominent part of daily energy expenditure. It is influenced by factors such as body mass and body composition. More specifically, an increase in body mass and lean body mass leads to a higher resting energy expenditure (Nelson et al., 1992). The thermic effect of food refers to the amount of energy required to metabolise and process the macronutrients in our diet. Protein causes the highest energy expenditure, followed by carbohydrates and then fat (Westerterp-Plantenga et al., 2006). Physical activity is the behavioural component of energy expenditure and accounts for 25-35% of total daily energy expenditure, depending on the individual's level of physical activity. Physical activity can be divided into two types: exercise energy expenditure, which refers to planned and scheduled physical activity, and non-exercise physical activity, which includes activities of daily living (Levine et al., 1999). 

The mechanisms that control the energy balance system are still incompletely understood, but it is clear that complex physiological processes are involved (Hill et al., 2013). Energy balance is a dynamic process between energy intake and energy expenditure. Changes on either side of the equation (energy intake or energy expenditure) do not have a simple additive or subtractive effect on the body’s energy stores. The focus of this thesis is the timing of food intake; thus, it is necessary to consider the wider context regarding the drivers of eating behaviour.

[bookmark: _Toc172984773]1.5 Drivers of eating behaviour
The concept of eating behaviour includes a variety of decisions related to food selection, the timing of eating and the amount of food consumption. Understanding eating behaviour is important given the significant implications of our food choices for both individuals and society (Gahagan, 2012). The primary goal of food consumption is to obtain an adequate amount of nutrients to meet biological needs. However, the choice and amount of food required to achieve this objective is influenced by various elements such as physiological needs, environmental contexts (Larson and Story, 2009), cultural influences (Novotny et al., 2009) and emotional aspects (Nicholls et al., 2016). For example, physiological signals may indicate the need for food intake as a result of changes in energy balance (Cummings et al., 2001). Therefore, both internal and external drivers of energy intake are discussed in the following sections.
1.5.1 Internal drivers of energy intake
Research has shown that genetics play a role in influencing an individual’s eating behaviours and their susceptibility to living with obesity (Llewellyn et al., 2023). Research also suggests that there is a genetic component that is at least partly responsible for variations in eating behaviours (Grimm and Steinle, 2011). These genetic components do not only influence eating behaviours, but also the responsiveness of an individual to the environment (De Castro-Orós et al., 2010). Genetic differences, omissions or mutations influence the response of different brain regions, hormones or peptides linked to appetite (subjective expression of motivation to consume certain foods; Hopkins et al., 2015) and various eating behaviours (Austin and Marks, 2009). For example, genetic variations or mutations in dopamine receptors in the brain influence how an individual's reward system responds to food (Felsted et al., 2010). 

1.5.1.1 Gut microbiome 
The gut microbiota, a diverse community of microorganisms, has functions beyond digestion and may influence food cravings and eating behaviour  (Alcock et al., 2014; Rhee et al., 2009; Norris et al., 2013; Lyte, 2011). The nutrient composition of food influences both individual members of the microbiota and microbial consortia. For example, Prevotella thrives on carbohydrates, while Bifidobacteria benefit from dietary fibre (González-Rodríguez et al., 2013), and Bacteroidetes prefer certain lipids (Wu et al., 2011). Other research suggests a link between appetite and gut flora composition (Alcock et al., 2014). For example, Rezzi et al. (2007) found different microbial metabolites in urine samples from those who had a strong craving for chocolate compared to those who were not interested in chocolate. In the neuroendocrine pathway, microbes produce a variety of peptides that are analogues of hormones involved in eating behaviour and also generate appetite-regulating hormones e.g.,  ghrelin, leptin, glucagon-like peptide 1 (GLP1) and peptide YY (PYY) (Roels, 2021).

1.5.1.2 Homeostatic system
The 'homeostatic' model of eating behaviour is fundamentally based on the influence of genetics on appetite-related hormones and peptides (Mela and Rogers, 1998). The hormones such as, ghrelin, cholecystokinin (CCK), insulin and leptin are central components to this model. Ghrelin is a 28-amino acid peptide that is mainly synthesised in the stomach and pancreas and is responsible for stimulating food intake and hunger by interacting with receptors in the hypothalamus (Austin and Marks, 2009). Plasma ghrelin levels increase before a meal and are then suppressed by the consumption of food (Callahan et al., 2004). Leptin has been shown to be an important regulator of energy balance and body weight, and an increase in leptin insensitivity increases the risk of obesity (Gruzdeva et al., 2019). Conversely, hormones such as cholecystokinin (CCK) and leptin act in opposition to ghrelin, promoting satiety and reducing energy intake (Dockray, 2009). Leptin variants were found to be significantly associated with increased snacking in a large case-control study of 17,000 women with overweight and obesity (Gruzdeva et al., 2019). Meanwhile, CCK variants were associated with larger meal sizes (de Krom et al., 2007). 

1.5.1.3 Hedonic system
Alongside homeostatic influence on energy intake, the non-homeostatic (hedonic) system influences energy intake and contributes significantly to the prevalence of obesity. The 'hedonic' system comprises intrinsic, learned, and motivated behaviours associated with neurological reward, which operate through the dopaminergic and opioidergic systems, influencing brain regions including the hypothalamus, ventral striatum, amygdala, and frontal and temporal cortices (Arias-Carrión et al., 2010; Berthoud, 2011; Volkow et al., 2011). If eating was determined exclusively by homeostatic principles, food consumption would be driven solely by physiological needs, theoretically leading to the majority of individuals maintaining a healthy body weight (Palma and Iriarte, 2012). Thus, food intake in humans is a complex interplay between homeostatic regulation and hedonic pleasure. The current food-rich environment contributes to obesity by increasing the motivation to consume a wide variety of palatable foods (Hernández Ruiz de Eguilaz et al., 2018). With regard to macronutrients, it is generally accepted that fats play an important role in determining the taste, texture and odour of foods, which are closely linked to excessive consumption and have an influence on long-term energy balance and weight control (Drewnowski and Almiron-Roig, 2010). Behavioural evidence suggests that participants living with overweight and obesity have a greater preference for foods with a higher fat content and show a link between the higher proportion of dietary energy derived from fat and increased weight (Mela and Sacchetti, 1991; Drewnowski, 1985; Lissner and Heitmann, 1995). Furthermore, numerous studies have demonstrated a relationship between increased BMI and the preference for and intake of highly palatable foods, usually high in fat (Battle and Brownell, 1996; Berge et al., 2013). The hedonic system reinforces behaviours that satisfy the acquisition of food.

Furthermore, the perception of food reward is closely linked to craving, which is referred to a strong urge for a specific food (Rebello and Greenway, 2016). The hypothalamus is recognised as a key brain region that regulates food intake in terms of calorie and nutrient consumption (van Vliet-Ostaptchouk et al., 2009; Blouet and Schwartz, 2010; Coll et al., 2007). Several neurotransmitters and neuropeptides, including dopamine (DA), cannabinoids, opioids, serotonin, orexin, leptin and ghrelin, are involved in the pleasurable effects of food (Cason et al., 2010; Cota et al., 2006; Atkinson, 2008). Dopamine is a key neurotransmitter that regulates the modulation of pleasure, including both natural and drug-induced rewards. This regulatory function is largely mediated by dopamine projections from the ventral tegmental area (VTA) to the nucleus accumbens (NAc) (Wise, 2006). Dopamine signalling is important in translating desire into action, potentially increasing motivation to acquire rewarding stimuli (Mogenson et al., 1980). Neuroimaging studies have shown that individuals with obesity show increased activation in brain areas involved in the motivational effects of food cues when exposed to high-calorie items, potentially increasing the risk of obesity (Stoeckel et al., 2008). Hedonic hunger significantly influences eating behaviour by driving food consumption for pleasure rather than energy needs, potentially leading to cravings and overeating, especially of high-calorie, nutrient-poor foods. This type of hunger can override signals of satiety and fullness, contributing to unhealthy eating patterns and increasing the risk of obesity.

Therefore, internal drivers of energy intake are known to greatly influence eating behaviour, the main aim of this thesis is to investigate the role of a non-physiological factor, the meal timing context, on eating behaviour. Therefore, subsequent sections review evidence of external drivers of energy intake.

1.5.2 External drivers of eating behaviour
Although genetics and biological signalling play a role in regulating energy intake, research has also investigated the influence of external drivers of eating behaviour. External indicators appear to override and undermine internal signals, posing a significant challenge to the regulation of food intake, particularly in the obesogenic environment (Bilman et al., 2017). The externality theory of obesity was developed by Schachter and colleagues (1974) and states that individuals who are more responsive to external cues to eat and less sensitive to internal signals of hunger and satiety are more likely to experience obesity and overconsumption. For instance, Schachter et al. (1968) conducted a laboratory study in which they manipulated the time of dinner to investigate the effect of time manipulation on food consumption in participants with obesity and normal weight. Schachter and colleagues (1968) found that participants with obesity consumed more calories when they believed they were eating after their usual dinner time than when they believed they were eating before their dinner time. However, there was no such effect for participants with normal weight. Based on Schachter's theory, people who are highly responsive to external food cues and less responsive to hunger and satiety signals may be prone to overconsumption in today's obesogenic environment due to the prevalence of palatable food cues (Schachter et al., 1974). It has recently become clear that food cue exposure (exposure to the sight or smell of food) influences appetite and food intake. Previous studies have shown that exposure to the sight and smell of food increases reported hunger, food intake and BMI (Pursey et al., 2014; Ferriday and Brunstrom, 2011; van den Akker et al., 2014). In the obesogenic environment, external stimuli associated with food and the setting in which food is consumed influence subjective sensations of hunger and satiety, which could promote passive consumption (Mela, 2006; Van Kleef et al., 2012). For example, portion size is described as the size of a meal or food item, as well as every single component of a meal (Berg and Forslund, 2015). Observational and experimental studies have shown that larger portions of entire meals (Levitsky and Youn, 2004) or specific foods (Rolls, 2014) such as sandwiches result in higher energy intake in adults (Jeffery et al., 2007; Kelly et al., 2009; Young and Nestle, 2012). In addition, a meta-analysis of 14 studies found that decreasing portion size resulted in a reduction in overall calorie consumption (Robinson et al., 2023). 

Taken together, both internal and external drivers of energy intake are interconnected. Eating behaviour is an important determinant of energy balance and controlling the motivation to eat (commonly referred to as appetite control) can be used as a means of preventing excess energy intake and obesity (Hopkins et al., 2015). Therefore, subsequent sections review evidence of homeostatic and hedonic processes that regulate appetite and influence on body weight.

[bookmark: _Toc172984774]1.6 Appetite control
Previous sections introduced the external driver of food intake. However, it is also essential to investigate the internal physiological mechanisms that regulate appetite and food consumption. Appetite control can be understood as a complex system involving three levels of the psychobiological system: psychological and behavioural events, peripheral physiological and metabolic events, and neurotransmitter and metabolic interactions in the brain (Blundell, 1991). This thesis focuses primarily on the behavioural level of the system, which includes the events and behaviours that occur before, during and after eating, and is referred to as the satiety cascade.

1.6.1 The Satiety Cascade
The satiety cascade was developed for understanding the eating patterns throughout the day and to provide a conceptual framework for analysing the influence of foods on satiety and satiation (see Figure 1.2) (Blundell et al., 2010). Satiation has been defined as the sensation of fullness in the absence of hunger and the process that terminates eating, influencing food intake (Blundell and Tremblay, 1995). Satiety is defined as the state that is experienced after eating which inhibits further eating, influencing the frequency of eating sessions (Rogers and Brunstrom, 2016; Yeomans, 2010). Specifically, the Satiety Cascade describes how food consumption is followed by a series of sensory, cognitive, post-ingestive and post-absorptive influences. Initially, sensory cues inhibited the consumption of additional food after a meal. 'Sensory specific satiety' introduced by Rolls et al. (1981) suggests that the feeling of satiety is specific to the sensory properties of the food being consumed and that the enjoyment of eating foods with similar sensory properties is reduced. Foods with different sensory characteristics maintain their palatability and promote consumption. After a meal, cognitive factors hinder further consumption. In particular, people are aware that they have recently eaten and typically have a general understanding of the portion size of their last meal. This knowledge tends to help suppress their appetite for a period of time. After a meal, the brain is informed that food is being processed by a variety of signals that originate from the gastrointestinal tract. Once nutrients are accessible to peripheral and brain tissues, post-absorptive signals sustain the feeling of fullness until the energy from the previous meal has been used up and stored. At the end of this phase, hunger signals are reactivated to inform the brain that additional sources of energy need to be sought, obtained and consumed. This marks the end of the 'satiety cascade' and the start of a new episode of eating (Bellisle, 2008).
[image: ]
[bookmark: _heading=h.44sinio]Figure 1.2. Satiety cascade from Blundell modified by Mela (Mela, 2006).

1.6.2 Non-homeostatic factors involved in appetite control
However, non-homeostatic factors such as food hedonics (such as food palatability and reward) and eating behaviour traits involve appetite control overriding homeostatic signals to promote eating in the absence of physiological hunger (Berthoud, 2006; Mela, 2006). Although homeostasis is the predominant conceptual position for investigating appetite control, the field of hedonic processes has received significant attention in recent years. Hedonic eating is typically defined as the feeling of pleasure or satisfaction associated with the process of consuming food and involves two different processes: ‘liking’ and ‘wanting’ (Berridge and Robinson, 2003). Liking refers to the level of sensory pleasure derived from eating, while desire refers to the motivation or attraction towards certain foods (Finlayson and Dalton, 2012). Rogers and Blundell (1990) showed that consuming a palatable preload before a test meal led to a rapid recovery of hunger, in contrast to consuming either a tasteless or no preload. Moreover, other research has demonstrated that higher perceptions of pleasantness or liking for foods with similar sensory qualities are related to lower levels of satiety (Finlayson et al., 2008; Griffioen-Roose et al., 2010; Blundell et al., 2010). Studies have shown that the biochemical processes underlying pleasurable experiences involve glutamate, opioid, endocannabinoid and dopamine pathways. These pathways are likely to play a role in the biological basis of processes such as wanting and liking, which are associated with the selection and consumption of food (Berridge, 1996). Taken together, having outlined the control of human appetite involving the interaction between homeostatic and hedonic control, the following section will develop into how these factors manifest in the daily eating choices and patterns. 

[bookmark: _Toc172984775]1.7 Eating behaviour and eating patterns
Eating pattern is determined by the distribution of eating episodes throughout the day and the types of foods chosen for consumption (Blundell et al., 2005) and differ around the world (Rozin et al., 1999). In western societies, it is generally accepted that the optimal daily food consumption should be split into three main meals: breakfast, lunch and evening meal (Paoli et al., 2019). Furthermore, early studies conducted in US and UK have shown that breakfast accounts for 15-25% of daily energy consumption, lunch accounts for 30-40%, and dinner accounts for 35-45% (Betts et al., 2014; Clayton and James, 2016; Clayton et al., 2016; Kant and Graubard, 2006; Schusdziarra et al., 2011). Snacks tend to contain up to 20% of daily energy intake (Myhre et al., 2015; Ovaskainen et al., 2006; Piernas and Popkin, 2010). Moreover, meals have been described according to three constructs, including pattern (e.g.,  frequency, regularity and timing of meals), format (e.g., types of food combinations, sequencing of foods, and nutrient composition) and context (e.g., at home or at a restaurant and eating with others or in front of the television) (Leech et al., 2015). Therefore, meals can differ between individuals over the course of a day due to different types and quantities of foods in different locations, for different reasons and at different times (Mason and Epel, 2015). The following sections introduce the specific characteristics of eating behaviours and eating patterns that can result in higher energy intake and increase the risk of obesity.

1.7.1 Meal frequency
Meal frequency, a component of dietary and nutritional practices, refers to the number of eating episodes per day, which have habituated people to a pattern of three daily meals (breakfast, lunch and evening meal) with or without snacks (Carroll, 2013; Paoli et al., 2019). Previous studies found significant associations between increased meal frequency and higher BMI (Bertéus Forslund et al., 2002; Bertéus Forslund et al., 2005; Huang et al., 2005; Yannakoulia et al., 2007; van der Heijden et al., 2007; Howarth et al., 2007; Murakami and Livingstone, 2014). Furthermore, a meta-analysis of randomised controlled studies by Schwingshackl et al. (2020) examined the effect of meal frequency on anthropometric outcomes and total energy intake in people with obesity. The analysis suggested that reducing meal frequency to twice daily contributed to a decrease in body weight and waist circumference compared to a six-meal-per-day pattern. Conversely, many epidemiologic studies indicate that increased meal frequency is related to reduced body weight and body fatness (Ma et al., 2003; Ruidavets et al., 2002; Toschke et al., 2005; Toschke et al., 2009; Drummond et al., 1998; Titan et al., 2001; Marín-Guerrero et al., 2008; Holmbäck et al., 2010; Smith et al., 2012). There are some possible explanations for inconsistent findings. Firstly, the assessment of meal frequency has often relied on a series of self-report questions (Titan et al., 2001; Marín-Guerrero et al., 2008; Holmbäck et al., 2010; Smith et al., 2012; Bertéus Forslund et al., 2002; Howarth et al., 2007), and the validity of such questions has not been examined. Several studies have assessed meal frequency by analysing data on dietary habits, such as food diaries (see more details in Chapter 3) (Drummond et al., 1998; Ma et al., 2003; Murakami and Livingstone, 2014). Secondly, the literature on meal frequency does not establish a consensus on the definition of a snack, a meal, or an eating occasion. For example, some research has depended on participants' self-identification of meals, snacks, or eating occasions (Titan et al., 2001; Marín-Guerrero et al., 2008; Holmbäck et al., 2010; Bertéus Forslund et al., 2002; Bertéus Forslund et al., 2005). However, the frequency of meals is a dynamic and personalised component of dietary habits. Therefore, more research is needed to understand and optimise meal frequency for a healthy lifestyle. 

1.7.2 Skipping breakfast
Breakfast is generally considered the first meal of the day, which follows an overnight fast and has been shown to be associated with improved cognitive functions, memory recall and reduction in obesity (O’Neil et al., 2014). However, there is a growing trend in the prevalence of breakfast skipping among children, adolescents and adults (Greenwood and Stanford, 2008; Howden et al., 1993). A systematic review by Ma et al. (2020) examined the association between breakfast skipping and the incidence of overweight and obesity in 45 cohorts and cross-sectional studies showed that skipping breakfast was significantly related to increased risk of overweight/obesity. While skipping breakfast has been linked to higher risk of obesity in the UK (Harding et al., 2008), Hong Kong (So et al., 2011), and the USA (Laska et al., 2012), no associations were observed in Australia (Williams, 2007), Portugal (Mota et al., 2008), and Saudi Arabia (Abalkhail and Shawky, 2002). Indeed, a meta-analysis of 13 randomised controlled clinical studies showed that participants who habitually consumed breakfast had a greater total daily energy intake compared to those who did not eat breakfast (Sievert et al., 2018). Considering that regularly skipping breakfast may be a form of intermittent fasting (episodic periods of little or no calorie consumption), the possible explanation for the association between skipping breakfast, reduced energy intake, and lower BMI might be found in intermittent fasting (see more details in section 1.10). It has been shown that intermittent fasting is related to increased weight loss in people with obesity (Harvie and Howell, 2017). While there are arguments for skipping breakfast, the UK’s national guidelines advise that skipping breakfast will not help lose weight (NHS, 2022). Furthermore, several underlying mechanisms have been proposed to explain the skipping breakfast and increased risk of obesity. First, regarding dietary behaviour, skipping breakfast leads to a reduced sense of satiety (Benton et al., 2001) and subsequently results in an increased overall energy intake (Nicklas et al., 2000; Sjöberg et al., 2003; Williams, 2007). Secondly, the increased circulating levels of insulin in response to food consumption, which are the result of a prolonged fasting state and the skipping of breakfast, may result in weight gain and increased fat storage (Farshchi et al., 2005). Although skipping breakfast is not the only eating behaviour contributing to weight gain, several studies in the United States and Finland have shown that people who eat breakfast tend to have a more favourable macronutrient composition and healthier behaviours, such as regular physical activity (Sjöberg et al., 2003; Song et al., 2005). These factors are associated with a reduced risk of obesity. However, the influence of breakfast on diet quality and health varies, and breakfast choices should be consistent with a nutritious eating pattern and can be customised to meet diverse dietary needs and accommodate individual preferences, habits, and cultural traditions  (O’Neil et al., 2014). Overall, recognising the importance of breakfast in the daily nutritional intake highlights the critical role of consistent meal timing in promoting balanced nutrition. 

1.7.3 Snacking
Snacking is commonly described as the consumption of food or drink outside of regular mealtimes. However, it is important to note that the exact definition of snacking varies between studies. Some studies define snacking as a specific time interval after a meal, such as 15 minutes, while others define snacking based on the amount of food consumed, such as portion sizes smaller than those typically consumed at regular meals, or the number of calories consumed (Chapelot, 2011; Piernas and Popkin, 2010; Chaplin and Smith, 2006). Snacking has been found as a factor increasing the risk of overweight or obesity (Bertéus Forslund et al., 2005; Scherwitz and Kesten, 2005; McCarthy et al., 2006; Howarth et al., 2007). For example, a comprehensive review of 33 studies found an association between the increased consumption of high-energy-density snacks and increased BMI (Skoczek-Rubińska and Bajerska, 2021). Furthermore, it has been reported that people with obesity are prone to eat energy-dense snacks, such as crisps, sweets and soft drinks, and less likely to eat fresh whole grains, fruit and vegetables than people with normal body weight (Skoczek-Rubińska et al., 2020). Previous research suggests that snacks tend to be highly processed and higher in fat, sugar and salt (Duffey et al., 2013). However, the relationship between snacking, energy intake and overweight or obesity is complex and may be influenced by the nutritional content of snacks (Skoczek-Rubińska et al., 2020; Bertéus Forslund et al., 2002; Howarth et al., 2007; Schüz et al., 2017). For example, healthy snacks such as whole fruits and vegetables are associated with improved diet quality and reduced body weight (Barnes et al., 2015). The choice of snacks therefore plays a role in body weight and energy intake.

1.7.4 Eating away from home
There is a global trend towards more frequent eating away from home. For example, a study in Benin found that food prepared outside the home accounted for about 45% of total daily energy intake (Nago et al., 2010). A systematic review of 15 prospective studies by Nago et al. (2014) indicated that frequent out-of-home eating is related to increased risk of overweight and obesity. Food and drink consumption out of home is usually high in energy content, which could be a possible contributor to excessive energy intake and increase the risk of obesity (Guthrie et al., 2002; Orfanos et al., 2007; Graham et al., 2019). Other studies have also suggested that eating away from home leads to poorer diet quality, characterised by higher intakes of energy, fats, sugars and sodium, and lower intakes of fibre, dairy products, fruits, vegetables and essential micronutrients (Gesteiro et al., 2022). The potential explanations for the association between frequent eating out and higher risk of obesity include more foods with high energy density (Rolls, 2009), large portion size (Young and Nestle, 2002), low prices (Nielsen and Popkin, 2003), high-fat content (Guthrie et al., 2002), and excessive amounts of sugar and sugar-sweetened beverages (Vandevijvere et al., 2009). In addition, there is also a link between the local food environment and the prevalence of obesity. Several studies have reported an association between more fast-food restaurants and increased prevalence of obesity (Mujahid et al., 2008; Spence et al., 2009). Therefore, eating outside from home should be considered in future nutritional policy. Psychological theory helps to further explain why individuals have certain eating behaviours and how these behaviours are influenced by internal and external environmental factors. 

[bookmark: _Toc172984776]1.8 Psychological theory
According to the Behavioural Susceptibility Theory referred in section 1.3, an individual's food intake is influenced by genetic predispositions that determine appetitive traits that interact with the environment (Llewellyn and Wardle, 2015). Appetite can be characterised by two key components: eating onset, which refers to the ability to recognise signals that initiate eating, and eating offset, which refers to the ability to recognise signals that indicate the end of eating. Individuals with increased sensitivity to food cues, such as the smell, sight and taste of food, are more prone to eat when presented with tempting opportunities. Conversely, those with reduced gut signalling or reduced sensitivity to satiety cues are more likely to eat for longer after starting a meal. The Behavioural Susceptibility Theory suggests that genetic risk influences individuals through two appetitive traits, which make them more or less susceptible to the effects of the food environment. In an environment with abundant food options, genes that make individuals more responsive to food (food responsiveness) or less responsive to feelings of fullness (satiety responsiveness) are more likely to overconsumption and develop obesity. 

In 2001, Wardle developed the first comprehensive psychometric assessment tool for measuring children's appetite, known as the Child Eating Behaviour Questionnaire (CEBQ) (Wardle et al., 2001). This questionnaire provides a reliable, low-cost measure of appetite in large groups of infants and children. The parent-report measure assesses eight appetitive traits, including 'food responsiveness' and 'satiety responsiveness'. In addition, the Behavioural Susceptibility Theory has been supported by numerous studies that have investigated the relationships between 'food responsiveness', 'satiety responsiveness' and adiposity outcomes in infancy and childhood in large population-based cohorts (Boswell et al., 2018; Braden et al., 2014; Domoff et al., 2015). The Child Eating Behaviour Questionnaire (CEBQ) has also been adapted to measure in adults (Adult Eating Behaviour Questionnaire) (see more details in Chapter 3). The Behavioural Susceptibility Theory provides a conceptual framework for understanding the interplay between genes and the environment that influences the risk of obesity. However, the majority of studies investigating the Behavioural Susceptibility Theory have focused on recruiting participants from wealthy, high-income countries in the Western world (Llewellyn et al., 2023). Further research is needed in samples that include a wide range of socioeconomic and ethnic backgrounds to test the validity of the Behavioural Susceptibility Theory in populations with cultural differences in eating behaviours. In addition to eating behaviour traits (food responsiveness and satiety responsiveness) proposed in the Behavioural Susceptibility Theory, there have been multiple eating behaviour traits identified, which will be discussed in the next section.

[bookmark: _Toc172984777]1.9 Eating behaviour traits
An individual's eating behaviour traits are characteristics which influence the tendency to consume or make food choices on a consistent, long-term basis (Blundell et al., 2005). These characteristics define specific eating behaviours and depending on the trait, increase or decrease the risk of overconsumption. While multiple eating behaviour traits have been identified (Dakin et al., 2023), some of the most widely used include dietary restraint, disinhibition (Stunkard and Messick, 1985), binge eating (Gormally et al., 1982) and control over food cravings (Hill et al., 1991). All of which are regarded as risk factors for overeating and weight gain (Blundell et al., 2005). The subsequent sections introduce in more detail the main eating behaviour traits used in this thesis and the measurement of eating behaviour traits used in studies is detailed in Chapter 3.
1.9.1 Cognitive restraint
Cognitive restraint is the unconscious intention to regulate food consumption in order to keep or reduce weight (Stunkard and Messick, 1985). According to early preload experiments, people with high restrained eating scores counter-regulated and consumed more snacks after receiving a large milkshake preload compared to a small or no preload provided. Conversely, unrestrained eaters reduced their subsequent intake to compensate for a preload (Herman and Mack, 1975; Herman, Polivy, and Esses, 1987). However, the Restraint Scale used to assess restraint eating in these studies (Herman and Mack, 1975; Herman, Polivy, and Esses, 1987) has a problem in that it does not distinguish between restraint eating and disinhibition (tendency to overconsumption; see more details in 1.8.2). Unlike the Three Factor Eating Questionnaire (TFEQ), which has separate subscales distinguishing between restraint and disinhibition. Furthermore other research using Three Factor Eating Questionnaire (TFEQ) has shown that people with higher levels of cognitive restraint have been shown to consume less energy (de Castro, 1995; Rideout et al., 2004; Anschutz et al., 2009), less fat (Rideout et al., 2004; Anschutz et al., 2009; Tuschl et al., 1990), less carbohydrate (Anschutz et al., 2009). Although there are inconsistent findings of the associations between restraint eating and BMI (Boschi et al., 2001; Williamson et al., 1995), it is consistently found that the relationship between dietary restraint and body weight differs among groups with obesity or normal weight. In people with normal weight, higher levels of restraint is usually related to increased weight (de Lauzon-Guillain et al., 2006; Lluch et al., 2000; Bellisle et al., 2004; Provencher et al., 2003) whereas within populations with obesity, the association is that higher restraint is usually associated with decreased weight (Bellisle et al., 2004; Provencher et al., 2003; Cappelleri et al., 2009; Foster et al., 1998). Lowe and Levine (2005) claimed that the controversy surrounding dieting and in normal weight populations, restraint may serve as a marker of tendency to overconsumption. Conversely, in the population with obesity, where the tendency to overeat is prevalent, restraint will differentiate between those individuals whose tendency to overeat is reduced by restraint and those who make no effort to regulate their eating. This is supported by research that has investigated the relationship between restraint and BMI. When controlling for disinhibition and overconsumption, restraint was found to reduce the association between disinhibition and weight (Boschi et al., 2001; Hays and Roberts, 2008; Hays et al., 2002; Dykes et al., 2004). Therefore, Westenhoefer et al. (1991) further divided restrained eaters into two subgroups based on their approach to controlling their eating habits: those who use flexible control and those who use rigid control. Flexible restrained eating refers to a more gradual approach to eating that allows occasional consumption of foods that are often restricted in the diet. On the other hand, rigid restraint refers to the use of strict and absolute rules to control eating behaviour (Westenhoefer, 1991). Indeed, some studies have shown associations between higher levels of rigid control and increased BMI (Masheb and Grilo, 2002; McGuire et al., 2001). Therefore, individuals scoring higher in rigid restraint are more likely to be susceptible to overconsumption. 

1.9.2 Disinhibition and restraint
Disinhibition is defined as the tendency to overeat and opportunistically consume in an obesogenic environment (Vainik et al., 2019). Disinhibition has previously been linked with higher BMI and increased rate of obesity across different socioeconomic gradients (Dykes et al., 2004). Bryant et al. (2008) also indicated that higher levels of disinhibition are associated with lower levels of self-esteem, less physical activity and lower levels of psychological well-being. Additionally, it has been reported that participants living with overweight and obesity score higher in disinhibition compared with normal weight participants (Provencher et al., 2003; Boschi et al., 2001). Indeed, other research has indicated that disinhibition may be an interaction with other eating behaviour traits influencing body weight and BMI (Hays et al., 2002; Williamson et al., 1995). For example, a cross-sectional analysis of 1470 women showed that those with the highest weight had higher levels of disinhibition and lower levels of restraint, whereas those with higher levels of disinhibition and lower levels of restraint had lower BMI (Dykes et al., 2004). Therefore, other eating behaviour traits, such as restraint could modulate the relationships between disinhibition, increased weight and obesity. In addition, higher scores in disinhibition has been the indicator of increased food intake, such as higher ice cream or cookies consumption (Westenhoefer et al., 1994; Van Strien et al., 2000; Ouwens et al., 2003). Indeed, other studies have shown that those with higher disinhibition scores tend to have a greater preference for and consumption of foods rich in fat, sugar and alcohol. They are also more likely to eat less vegetables, fruit and fibre-rich bread (Contento et al., 2005; Lähteenmäki and Tuorila, 1995). A possible explanation for the food preferences, such as high-fat foods is higher brain response for the preference for sweet and high-fat foods showing in individuals scoring higher disinhibition (Drewnowski, 1997; DelParigi et al., 2005).

1.9.3 Satiety responsiveness
Satiety responsiveness describes the degree to which individuals detect sensations of hunger and fullness (Reyes et al., 2013). Hunot et al. (2016) assessed satiety responsiveness by questionnaire in adults and reported that participants with a higher BMI scored lower on satiety responsiveness. Moreover, multiple studies have found that satiety responsiveness was associated with other eating behaviour traits. For instance, studies suggest that some individuals with obesity report reduced sensations of appetite and satiety, which suggests that some individuals may experience reduced perception and response to internal cues (Drapeau et al., 2011; Blundell and Cooling, 2000). Moreover, Barkeling and colleagues (2007) also found that participants with lower levels of satiety responsiveness scored higher on disinhibition and hunger linked with overconsumption, as measured by questionnaire Three Factor Eating Questionnaire (TFEQ). Furthermore, Zuraikat and colleagues (2018) also showed that individuals with stronger satiety responsiveness had greater restraint and lower levels of disinhibition and hunger. In addition to using Adult Eating Behaviour Questionnaire (AEBQ) to assess satiety responsiveness, the satiety quotient is a measure of how sated people feel after a meal (satiating efficiency) (Dalton et al., 2015). Studies have shown that people with higher satiety quotient scores consume less energy in both controlled laboratory environments and free-living settings (Drapeau et al., 2005; Drapeau et al., 2007). However, in order to assess a range of eating behaviour traits, including but not limited to satiety responsiveness, and to take into account the nature of free-living studies in this thesis, rather than focusing on the satiating efficiency of the meal, the validated Adult Eating Behaviour Questionnaire was used in this thesis (see more details in Chapter 3). 

1.9.4 Craving control
Food craving has been characterised as a strong and intense desire to consume a specific type of food (Weingarten and Elston, 1990). Craved foods are typically palatable, high in energy, and collectively are associated with greater calorie consumption (Buscemi et al., 2017), disordered eating (Hill, 2007) and higher BMI (Taetzsch et al., 2020). Consuming craved foods leads to higher activation of reward centres in the brain, including, orbitofrontal cortex and ventral striatum, compared to consuming non-craved foods (Rolls and McCabe, 2007; Ulrich et al., 2016). Food cravings act as a stimulus to eat, often unrelated to hunger, but are associated with higher energy consumption and increased BMI (Gilhooly et al., 2007; Siwik and Senf, 2006). However, not all cravings result in actual food intake. Craving control refers to the ability to resist food cravings and regulate food consumption (Dalton et al., 2015). It has been shown that lower ability to control craving is associated with higher total energy intake, increased BMI and fat mass (Dalton et al., 2015). Conversely, studies have found that greater craving regulation (Smithson and Hill, 2017) and enhanced craving management (Dalton et al., 2017) are associated with more successful weight loss outcomes in adults with obesity. Indeed, lower craving control was found to be a primary predictor of increased consumption of high-calorie, high-density sweet and savoury foods during the COVID-19 lockdown in both the UK and Australian populations (Buckland et al., 2021; Buckland and Kemps, 2021). Therefore, some strategies have been proposed to improve management of craving and food intake, e.g., cognitive training, food cue-exposure (Schumacher et al. 2018; Sun and Kober, 2020; Wolz et al., 2020). However, future studies are needed to assess the effectiveness of interventions to manage cravings in people who are susceptible to increased energy consumption.

1.9.5 Emotional eating
Emotional eating refers to the tendency to consume food as a response to negative emotions, with a preference for meals that are high in calories to eat (Konttinen, 2020). Previous research indicates that individuals who score higher on emotional eating tend to have a higher BMI (Bennett et al., 2013; Garaulet et al., 2012; Greene et al., 2011; Laitinen et al., 2002; van Strien et al., 2009). Furthermore, epidemiological studies have found that higher emotional eating scores are associated with increased consumption of energy-dense foods and snacks, including sweets and chocolate (de Lauzon et al., 2004; Elfhag et al., 2008; Konttinen et al., 2010; Paans et al., 2019). However, there is individual variability in responding to emotions (Segerstrom and Smith, 2019). Emotional eating theory states that some people eat in response to negative emotions, such as anxiety, which increases the risk of overweight and obesity in the long-term (Canetti et al., 2002). In a study examining the effects of eating palatable chocolate on negative mood states, results indicated that eating palatable chocolate led to a short-term decrease in negative mood, in contrast to eating unpalatable chocolate or abstaining from eating chocolate (Macht and Mueller, 2007). Negative emotions have been associated with high-calorie, low-nutrient food choices (Hill et al., 2018; Moss et al., 2021; Oliver and Wardle, 1999). In addition, positive emotions can promote the consumption of nutritious foods such as fruit (Macht, 2008). Differently, some people eat less in response to negative emotions (Bjørklund et al., 2019). This highlights the significance of emotion regulation, which is characterised as the ability to identify, understand and accept emotions in order to restrain impulsive actions and pursue long-term goals despite the presence of negative emotions; and to adaptably use emotion regulation strategies to adjust emotional responses in order to achieve such goals (Gratz and Roemer, 2004). Therefore, emotions and emotion regulation are crucial factors that influence eating behaviour.

[bookmark: _Toc172984778]1.10 Eating behaviour traits, meal patterns and weight loss 
Eating behaviour traits are in the role of food choice and influence weight loss outcomes (Bellisle, 2003). Studies have indicated that those who successfully maintained weight loss showed decreased levels of disinhibition (Karlsson et al., 1994; Foster et al., 1998; Pekkarinen et al., 1996), increased levels of restraint and reduced in susceptibility to hunger (Karlsson et al., 1994; McGuire et al., 1999). For example, Filiatrault and colleagues (2014) explored the associations between eating behaviour traits assessed by Three Factor Eating Questionnaire (TFEQ) and weight loss in 150 adults with overweight and obesity. The results showed baseline eating behaviour traits were modest predictors of weight-loss success, yet they were all significantly associated with their changes during the weight-loss intervention. In terms of changes in eating behaviour traits, there was an increase in dietary restraint and a decrease in disinhibition after the weight loss programme. One explanation could be that individuals with higher levels of disinhibition at baseline received individualised dietary advice from the dietician, which encouraged greater control over food consumption and improved adherence to the dietary plan. Consistently, Keranen et al. (2009) found that people with higher scores on cognitive restraint and lower on disinhibition were more likely to maintain weight loss in the long term. Consequently, it is essential to evaluate the influence of further dietary interventions on eating behaviour traits in order to develop strategies for the long-term management of obesity.

Understanding the associations between eating behaviour traits and weight loss provides critical insights into the psychological determinants of dietary success. These insights are further enriched by examining the impact of meal patterns on weight loss. Although daily calorie restriction is widely used, alternative strategies, such as intermittent fasting (mentioned in section 1.6.2), are becoming increasingly recognised. A systematic review of 40 studies on intermittent fasting demonstrated significant reductions in body weight and fat mass, as well as improvements in glucose homeostasis (Seimon et al., 2015). Intermittent fasting often involves three categories: alternate day fasting, whole-day fasting, and time-restricted feeding (Welton et al., 2020). Alternate day fasting is a dietary approach in which individuals alternate between days of unrestricted eating and days of fasting. On fasting days, people typically eat a single meal that provides about 25% of their daily calorie needs (Tinsley and La Bounty 2015). Whole-day fasting is a simple form of intermittent fasting in which a person fasts completely for 1 to 2 days a week and eats unrestrictedly on the remaining days (Brown et al., 2013). Time-restricted eating, which is defined as limiting eating to a specific time window, thereby prolonging the fasting period, has also been related to weight reduction (Huang et al., 2023; Adafer et al., 2020; Moon et al., 2020). For instance, a randomised controlled trial in adults with overweight or obesity indicated that participants in a time-restricted eating group who were instructed to eat during an 8-hour window showed greater weight loss and consumed earlier meals than a non-time restricted eating group who followed typical eating habits (Simon et al., 2022). Traditional time-restricted eating often aligns with daylight hours, but late evening eating has the potential to extend the eating window to later in the day and reduce the fasting period. Therefore, other strategies should be considered, such as meal timing.

Meal timing involves the time of day that individuals eat meals and snacks, and some people eat foods at strategic times in order to achieve specific outcomes (See more details in Chapter 2) (Calle et al., 2003). To date, some evidence has shown that eating meals later in the day is associated with an increased BMI and poorer weight loss outcomes (e.g., Dashti et al., 2021, Garaulet et al., 2013). Metabolic mechanisms may partly explain the relationship between later meal timing and increased BMI. Postprandial metabolic processes, such as the rate of gastric emptying and postprandial energy expenditure, are deregulated in the evening compared with in the morning (Morris et al., 2015). Moreover, late eating is associated with a lower thermic effect of food (Shaw et al., 2019), reduced fat mobilisation and oxidation (Gu et al., 2020) (See more details in Chapter 2). The timing of food consumption is increasingly recognised as a factor that could potentially contribute to obesity; thus, more research is needed. 

Specifically, this thesis focuses on late eating, described as eating later in the evening, but it is necessary to briefly discuss night eating syndrome (NES) in the wider context of meal timing research. The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) classifies Night Eating Syndrome (NES) as an "other specified feeding or eating disorder".  Night Eating Syndrome is defined as the consumption of 25% or more of an individual's daily food intake after the evening meal, nocturnal awakenings to eat accompanied by the belief that eating will allow individuals to return to sleep and reduce hunger in the morning (Allison et al., 2010; Stunkard et al., 1955). Night eating syndrome is inconsistently related to higher BMI, potentially influenced by age and emotional eating as moderating factors (Bruzas and Allison, 2019). However, people with obesity have been found to have poorer weight loss if they have night eating syndrome (Gluck et al., 2001). In addition, Wichianson et al. (2009) investigated the associations between perceived stress and Night Eating Syndrome among college students. Moderation analyses indicated that the association between perceived stress and Night Eating Syndrome was more pronounced among individuals engaging in less adaptive coping strategies (e.g., substance use, self-distraction, and self-blame) than among those engaging in more adaptive coping strategies (e.g., emotional support, positive reframing, and active coping). Night eating syndrome is also associated with other eating psychopathologies, including emotional eating and external eating, which is in line with the finding that night eating syndrome may be more problematic in those with poor coping strategies (Meule et al., 2014a; Nolan and Geliebter, 2012). Despite some similarities between Night eating syndrome and late eating, particularly the consumption of food later in the day, Night eating syndrome represents a more severe and disordered form of behaviour, whereas late eating, which is the primary focus of this thesis, is a more common behavioural pattern. By recognising the differences between Night eating syndrome and late eating, this thesis aims to focus on late eating without delving into the more complex, disorder-related aspects of Night eating syndrome. Although Night eating syndrome is not the primary focus of this thesis, its inclusion highlights the broader range of eating behaviours that can be influenced by the timing of food intake.
[bookmark: _Toc172984779]1.11 Aims and objectives
The overall aim of this PhD is to explore the role of meal timing on BMI, eating behaviour traits and health behaviours. To achieve this, Chapter 2 will review the literature on meal timing, BMI, eating behaviour traits and health behaviours. Chapter 3 will then discuss the methods used throughout the studies of this thesis. Chapter 4 (Study 1) will then explore the relationship between meal timing, BMI, eating behaviour traits and health behaviours in the general population, comparing the psychological (eating behaviour traits) and behavioural characteristics between early versus late eaters. Developing on Study 1, Chapter 5 (Study 2) will conduct a 14-day pilot study to further explore the associations between meal timing, BMI, eating behaviour traits, diet and health behaviours using objective measurements of health behaviours. Chapter 6 (study 3) will explore the factors contributing to late evening eating and barriers and enablers to changing to early eating patterns. Finally, Chapter 7 will integrate the primary research findings from Chapters 2 and 4-6 and examine the significance of this study as well as the limitations and potential implications for future research. The progression of studies is shown in Figure 1.3. The objectives of this PhD thesis are as follows:

1. [bookmark: _Hlk172554833]Provide an overview of the current literature within meal timing, body weight, eating behaviour traits and health behaviours (Chapter 2).
2. Explore the relationship between meal timing, BMI, eating behaviour traits and health behaviours in the general population, and compare the differences of eating behaviour traits and health behaviour in early versus late eaters (Chapter 4). Developing on Study 1 (Chapter 4), Study 2 (Chapter 5) used objective measures of height, weight, physical activity and sleep to further explore the relationships and compare the differences explored in Chapter 4.
3. Explore the factors contributing to late eating, and barriers and enablers to changing late evening eating in adults with obesity (Chapter 6). 
4. Integrate the outcomes of this thesis considering implications and future directions (Chapter 7).
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Chapter 1

[bookmark: _heading=h.2xcytpi]Figure 1.3. Progression of studies within this thesis.
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[bookmark: _Toc172984780]Chapter 2 
[bookmark: _Toc172984781]A narrative review exploring the influence of meal timing on body weight
The previous chapter outlined the complexity of obesity, the drivers of eating behaviour and the need to consider other strategies such as meal timing. This chapter aims to provide a narrative review of the current literature within meal timing, body weight, eating behaviour traits and health behaviours. 

[bookmark: _Toc172984782]2.1 Introduction
The circadian clock is an internal timing system that regulates physiological and behavioural responses to the time of day, reflecting adaptation to the 24-hour cycle of day and night and related changes in the environment (Finger and Kramer, 2021). The ability of an individual to absorb nutrients, mobilize, and eliminate metabolic waste during specific periods of the 24-hour day is determined by the daily rhythms of a range of genes (Panda, 2016; Asher and Sassone-Corsi, 2015). Misalignment of the circadian clock is associated with a higher risk of several diseases, including obesity and type 2 diabetes mellitus (Panda, 2016; Chamorro et al., 2023). Individuals develop their own systems for keeping track of time to predict and adjust to the Earth's 24-hour cycle of day and night, which is called circadian rhythm (Baron and Reid, 2015). Daily rhythms in real life are the result of an interplay between the body's circadian rhythm and external time triggers, such as exposure to light and food consumption (Panda, 2016). 
Moreover, there are several additional circadian phase markers, one of which is referred to as chronotype or circadian preference. This marker indicates the specific time of day an individual prefers to be active or rest. People can be divided into three types, based on their preference for the morning type, the intermediate type or the evening type (Haraszti et al., 2014; Patterson et al., 2016; Horne and Ostberg, 1976). Individuals with an evening chronotype have a lower adherence to a healthy diet (Maukonen et al., 2016), eat meals later in the day (Sato-Mito et al., 2011), a habit of skipping breakfast (Reutrakul et al., 2014), and lower fruit and vegetables consumption (Patterson et al., 2016). For circadian rhythms to be synchronised, appropriate time cues are required from the environment, such as lighting, exercise and food consumption. For example, food consumption acts as an external clock synchroniser by influencing the peripheral clocks of tissues and organs involved in food consumption, including the liver, intestines and adipose tissue (Oosterman et al., 2015). Therefore, meal timing regulates peripheral circadian rhythms in metabolic systems without relying on the central clock (Wehrens et al., 2017). 

Meal timing refers to the specific temporal patterns of meal and snack consumption. Some individuals strategically time their food intake to achieve specific goals (Calle et al., 2003). Recognising the importance of both the content and timing of food intake is important for understanding the complex causes of obesity (Garaulet and Gómez-Abellán, 2014). The time of eating is an emerging area of nutrition, receiving increasing focus due to its influence on metabolic health (Pérez-Martínez et al., 2017). Recent evidence also suggests that meal timing is a risky factor for developing obesity and related health conditions, including type 2 diabetes mellitus and cardiovascular disease (Chellappa et al., 2019; Lopez-Minguez et al., 2019). In contrast, a meta-analysis of five clinical and four observational trials found no relationship between later food consumption and increased BMI (Fong et al., 2017). However, this finding was limited by significant heterogeneity, and many of the included studies had an unknown or high risk of bias. Specifically, there was considerable variations in dietary protocols, the living conditions of the participants, and the methods of dietary assessment. This was a reflection of the high heterogeneity of the relatively small sample (n=5) of clinical studies in the meta-analysis. In this meta-analysis, observational studies that assessed dietary intake using a single 24-hour food recall, a non-validated questionnaire, or a single question were more prone to have unreliable results than studies that used multiple food recalls or a multi-day food diary. In spite of inconsistent findings, the conception of consuming 'breakfast like a king' and 'dinner like a pauper' is still a widely accepted belief (Sifferlin n.d.). 

The aim of this chapter is to provide a narrative review of the literature on meal timing to identify the existing gaps, rather than to be comprehensive or systematic. The systematic review is recognised as the gold standard of synthesising evidence but has the potential disadvantages of narrow scope (Collins and Fauser, 2005). A scoping review is another form of evidence synthesis that acts as a precursor to a systematic review and aims to map the literature and identify knowledge gaps, inadequate outcome measures and highly heterogeneous measures that cannot be synthesised. Although scoping reviews follow a similar structured process to systematic reviews, scoping reviews are conducted for different purposes and have significant methodological differences (Arksey and O’Malley, 2005; Peters et al., 2015; Munn et al., 2018). For example, a key difference between scoping reviews and systematic reviews is the review question, as scoping reviews have a broader scope than traditional systematic reviews, leading to more expansive inclusion criteria (Colquhoun et al., 2014). In addition, narrative reviews are used to synthesise different studies on a particular topic, providing a broad overview of the literature and flexibility to explore evolving knowledge and concepts (Collins and Fauser, 2005). Given the differences between a scoping review and a 'traditional' or 'narrative' review, a traditional literature review does not require an a priori protocol, PROSPERO registration of the review protocol and standardised data extraction forms (Munn et al., 2018). In addition, scoping reviews need to include steps to minimise error and increase reliability by ensuring that data are systematically extracted and presented. It is recommended that at least two independent reviewers review the abstracts generated by the search strategy and then review the full articles for study selection (Daudt et al., 2013). Narrative reviews are frequently regarded as subjective because they primarily depend on the knowledge and experience of a single reviewer, which can result in a selective rather than comprehensive representation of a topic (Melnyk et al., 2010). In the absence of standardised methods, reviewers may overlook or minimise the importance of certain studies. As a result, narrative reviews tend to be based on references selectively selected from the available evidence, which may lack methodological rigour and increase the risk of biased interpretations and systematic errors (Green et al., 2006). Despite these criticisms, traditional literature reviews are useful for describing a topic along with its underlying theories and concepts, focusing on main ideas or findings of the cited studies rather than analysing the findings of a single (LoBiondo-Wood and Haber, 2014). As the primary aim is to provide an overview to understand existing knowledge and highlight the importance of new research, no attempt is made to generalise or consolidate the knowledge from the reviews (Cronin et al., 2008; Davies, 2000; Green et al., 2006). In addition, narrative reviews can stimulate research ideas by identifying gaps or inconsistencies within a body of knowledge, thus helping to identify research topics. Considering that the aims of the current thesis are to explore the associations between meal timing, eating behaviour traits, health behaviour and body weight, the narrative review is well suited to provide depth of analysis and flexibility in the selection of studies. Whilst a scoping review could have provided a broader mapping of the literature, narrative review could provide detailed interpretative synthesis and theoretical insights. Furthermore, given the exploratory nature of the studies reported in this thesis, the mixed findings in the literature, and the fact that this is a relatively emerging area of research, a narrative review is necessary to provide background and inform the subsequent chapters. 

[bookmark: _Toc172984783]2.2 Methods
2.2.1 Search strategy
The search strategy was conducted on PubMed, PsycInfo, Web of Science and Google Scholar. The initial search was carried out in February 2021 and the search was updated in June 2024. The literature was searched using keywords such as: “meal timing”, “timing of food”, “food timing”, “late eating”, “dinner”, “evening meal” or “intake timing”, and “Body Mass Index (BMI)”, “obesity”, “weight”, “weight loss” or “weight change”. One author (BY) completed the search and selected the articles for full-text screening based on the abstracts and titles of the articles. 

2.2.2 Study eligibility criteria
To be included in this narrative review, the search was limited to English-language papers, adults (≥18 years of age). Children under the age of 18 were excluded because of the influence of parental eating behaviour on their dietary habits (Mahmood et al., 2021). There is no formal definition of late eating, thus, for this review, studies that referred to meal timing were included, and the definition of late eating was also considered as part of this review process. Outcome measures of interest were anthropometrics (e.g., weight, BMI, waist circumference, body fat), weight change, health behaviours (physical activity, sleep, energy intake), eating behaviour traits (e.g., disinhibition) and appetite control (e.g., hunger, satiety).  

2.2.3 Data extraction
For the studies that met the inclusion criteria, one author (BY) extracted the information from each study summarised in Table 2.1: author, year, sample size, participant characteristics, country, study design, definition of late eating and changes in outcomes.

[bookmark: _Toc172984784]2.3 Results and Discussion
2.3.1 Study characteristics and designs
A total of 28 quantitative studies were included in this narrative review and all study characteristics are shown in Table 2.1. Ten studies were conducted in the USA (Baron et al., 2011; Dashti et al., 2021; McHill et al., 2017; Thomas et al., 2020; Wang et al., 2014; Xiao et al., 2019; Kant et al., 1997; Reid et al., 2014; Kahleova et al., 2017; Baron et al., 2011; de Castro 2004), six studies in Japan (Kutsuma et al., 2014; Okada et al., 2019; Suzuki et al., 2016; Yoshida et al., 2018; Kito et al., 2019; Lee et al., 2016), three in Spain (Garaulet et al., 2013; Garaulet et al., 2016; Ruiz-Lozano et al., 2016), three in UK (Madjd et al., 2021; Madjd et al., 2016; Ruddick-Collins et al., 2022), two in Canada (Jacob et al., 2023; Sandhu and Tang 2017), two in Italy (Bo et al., 2014; Lombardo et al., 2014), one in Denmark (Mogensen et al., 2020) and one in Israel (Jakubowicz et al., 2013). Fifteen studies recruited participants from the general population, which included participants with and without overweight/obesity. Eleven studies recruited participants with overweight/obesity and two studies recruited participants of normal weight (see more details in Table 2.1). Most studies included in this narrative review were observational studies (n = 23) and five were randomised controlled trials. In terms of measurements, 20 studies used objective measurements of height and weight, and seven studies used self-reported height and weight to calculate BMI. 

Since there is no standard definition of late eating, a number of definitions are presented in Table 2.1, such as by using timing of evening meal consumption (Reid et al., 2014; Mogensen et al., 2020; Lee et al., 2016), using a specific time of day to characterise early or late eating (cut-off point as 8 PM: Jacob et al., 2023; Baron et al., 2011; Sandhu and Tang 2017, cut-off point as 3 PM Garaulet et al., 2013; Ruiz-Lozano et al., 2016; or cut-off point as 2:54 PM; Dashti et al., 2021), the tertiles of the percentage of total daily calorie intake from evening meal (such as Xiao et al., 2019; Bo et al., 2014; Lombardo et al., 2014; Wang et al., 2014; Ruddick-Collins et al., 2022), median for the midpoint of meal intake (Dashti et al., 2021; Thomas et al., 2020) or having 2 hours before bedtime (Kutsuma et al., 2014; Okada et al., 2019; Yoshida et al., 2018; Kito et al., 2019). Themes related to the association between meal timing and changes in outcomes were generated and discussed below.
Chapter 2


[bookmark: _heading=h.1pxezwc]Table 2.1. Summary of meal timing literature.
	[bookmark: _Hlk172962735]Author (year)
	Participants
	Country
	Methods
	Meal timing assessment method
	Definition of late eating
	Outcomes
	Changes in outcomes

	Studies showing an association between late eating and body weight.

	(Baron et al., 2011)
	52 adults 
	USA
	Observational study
	7-day food diary
	8 PM
	Anthropometric measures: self-reported height, weight and calculated BMI
Energy intake: 7-day food diary
	↑ calories after 8:00 PM was associated with ↑ daily caloric intake and ↑ BMI.

	(Bo et al., 2014)
	1245 healthy participants
	Italy
	Observational study
	3-day food diary
	Tertiles of the percentage of total daily caloric intake from dinner
	Anthropometric measures: objectively measured height, weight, waist circumference and calculated BMI
	↑ energy intake in the evening was associated with ↑ risk of obesity.

	(Dashti et al., 2021)
	3362 adults with overweight or obesity
	USA
	Observational study
	Questionnaire 
	Median for the midpoint of meal intake (2:54 PM)
	Anthropometric measures: objectively measured height, weight and calculated BMI
Energy intake: a single 24-h dietary recall
Physical activity: evaluated by questionnaire
	Late eaters had ↑BMI than early eaters.
Late eaters had ↓ rate of weight loss.
No differences in energy intake or physical activity levels between early and late eaters.

	(de Castro 2004)
	886 adults
	USA
	Observational study
	7-day food diary
	Energy intake at different times (6–9:59
AM, 10AM–1:59 PM, 2–5:59 PM,
6–9:59 PM., 10:00 PM–1:59 AM)
	Energy intake: 7-day food diary
Appetite: satiety ratio
	Energy intake in the late-night lacks satiating value and can result in ↑overall daily intake.


Table 2.1. Summary of meal timing literature (Continued).
	Author (year)
	Participants
	Country
	Methods
	Meal timing assessment method
	Definition of late eating
	Outcomes
	Changes in outcomes

	Studies showing an association between late eating and body weight.


	(Garaulet et al., 2013)



	420 adults with overweight 
and obesity 
	Spain
	Observational study
	7-day food diary
	Lunch time (3 PM)
	Anthropometric measures: objectively measured height, weight and calculated BMI
Energy intake: 7-day food diary
Physical activity: evaluated by questionnaire
	Late lunch eaters lost ↓weight than early eaters.
No differences in energy intake or physical activity levels between early and late eaters.

	(Garaulet et al., 2016)
	1287 participants
	Spain
	Observational study
	Questionnaire
	Lunch timing (12 PM-4.30PM)
	Anthropometric measures: objectively measured height, weight and calculated BMI
	Eating late was related to ↓ weight-loss effectiveness.

	(Jakubowicz et al., 2013)
	93 adults with obesity
	Israel
	Randomised controlled trial
	3-day food diary
	Breakfast group or a dinner group 
	Anthropometric measures: objectively measured height, weight, waist circumference and calculated BMI
	Dinner group showed ↓ weight loss and ↓ waist circumference reduction.

	(Kahleova et al., 2017)
	50,660 adults
	USA
	Observational study
	Questionnaire
	Not specified
	Anthropometric measures: self-reported measured height, weight and calculated BMI.
	Participants who ate their largest meal at dinner, experienced ↓weight loss.

	(Kutsuma et al., 2014)
	60,800 adults
	Japan
	Observational study
	Questionnaire 
	Eat dinner within two hours before bedtime at least three times per week
	Anthropometric measures: objectively measured height, weight and calculated BMI.
	Late eating was significantly associated with ↑ BMIs.

	
	
	
	
	
	
	
	


Table 2.1. Summary of meal timing literature (Continued).
	[bookmark: _Hlk172965042]Author (year)
	Participants
	Country
	Methods
	Meal timing assessment method
	Definition of late eating
	Outcomes
	Changes in outcomes

	Studies showing an association between late eating and body weight.


	(Lombardo et al., 2014)
	42 adults with obesity
	Italy
	Randomised controlled trial
	
	G1: 70% breakfast, morning snack, lunch and 30% afternoon snack and dinner; G2: 55 breakfast, morning snack, lunch and 45% afternoon snack and dinner
	Anthropometric measures: objectively measured height, weight, total body fat, total fat-free mass, and percentage of fat and calculated BMI.
	G2 had ↓weight loss and fat mass loss than G1.

	(Madjd et al., 2021)
	82 adults with obesity
	UK
	Randomised clinical trial
	3-day food diary
	Early evening meal (EEM) group (eating at 19.00−19.30 hours) or late evening meal (LEM) group (eating at 22.30−23.00 hours)
	Anthropometric measures: objectively measured height, weight and calculated BMI.
Energy intake: 3-day food diary
Physical activity: pedometer 

	Late evening meal group had a ↓ mean reduction in weight and BMI than early evening meal group.
There were no significant
differences between groups for total energy intake, macronutrient intakes and step count from baseline to 12 weeks.

	(Madjd et al., 2016)
	80 women with overweight or obesity
	UK
	Randomised clinical trial
	4-day food diary
	Consume 15% of energy intake at breakfast and with either 50% of daily energy intake at lunch and 20% of daily energy intake at dinner (LM group) or vice versa (DM group)
	Anthropometric measures: objectively measured height, weight and calculated BMI.
Energy intake: 3-day food diary
	Dinner meal group had ↓ reductions in weight.
There were no significant differences between groups for total energy and macronutrient intakes from baseline to 12 weeks.


Table 2.1. Summary of meal timing literature (Continued).
	[bookmark: _Hlk172965798]Author (year)
	Participants
	Country
	Methods
	Meal timing assessment method
	Definition of late eating
	Outcomes
	Changes in outcomes

	Studies showing an association between late eating and body weight.


	(McHill et al., 2017)
	110 adults
	USA
	Observational study
	Time-stamped-picture mobile phone application for 7 days
	Timing of melatonin release
	Anthropometric measures: objectively measured height, weight and calculated BMI
Energy intake: Time-stamped-picture mobile phone application for 7 days
	Later timing of food intake relative to melatonin onset was significantly associated with ↑BMI. 

	(Okada et al., 2019)
	19,687 women with overweight
	Japan
	Observational study
	Questionnaire 
	Having dinner within 2 hours before bedtime
	Anthropometric measures: self-reported height, weight and calculated BMI
	Late dinner was associated with ↑ prevalence of overweight.

	(Ruiz-Lozano et al., 2016)
	270 participants
	Spain
	Observational study 
	4-day food diary

	Timing of the main meal (before or after 3 PM)
	Anthropometric measures: objectively measured height, weight and calculated BMI.
Energy intake: 4-day food diary
Physical activity: evaluated by questionnaire
	The percentage of late eaters was significantly higher in the primarily poor weight-loss-responders.
No difference in energy intake, physical activity between groups.

	(Suzuki et al., 2016)
	255 males
	Japan
	Observational study
	Questionnaire
	before 7 PM,
 7 PM - 9 PM, 9 PM-11 PM, after 11 PM
	Anthropometric measures: self-reported height, weight and calculated BMI.
“feeling of satiety,” of the
Sakata Eating Behaviour Questionnaire (SEBQ) to
measure overeating.
Stress: evaluated by questionnaire
	Later dinner times were related to overeating at dinner.



Table 2.1. Summary of meal timing literature (Continued).
	[bookmark: _Hlk172965919]Author (year)
	Participants
	Country
	Methods
	Meal timing assessment method
	Definition of late eating
	Outcomes
	Changes in outcomes

	Studies showing an association between late eating and body weight.


	(Thomas et al., 2020)
	83 adults with overweight and obesity 
	USA
	Observational study
	24-h measures of energy intake (photographic food records)
	Not specified
	Anthropometric measures: objectively measured height, weight and calculated BMI
Energy intake:  a single 24-h dietary recall
Physical activity: accelerometer for 7 days
	For every 1 h later midpoint of the eating window, there was a 1.35 unit ↑ in percent body fat.
Later meal timing didn't correlate with greater energy intake.
Later meals were associated with lower PA levels.

	(Wang et al., 2014)
	239 adults
	USA
	Observational study
	3-day food diary
	5 PM
	Anthropometric measures: objectively measured height, weight and calculated BMI.
Energy intake: 3-day food diary
Physical activity: evaluated by questionnaire
Energy expenditure: doubly labelled water

	Participants who ate more than 33% of their daily energy in the evening were twice as likely to be overweight or obesity.
A higher proportion of intake in the evening was associated with ↓physical activity.

	(Xiao et al., 2019)
	872 adults
	USA
	Observational study
	24-hour food diary 
	Two hours before bedtime
	Anthropometric measures: objectively measured height, weight and calculated BMI
Energy intake:  24-h dietary recall
	↑ percent of total daily energy intake consumed in the evening was associated with ↑ overweight or obesity.


Table 2.1. Summary of meal timing literature (Continued).
	Author (year)
	Participants
	Country
	Methods
	Meal timing assessment method
	Definition of late eating
	Outcomes
	Changes in outcomes

	Studies showing an association between late eating and body weight.


	(Yoshida et al., 2018)
	8153 adults
	Japan
	Longitudinal study
	Questionnaire 
	Dinner immediately before bed and snacks after dinner 
	Anthropometric measures: objectively measured height, weight and calculated BMI

	Participants with both habits (Dinner immediately before bed and snacks after dinner) had ↑ BMIs.

	Studies showing no relationships between late eating and body weight.

	(Jacob et al., 2023)
	301 adults with obesity
	Canada
	Observational study
	3-day food diary
	8 PM
	Anthropometric measures: objectively measured height, weight and calculated BMI.
Energy intake: 3-day food diary
Eating behaviour traits: evaluated by questionnaires
	No associations between late eating and higher BMI.
Percent total energy intake after 8 PM was associated with↑ total energy intake.
↑ Percent total energy intake after 8 PM was associated with susceptibility to hunger, stress and anxiety.

	(Kant et al., 1997)
	2580 men and 4567 women
	USA
	Observational study
	24-hour food diary
	5 PM
	NHANES data set: objectively measured height, weight
Energy intake: a single 24-h dietary recall
	No relationships between percent energy from evening food intake and weight change.

	(Kito et al., 2019)
	45524 adults
	Japan
	Observational study
	Questionnaire  
	Having dinner within 2 h of bedtime 3 or more days per week
	Anthropometric measures: self-reported height, weight and calculated BMI

	Participants who did have dinner within 2 h of bedtime were not prone to be with overweight.


	(Lee et al., 2016)
	4249 adults
	Japan
	Observational study
	Questionnaire  
	Not specified
	Anthropometric measures: self-reported height, weight and calculated BMI
	Later evening meals were not significantly associated with being overweight.

	(Mogensen et al., 2020)
	120 adults
	Denmark
	Observational study
	3-day food diary
	Last meal in the day
	Anthropometric measures: objectively measured body fat, height, weight and calculated BMI.
	The time of last meal was not associated with body fat percentage.

	(Reid et al., 2014)
	59 adults
	USA
	Observational study
	7-day food diary

	Not specified
	Anthropometric measures: self-reported height, weight and calculated BMI.
Energy intake: 7-day food diary
Sleep: accelerometer
	later timing of the last meal predicted ↑ total caloric intake but not with BMI.

	(Ruddick-Collins et al., 2022)
	30 adults with obesity
	UK
	Randomised controlled trial
	
	Morning loaded or evening loaded calories diet
	Anthropometric measures: objectively measured height, weight and calculated BMI.
	No difference in weight loss between groups.

	(Sandhu and Tang 2017)
	432 adults
	Canada
	Observational study
	Questionnaire  
	Dinnertime was categorised into three groups: early (before 6 PM); average (6 PM to 8 PM); and late (later than 8 PM).
	Anthropometric measures: objectively measured height, weight and calculated BMI.

	No difference in BMI among three groups.


Note: ↑ = increased; ↓ = decreased.
	
2.3.2 Associations between meal timing and energy intake

Multiple studies have found that late evening eating is related to increased energy intake (Jacob et al., 2023; Baron et al., 2011; de Castro 2004; Reid et al., 2014). For example, Jacob and colleagues (2020) used a 3-day food diary to assess food consumption and the distribution of energy and macronutrient intake and found that consuming more energy after 8 pm was significantly related to higher total daily energy intake. Moreover, there is also evidence that foods eaten later in the day have a higher energy density than those eaten earlier in the day (de Castro 2004; Kant and Graubard, 2006), which can promote increased energy intake (Murakami et al., 2017; Ledikwe et al., 2006; Bell et al., 1998). However, other studies have shown that there is no association between eating late and energy intake (Garaulet et al., 2013; Madjd et al., 2021; Madjd et al., 2016). For example, an observational study assessed dietary intake with a 24-hour food diary and showed no significant differences in total energy intake between early eaters and late eaters (Dashti et al., 2021). There are several possible explanations for the inconsistent results. Firstly, there is no commonly agreed timeframe or terminology used in studies of late eating (see section 2.3.1). However, inconsistency in meal timing definitions is an inherent problem and highlights the need for consensus on meal timing definitions to reduce ambiguities in further research. Secondly, studies tend to assess dietary intake using self-reported methods without taking into account the well-documented underreporting that occurs with self-reported dietary intake (Livingstone and Black, 2003). However, it should be noted that most studies that report no significant associations between late eating and energy intake report differences in more objective and longer-term measures between early and late eaters, such as lower insulin sensitivity (Dashti et al., 2021), higher BMIs and less weight loss (e.g., Dashti et al., 2021; Garaulet et al., 2013; Ruiz-Lozano et al., 2016; Madjd et al., 2021; Madjd et al., 2016) in late versus early eaters. Furthermore, despite no associations between late eating and higher energy intake, Dashti and colleagues (2021) found that late eaters showed potential barriers to weight loss that could influence the efficacy of weight loss trials in susceptible populations, such as the tendency to eat coping with stress and to eat at night while watching television (Kim et al., 2019). Late eaters were also more prone to have lower levels of motivation, which can make more difficult to begin and maintain behavioural changes, e.g., maintaining a healthy diet (Bautista-Castaño et al., 2004; Lang and Froelicher, 2006). Further studies are needed to investigate meal timing and total energy intake, which informed Chapter 5’s pilot study to ensure total energy intake was assessed.

2.3.3 Associations between meal timing and BMI

Emerging evidence suggests that late evening eating also increases the risk of overweight and obesity (Bertéus Forslund et al., 2002; Berg et al., 2009; Baron et al., 2011; Garaulet et al., 2013; Hermenegildo et al., 2016; Ruiz-Lozano et al., 2016; Bo et al., 2014; Dashti et al., 2021; Kutsuma et al., 2014; Xiao et al., 2019; Yoshida et al., 2018). A prospective study found that individuals who consumed 20% or more of their daily caloric intake after 20:00 had almost double the risk of obesity at the study’s onset and after 7 years (Maukonen et al., 2019). Furthermore, a systematic review of ten studies suggests that late eating is associated with an increased rate of obesity independent from total energy intake, dietary composition and estimated energy expenditure (Beccuti et al., 2017). Despite some studies finding no association between later eating and higher BMI  (Jacob et al., 2023; Kant et al., 1997; Kito et al., 2019; Lee et al., 2016; Reid et al., 2014; Ruddick-Collins et al., 2022; Sandhu and Tang, 2017), different populations are potential reasons for inconsistency, such as Japanese (Kito et al., 2019; Lee et al., 2016) and South-Asian Canadians (Sandhu and Tang, 2017). Furthermore, meal timing has changed over time in different cultures (Dashti et al., 2019; Fjellström 2004). Therefore, the results may not be generalisable to other countries. It should also be noted that two studies that reported no significant association between meal timing and higher BMI reported increased total energy intake with later eating, which could be associated with increased BMI in the long term (Reid et al., 2014; Jacob et al., 2023). Late eating may represent a circadian disruption that leads to changes in the function of clock genes and circadian variations in peripheral clocks, gene expression, satiety hormones and digestive processes (Garaulet and Gómez-Abellán, 2014). Among the mechanisms that promote obesity, diet-induced thermogenesis is lower in the evening (Romon et al., 1993), and there is a reduced rate of fat oxidation during night-time eating (Gluck et al., 2011; Hibi et al., 2013). Thus, given the mixed findings of associations between late eating and higher BMI, further studies are needed to investigate these associations, which have been considered with quantitative studies reported in this thesis: Study 1 (Chapter 4) and Study 2 (Chapter 5). 

2.3.4 Associations between meal timing and weight loss

The timing of food intake may influence weight loss success. Both cross-sectional and intervention studies suggest that eating late during the day is linked with less weight loss (Garaulet et al., 2013; Raynor et al., 2018; Jakubowicz et al., 2013; Dashti et al., 2021; Lombardo et al., 2014). A randomised clinical trial in women with overweight/obesity found that women who consumed their evening meals between 19:00 and 19:30 lost more weight and had a greater weight reduction than those who ate between 22:30 and 23:00 over a 12-week period (Madjd et al., 2021). In addition, a 12-week weight-loss programme showed that a high-calorie breakfast was more effective in reducing weight and waist circumference in women with overweight and obesity than an isocaloric diet with a high-calorie evening meal (Garaulet et al., 2013). One possible explanation for the correlation between late eating and reduced weight loss is that late eating may influence circadian genes (e.g., SIRT1 and CLOCK loci), increasing the probability of weight gain and decreasing the possibility of weight loss in late eaters. People who carry minor alleles at both the SIRT1 and CLOCK loci have shown a significant resistance to losing weight, which may be linked with their preference for consuming late in the evening (Garaulet et al., 2012). A later circadian rhythm is also linked with reduced insulin sensitivity (Zhao et al., 2012) and metabolic changes (Garaulet and Madrid, 2010) due to hormonal variations, leading to increased overweight and obesity (Corbalán-Tutau et al., 2014). 

2.3.5 Characteristics of late eaters

Collectively, timing of food intake is emerging as a predictor of overall health and a potentially relevant risk factor for obesity. However, there are still uncertainties regarding the characteristics of late eaters. Dashti et al. (2019) identified the genetic and environmental factors that may influence late evening eating, yet the exact characterization of late eaters is unclear. Only one study used a three-day food diary and measured eating behaviour traits using Three-Factor Eating Questionnaire (TFEQ) and the Binge Eating Scale (BES) to explore the relationships between late eating and eating behaviour traits (Jacob et al., 2023). Jacob and colleagues (2023) found late eating was significantly associated with traits:  disinhibition and susceptibility to hunger in participants with overweight and obesity. However, it has been shown that there are other eating behaviour traits associated with greater risk of overconsumption and higher BMI, such as lower scores on craving control, satiety responsiveness, cognitive constraint and higher scores on emotional eating (see more details in section 1.9). Yet, it is unclear whether these eating behaviour traits are associated with late eating or whether there are differences in these eating behaviour traits between early versus late eaters. Exploring the characteristics of eating behaviour traits in late eaters will be helpful for informing strategies to encourage eating earlier. Therefore, the association between late eating and eating behaviour traits will be further explored in Study 1 (Chapter 4) and Study 2 (Chapter 5).  

While quantitative research on the impact of meal timing on health is ongoing, there has been less focus on factors that influence late evening eating (de Cabo and Mattson, 2019). Previous evidence indicates that meal timing could be influenced by a variety of factors, ranging from individual characteristics and choices, cultural contexts, environmental to physiological determinants (Leung et al., 2019; Vetter and Scheer, 2017; Dashti et al., 2019). A qualitative study using focus groups, pregnant black women (n = 18) reported individual and interpersonal contributors to late-night eating, including hunger, foetal movements, altered sleep patterns and the influence of social others (e.g., children and parents in the household who were eating; Kroeger et al., 2019). However, there is limited qualitative evidence exploring the factors influencing late evening eating in adults who are not pregnant. Therefore, given the limited qualitative research in meal timing literature, the qualitative study (Chapter 6) in this thesis was conducted to investigate the factors contributing to late evening eating, and barriers and enablers to changing late eating, which can be used to inform interventions to encourage individuals at risk of obesity to reduce late evening eating.

2.3.6 Possible mechanisms of meal timing effects

Late evening eating is a potential risk factor for obesity and weight gain, yet the underlying mechanisms remain unclear. The disturbance of the circadian rhythm may have an influence on its interaction with food intake (Peters et al., 2024). The misalignment of food intake with endogenous circadian timing, may have also contributed to the sleep disturbances (Broussard and Van Cauter, 2016). In addition, food-induced thermogenesis has been found to be higher in the morning than in the evening (Morris et al., 2015). Moreover, individuals have lower rest metabolic rate and increased glycaemic and insulinemic responses, when consuming the same meal in the evening compared in the morning (Bo et al., 2015). Increased insulin responses are believed to decrease feelings of fullness and promote hunger (Ludwig, 2002; Roberts, 2000). 

Further mechanisms include the hormones, such as leptin (Arble et al., 2009). Late eating could change the circadian rhythm of many hormones that are involved in metabolism, including insulin, glucagon, and leptin (Garaulet and Gómez-Abellán, 2014). For example, concentration of leptin decreases due to mistimed eating, which is related to increased food intake and reduced energy expenditure (Peters et al., 2024). Not only hormonal, but further organs responsible for digestive processes, such as the stomach, intestines and pancreas, which are involved in nutrient absorption, motility and digestion, could be influenced by the timing of food consumption. Digestion begins in the mouth, where food is chewed and combined with saliva, which contains enzymes that begin to break down the food chemically. Several studies have found that the flow of saliva in the mouth or gut, stomach acid and intestinal motility has decreased in the evening (Cummings et al., 2001; Natalucci et al., 2005; Scheving 2000). In addition, salivary α-amylase, an example of a circadian enzyme, is one of most important digestive enzymes and is responsible for the breakdown of polysaccharides (starch) into disaccharides, e.g., maltose. Toad and colleagues (2013) conducted a study to explore the effect of chronotype on salivary α-amylase. Results showed that participants with evening chronotype had higher salivary α-amylase levels than participants with morning chronotype. In general, there is a strong circadian rhythm to salivary alpha-amylase levels. In particular, the levels of salivary α-amylase reach the peak within the first hour waking and then gradually increase throughout the day (Rohleder et al., 2004; Nater et al., 2007). Furthermore, most of the digestion also take place in the stomach and intestines with the help of the pancreas. Other research has demonstrated that there are the rate of gastric emptying (Goo et al., 1987) and gastrointestinal motility are slower after evening meals than after morning meals (DiMagno, 1997; Romański, 2009). Therefore, eating late in the day or consuming a high calorie meal in the evening may be related to impaired digestion.   

2.3.7 Gaps within the literature 

There are several gaps existing in the meal timing literature that should be considered in the future research. Firstly, most research has been conducted in Western developed countries, such as in the USA, Spain, UK and Canada. It is in line with the WEIRD issue in psychology. Specifically, Rad et al. (2018) found that the majority of published research has relied on samples from Western, Educated, Industrialised, Rich and Democratic (WEIRD) populations. The problem of a lack of cultural diversity in psychological science is well documented. In regard to meal timing, it has changed over time in different cultures (Dashti et al., 2019; Fjellström 2004; Ochs and Shohet, 2006; Cinotto 2006). For example, traditional Chinese medicine, which has been practised for over 2500 years, suggests that the optimal time for carbohydrate-rich meals is between 7am and 11am, with smaller meals consumed later in the day (Dashti et al., 2019). Differently, in some Western countries, during the Industrial Revolution, later evening meals were necessary for working-class men, who split their working day with a quick lunch (McMillan, 2001). Countries that were less influenced by the Industrial Revolution, such as Spain and Italy, continue to have large meals at midday. Spain is particularly known for its late lunches (around 3pm) and evening meals (around 10pm) (Dashti et al., 2019). Western populations may not be representative of human populations. Therefore, more studies should be extended to populations across diverse geographical regions and cultures, e.g., Southeast Asia. In addition, there are some inconsistencies in the food timing literature and the characteristics of late eaters are still unclear, which will therefore be considered with the study 1 and study 2 (Chapter 4 and 5). Furthermore, while quantitative studies on the impact of meal timing on health is ongoing, there has been little focus on factors that influence late evening eating. For this purpose, a qualitative study (Chapter 6) was conducted to provide in-depth understanding of late evening eating. The gaps identified in the literature and the studies reported in this thesis that addressed the gaps are shown in Table 2.2.

[bookmark: _Toc172984785]2.4 Conclusion

Findings from this narrative review indicate that late eating may be a relevant risk factor for obesity in adults (Dashti et al., 2019), and also help to inform the study methods and measurements used in Study 1 (Chapter 4) and Study 2 (Chapter 5). However, findings on meal timing and body weight are mixed, and the characteristics of late eaters are unclear. Therefore, quantitative studies in this thesis will further explore the associations between late eating and BMI and compare the eating behaviour traits in early versus late eaters (Chapter 4, 5). Self-reporting is a commonly selected method for collecting data on dietary interventions because of the availability of validated, low-cost instruments that make it a time-efficient and convenient option (Wark et al., 2018). For this reason, it will be adapted as data collection in Chapter 4. However, objective measures are also be used in Chapter 5 to increase accuracy, such as the use of an accelerometer to measure sleep and physical activity, and objective measurement of height and weight. Furthermore, given the limited qualitative evidence in meal timing literature, thus, the qualitative study in this thesis (Study 3) (see more details in Chapter 6) will further investigate the factors contributing to late evening eating, and barriers and enablers to changing late evening eating in adults with obesity. 
[bookmark: _heading=h.2p2csry]Table 2.2. Gaps identified in the literature.
	Gaps identified in the literature
	Study addressing the gap
	Study aims

	There are mixed results regarding the associations between meal timing and BMI, thus more research is needed to explore this association.
	Study 1 (Chapter 4)
	Assess the associations between meal timing and BMI.

	There is no research exploring the associations between meal timing, a range of eating behaviour traits linked with overconsumption and health behaviours.
	Study 1 (Chapter 4)
	Assess meal timing, eating behaviour traits and health behaviours in the general population by using online surveys.

	Objective assessments are needed to increase the accuracy of previous study (Study 1). And dietary intake should be assessed to explore the associations between late eating and total energy intake. 
	Study 2 (Chapter 5)
	Assess the associations between meal timing, BMI (objectively measured height and weight), eating behaviour traits, diet, and objectively measured health behaviours (physical activity and sleep) in a 14-day pilot study.

	There is no qualitative research investigating the factors that influence late evening eating, and barriers and enablers to encourage earlier eating times in adults living with obesity.
	Study 3 (Chapter 6)
	Conduct a qualitative study to explore the factors that influence late evening eating and barriers and enablers to changing to earlier eating times in adults with overweight and obesity.





Chapter 2

[bookmark: _Toc172984786]Chapter 3 
[bookmark: _Toc172984787]General Methodology
The previous chapters provided the theoretical foundation and outlined the objectives of this thesis. This chapter introduces the methods, procedures and measurements used in the studies. Both quantitative and qualitative research methods were used in the studies reported in the thesis. The methods used for each study are listed in the following table (see Table 3.1). 

[bookmark: _heading=h.23ckvvd]Table 3.1. Summary of methods used throughout the thesis.
	Study (Chapter)
	Methods
	Included Questionnaires (section)

	Study 1 (Chapter 4) assessed meal timing, eating behaviour traits and health behaviours (e.g., dietary quality). 
	Online questionnaire
(Quantitative method)
	Meal timings
Adult Eating Behaviour Questionnaire (AEBQ) (Hunot et al., 2016)
Intuitive Eating Scale (IES) (Tylka, 2006)
Three-Factor Eating Questionnaire (TFEQ) (Karlsson et al., 2000)
Control of Eating Questionnaire (CoEQ) (Dalton et al., 2015)
Short-Form Food Frequency Questionnaire (SFFFQ) (Cleghorn et al., 2016)

	Study 2 (Chapter 5) assessed meal timing, eating behaviour traits, diet and objective measurements of health behaviour (e.g., sleep and physical activity).  
	Online questionnaire
(Quantitative method)
	Meal timings
Adult Eating Behaviour Questionnaire (AEBQ) (Hunot et al., 2016)
Three-Factor Eating Questionnaire (TFEQ) (Karlsson et al., 2000)
Control of Eating Questionnaire (CoEQ) (Dalton et al., 2015)
Short-Form Food Frequency Questionnaire (SFFFQ) (Cleghorn et al., 2016)
Perceived Stress Scale (PSS) (Cohen et al., 1994)

	Study 3 (Chapter 6) assessed meal timing and night eating syndrome by questionnaire and used semi-structured interviews to explore the reasons for late evening eating, and barriers and enablers to changing late evening eating.  
	Online questionnaire
Semi-structured interviews
(Qualitative method)
	Meal timings
Night Eating Questionnaire (NEQ) (Allison et al., 2008)




[bookmark: _Toc172984788]3.1 Ethical consideration
The studies in this thesis received ethical approval through the University of Sheffield Ethics Review Procedure, administered by the Department of Psychology. Each study was conducted in accordance with the British Psychological Society's Code of Ethics and Conduct (BPS, 2009). All recruitment materials adhered to the university's ethical guidelines and provided an overview of the research, including study information, incentives offered, and the contact details of the researcher (name and email address). Participants were given information sheets and consent was obtained before the start of each study (see more details in Appendix B, C and D). Upon completion of the study, debrief forms were provided to participants. Participants received monetary compensation, which varied across studies (detailed in chapters 4, 5, and 6).

[bookmark: _Toc172984789]3.2 Research methods
[bookmark: _heading=h.1hmsyys]3.2.1 Quantitative method
The aim of quantitative research is to understand the causal or correlational relationships between variables by testing hypotheses. This method facilitates the process of generating reliable results that can be applied to a wider range of populations (Verhoef and Casebeer, 1997). Particularly, Study 1 (Chapter 4) and Study 2 (Chapter 5) used quantitative methods to explore the relationship between meal timing, BMI, eating behaviour traits and health behaviours. Quantitative methods are a useful way of identifying broad patterns and trends by using statistical techniques to analyse data, providing an understanding of the influence of meal timing on body weight (e.g., Dashti et al., 2021; Baron et al., 2011; Garaulet et al., 2013). 

[bookmark: _heading=h.41mghml]3.2.2 Qualitative method
Quantitative research is based on positivism, a philosophical belief that reality is objective and can be measured and quantified using empirical methods. This approach is characterised by the use of hypothesis testing, the use of statistical tools, and a focus on producing generalizable results (Maksimović and Evtimov, 2023). However, quantitative research is often conducted in controlled environments and focuses primarily on numerical variables. As a result, it focuses on numbers, lacks in-depth coverage of experiences, and may ignore historical and cultural factors that may influence data collection and outcomes (Lerche, 2012). In contrast, qualitative research involves non-numerical data collection and analyse to produce detailed insights based on participants' responses (Steckler et al., 1992). Furthermore, qualitative methods are multifaceted and intricate (Holloway and Todres, 2003), and thematic analysis is regarded as a fundamental qualitative analysis technique. Specifically, thematic analysis is a theoretically flexible method for identifying, analysing and interpreting themes within data, which involves a systematic process of coding data to develop themes (Braun and Clarke, 2012). In contrast to quantitative research, Braun and Clarke (2022) emphasize that subjectivity of qualitative researchers is an essential resource for reflexive thematic analysis. Another key concept of qualitative research is reflexivity, which is the constant reflection on the researcher's assumptions, expectations, choices and actions throughout the research process. Specifically, Braun and Clarke (2022) recommend that in order to ensure that theory and research practice are aligned, the researcher should develop an awareness of their personal positions or standpoints, such as socio-demographic positioning in relation to the intersections of race, culture, religion/belief, social class/socioeconomics, sex/gender, sexuality and age, and assumptions about the world. Regarding the studies reported in this thesis, meal timing could be influenced by multiple factors, such as cultural and environmental factors, behavioural and personal preferences, and physiological factors (Dashti et al., 2019). Although there are some limitations to qualitative research, such as reduced generalisability and time-consuming data collection (Mwita, 2022), qualitative research is ideally suited for exploring intricate and subjective experiences in late evening eating, which could provide context that is difficult to capture through quantitative methods. Additionally, this approach enables the identification of specific barriers and facilitators through methods such as interviews, focus groups, and observations. Therefore, study 3 (Chapter 6) used a qualitative method to explore the reasons for late evening eating, and barriers and enablers to changing to earlier eating patterns in adults with obesity. 

In summary, using qualitative and quantitative methods in the studies allows to not only explore the relationship between meal timing, eating behaviour traits, and health behaviours but also to gain a deeper understanding of late-evening eating patterns, which could enhance the depth of the research and highlight potential targets for future interventions to facilitate earlier eating times.

[bookmark: _Toc172984790]3.3 Open Science Practices
Open Science Practices are a collection of practices that enhance the quality and value of psychological research and aim to facilitate the transparency, openness, reproducibility, replicability, and accessibility of knowledge (Crüwell et al., 2019). Specifically, Open Science Practices include open access (Tennant et al., 2016), open data, materials and code (Klein et al., 2018), preregistration (Wagenmakers et al., 2012) and replication research (Zwaan et al. 2017). Open Science Practices can also help researchers build their reputation, increase their chances of publication and improve the credibility of their research (Allen and Mehler, 2019). Furthermore, the Open Science Framework (OSF) is an open source website that facilitates open collaboration in research and enhances the reproducibility, transparency, and data management of research (Foster and Deardorff, 2017). The OSF's privacy and security features could ensure ethical compliance and data integrity. The protocols of each study were uploaded to the OSF, including background information, hypotheses, study design, and analysis plans. This ensures that the studies are accessible and can be replicated (see Chapters 4, 5, and 6 for specific details). 

[bookmark: _Toc172984791]3.4 Participants
All the studies reported in this thesis focus on meal timing, eating behaviour traits, and health behaviours in UK adults. In Study 1 (Chapter 4), participants were adults aged between 18 and 80 years. However, for Study 2 (Chapter 5) and Study 3 (Chapter 6), the age range was narrowed to 18-65 years. This change was made for several reasons. Firstly, there was a lower response rate from participants aged 65 to 80 in Study 1 (detailed in Chapter 4). In addition, studies have observed eating patterns become earlier and more structured with increasing age. For example, a US population-based study found that younger adults were more likely to skip breakfast (e.g., 20-39 years) (Kant and Graubard, 2015), and report greater variability in energy intake at later meal timings compared to older adults (Winkler et al., 1999). Given this thesis's focus on late eating patterns, thus, older adults are not included in the target population. Secondly, Study 2 (Chapter 5) required participants to wear monitors to record physical activities, complete daily online surveys, and record their food and drink intake using MyFood24, an online food diary program used to assess daily energy intake. Participants over the age of 65 may have access issues or different technology use patterns, particularly relevant for studies involving online questionnaires or digital monitoring tools (Kebede et al., 2022). This decision is also supported by previous studies on meal timing in adults, which typically include participants no more than 65 years (e.g., Thomas et al., 2020; Jacob et al., 2023). Consequently, adults aged between 18 and 65 years were recruited for Study 2 and Study 3.

Exclusion criteria used in all the studies in this thesis included pregnancy, lactation, and a current or history of eating disorders (ED). Pregnancy is considered a period when women are particularly conscious of their dietary intake (Pinto et al., 2009) and are highly motived to increase their diet (Szwajcer et al., 2008; Phelan, 2010). Indeed, a systematic review of 11 studies found an increase in total energy intake and fruit and vegetable consumption, along with a decreased intake of fried and fast food, coffee, and tea from before to during pregnancy (Hillier and Olander, 2017). In addition, other studies have shown that during the lactation period, there is an increase in nutritional requirements to support the growth of foetal and infant, as well as the metabolic needs of the mother (Picciano, 2003; Koletzko et al., 2007). Therefore, individuals who are pregnant and lactation were excluded in the studies reported in this thesis to reduce variability of the data due to the changes that occur during pregnancy and lactation. Specific exclusion criteria are described in more detail in chapter 4, 5 and 6.

[bookmark: _Toc172984792]3.5 Recruitment
Recruitment for Study 1 was conducted through the online platform Prolific Academic, which could facilitate the recruitment of a representative sample, considering variables such as age, gender, and ethnicity. Additionally, other recruitment strategies were employed, including social media sites (e.g., Facebook, Twitter, LinkedIn), staff and student University email distribution lists, online forums, classified websites (e.g., Gumtree), recruitment websites (e.g., www.callforparticipants.com/) and the Sheffield CiCS database.

​​Participants for Study 2 were recruited from the staff and student population of University sites and the Leeds, Sheffield and York communities. This was achieved via email distribution lists, University student participation databases, and posters on University campuses and at community centres. Furthermore, recruitment also extended to willing businesses, social media platforms (e.g., Facebook), and online classified adverts (e.g., Gumtree).

Several strategies were employed to recruit a community-based sample for the study 3. These included distributing posters at community centres (e.g., Zest in Sheffield, UK), using social media platforms (e.g., Facebook), and posting online classified adverts (e.g., Gumtree).

[bookmark: _Toc172984793]3.6 Study purpose
To increase the accuracy of participants' responses, cover stories were used in the quantitative studies to conceal the hypotheses of the study from the participants (Boutron et al., 2007; Sharpe and Whelton, 2016). Specifically, previous studies involving food intake measurement (e.g., Andrade et al., 2012; Mekhmoukh et al., 2012; Shah et al., 2014; Temple et al., 2010) have suggested that if a cover story is not used in a study, participants may become more aware that their food consumption is being recorded and consequently decrease their food consumption. In addition, Hermans et al. (2010) conducted a study in a semi-naturalistic laboratory to observe participants' eating habits and found that using cover stories could not only conceal the study's experimental hypotheses, but also distract concentration from the food consumed during the experiment. Indeed, there is evidence that self-reporting of eating behaviour may suffer from belief-induced bias (Nix and Wengreen, 2017) and it has been shown that beliefs about research purposes may bias food intake in a laboratory setting (Robinson et al., 2014). Regarding studies in this thesis, the cover story was used to prevent participants being aware of the true purpose of the study. Specifically, in Study 1 (Chapter 4), participants were informed that the study investigated the relationship between lifestyle factors and health behaviours in the general population. Concealing the true purpose of the study (i.e., associations with BMI) was important because awareness that height and weight were the outcome (BMI) may influence some participants' responses. But the true purpose of this study and the importance of deception were explained to participants in the debrief. In Study 2 (Chapter 5), participants were told that the study was about investigating daily experiences and lifestyle and health behaviours in people living with obesity. Concealing the true purpose of the study was necessary to minimise any influence of the study aims on how participants would naturally respond to questions and engage in the health behaviours measured. The true purpose of this study was also explained to participants in the debrief.
[bookmark: _Toc172984794]3.7 Measures
[bookmark: _heading=h.2u6wntf]3.7.1 Eating behaviour assessment
[bookmark: _heading=h.19c6y18]3.7.1.1 Free-living assessment of eating behaviour
Human eating takes place in discrete episodes throughout the day and in a wide range of different environments (Gibbons et al., 2014). Laboratory studies provide a highly controlled environment to investigate variations in eating behaviours and isolate specific factors to explore their effects on appetite expression (Blundell et al., 2009). In addition, there are other methodological strengths in laboratory studies of eating behaviour that improve the rigour of the research, including the standardisation of appetite before measuring food intake (Livingstone et al., 2000), and the types of foods used for food intake measurements (Blundell et al., 2010). However, accurately measuring eating behaviour in the laboratory is expensive due to the naturalness of the food environment, time consuming, stressful for researchers and participants, and restricts the external validity of laboratory studies (Blundell et al., 2009). Thus, investigation of eating behaviours in a free-living environment is an alternate to laboratory studies in order to enhance external validity (Blundell et al., 2009). Accurately measuring eating behaviour, particularly energy intake, in a free-living environment is challenging. However, considering the variability in meal timing and the cost associated with laboratory settings, the studies reported in this thesis used free-living based assessments.

While laboratory studies allow the isolation of specific factors, free living studies are valuable for addressing large-scale research questions in natural settings. In free-living conditions, methods for assessing eating behaviours vary from tracking food acquisition (e.g., purchasing food) to assessing food consumption (Gibbons et al., 2014). For example, Wansink (2009) found that using scanner data to measure food intake can provide reliable results for foods consumed within a short period of time, yet other foods may be stored and never be consumed. Free-living assessments often involve self-report methods to indicate habitual eating patterns, including food diary, 24-hour recall, MyFood24 and INTAKE24. Food diary is a prospective method collecting data about the foods and beverages consumed. While food diary has fewer cognitive constraints due to ‘immediate’ recall, it can be time consuming, potentially reduce completion rates if considered too exhaustive, and may increase the burden on researchers through manual coding of diary data (Ortega et al., 2015). The 24-hour recall is a retrospective method for assessing an individual's intake over the past 24 hours and is administered by telephone or in person. Although using multiple 24-hour recalls can enhance the accuracy of intake estimates, extensive interviewer training combined with the software required to collect 24-hour recalls makes it an expensive technique (Bailey, 2021). MyFood24 and INTAKE24 collect real-time dietary data using software, have more accurate portion size estimates and reduce the burden on researchers for large sample online recalls. In addition, Myfood24 includes nutritional data for over 207,000 products in supermarkets and INTAKE24 has access to a database of over 2500 foods. Therefore, given the accuracy of the dietary data and the reduced burden on researchers and participants, Myfood24 was used in the study to assess dietary intakes (Wark et al., 2018). Free-living dietary recall is dependent on the ability of participants to accurately recall their diet and has been suggested to reflect the participant's memories of the food consumed, rather than the diet itself (Krall et al., 1988). However, this assessment method captures data on a participant's natural eating behaviour in a real-life circumstance, rather than an artificial laboratory setting. Thus, the studies in this thesis used free-living assessment based.

[bookmark: _heading=h.3tbugp1]3.7.1.2 Meal timings 
In each study, ten questions asked participants to self-report the times they usually ate each meal and snacks over the last seven days, including breakfast, lunch and evening meal. For example, do you usually eat BREAKFAST? If Yes, please select times that refer to when you tended to eat BREAKFAST. All questions are presented in Appendix A. This questionnaire is in line with the study conducted by Zimmerman et al. (2018), which explored the relationship between BMI and chaotic eating (defined as the tendency to eat at variable times of the day). Although MyFood24 could collect real-time dietary data, such as the time of each meal, it is costly for large samples in Study 1 (Chapter 4) due to limited funding. Therefore, an online questionnaire was used to assess meal timing in the studies reported in this thesis. However, MyFood24 was used to assess dietary intake in Study 2 (Chapter 5). It has been suggested that the assessment of eating behaviour using self-report questionnaires is a long-standing problem in nutrition research (Beechy et al., 2012). Therefore, there is a need to identify appropriate tools and standard methodologies for assessing meal timing in order to assess compliance and the feasibility of interventions (Dashti et al., 2019). 

[bookmark: _heading=h.28h4qwu]3.7.2 Individual differences in eating behaviour
[bookmark: _heading=h.nmf14n]3.7.2.1 Three-Factor Eating Questionnaire (TFEQ)
The TFEQ with 51 items is used to measure three eating behaviour traits:  cognitive restraint, disinhibition and hunger (Stunkard and Messick, 1985). Karlsson and colleagues (2000) later examined the scaling properties and construct validity of a Swedish sample and found that the factor structure was only partially replicated. Consequently, a revised version of the questionnaire, the TFEQ-R18, was constructed. It consists of 18 items measuring three eating behaviour traits: cognitive restraint, uncontrolled eating, and emotional eating. Cognitive restraint refers to the tendency to consciously control food consumption that influence body weight and body shape. Uncontrolled eating refers to losing control overeating and emotional eating describes the tendency to eat in response to negative emotions. Within the TFEQ-R18, six items measure cognitive restraint, nine assess uncontrolled eating, and three measure emotional eating. The first 17 questions are structured with a 4-point Likert scale response format, whereas question 18 uses an 8-point scale, requiring conversion to a 4-point scale for analysis. Higher scores indicate an increased propensity towards the eating behaviour traits as assessed by the questionnaire, with evidence supporting the construct validity and reliability of the TFEQ-R18 (Anglé et al., 2009; Martins et al., 2020; Chong et al., 2016; Brytek-Matera et al., 2017). 

Prior research has identified the significant associations between higher emotional eating and increased BMI, as observed in an adult cohort study (de Lauzon-Guillain et al., 2017). Additionally, uncontrolled eating has been related to higher BMI in various populations, including young Finnish females  (Anglé et al., 2009), adults from the USA (Verzijl et al., 2018), and German adults (Löffler et al., 2015). Studies also demonstrated that individuals with lower cognitive restraint or higher disinhibition are more prone to have higher BMI (​​Dochat et al., 2019, Blumfield et al., 2018, Bryant et al., 2012). According to the Behavioural Susceptibility Theory (Llewellyn & Wardle, 2015) (see details in Chapter 1), individuals with a heightened appetitive drive for food and weak responsiveness to satiety cues could be likely to overconsumption in response to disinhibiting factors. 

In the current studies, the TFEQ subscales were used to explore the relationships between meal timing, BMI, cognitive restraint, uncontrolled eating and emotional eating, and to compare differences between early and late evening eaters (see Chapters 4 and 5).
[bookmark: _heading=h.37m2jsg]3.7.2.2 Adult Eating Behaviour Questionnaire (AEBQ)
The Adult Eating Behaviour Questionnaire consists of 35 items, and participants provide responses on a 5-point Likert scale that ranges from 'Strongly disagree' to 'Strongly agree'. The scale includes four 'food approach' subscales: five items measuring hunger (individual hunger experience), four items for food responsiveness (tendency to eat in the presence of external cues), five items determining emotional overeating, and three items assessing enjoyment of food. Additionally, there are four 'food avoidance' subscales: three items for satiety responsiveness (the degree to which individuals detect sensations of hunger and fullness), five items for emotional under-eating, five items for food fussiness (tendency to be selective about food choices), and four items for slowness in eating. Higher scores on each subscale indicate greater responsiveness to the respective eating behaviour trait (Hunot et al., 2016). This scale has shown good validity in the adult population in Australia (Mallan et al., 2017), Bulgaria (Hristova 2019), Mexico (Hunot-Alexander et al., 2021), China (He et al., 2021) and Canada (Jacob et al., 2022). Indeed, Hunot and colleagues (2016) found that higher scores on food responsiveness, emotional overeating, and enjoyment of food were significantly associated with increased BMI. In contrast, higher scores on satiety responsiveness, emotional under-eating, and slowness in eating were related to lower BMI. 
In study 1, satiety responsiveness subscale was used to explore the association with meal timing. After establishing the role of satiety responsiveness in Study 1, Study 2 aimed to build on these findings by exploring how other eating behaviour traits interact with meal timing and BMI. In addition, emotional eating in the TFEQ and emotional overeating and undereating in the AEBQ were both examined to see if the results varied between the different questionnaires.

[bookmark: _heading=h.1mrcu09]3.7.2.3 Intuitive Eating Scale - 2 (IES-2), reliance on hunger and satiety cues subscale
Intuitive eating refers to an adaptable form of eating in response to internal cues of hunger and satiety (Tylka, 2006). The original Intuitive Eating Scale (IES) consists of 21 items. Although the validity and reliability have been shown in college women, the IES-2 was developed to enhance the original version (Tylka and Subich, 2004). This revised 23-item scale integrated 11 items from the initial IES and introduced 12 new items, with responses captured on a 5-point Likert scale ranging from ‘Strongly disagree’ to ‘Strongly agree’. IES-2 comprised four subscales, including eating for physical reasons rather than emotional reasons; unconditional permission to eat (willingness to eat in response to hunger without categorising foods as forbidden); reliance on internal hunger and satiety cues to determine when and how much to eat (the extent to which individuals depend on their internal cues of hunger and fullness for eating decisions) and Body-food choice congruence (the degree to which individual food choices align with bodily needs). Higher scores represent higher levels of intuitive eating. The scale has shown good validity across various samples (Duarte et al., 2016; Saunders et al., 2018; Tylka and Kroon Van Diest, 2013). Previous research has reported that lower intuitive eating scores are related to higher BMI (Camilleri et al., 2016, Gast et al., 2015, Madden et al., 2012, Özkan et al., 2021). Generally, individuals with poor intuitive eating are more likely to have a more appetitive drive for food. However, there is limited evidence to explore whether there is a relationship between meal timing and intuitive eating. Therefore, IES-2 was used to explore the associations between meal timing, intuitive eating and BMI.

[bookmark: _heading=h.46r0co2]3.7.2.4 Control of Eating Questionnaire (CoEQ) - craving control subscale
The Control of Eating Questionnaire (CoEQ) consists of 21 items designed to assess the severity and type of food cravings experienced over the previous seven days. It includes four subscales: craving control, positive mood, craving for savoury and craving for sweet. Responses on the CoEQ are measured using a 100-point visual analogue scale. Research has shown the good internal consistency and validity of the CoEQ (Dalton et al., 2015). Previous studies have shown that lower scores on craving control are linked to higher levels of binge eating tendencies, disinhibition, susceptibility to hunger, increased BMI scores and greater levels of fat mass (Abilés et al., 2010; Delahanty et al., 2002; Hill 2007). In Study 1 and Study 2, craving control was examined to investigate its association with meal timing and BMI and to compare differences between early and late eaters. All scales are presented in Appendix A.

[bookmark: _heading=h.2lwamvv]3.7.3 Health behaviour assessment
[bookmark: _heading=h.111kx3o]3.7.3.1 Self-reported health behaviour assessment
Accurate assessment of health behaviours such as dietary intake, physical activity and sleep is essential for quality research. However, one of the biggest challenges in the research is still the consistent and accurate assessment of health behaviour (McClung et al., 2018). Dietary intake is traditionally determined by using self-report measures, e.g., food frequency questionnaires (FFQs), diet records, and recalls (Chen et al., 2014; O’Neil et al., 2014). These self-report measures have been found to underestimate energy intake, which is more common in people with obesity (Subar et al., 2003; Trabulsi and Schoeller 2001; Freedman et al., 2014). However, traditional measures of dietary intake (e.g., Food Frequency Questionnaire and dietary recalls) are still the mainstay of the research field because of their low cost and familiarity. There is also a need for more objective measures that can provide the complex results that are required. 

In addition, physical activity could be assessed by self-report or device-based techniques (Ainsworth et al., 2015; Bassett, 2000). Questionnaire-based measures of physical activity are the most widely used methods to assess free-living health behaviours, particularly in large-scale, because they are the most practical and cost-effective method (Dishman, 2001). However, a systematic review of 173 studies found that self-reported assessments of physical activity were either overestimated or underestimated compared to directly measured levels of physical activity (Prince et al., 2008). Due to the drawbacks of questionnaire-based methods and the high cost and participant burden of direct observation and doubly-labelled water, accelerometery has become the preferred method for objective, valid, and reliable measurement in adults (Welk n.d.). Although objectively measured physical activity is considered to be more accurate and less biased than self-reported measures (Dowd et al., 2018; Shephard 2003), studies have documented several limitations, including the difficulty in capturing all activity types, costly, the burden on participants of wearing the device, and the possibility of high reactivity (e.g., the impact of wearing a pedometer on increased daily step count) (Silfee et al., 2018). Given the convenience and the cost, the studies reported in this thesis used self-reported assessment of dietary intake, physical activity and sleep. However, objective measurements of physical activity and sleep were also used in Study 2 (detail in section 3.7.3.2).

[bookmark: _heading=h.3l18frh]3.7.3.1.1 Short-form Food Frequency Questionnaire (SFFFQ)
The Short-Form Food Frequency Questionnaire (SFFFQ) comprises 20 items to assess dietary quality. Respondents indicate their consumption frequency for each item on a scale ranging from 1 (rarely or never) to 8 (5+ times a day). The SFFFQ focuses on various food groups, including fruit, vegetables, fibre-rich foods, high-fat and high-sugar foods, meat, meat products and fish (Cleghorn et al., 2016). The Dietary Quality Score (DQS) is derived from this questionnaire, encompassing intakes of fruit, vegetables, oily fish, fat, and non-milk extrinsic sugars. These five components are recognized as indicators of a healthy diet (Who and Consultation 2003). Scores of 1–3 are calculated for each component and the maximum score is 15 indicating optimum dietary intake for these foods. Previous research has shown the validity of the SFFFQ (Baranowski et al., 1997; Block et al., 2000; Field et al., 1998). In Study 1 and Study 2, the SFFFQ was used to explore the association between meal timing and dietary quality, as well as to compare dietary quality between early and late eaters.

[bookmark: _heading=h.206ipza]3.7.3.1.2 Sleep - Pittsburgh Sleep Quality Index (PSQI)
The PSQI comprises 19 self-rated questions and five optional questions answered by a roommate to evaluate sleep quality. These 19 items are divided into seven component scores, weighed equally on a 0-3 scale, and then summed to have a total PSQI score. Higher scores suggest worse sleep quality (Buysse et al., 1989). In Study 1, five questions were used to assess sleep habits: the time of going to bed and getting up, how long to fall asleep, how many hours of actual sleep and self-rated sleep quality overall. Study 2, conversely, incorporated all the PSQI questions to investigate the interrelation between sleep quality and meal timing, and to compare the sleep patterns of early and late eaters.

[bookmark: _heading=h.4k668n3]3.7.3.1.3 Physical activity - single-item measure
The single-item measure has been developed to represent a concise and practical approach to assessing physical activity levels. Participants reported the number of days they exercised for at least 30 minutes with a response scale of 0 to 7 on an 8-point scale (Milton et al., 2013). This single-item measure has high repeatability and moderately high validity in comparison with other self-report measures for physical activity assessment (Milton et al., 2011). In Study 1 and Study 2, this single-item measure was used to evaluate and compare physical activity levels across different groups. 

[bookmark: _heading=h.2zbgiuw]3.7.3.2 Objective physical activity and sleep assessment
In order to increase the accuracy of health behaviour measurement (e.g., physical activity and sleep), participants wore the accelerometers to measure 14-day physical activity (e.g., number of steps) and sleep (e.g., sleep efficiency) as shown in Figure 3.1. The data collected via accelerometers were also used to identify the differences between early and late evening eaters. Accelerometers, which are small, lightweight and wearable with very low cost of operation and capable of assessing physical activity, have become increasingly popular as an objective approach to measuring daily physical activity, representing a significant improvement over self-report methods (Dencker and Andersen, 2011; Kohl et al., 2000; Trost, 2001). Previous research has also indicated that the accelerometer is a valid, non-invasive method of measuring physical activity under free-living conditions (Jacobi et al., 2007; Vanhelst et al., 2012). In study 2, sleep and physical activity were also assessed using questionnaires. The primary variable in this research was the data derived from the accelerometers and self-reported data served as a secondary measure, which could also facilitate a comprehensive analysis of the differences between early vs late eaters in both accelerometer-measured data and self-reported data.
[image: ]
[bookmark: _heading=h.1egqt2p]Figure 3.1. Actigraphy Centrepoint Insight monitor.

[bookmark: _heading=h.3ygebqi]3.7.4 Stress measurement
[bookmark: _heading=h.2dlolyb]3.7.4.1 Perceived stress - Perceived Stress Scale (PSS)
The Perceived Stress Scale (PSS) measures the perception of stress and includes ten items, each scored on a 5-point Likert scale that ranges from 0 (Never) to 4 (Very Often), with higher scores indicating higher levels of perceived stress (Cohen et al., 1994). The PSS has been translated into numerous languages, e.g., Arabic (Chaaya et al., 2010), Swedish (Eskin and Parr 1996), Chinese (Leung et al., 2010), and Greece (Andreou et al., 2011), and has consistently demonstrated good internal and external validity. Early evidence indicated that perceived stress was related to irregular meal planning and increased emotional eating, leading to an increased risk of susceptibility to overconsumption in a community-based sample of African Americans (Sims et al., 2008). Furthermore, in an observational study, Huh et al. (2015) observed that perceived stress and the levels of hunger were especially higher in the late afternoon and evening hours. The scale was used in the studies to explore associations between meal timing and perceived stress and to compare group differences. 

[bookmark: _Toc172984795]3.8 Height, weight and BMI 
In study 1, participants self-reported height and weight. However, self-report measures are prone to misreporting. Specifically, there is a higher probability of overestimating height and a higher probability of underestimating weight (Ambwani and Chmielewski, 2013; Connor Gorber et al., 2007). In addition, people living with obesity are more likely to report their weight and height inaccurately (Nawaz et al., 2001; Ziebland et al., 1996). Therefore, weight and height were assessed by the researcher in study 2 to enhance the accuracy of these measurements. Height was measured to the nearest cm using a stadiometer and weight to the nearest 0.1 kg using a digital scale without shoes and heavy clothes. BMI was calculated according to the formula [weight (kg)/height (m)2]. BMI is the most commonly used measure of obesity (Adab et al., 2018). There has been controversy about the accuracy of BMI, as it can be influenced by the presence of muscle mass (Prentice and Jebb, 2001). Therefore, it has been suggested that other indicators, such as waist circumference, should be used to more accurately identify overweight and obesity (Janssen et al., 2004). Although BMI may not be completely accurate, it has been shown to be a reliable indicator of body fat (Flegal et al., 2009). Therefore, BMI was used in the studies reported in this thesis. The aims of study 3 were to explore the reasons for late evening eating and barriers and enablers to changing to earlier evening eating in adults living with overweight and obesity instead of quantitative data analysis. Therefore, in study 3 participants self-reported height and weight via online questionnaire for eligibility screening.

[bookmark: _Toc172984796]3.9 Online surveys
Online surveys were used to collect demographic information and included psychometric measures to assess individual differences in the studies reported in this thesis. However, there are some limitations associated with online surveys. Firstly, online surveys are only completed by respondents who are able to access the internet and the willingness to take the time to do the survey, which could result in a biased sample. Secondly, there is a need to validate psychometric questionnaires designed to assess eating behaviour traits especially for online testing (Birnbaum, 2000; Buchanan and Smith, 1999). However, although the drawbacks of online surveys, online surveys are becoming increasingly popular and commonly used for academic studies (Buchanan and Hvizdak, 2009). Online surveys not only offer the possibility of obtaining large sample sizes but are also timesaving, because data is collected electronically and can be promptly exported into statistical programmes, thereby, minimizing likelihood of data entry errors (Schmidt, 1997). Therefore, considering the sample size and time-efficiency, online surveys were used in Study 1, 2 and 3 (see more details in Chapters 4, 5 and 6), which were designed and distributed using Qualtrics Labs, Inc. 

[bookmark: _Toc172984797]3.10 Strategy for data analysis
All quantitative data was analysed using Statistical Package for the Social Sciences v26 (SPSS; IBM Corporation, Somers, New York). Questionnaire responses were exported to SPSS after downloading from Qualtrics version 2021 (Provo, Utah, USA). The psychometric scales were calculated using Google Excel, following the instructions provided in the surveys, and then transferred to SPSS. 

Specifically, in order to compare the differences in eating behaviour traits and health behaviours between early eaters and late eaters reported in this thesis. Hierarchical cluster analysis was conducted to group participants based on the time of last eating episode in Study 1. Compared to a median split, cluster analysis is a data-driven and exploratory analytical method that enables the classification of participants within a broad sample into groups based on their similarity in the time of their last eating episode. This approach enables us to identify profiles of individuals based on their last eating episode and compare them in terms of eating behaviour traits and health behaviours. Furthermore, Santonja et al. (2023) also used cluster analysis to identify meal-timing clusters and explore the associations with sleep and chronic diseases. A median split, while commonly used for convenience, sets a cut-off point at the median, which requires the data to be split into two groups. In contrast, hierarchical cluster analysis provides greater flexibility in determining the optimal number of clusters based on the structure of the data, rather than restricting the analysis to two predefined groups, which could group participants that reflect actual dietary patterns (Yim and Ramdeen, 2015). Therefore, hierarchical cluster analysis was used in Study 1 and the cut-off point was used in Study 2 and Study 3 to ensure consistency.

Chapter 3
Regarding the qualitative study, all interviews were recorded, transcribed by a third party, and subsequently coded using thematic analysis in NVivo. Specific details of the data analysis will be described within each respective study.

[bookmark: _Toc172984798]Chapter 4 
[bookmark: _Toc172984799]Study 1: The relationship between meal timing and body mass index (BMI) in UK adults 

Having provided an understanding of the factors that influence eating behaviour, as well as a narrative review of the current literature on meal timing (Chapter 2). The current chapter presents the first study, that aimed to explore the associations between late eating, meal patterns and BMI, and to compare eating behaviour traits and health behaviours in each cluster [(early versus later eaters) and (higher versus lower chaotic eaters)].

[bookmark: _Toc172984800]4.1 Abstract

Emerging evidence indicates late eating can be related to higher BMI. However, findings are inconsistent and the psychological and behavioural characteristics of early versus late eaters are unclear. Thus, this study aimed to i) assess the relationship between meal timing, meal pattern and BMI, and ii) compare psychological and behavioural characteristics of early and late evening eaters and higher and lower chaotic eaters. An online survey completed by 300 UK adults (analysed n = 260; 46% female; 37.5 ± 14.1 years; 26.2 ± 5.8 kg/m2) assessed meal timings (breakfast, lunch, evening meal and snacks), eating behaviour traits (uncontrolled eating, craving control, emotional eating, cognitive restraint, satiety responsiveness and reliance on hunger and satiety cues) and health and weight management behaviours [e.g., physical activity, habitual diet (food frequency questionnaire) and sleep]. ‘Chaotic eating’ was characterised as the tendency to eat at variable times of day. Results showed that later evening consumption was not significantly associated with BMI (r = -.09, p = .17). Hierarchical cluster analysis grouping participants as early or late eaters, showed that late eaters reported a significantly lower craving control (p < .05) and longer daily consumption window (p < .001). There were no significant differences in BMI, cognitive control, uncontrolled eating, emotional eating, reliance on hunger and satiety cues, satiety responsiveness, physical activity, sleep quality or sleep duration between early and late eaters. Whereas chaotic eating of meals (r = -.14, p = .02) or snacks (r = -.15, p = .02) was significantly associated with lower BMI. Hierarchical cluster analysis grouping participants into three meal chaotic eating groups and three snack chaotic eating groups (low, medium and high), showed that high chaotic meal eaters reported significantly lower satiety responsiveness (p = .02), lower reliance on hunger and satiety cues (p = .02) and longer daily consumption window (p < .001). High chaotic snack eaters reported a longer daily consumption window (p< .001) and poorer dietary quality (p = .002). In this study, eating later was not associated with a higher BMI. However, late eaters may have less control over food intake and may be at increased risk of overconsumption.

[bookmark: _Toc172984801]4.2 Introduction

Obesity is a global health problem that increases the risk of several metabolic disorders, including cardiovascular disease, metabolic syndrome, type 2 diabetes and some cancers (Calle et al., 2003). Moreover, obesity is associated with negative psychological consequences, such as body dissatisfaction (Harriger and Thompson, 2012), eating disorders (Neumark-Sztainer et al., 2006) and low self-esteem and depression (Heinberg and Thompson, 2009) (see more detail in Chapter 1). The imbalance between energy expenditure and energy consumed is a fundamental cause of overweight and obesity (Mogenson et al., 2020). Controlling and regulating food intake is the most commonly reported strategy for losing weight, with more than two-thirds of people trying to lose weight using this strategy (Santos et al., 2017). However, when attempting weight loss, many people do not lose weight, and generally, while short-term diets can be effective, long-term sustained weight is challenging (Eliana et al., 2018). Also, individual responses to standardised weight loss programmes are variable and many factors influence the success of a dietary intervention in obesity (Teixeira et al., 2010). Therefore, other factors like meal timing, should be considered for improved appetite control.

Meal timing
Meal timing involves the time of day that individuals eat meals and snacks, and some people eat foods at strategic times in order to achieve specific outcomes (see more details in Chapter 2) (Calle et al., 2003). Not only ‘what’ we consume is crucial but also, ‘when’ to eat is a key point. Current dietary advice for weight management generally assumes that a “calorie is a calorie” regardless of the timing of calorie consumption throughout the day (Ruddick-Collins et al., 2022). To date, some evidence has shown that eating meals later in the day is associated with an increased BMI and poorer weight loss outcomes (Dashti et al., 2021, Garaulet et al., 2013, St-Onge et al., 2019, Jacob et al., 2020, St-Onge et al., 2017, Fong et al., 2017, Almoosawi et al., 2016, Shaw et al., 2019, Ruddick‐Collins et al., 2020). For instance, in a randomised clinical trial, 82 participants with obesity were randomly allocated into an early evening meal group (eating at 19:00-19:30) or late evening meal group (eating at 22:30-23:00). The results showed that the early evening meal group had a greater reduction in weight, BMI and waist circumference compared with the late evening meal group after 12 weeks (Madjd et al., 2020). In line with Madjd et al. (2020), Okada and colleagues (2019) assessed the association between late evening eating and the prevalence of overweight and obesity using self-administered questionnaires and found that individuals who habitually consumed late evening meals or night-time meals were significantly associated with a higher prevalence of overweight/obesity. The mechanism associating late eating with adverse health outcomes is likely to be multifactorial and may involve the influence of late eating on circadian misalignment (Wehrens et al., 2017; McHill et al., 2017), a condition in which environmental and behavioural cycles are out of synchronisation with the endogenous circadian system (Morris et al., 2015). Indeed, previous research has indicated that acute circadian misalignment, such as that caused by jet lag, shift work and late meal timing, influences energy balance and glycaemic control (Garaulet and Gómez-Abellán, 2014; Broussard and Van Cauter, 2016; Qian and Scheer, 2020; Qian et al., 2019).

However, some other studies found no relationship between late eating and increased BMI (Kant et al., 1997; Mogensen et al., 2020; Culnan et al., 2021; Kutsuma et al., 2014; Kito et al., 2019; Sandhu et al., 2017). For instance, a cross-sectional study assessed late evening eating by using a self-reported questionnaire and showed that late evening eating was not significantly related to increased risk of overweight (Lee et al., 2016). Similarly, Kito et al.'s observational study indicated that having an evening meal within 2 hours of bedtime was not a predictor of overweight or obesity (Kito et al., 2019). 

There are some possible reasons to explain the discrepant results. Firstly, there is no agreed definition of late eating. Researchers have used a variety of ways to characterise late eating, e.g., using meal names (Reid et al., 2014), or using a specific time of day to characterise early or late meals (cut-off point as 8 PM: Jacob et al., 2023; Baron et al., 2011; Sandhu et al., 2017, cut-off point as 3 PM Garaulet et al., 2013; Ruiz-Lozano et al., 2016; cut-off point as 2:54 PM Dashti et al., 2021 or cut-off point as 5 PM Kant et al., 1997). Secondly, studies showing no association between late eating and higher BMI are cross-sectional, therefore the causality of the relationship cannot be determined. Thirdly, the types of foods consumed in the evening and nutritional content have an influence on total energy intake. Evidence suggests that foods eaten in the evening are likely to have a higher energy density than those consumed earlier in the day (de Castro 2004; Kant and Graubard 2006), which can promote greater energy intake (Murakami et al., 2017; Ledikwe et al., 2006; Bell et al., 1998). However, several studies did not consider total energy intake and types of foods consumed in the evening (Lee et al., 2016; Kito et al., 2019). Therefore, it is difficult to test whether the association between late evening eating and BMI is independent of total energy intake. Finally, studies finding no significant relationships between late eating and increased BMI relied on self-reported measures, such as food diaries, height and weight (Kant et al., 1997; Mogensen et al., 2020). Misreporting of energy intake in self-reported dietary assessments is well documented and is recognised as a major limitation in the evaluation of dietary effects on health (Ravelli and Schoeller 2020).  

Despite inconsistent findings, a systematic review of ten observational and experimental studies showed associations between late eating, weight gain, hyperglycaemia and diabetes mellitus and the benefits of early eating in a range of individuals, e.g., post-bariatric surgery patients, individuals with overweight/obesity, and the general population (Beccuti et al., 2017). More broadly, a systematic review of 43 studies found that late chronotype, which reflects people prefer to engage in activities or rest during specific times of the day, is associated with unhealthy eating habits, such as eating late in the evening and consuming more energy dense foods and is also more likely to be increased weight and BMI (Teixeira et al., 2022). Therefore, while there are some inconsistencies in the food timing literature, eating late is identified as a potential risk factor for obesity in the long term.

While the timing of food consumption is increasingly recognised as a factor that could influence overall health and potentially contribute to obesity, there is still uncertainty about the specific characteristics and behaviours of late eaters. Early identification of potential barriers to weight loss could enhance the effectiveness of weight loss trials in susceptible population. Research comparing late and early eaters has found that late eaters are more likely to eat under stress, overeat in the evening and eat while watching television than early eaters (Dashti et al., 2021). Moreover, stressful eating, eating when bored, and low motivation to lose weight have been identified as common barriers to weight-loss barriers that could be targeted in the future (Arasu et al., 2019; Sharifi et al., 2013). Furthermore, it has been suggested that health behaviours such as sleep, and physical activity influence the time of food intake (Dashti et al., 2019). Specifically, being awake in the evening due to social obligations may be an additional opportunity for food intake. Indeed, epidemiological and experimental studies have shown that sleep influences dietary choices and hunger (Dashti et al., 2015; Al Khatib et al., 2018; Tasali et al., 2014), and suggest that shorter sleep, leading to longer periods of wakefulness, may foster later eating times and increased frequency of eating by providing more opportunities to eat. Reid et al. (2014) conducted an observational study of healthy adults and found that longer sleep duration was significantly correlated with eating last meals earlier. In addition, another study found that shorter sleep duration was associated with a later dinner time (after 9 pm) in middle-aged Japanese men with obesity (Hsieh et al., 2011). The endogenous circadian system may be playing a role in regulating the timing of food intake, and it has been observed that energy expenditure is under the control of the endogenous circadian system (Ruddick-Collins et al., 2018; Zitting et al., 2018). Therefore, exploring the differences in physical activity and sleep between early and late eaters is necessary to understand the complex interactions between meal timing, circadian rhythms, and health behaviours.
Eating behaviour traits are considered to be reliable, acquired indices of food-related behaviours (Varady, 2016) and have also been extensively investigated to identify potential markers of overconsumption (Bass and Takahashi, 2010). Moreover, multiple psychological traits have been associated with eating behaviours, for instance, traits linked with susceptibility to uncontrolled eating (e.g., disinhibition and emotional eating) (Foster et al., 1998). Eating behaviour traits such as disinhibition (the tendency to overeat; Westenhoefer et al., 1994) and emotional eating have also been associated with increased energy intake, weight gain and obesity (Dakin et al., 2023; Jacob et al., 2018; Bryant et al., 2019). In contrast, other research has found that higher scores in cognitive restraint, satiety responsiveness and craving control are related to lower BMIs and decreased risk of overconsumption (Bryant et al., 2012; Arguin et al., 2017; Chao et al., 2014). According to the Behavioural Susceptibility Theory (Llewellyn and Wardle, 2015), individuals with a heightened appetitive drive for food and weak responsiveness to satiety cues will be most likely to overconsumption in response to disinhibiting factors. Moreover, a higher proportion of total energy intake consumed as an evening snack was associated with disinhibition and binge eating severity (Leblanc et al., 2012). After pre-registering this study reported in the thesis, Jacob and colleagues (2023) used a three-day food diary and assessed eating behaviour traits: cognitive restraint, disinhibition, susceptibility to hunger and binge eating severity with the Three-Factor Eating Questionnaire (TFEQ) and the Binge Eating Scale (BES). Jacob et al. (2023) found late eating was significantly associated with traits, such as disinhibition and susceptibility to hunger in participants with overweight and obesity. However, Jacob's study limited to use two psychometric questionnaires to explore the associations between late eating and eating behaviour traits. It is unclear whether late eating is associated with other eating behaviour traits related to reduced BMIs, such as craving control. Therefore, the associations between late eating and other eating behaviour traits should be further investigated. Insights into the eating behaviour traits and health behaviours related to late eating may be useful in the development of future individualised and successful interventions that target traits linked with overconsumption.  

Irregular eating
Irregular eating, defined as variability in daily eating frequency, has been shown to be a risk factor for increasing energy density foods intake (Zahra et al., 2014), increased weight gain (de Vos et al., 2015) and the risk of obesity (Ekmekcioglu and Touitou, 2011). Furthermore, cognitive behavioural therapies (CBT) used for binge eating treatment and obesity often promote the adoption of regular and structured meal patterns (Palavras et al., 2015). Yet, researchers have used different methods to identify and assess the irregularity of eating patterns. Some studies focus on the variability in the size of individual meals and snacks (Pot et al., 2014; Timlin and Pereira, 2007; Astbury et al., 2011), while others analyse the daily variability in total energy consumption (Sierra-Johnson et al., 2008; Farshchi et al., 2004; Farshchi et al., 2005; al-Isa, 1999). The influence of irregular eating patterns appears to be focused on specific meals. For example, research has shown that an irregular breakfast pattern is associated with a higher BMI (Yang et al., 2006; Berkey et al., 2003; Rodrigues et al., 2016). However, there is a lack of research on the irregularity in the timing of eating occasions. 

Chaotic eating
The term “chaotic eating” was introduced by Zimmerman et al. (2018) referring to the tendency to eat at variable times of day. The chaotic eating index measures chaotic eating by capturing the variability in the timing of individual eating occasions and is calculated by dividing the number of possible 30-minute meal time slots by the meal frequency. Zimmerman and colleagues (2018) conducted two studies to examine the relationship between BMI, chaotic eating and eating behaviour traits. Study 1 used self-reported height and weight to calculate BMI, and chaotic eating of meals and snacks based on self-reported timing. Using seven-day weighed food diaries from the National Diet and Nutrition Survey (NDNS) in a representative sample of UK adults, Study 2 assessed the associations between BMI, chaotic eating, eating behaviour traits and total energy intake. Results from both study 1 and 2 showed no significant associations between BMI and chaotic consumption of meals and snacks (Zimmerman et al., 2018). However, in Study 1, higher scores on cognitive restraint were significantly related to less chaotic snacking, indicating that attempting to reduce food intake promotes regularity. In Study 2, higher scores on emotional, external and cognitive restraint were significantly linked with higher chaotic eating of meals, showing that variable meal times can increase the tendency to eat in response to external or emotional cues. Yet, evidence for the link between chaotic eating and BMI is limited. Therefore, the relationship between chaotic eating, BMI and eating behaviour traits should be further explored.

Collectively, there is limited evidence exploring the associations between meal timing and a range of eating behaviour traits. Furthermore, there remains uncertainty in the psychological (eating behaviour traits) and behavioural characteristics (health behaviours) of the early and late eaters. As such, this study aimed to explore the associations between meal timing, chaotic eating, eating behaviour traits and BMI in UK adults, and compare the eating behaviour traits and health behaviours of early and late eaters. The hypotheses tested are presented below.


Primary hypothesis is listed below:
1.  Meal timing or meal pattern will be associated with BMI. Specifically: 
a. Late eating will be related to higher BMI.
b. Chaotic eating will be related to higher BMI.
2. Meal timing will be associated with eating behaviour traits: eating later in the day will be related to score lower in satiety responsiveness, craving control, cognitive restraint, intuitive eating and higher in disinhibition and emotional eating.
3. Eating behaviour traits between early eaters and late eaters: It is expected that late eaters will score lower in satiety responsiveness, craving control, cognitive restraint, intuitive eating scores and higher in disinhibition compared to early eaters.
4. Health behaviours between early eaters and late eaters: It is expected that late eaters will report shorter sleep duration, less physical activity and poorer dietary quality compared to early eaters.
5. Eating behaviour traits between higher and lower chaotic eating eaters: It is expected that high chaotic eaters will score lower satiety responsiveness, craving control, cognitive restraint, intuitive eating scores and higher in disinhibition compared to low chaotic eaters.   
6. Health behaviours between higher and lower chaotic eating eaters: It is expected that high chaotic eaters will report shorter sleep duration, less physical activity and poorer dietary quality 
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4.3.1 Participants and recruitment

Recruitment strategies targeted adults (≥18 years old) living in the UK. Participants were recruited from the online recruitment platform Prolific Academic between November and December 2021. To be eligible, participants needed to be aged between 18-80 years and living in the UK. Participants were excluded if they reported a current or history of eating disorders, were pregnant or breastfeeding and incorrectly answered two attention questions. 

G*Power analysis showed a minimum requirement of n=143 to detect a small effect size (d=0.1), with 80% power at a 5% significance level. However, 300 participants were recruited to provide a high-quality representative sample of both men and women.

This study has been ethically approved by the University of Sheffield Ethics Review Procedure administered by the Department of Psychology (Application number: 043873) and the study protocol was pre-registered on Open Science Framework (https://osf.io/428uh). 

4.3.2 Study design

An online survey with adult participants was conducted. The participant information sheet (see Appendix B) was displayed on the first page of the survey as a result of the web link provided in the recruitment advertisement. In order to maintain the confidentiality of the study, participants were informed that the purpose of the research was to investigate the relationship between lifestyle factors and health behaviours in the general population. Concealing the true purpose of the study (i.e. associations with BMI) is important as awareness that height and weight is the outcome (BMI) may influence some participants’ responses (Sharpe and Whelton, 2016) (see more details in section 3.6). The true purpose of this study and the importance of deception were explained to participants in the debrief (see Appendix B). The survey asked participants to provide their age, gender, ethnicity, nationality, postcode (to determine Index of Multiple Deprivation), education level, general health status (Jylhä, 2009), previous weight loss attempts (Carraça et al., 2018), habitual diet and physical activity levels. The Index of Multiple Deprivation ranks small geographical areas in England, Wales and Scotland. The deciles are presented on a scale from '1 = most deprived' to '10 = least deprived'. Self-reported height and weight were collected to compute BMI (in kg/m2). The survey also involved a series of questionnaires in a randomised order, including meal timings (time of day that breakfast, lunch, evening meal and evening snacks were consumed), satiety responsiveness (Hunot et al., 2016; Tylka and Kroon Van Diest, 2013), craving control (Dalton et al., 2015), cognitive restraint, uncontrolled eating, emotional eating (Karlsson et al. 2000), sleep timing and sleep quality (Buysse et al., 1989) (see 3.3.3 section). Besides, two attention check questions were included to make sure that survey takers' attention is at a high level throughout the survey. 

4.3.3 Measures
4.3.3.1 Meal timing and chaotic eating

The time of breakfast, lunch, evening meal, snacks, meal frequency and snack frequency were assessed by self-reported questions. Participants were provided with a list of times and were asked to select all possible times they might consume breakfast, lunch, evening meals and snacks at half-hour intervals on a 24-hour clock. All questions are presented in Appendix A. Participants were also asked to report their meal frequency (e.g., How many meals do you tend to eat on a typical day?). Similar questions on snack consumption were asked in the same way. The chaotic eating index was established by dividing the number of possible 30-minute meal time slots by the frequency of meals (Zimmerman et al., 2018). In the same approach, the chaotic snack index was calculated.

4.3.3.2 Eating behaviour traits

A short, revised 18-item questionnaire Three-Factor Eating Questionnaire (TFEQ) was used to assess cognitive restraint (CR), uncontrolled eating (UE) and emotional eating (EE). All the subscales showed good internal reliability (Cronbach’s α cognitive restraint = .78; Cronbach’s α uncontrolled eating = .83; Cronbach’s α emotional eating = .85) (Karlsson et al., 2000). Responses were collected on a 4-point scale. The Control of Eating Questionnaire (CoEQ) (Dalton et al., 2015) was used to measure craving control (CC), with good internal reliability (Cronbach’s α = .90). Items of the CoEQ were rated on a 100-point visual analogue scale, with the items being averaged to produce a final score. The 5-item Craving Control subscale was used in the current study. The Adult Eating Behaviour Questionnaire (AEBQ) was used to assess satiety responsiveness (SR), which has shown good internal reliability (Cronbach’s α = .74) (Hunot et al., 2016). Responses were collected on a 5-point scale. Reliance on hunger and satiety cues (RHSC) was assessed with a 6-item Reliance on Hunger and Satiety Cues of Intuitive Eating Scale-2 (IES-2) and response were collected on a 5-point scale (Cronbach’s α = .88; Tylka et al., 2013). Higher scores on each subscale reflect a higher level of responsiveness to the respective eating behaviour trait (See section 3.7.2 for further discussion of these scales). 

4.3.3.3 Health behaviours

To compare the diet quality, sleep and physical activity between early and late evening eaters, participants completed a short-form Food Frequency Questionnaire (SFFFQ) (Cleghorn et al., 2016), Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) and single-item measure of physical activity (Milton et al., 2010) (see section 3.7.3 for more details).
4.3.4 Data analysis

Demographic data collected was analysed using descriptive statistics in IBM Statistical Package for the Social Sciences (Version 27). Means ± standard deviations (95% confidence interval) are reported unless specified. To assess correlations between meal timing (24-hour clock), chaotic eating, eating behaviour traits and BMI, bivariate correlations (Pearson’s r) were conducted. Pearson's r correlation coefficients were interpreted as 0.1 small, 0.3 medium and 0.5 large (Cohen, 1992). As a deviation from the pre-registered plan, the Index of Multiple Deprivation was not controlled for the ANCOVA tests in order to retain as large a sample size as possible. 

To explore the differences in eating behaviour traits between meal timing, chaotic eating and BMI. Hierarchical cluster analysis was conducted to group participants based on the time of last eating episode, meal chaotic index and snack chaotic index, by using the agglomerative Ward method (Ward, 1963) combined with the squared Euclidean distance measure (Everitt 2001). Using the Ward method, two clusters were merged at each stage of the clustering process to minimise the variance within clusters. ANCOVAs controlling for age and gender were conducted to compare the differences in eating behaviour traits and health behaviours in each cluster. Partial eta square (ηp2) is reported for effect sizes and interpreted as 0·01 small, 0·06 moderate and 0·14 large (Field 2005). The results of comparisons among chaotic snack eaters are reported in Appendix B.  
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4.4.1 Participant Characteristics

The final sample consisted of 260 adults [M: 37.5 ± 14.1 years (35.7, 39.2), range 18 to 79] with a mean BMI of 26.2 ± 5.8 (25.5, 26.9) kg/m2, half of whom were males (52%, n = 135; 46% females, n = 120; 0.8% trans male, n = 2; 0.8% prefer not to say, n = 2; 0.4% non-confirming, n = 1). Most of the sample reported having a bachelor's degree. The majority of the sample was White 86% (n = 223). All other measured participant characteristics are displayed in Table 4.1. 
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	Variable (total n)
	 n (%) or M ± SD (95% CI)

	Education (n = 260)
	

	No formal qualifications
	5 (2%)

	1-4 GCSEs or equivalent qualifications
	12 (5%)

	5 GCSEs or equivalent qualifications
	23 (9%)

	2 or more A-levels or equivalent qualifications
	55 (21%)

	Bachelor's degree or equivalent
	123 (47%)

	Doctoral or higher education.
	30 (12%)

	Apprenticeship
	5 (2%)

	Other qualifications including foreign qualifications
	6 (2%)

	Prefer not to say
	1 (0.4%)

	Index of Multiple Deprivation decile (n=186)
	5.3 ± 2.8 (4.8, 5.7)

	Health (n=260, note some participants selected multiple answers)
	

	No health issues
	195 (75%)

	Have an under or overactive thyroid
	10 (4%)

	Have diabetes
	3 (1%)

	Regular smoker
	27 (10%)

	Other health condition
	22 (9%)

	Pittsburgh Sleep Quality Index (PSQI)
	

	Wake time (hh: mm) (n = 259)
	7:51 ± 1:55 (7:37, 8:05)

	Sleep time (hh: mm) (n = 260)
	23:29 ± 1:38 (23:17, 23:41)

	Sleep duration (hour) (n = 260)
	6.9 ± 1.1 (6.75, 7.02)

	Meal timing (hh: mm)
	

	First eating episode (n=257)
	9:13 ± 2:00 (8:58, 9:28)

	Lunchtime (n=234)
	12:59 ± 0:52 (12:52, 13:05)

	Last eating episode (n =256)
	20:04 ± 1:40 (19:52, 20:16) 

	Daily consumption window (hours) (n =258)
	10.7 ± 2.6 (10.3, 11.0)

	Eating behaviour traits (n = 260)
	

	Craving control (COEQ)
	55.12 ± 23.88 (52.21, 58.04)

	Uncontrolled eating (TFEQ)
	2.2 ± 0.6 (2.1, 2.2)

	Emotional eating (TFEQ)
	2.3 ± 0.9 (2.2, 2.4)

	Cognitive restraint (TFEQ)
	2.2 ± 0.5 (2.1, 2.2)

	Satiety responsiveness (AEBQ)
	2.3 ± 0.8 (2.2, 2.)

	Reliance on hunger and satiety cues (IES)
	3.4 ± 0.7 (3.3, 3.4)


Note: COEQ = Control of Eating Questionnaire (Dalton et al., 2015); TFEQ = Three Factor Eating Questionnaire, revised version (Karlsson et al., 2000); AEBQ = Adult Eating Behaviour Questionnaire (Hunot et al., 2016); IES = Intuitive Eating Scale - 2 (Murat et al., 2017).

4.4.2 Correlations between meal timing or meal pattern with BMI

Table 4.2 shows the correlations between meal timings, including time of breakfast, time of lunch and time of last eating episode, meal patterns and BMI. There were no significant associations between meal timing and BMI (all p > 0.5). However, higher chaotic eating of meals (r = -.14, p = .02) or snacks (r = -.15, p = .02) was significantly associated with lower BMI. Additionally, no significant correlations were found between the meal timings and eating behaviour traits. As for the relationship between eating behaviour traits and BMI, results showed that higher scores on craving control and reliance on hunger and satiety cues were significantly related to lower BMI. Whereas higher scores on uncontrolled eating and emotional eating were significantly associated with higher BMI.  
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[bookmark: _heading=h.1jlao46]Table 4.2. Correlations between BMI, meal timing, meal pattern and eating behaviour traits.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1. BMI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2. First eating episode time
	.04
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3. Lunch time
	.01
	.18**
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4. Last eating episode time
	-.09
	.14*
	.33**
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5. Meal chaotic index
	-.14*
	-.10
	.12
	.29**
	 
	 
	 
	 
	 
	 
	 
	 

	6. Snack chaotic index
	-.15*
	-.07
	-.02
	.40**
	.48**
	 
	 
	 
	 
	 
	 
	 

	7. COEQ- craving control
	-.21**
	.002
	.01
	-.09
	.06
	-.07
	 
	 
	 
	 
	 
	 

	8. TFEQ- cognitive restraint
	.003
	-.05
	.05
	-.05
	-.04
	-.09
	.03
	 
	 
	 
	 
	 

	9. TFEQ- uncontrolled eating
	.21**
	-.01
	-.02
	.03
	-.04
	.05
	-.63**
	-.02
	 
	 
	 
	 

	10. TFEQ- emotional eating
	.29**
	-.06
	-.03
	-.01
	.06
	.07
	-.48**
	.07
	.60**
	 
	 
	 

	11. AEBQ- satiety responsiveness
	-.04
	.13*
	-.03
	.02
	-.08
	.03
	.13*
	.05
	-.27**
	-.04
	 
	 

	12. IES- reliance hunger and satiety cues
	-.32**
	.06
	.01
	-.06
	-.13*
	-.05
	.28**
	-.05
	-.38**
	-.39**
	.20**
	1


Note. MCI = Meal chaotic index (30-min time slots per meal).
SCI = Snack chaotic index (30-min time slots per snack).
COEQ = Control of Eating Questionnaire (Dalton et al., 2015).
TFEQ = Three Factor Eating Questionnaire revised 18-items (Karlsson et al., 2000).
AEBQ = Adult Eating Behaviour Questionnaire (Hunot et al., 2016).
IES = Intuitive Eating Scale - 2; RHSC = Reliance Hunger and Satiety Cues (Tylka et al. 2013).
Significant associations are in bold and highlighted.
**p < .01.
***p < .001.



4.4.3 Comparison of eating behaviour traits between early vs late evening eaters

Participants were categorised into either early or late evening eaters using hierarchical cluster analysis. Visual examination of the dendrogram (see Fig. 4.1) indicates that participants were grouped into two main clusters. Early eaters were participants who consumed the last eating episodes before 8 PM (n = 150). Late eaters were those who consumed the last eating episode after 8 PM (n = 106). Data missing for four participants due to the last eating episode for reported unreasonable consumption of evening meal time (n = 3, 11:00; n = 1, 13:00). Table 4.3 shows the eating behaviour traits in the early-evening eaters and late-evening eaters. Early eaters reported significantly higher craving control scores than late eaters (p = .04,
ηp2 = .02). Other eating behaviour traits: cognitive restraint, uncontrolled eating, emotional eating, satiety responsiveness and reliance on hunger and satiety cues did not significantly differ between early and late eaters (smallest p = .23, largest ηp2 = .01).
[image: ]Late eaters
Early eaters

[bookmark: _heading=h.43ky6rz]Figure 4.1. Dendrogram of the hierarchical cluster analysis using the Ward linkage method for the time of last eating episode performed by 256 participants. The participants are clearly divided into two groups (early vs late eaters). 
[bookmark: _heading=h.2iq8gzs]Table 4.3. Comparison of eating behaviour traits between early and late eaters.
	
	 Early eaters
  (n=149)
	 Late eaters
 (n=103)

	Dependent variable
	F
	p
	η2
	Mean
	SD
	Mean
	SD

	[bookmark: _Hlk172969173]COEQ- craving control
	4.17
	0.04
	0.02
	57.81
	24.46
	51.47
	22.95

	TFEQ- uncontrolled eating
	0.12
	0.73
	<0.001
	2.15
	0.60
	2.21
	0.57

	TFEQ- emotional eating
	0.001
	0.97
	<0.001
	2.33
	0.86
	2.36
	0.89

	TFEQ- cognitive restraint
	0.2
	0.69
	0.001
	2.18
	0.55
	2.12
	0.48

	AEBQ- satiety responsiveness
	0.001
	0.98
	<0.001
	2.30
	0.84
	2.35
	0.84

	IES- reliance hunger and satiety cues
	1.4
	0.23
	0.01
	3.39
	0.72
	3.31
	0.74


Note: Data for four participants are missing because responses from other genders were too few to include in the analysis.
All comparisons were controlled for age and gender.
Data are presented as mean and SD.
COEQ = Control of Eating Questionnaire (Dalton et al., 2015).
TFEQ = Three Factor Eating Questionnaire revised 18-items (Karlsson et al., 2000).
AEBQ = Adult Eating Behaviour Questionnaire (Hunot et al., 2016).
IES = Intuitive Eating Scale - 2 (Tylka et al. 2013).
Significant difference is in bold and highlighted. 

4.4.4 Comparison of health behaviours between early vs late eaters

Table 4.4 shows the health behaviours in early and late eaters. The results showed that late eaters reported a longer daily consumption window than early eaters (p <.001, ηp2 = .21). In addition, late eaters also had later wake (p <.001, ηp2 = .06) and sleep times (p <.001, ηp2 = .10) than early eaters. No other significant differences were observed between early eaters and late eaters, including sleep duration, physical activity and dietary quality scores (DQS) (smallest p = .08, largest ηp2 = .01).











[bookmark: _heading=h.xvir7l]Table 4.4. Comparison of eating behaviour traits between early and late eaters.
	
	 Early eaters
  (n=149)
	 Late eaters
 (n=103)

	Dependent variable
	F
	p
	η2
	Mean
	SD
	Mean
	SD

	Daily consumption window (h)
	66.82
	<0.001
	0.21
	9.73
	2.21
	12.06
	2.31

	Sleep duration (h)
	0.57
	0.45
	0.002
	6.85
	1.05
	7.01
	1.13

	Wake time (hh: mm)
	15.53
	<0.001
	0.06
	7:24
	1:21
	8:21
	2:15

	Sleep time (hh: mm)
	27.73
	<0.001
	0.10
	23:01
	1:13
	23:58
	1:47

	Physical activity
	0.20
	0.66
	0.001
	3.00
	2.08
	2.84
	2.17

	Diet Quality Score
	3.16
	0.08
	0.01
	10.12
	1.80
	9.68
	1.91


Note: Data for four participants are missing because responses from other genders were too few to include in the analysis.
All comparisons were controlled for age and gender. 
Data are presented as mean and SD.
DQS = Dietary Quality Score (Cleghorn et al. 2016).
Significant differences are in bold and highlighted.

4.4.5 Comparison of eating behaviour traits between higher and lower meal chaotic eating groups

Hierarchical cluster analysis categorised participants into three types of meal chaotic eaters. Specifically, the low meal chaotic eaters were those with a meal chaotic index between 0.17 and 1.67 (n = 157). Participants whose meal chaotic index was calculated between 2 and 3.67 were the medium meal chaotic eaters (n = 67). The meal chaotic index ranging between 4 and 6 was classified as the high meal chaotic eater (n = 29). Table 4.5 shows the comparison of the eating behaviour traits in meal chaotic groups. Results showed that satiety responsiveness significantly differed between low and high meal chaotic eaters, with higher scores in low meal chaotic eaters (p = .02, ηp2 = .09). In addition, reliance hunger and satiety cue (RHSC) were significantly different in the three groups (p = .02, ηp2 = .03). Specifically, participants with a lower chaotic meal index reported higher reliance hunger and satiety cue (RHSC) scores. Of note, cognitive restraint, uncontrolled eating, emotional eating and craving control did not significantly differ between the three groups (smallest p = .06, largest ηp2 = .02).

[bookmark: _heading=h.3hv69ve]Table 4.5. Comparison of eating behaviour traits in meal chaotic eating groups.
	
	Low meal 
chaotic eaters
 (0.17-1.67)
 (n=157)
	Medium meal chaotic eaters
(2.00-3.67)
(n=67)
	High meal chaotic eaters
(4.00-6.00)
(n=29)

	Dependent variable
	F
	p
	η2
	Mean
	SD
	Mean
	SD
	Mean
	SD

	COEQ-CC
	1.68
	0.19
	0.01
	53.04
	23.28
	58.84
	24.34
	51.88
	26.10

	TFEQ-UE
	0.42
	0.66
	0.003
	2.18
	0.57
	2.12
	0.59
	2.22
	0.63

	TFEQ-EE
	2.83
	0.06
	0.02
	2.28
	0.84
	2.35
	0.90
	2.63
	0.92

	TFEQ-CR
	0.08
	0.93
	0.001
	2.17
	0.50
	2.14
	0.54
	2.13
	0.63

	AEBQ-SR
	4.09
	0.02
	0.09
	2.40
	0.82
	2.30
	0.93
	1.95a
	0.65

	IES-RHSC
	4.17
	0.02
	0.03
	3.40
	0.76
	3.38 b
	0.66
	3.04b
	0.64


Note: All comparisons were controlled for age and gender. Data are presented as mean and SD.
COEQ = Control of Eating Questionnaire; CC = Craving Control (Dalton et al., 2015).
TFEQ = Three Factor Eating Questionnaire revised 18-items; CR = Cognitive restraint; UE = Uncontrolled Eating; EE = Emotional Eating (Karlsson et al., 2000).
AEBQ = Adult Eating Behaviour Questionnaire; SR = Satiety Responsiveness (Hunot et al., 2016).
IES = Intuitive Eating Scale - 2; RHSC = Reliance Hunger and Satiety Cues (Tylka et al. 2013).
a p<0.05 vs low meal chaotic eaters.
b p<0.05 vs low meal chaotic eaters.
Significant differences are in bold and highlighted.

4.4.6 Comparison of health behaviours between higher and lower meal chaotic eating groups

There were significant differences in the daily consumption window (p < .001, ηp2 = .10) between the three groups. Specifically, participants who ate meals at variable times of day reported a longer daily consumption window. Sleep duration, wake time, sleep time, physical activity and dietary quality did not significantly differ between groups (smallest p = .13, largest ηp2 = .02). 
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	Low meal chaotic eaters
 (0.17-1.67)
 (n=157)
	Medium meal chaotic eaters
(2.00-3.67)
(n=67)
	High meal chaotic eaters
(4.00-6.00)
(n=29)

	Dependent variable
	F
	p
	η2
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Daily consumption window (h)
	12.39
	<0.001
	0.10
	10.12
	2.64
	11.31a
	2.04
	12.24a
	2.23

	Sleep duration (h)
	0.10
	0.91
	0.001
	6.93
	1.10
	6.90
	1.10
	6.90
	0.94

	Wake time (hh: mm)
	0.87
	0.42
	0.01
	7:46
	1:59
	7:34
	1:24
	8:20
	1:49

	Sleep time (hh: mm)
	2.06
	0.13
	0.02
	23:27
	1:41
	23:09
	1:15
	23:56
	1:23

	Physical activity
	0.30
	0.74
	0.002
	2.90
	2.10
	2.81
	2.25
	3.21
	1.80

	Dietary Quality Score
	0.74
	0.48
	0.01
	9.85
	1.85
	10.18
	1.97
	9.93
	1.60


Note: All comparisons were controlled for age and gender. Data are presented as mean and SD.
Dietary Quality Score (Cleghorn et al. 2016).
a p<0.001 vs low meal chaotic eaters.
Significant difference is in bold and highlighted.

[bookmark: _Toc172984804]4.5 Discussion
4.5.1 Meal timing

The current study found that late eating was not significantly associated with higher BMI. However, late eaters scored lower on craving control and reported longer daily consumption windows than early eaters. Other eating behaviour traits and health behaviours did not significantly differ between early versus late eaters. 

The finding that no significant associations between late eating and higher BMI is in line with previous studies (Kutsuma et al., 2014; Sandhu et al., 2017; Culnan et al., 2021; Kito et al., 2019; Lee et al., 2016; Kant et al., 1995; Kant et al., 1997; Mogensen et al., 2020; Jacob et al., 2023). For example, a study of middle-aged women found that there was no significant association between consuming foods after 10 pm and increased BMI (Mills et al., 2011). In contrast, other studies indicated that late eating was linked with higher BMI (Dashti et al., 2021; Baron et al., 2011; Garaulet et al., 2013; Okada et al., 2019; Xiao et al., 2019; Yoshida et al., 2018; Bo et al., 2014). For example, a study assessed self-reported meal timing in middle-aged Japanese men with obesity showed that a late dinner time (after 9 pm) was associated with short sleep duration and higher BMI (Hsieh et al., 2011). There are plausible explanations for such inconsistency. Firstly, there is a lack of consensus on the definition of late evening. Previous studies have categorized early and late eaters using various methods, including calculating the midpoint between breakfast and evening meal times (e.g., early: before 14:54 vs late: after 14:54)  (Dashti et al., 2021; Zaman et al., 2019), defining the main meal (lunch) time (e.g., early: before 15:00 vs. late: after 15:00) (Garaulet et al., 2013; Ruiz-Lozano et al., 2016; Bandin et al., 2015), specifying evening meal times (e.g., routine dinner at 18:00 vs. late dinner at 22:00;) (Gu et al., 2021); (early group: 19:00-19:30, late group: 22:30-23:00) (Madjd et al., 2021); (early: before 18:00 vs late: after 20:00) (Sandhu et al., 2017); (early: before 20:00; late: after 20:00) (Baron et al., 2011; kant et al.,1997), and using self-administered questionnaires (Okada et al., 2019; Kutsuma et al., 2014; Lee et al., 2016). In the current study, early and late evening eaters were categorised differently by using hierarchical cluster analysis (Ward's method) based on the time of the last eating episode self-reported by participants. Furthermore, the cut-off point in this study is 8 PM, aligning with some previous research (Baron et al., 2011; Jacob et al., 2023; Sandhu et al., 2017). Second is the consideration of total energy intake because not all studies adjusted for total energy intake (Kahleova et al. 2017; Okada et al. 2019; Kito et al. 2019). There is evidence that foods consumed in the evening have a higher energy density than those consumed earlier in the day (de Castro 2004; Kant and Graubard 2006), which can promote greater energy intake (Murakami et al. 2017; Ledikwe et al. 2006). Finally, the weight status of participants could contribute to inconsistent results. In the present study, participants with overweight and obesity (n = 131) and healthy participants (n = 129) were recruited. It should be noted that weight status could influence the timing and frequency of eating episodes (Dasti et al., 2019). For example, in a study of 83 women with obesity and 94 women without obesity, meal frequency, type, and timing were assessed by a self-reported questionnaire. Results showed that participants with obesity consumed more meals in the afternoon and evening and had more frequent eating episodes than participants without obesity (Bertéus Forslund et al., 2002). Population-based cohort analyses have also observed that participants with overweight were also more likely to skip breakfast (Kant and Graubard, 2015) and eat more in the evening (Winkler et al., 1999). Therefore, further research is needed to investigate whether the effect of late eating on body weight is the same in participants with overweight and obesity as participants with normal weight.

The current study extends previous research on the association between meal timing and BMI by identifying the eating behaviour traits linked with the time of the last eating episode and BMI. While early reports identified that early meal timing is associated with decreased appetite (Suzuki et al., 2015; Beaulieu et al., 2020), the present study compared eating behaviour traits linked with the susceptibility of overconsumption (uncontrolled eating, craving control, emotional eating, cognitive restraint, satiety responsiveness and reliance on hunger and satiety cues) between early versus late eaters and found that late eaters scored lower in craving control than early eaters. While other research comparing late and early eaters has found that late eaters are more likely to eat under stress, overeat in the evening, and eat while watching TV, compared with early eaters (Dashti et al., 2021), at the time of this study, limited research has been done on the psychological characteristics (eating behaviour traits) of late eaters. For the first time, late eaters in this study reported lower ability to control food craving. While experiencing cravings is commonly reported, it is important to note that not all cravings result in actual food consumption (Hill, 2007). Lower craving control has been related with increased binge eating, a propensity to consume opportunistically (Dalton et al., 2015) and decreased weight reduction (Smithson and Hill, 2017). In contrast, Smithson and Hill (2017) indicated that greater ability to control cravings and improvements in craving control (Dalton et al., 2017) were associated with improved weight loss outcomes in adults with obesity. Results are in line with studies which showed that hunger and food cravings are more likely to reach their peak at lunch and dinner time (Reichenberger et al., 2018; Pla-Sanjuanelo et al., 2014). There are two primary reasons why cravings may have a 24-hour rhythm. Firstly, the temporal aspect of social and contextual factors, such as the duration of work hours, may influence craving patterns. Secondly, previous research indicated that reward-related phenomena, such as positive affect and craving, follow a 24-hour rhythm, increasing from morning to late afternoon or evening (Byrne and Murray, 2017; Hasler et al., 2008; Itzhacki et al., 2019; Miller et al., 2015; Murray et al., 2009). These findings indicate the existence of an underlying circadian rhythm in general reward motivation that influences reward-related drives. Therefore, future strategies for late eaters should aim to increase the ability to control cravings and promote controlled eating, including cognitive training, exposure to food cues and mindfulness-based strategies (Alberts, Mulkens, Smeets, and Thewissen, 2010; Boswell and Kober, 2016; Schumacher, Kemps, and Tiggemann, 2018; Wolz, Nannt, and Svaldi, 2020). Indeed, a meta-analysis of 69 laboratory studies suggests some strategies to reduce cravings and food consumption, such as imagining food cues and inhibitory control (Wolz et al., 2020). Furthermore, studies reported that late eating was associated with other eating behaviour traits linked with susceptibility to overconsumption, including emotional eating (Dashiti et al., 2021), disinhibition and susceptibility to hunger (Jacob et al., 2023). More broadly, it has been shown that evening type individuals have later food patterns (Dashti et al. 2019; Mazri et al. 2019) and are more likely to indicate higher levels of disinhibition, susceptibility to hunger and binge eating and lower levels of cognitive restraint (Schubert and Randler, 2008; Walker et al. 2015). Thus, findings in this study have important implications and suggest that future interventions to promote earlier eating patterns could target increasing the craving control in people susceptible to consuming foods in the evening (Dalton et al., 2017). 

Indeed, late eaters in the present study reported a longer daily consumption window than early eaters. Time-restricted eating, which is defined as limiting eating to a specific time window, thereby prolonging the fasting period, has also been related to weight reduction (Huang et al., 2023; Adafer et al., 2020; Moon et al., 2020). For instance, a randomised controlled trial in adults with overweight and obesity indicated that participants in a time-restricted eating group who were instructed to eat during an 8-hour window showed greater weight loss and consumed earlier meals than a non-time restricted eating group who followed typical eating habits (Simon et al., 2022). In addition to increasing the opportunity to eat, eating late can influence metabolism by misaligning calorie intake with internal circadian rhythms. Other research has also shown that late evening eating is associated with metabolic dysfunction, as the insulin response to the evening meal is lower and therefore the levels of glucose remain high for a longer period of time (Van Cauter et al., 1997). 

4.5.2 Chaotic eating

The present study assessed chaotic eating to reflect the variability in the times of meals and snacks. This study found that higher chaotic consumption of meals and snacks significantly associated with lower BMI. This study also found that high meal chaotic eaters scored lower in satiety responsiveness and reliance on hunger and satiety cues and reported longer daily consumption windows. In addition, high snack chaotic eaters showed lower scores on craving control and reported longer daily consumption windows and poorer dietary quality. 
Meal patterns have been identified as a factor influencing body weight (Febry et al., 1964). Various aspects of eating patterns, such as daily meal frequency, irregular meal frequency and skipping breakfast, have been observed to be related to higher BMI, increased food intake, metabolic syndrome and reduced insulin response (Pot et al. 2014; Pot et al., 2016; Lehto et al., 2011; Alhussain et al., 2016; Farshchi et al., 2005). However, the significant association between higher chaotic eating and lower BMI was found in this study. At present, there is limited evidence linking chaotic eating and BMI. Only one study conducted by Zimmerman and colleagues (2018) found no significant association between chaotic eating and higher BMI. Although short-term highly controlled experiments (Jakubowicz et al. 2013; Morgan et al., 2012) and observational studies (Eicher-Miller et al., 2016; Leech et al., 2017) have indicated that the role of meal timing on weight regulation (Jakubowicz et al., 2013) and diet quality (Eicher-Miller et al., 2016; Leech et al., 2017), there is still a lack of long-term, free-living studies to investigate the relationship between regular meal timing and body weight. Therefore, randomised controlled trials are needed to provide more reliable evidence of causality.

In addition to exploring the relationship between chaotic eating and BMI, this study also found lower scores on satiety responsiveness and reliance on hunger and satiety cues were observed in the high chaotic meal eaters suggesting that variable meal timings reflect a poorer tendency to eat in response to internal triggers. Differently, compared with the studies conducted by Zimmerman et al. (2018), results showed lower restrained eating was associated with higher chaotic snacking, suggesting that attempts to limit dietary intake promote regularity. Zimmerman and colleagues also found that chaotic eating of meals was associated with higher emotional and external eating scores, suggesting that variable meal timings reflect a greater tendency to eat in response to external or emotional triggers. The different questionnaires to assess eating behaviour traits might be the main reason for the discrepancy. Specifically, the 18-item Three-Factor Eating Questionnaire (TFEQ) and Adult Eating Behaviour Questionnaire (AEBQ) were used in the current study. The 51-item Three-Factor Eating Questionnaire (TFEQ) and the Dutch Eating Behaviour Questionnaire (DEBQ) were used in the Study 1 and Study 2 conducted by Zimmerman et al. (2018), respectively. 

The current obesogenic environment promotes overconsumption, weight gain and obesity. However, there is considerable individual differences in susceptibility to overconsumption and gain weight (Blundell et al., 2005). Weakened satiety response to food is a potential marker of susceptibility to overconsumption and obesity (Blundell and Gillett, 2001). Furthermore, the Behavioural Susceptibility Theory (BST) suggests that individuals who have a higher appetite or lower satiety sensitivity are more likely to overeat in response to the food environment (Llewellyn and Wardle, 2015). Other research has also found that participants with low satiety responsiveness scored higher on disinhibition (Barkeling et al., 2007; Dalton et al., 2015), lower craving control (Finlayson et al., 2008), showed greater preferences to eat high-fat foods and higher meal energy intake (Dalton et al., 2015) compared to those with high satiety responsiveness. The potential explanation is that individuals who do not rely on internal hunger and satiety cues to eat may lose their innate ability to regulate food intake, making them more prone to dietary restraint, weight gain and emotional eating (Birch and Fisher, 2000; Birch et al., 2003). In this study, higher meal chaotic eaters showed lower satiety responsiveness and reliance on hunger and satiety cues, suggesting that lower ability to detect changes in appetite sensations after eating. Therefore, strategies should be identified to increase eating in response to internal hunger and satiety triggers, such as Appetite Awareness Training (AAT) (Craighead and Allen, 1995). In addition, low energy density (LED) foods are recognised as being associated with increased satiety and fullness, which could promote satiety in the participants with weak satiety responsiveness and prevent overconsumption (Stubbs et al., 2000; Bell and Rolls, 2001).   

The present study extends previous research on chaotic eating by assessing the dietary quality. It is suggested that the timing of energy and macronutrient intake is associated with diet quality (Eicher-Miller et al., 2016; Leech et al., 2017). This study found that participants who reported no snack consumption had better dietary quality than participants who consumed snacks. Although there is a consensus among the population to consume healthier foods and snacks (Armstrong et al., 2005), ready-to-eat, highly processed snacks are increasingly available and consumed (Lucan et al., 2010; Farley et al., 2010; Brennan et al., 2013). Snack foods are typically recognised as having poor nutritional quality, with the majority consisting mainly of fat and carbohydrates (Piernas and Popkin, 2010; Zizza and Xu, 2012). However, it is unclear the composition of snacks in this study, as such, future research is needed to explore the association between chaotic eating and dietary quality by identifying the meal and snack composition. 

The present study has several strengths. Firstly, this study is one of the few studies that has explored the eating behaviour traits and health behaviours of early versus late eaters, providing a comprehensive insight into this topic. A range of psychometric questionnaires were used in the current study: 18-item Three Factor Eating Questionnaire (TFEQ), Adult Eating Behaviour Questionnaire (AEBQ), Intuitive Eating Scale-2 and Control of Eating Questionnaire (CoEQ) to extend a previous study using 51-item Three Factor Eating Questionnaire (TFEQ) and Binge Eating Scale (BES) (Jacob et al., 2023). Secondly, this study recruited a relatively representative sample, with 50% men recruited to the Prolific. It has been reported that a greater percentage of males (69%) compared to women (59%) are living with overweight or obesity (NHS, 2021). Therefore, this study increases the generalisability of the research findings to the wider population, including both genders. 

However, despite its strengths, this study has limitations that need to be considered. Firstly, meal timing was assessed by a self-reported questionnaire which has not been validated. Secondly, this study relied on self-reported data for weight and height to calculate BMI, which may have led to participants underestimating their weight (Shields et al., 2008). However, studies investigating the accuracy of self-reported weight and height indicate a significant association between self-reported weight and the real levels of BMI (Mathew et al., 2012). Thirdly, the majority of the sample consisted of participants who were white and well educated. Therefore, the results may not be generalisable to people of other ethnic groups and lower socio-economic background. This is particularly important given the social gradient in obesity with highest obesity rates amongst those from the most deprived areas (Brehm and D’Alessio, 2000). Fourthly, total energy intake was not assessed in the current study, as such it is unclear whether the association between late eating and BMI is independent of energy intake. Furthermore, previous studies have indicated that late eating is related to increased total energy intake (de Castro 2004; Baron et al., 2011). Thus, future research should explore how meal composition might interact with meal timing for body weight. Finally, it is important to note that the data collected are cross-sectional, which limits the ability to draw causal conclusions. Nevertheless, the psychometric questionnaires used have been shown to be valid measures of stable traits (Dalton et al., 2015, 2017; Hunot et al., 2016; Karlsson et al., 2000).



[bookmark: _Toc172984805]4.6 Conclusion

In conclusion, this study found no significant associations between late eating and higher BMI. The study also showed that later eaters reported lower craving control and longer daily consumption window compared with early eaters. Even though regular meal patterns may be an important factor in weight loss, results showed that chaotic meal consumption is related to a lower ability of satiety responsiveness and lower reliance on hunger and satiety cues. Overall findings demonstrate that later eating may be associated with increased susceptibility to overconsumption. To counteract some of the limitations of the current study, the following steps were taken to assess objective measurements such as height, weight, and physical activity, and compare dietary intake in early vs late eaters. These will be presented in more detail in Chapter 5. 

[bookmark: _Toc172984806]4.7 Key findings

· Late eating was not significantly associated with a higher BMI.
· Late eaters reported lower scores on craving control and longer daily consumption windows. No other eating behaviour traits or health behaviours significantly differed between early versus late eaters.
· Participants in higher chaotic eating of meal groups showed lower satiety responsiveness and lower reliance on hunger and satiety cues. No other eating behaviour traits significantly differed among the groups.
· Late eating may increase the susceptibility of overconsumption.

Future gaps to address
· Given the self-reported nature of this study, both for height, weight and health behaviours (physical activity and sleep), future research should use objective measures to increase accuracy, such as using accelerometers to monitor physical activity and sleep.
· To advance these current findings, future research should combine meal timing and meal content to provide a comprehensive exploration of the association between late eating and BMI.
· The cross-sectional did not determine the direction of causality in the associations between meal timing, BMI and eating behaviour traits. Thus, longitudinal designs are needed in the future.
[bookmark: _Toc172984807]Chapter 5 
[bookmark: _Toc172984808]Study 2: A pilot study to explore the relationships between body mass index (BMI), meal timing, eating behaviour traits and health behaviours in adults with obesity

The previous chapter explored associations between late eating, BMI, eating behaviour traits and health behaviours in the general population. In order to address the gaps in Study 1 (Chapter 4), the chapter will present a 14-day pilot study that aimed to explore associations between late eating, BMI, eating behaviour traits, diet and health behaviours, using objectively measurement, including height, weight, physical activity and sleep in adults with obesity.

[bookmark: _Toc172984809]5.1 Abstract 

Late eating has been associated with obesity. However, most studies have assessed self-reported health behaviours. This pilot study aimed to: (i) assess associations between last eating episode, eating behaviour traits, dietary intake, health behaviours (physical activity, sleep) and BMI; and (ii) compare eating behaviour traits, health behaviours and BMI between early versus late eaters. 30 participants with obesity engaged in a 14-day pilot study (n = 21 female, 36.6 ± 11.2 years, 35.8 ± 4.7 kg/m2). Baseline timing of eating episodes (breakfast, lunch, evening meal, snacks), eating behaviour traits (cognitive restraint, uncontrolled eating, emotional eating, emotional overeating/undereating, slowness in eating, enjoyment of food, satiety responsiveness, food responsiveness), and BMI were assessed in the laboratory. Free-living 3-day dietary intake (myfood24), physical activity and sleep (accelerometer) were assessed over 14 days. Early and late eaters were categorised based on reported time of last eating episode (before or after 20:00). Preliminary results showed later eating was significantly associated with higher uncontrolled eating (r = .41, p = .03). There were small, non-significant associations between late eating, other eating behaviour traits, physical activity, sleep and BMI. Compared with early eaters, late eaters consumed significantly less %protein (ŋp2 = .33, p = .003) and reported poorer dietary quality (ŋp2 = .15, p = .04). Late eaters also scored lower in craving control (ŋp2 = .07), higher in uncontrolled eating (ŋp2 = .11) and had a lower daily step count (ŋp2 = .06, all p > .05). Overall pilot findings demonstrate later eating might be associated with increased susceptibility to overconsumption. A larger trial is needed to verify these findings.

[bookmark: _Toc172984810]5.2 Introduction

Obesity is a heterogeneous condition, individual responses to standardised weight loss programmes vary widely, and many factors influence the success of dietary interventions for obesity (Teixeira et al., 2010). In addition to exploring the role of different aspects of eating patterns on body weight, such as skipping breakfast, current evidence suggests that late eating is associated with higher energy intake (Jacob et al., 2023; Baron et al., 2011; de Castro 2004; Reid et al., 2014), increased risk of obesity (Martínez-Lozano et al., 2020; Okada et al., 2019; Madjd et al., 2021; Zaman et al., 2019; McHill et al., 2017; Gong et al., 2021) and reduced weight loss (Garaulet et al., 2013; Raynor et al., 2018; Jakubowicz et al., 2013; Dashti et al., 2021; Lombardo et al., 2014) (see more detail in Chapter 2). However, inconsistent findings demonstrate that late eating is not related to increased weight and BMI. For example, in the meta-analysis of four observational and five clinical trials by Fong et al. (2017), there were no significant associations between late eating and weight loss, but the analysis was limited by very high heterogeneity among the relatively small sample (n = 5) of intervention trials included in the meta-analysis. Heterogeneity may be due to differences in intervention duration, dietary protocol and the living condition of participants (laboratory vs free living), which has implications for dietary adherence. In addition, the previous chapter (Chapter 4) showed that late evening eating was not significantly related to higher BMI. One of the plausible reasons for inconsistent results is the weight status of participants. For example, population-based cohort analyses have observed that individuals with overweight were also more likely to skip breakfast (Kant and Graubard, 2015) and eat more in the evening (Winkler et al., 1999). Studies recruiting participants without overweight/obesity, such as Kito et al. (2019) and Lee et al. (2016) suggest that late eating is not significantly associated with higher BMI. Differently, some studies recruiting participants with overweight/obesity show significant associations between late eating, higher BMI and reduced weight loss (Dashti et al., 2021; Garaulet et al., 2013; Jakubowicz et al., 2013; Lombardo et al., 2014; Madjd et al., 2021; Madjd et al., 2016; Thomas et al., 2020; Okada et al., 2019). However, most studies recruiting participants with obesity used self-report methods to assess health behaviours, which are prone to inaccuracies (McClung et al., 2018). In addition to the different weight status of participants, most reports have relied on self-report weight and height to calculate BMI, which are prone to be inaccurate and misreported (Rowland, 1990). Specifically, studies have shown that people generally overestimate their height and underestimate their weight (Ambwani and Chmielewski, 2013; Connor Gorber et al., 2007; Engstrom et al., 2003) (see more details in Chapter 3). Therefore, it is crucial to use an objective method of measuring height and weight in the study to improve accuracy. 

Physical activity and sleep
In addition to investigating the link between late eating and BMI, multiple studies have found that late evening eating is associated with lower physical activity and shorter sleep duration (Vujović et al., 2022; Wang et al., 2014; Lent et al., 2022). For example, using 7-day activity monitors to assess physical activity and sleep, Thomas and colleagues (2020) found that later meal consumption was associated with lower levels of physical activity and later sleep timings in 83 participants with overweight and obesity. However, several other studies found no associations between meal timing, physical activity and sleep (Dashti et al., 2021; Madjd et al., 2021; Garaulet et al., 2013). For example, an observational study assessed physical activity by an online questionnaire and showed no differences in physical activity between early and late eaters (Dashti et al., 2021). Moreover, the previous chapter (Chapter 4) also found no significant correlation between late eating and health behaviours (physical activity and sleep). However, most studies relied on self-reported health behaviours. It is well documented that self-reported measures tend to be underestimated, especially in participants with obesity, who may be susceptible to various biases and inaccuracies (Heitmann and Lissner, 1995). As such, assessing health behaviours objectively is needed. Furthermore, dietary intake was not assessed in the previous study (Chapter 4), thus it is difficult to determine whether eating late is associated with higher total daily energy intake, which could increase the risk of obesity in the long-term. Therefore, dietary intake will be further explored in this pilot study to fill the gap of the previous study (Chapter 4).

Ideal portion size
In addition to physical activity, sleep and dietary intake, portion size is also recognised as a key determinant of food consumption. Ideal portion size is described as the preferable meal size of an individual that is selected before eating (Embling et al., 2021). Ideal portion size has been found to be a strong predictor of actual food consumption and is linked with expected satiety (the expectation that food will prevent hunger between meals) (Wilkinson et al., 2012; Brunstrom and Shakeshaft, 2009; McLeod et al., 2019), as well as expected satiation (the expectation that food will provide satiety) (Brunstrom and Rogers, 2009; Brunstrom et al., 2010; Labbe et al., 2017). Typically, larger portions are chosen when the food is expected to be less satiating and less likely to be filling (Brunstrom et al., 2016). Furthermore, De Castro et al. (2004) proposed that the satiety (feeling of fullness) produced by a meal decreases markedly throughout the day, such that eating in the evening produces the least satiety compared to eating in the morning. As such, it could be hypothesised that there is an association between late eating and increased ideal portion size. However, limited research has assessed the correlation between meal timing and ideal portion size. Identifying the links between meal timing and health behaviours (physical activity, sleep and food intake) is important because there is still uncertainty about the characteristics and behaviours of late eaters. Such evidence is needed to help identify at-risk individuals based on meal timing and identify the characteristics or behaviours that would be helpful to target and provide support for these at-risk individuals. 

Perceived stress
Given that the existing evidence indicates that stress, defined as a state of worry or mental tension caused by a difficult situation, is one of the variables involved in body weight regulation (Scott et al., 2012; Goldstein and Kopin, 2007). Observational studies assessed perceived stress using self-reported questionnaires and found an association between increased perceived stress and higher BMI in adults (Brunner et al., 2007; Magnavita 2015; Marniemi et al., 2002). Moreover, a systematic review and meta-analysis of 17 studies indicated that higher stress was associated with increased BMI and waist circumference (Tenk et al., 2018). Furthermore, early evidence indicated that perceived stress was associated with haphazard meal planning and emotional eating, which increased the risk of susceptibility to overconsumption in a community-based sample of African Americans (Sims et al., 2008). Indeed, an observational study conducted by Huh et al. (2015) showed that the association between higher perceived stress and increased hunger was particularly prominent in the late afternoon and evening hours, suggesting that stress-induced hunger may additionally contribute to increased energy intake in the evening. Therefore, it is important to determine whether there is a relationship between meal timing and perceived stress. 

Before a full trial is conducted, a pilot trial is conducted as a miniature version of the main trial to see if all the components of the main trial can work together (Whitehead et al., 2014). The aim of the pilot study is to provide training and experience in the conduct of the study and to highlight any problems so that they can be corrected before the main study begins (Eldridge et al., 2016). In the context of this study, the use of accelerometers to measure physical activity and sleep involves technical considerations such as device placement, data accuracy and user compliance. A pilot study will allow these elements to be tested in a real-world setting to ensure that the accelerometers are suitable for the research and provide reliable and valid data. In addition, MyFood24 is a validated, user-friendly online dietary assessment tool (Wark et al., 2018). A pilot study can also assess whether the instructions are clear and whether the tool is accessible to all participants. Therefore, given the cost (e.g., accelerometer, MyFood24) and time commitment of the study (14 days), a pilot study was conducted prior to the full study. The current pilot study built on the findings of the previous study (Chapter 4). Firstly, given the potential influence of weight status on meal timing, only participants with obesity were included in this study, whereas the previous study included participants with overweight, obesity and normal weight. Secondly, to address the gaps reported in the previous study (Chapter 4), height, weight, physical activity and sleep were measured objectively to increase the accuracy of the measurements. Finally, in order to address the gap in the previous study (Chapter 4), dietary intake was added to this study to explore whether late eating was associated with higher energy intake. In summary, this is a novel investigation to explore the associations between meal timing, eating behaviour traits, dietary intake, objectively measured health behaviours and BMI, and to compare the eating behaviour traits and health behaviours between early and late eaters.  

Overall, this pilot study aimed to test feasibility and collect pilot study data for the main trial. Similar to the previous study (Chapter 4), this pilot study aimed to examine the associations between meal timing, BMI and eating behaviour traits (cognitive restraint, uncontrolled eating, emotional eating, craving control, satiety responsiveness, emotional overeating, emotional undereating, slowness in eating, enjoyment of food and food responsiveness). Eating behaviour traits were also assessed to compare the differences between early eaters and later eaters. This pilot study also aimed to compare BMI, dietary intake, objectively measured health behaviours (physical activity, sleep, ideal portion size) and perceived stress between early versus late eaters. Chaotic eating was also assessed in this pilot study. However, for conciseness, the analyses in this pilot study focused on meal timing. Chaotic eating is only reported in Appendix C. The hypotheses tested are presented below.

Primary hypothesis is listed below:
1.  Meal timing will be associated with BMI. Specifically: eating later in the day will be related to higher BMI.
2. Meal timing will be associated with eating behaviour traits: eating later in the day will be related to score lower in satiety responsiveness, craving control, cognitive restraint, slowness in eating and higher in disinhibition, emotional eating and enjoyment of food.
3. Eating behaviour traits between early eaters and late eaters: It is expected that early eaters will score higher in satiety responsiveness, craving control, cognitive restraint, slowness in eating and lower in disinhibition, emotional eating and enjoyment of food compared to late eaters.
4. Health behaviours between early and late eaters: it is expected that early eaters will report greater physical activity (duration), higher intensity, more energy expenditure, higher sleep efficiency, longer daily sleeping duration, smaller ideal portion size, lower total energy intake compared to late eaters. 
5. Perceived stress between early and late eaters: it is expected that early eaters will report lower perceived stress compared to late eaters. 

[bookmark: _Toc172984811]5.3 Method

The pilot study was conducted in line with multi-centre ethics approval (Application number: 046238; AREA 21-181) and was pre-registered on Open Science Framework (https://osf.io/9tju8/).

5.3.1 Participants and recruitment

This study is a part of a larger multi-site trial to investigate weight stigma and health behaviours. Participants were recruited from the staff and student populations of University sites (University of Sheffield, Leeds and York) and the Leeds, Sheffield and York communities via email distribution lists, university student participation databases, posters displayed on university campuses and community centres (e.g., Zest in Sheffield, UK), willing businesses, social media (e.g., Facebook, Twitter, LinkedIn) and online classified advertisements (e.g., Gumtree). Recruitment advertisements included a link to the screening questionnaire. 

To be eligible, participants needed to be living with obesity (BMI ≥ 30 kg/m2) and aged between 18-65 years. Participants were excluded if they reported a current or history of eating disorders, were pregnant or breastfeeding, unable to wear an accelerometer and reported having a severe health condition that affects appetite, physical activity and sleep. Eligibility was assessed via an online screening questionnaire via Qualtrics (Qualtrics, Provo, UT). 

For pilot trials, the sample size needs to be sufficient to assess the trial parameters, and power calculations are not needed (Arain, Campbell, Cooper, & Lancaster, 2010; National Institute for Health Research, 2021). It is recommended that 30 participants or greater could estimate the parameter for a pilot study (Browne 1995; Lancaster et al. 2004). Therefore, this pilot study aimed to recruit 30 participants to conduct preliminary analyses.

5.3.2 Design overview

As part of a separate pilot study on weight stigma, the overall design is shown in Figure 5.1. The overall design included an online screening for recruitment, followed by an on-site session. The on-site session confirmed eligibility, collected baseline measures and provided participants with an accelerometer to objectively assess physical activity and sleep over the following 14 days. Participants wore the accelerometer for 14 days and completed daily measures online in their own natural environment.  [image: ] 
[bookmark: _heading=h.48pi1tg]Figure 5.1. Design Overview.
5.3.3 Study procedure

On-site screening, baseline and trial measures
Participants with eligible responses to the screening questionnaire were invited to attend an on-site session at the research unit (University of Sheffield, the University of Leeds or the University of York). At the on-site session, study information was provided, and consent was obtained. Height and weight were measured by the researcher to confirm BMI eligibility. Height and weight were measured with shoes and heavy clothing removed using digital scales (to nearest 0.1 kg) and a stadiometer (to nearest cm). BMI was computed based on height and weight. Upon confirmed eligibility, demographic information [employment type, education, work schedule (e.g., shift work) and ethnicity], dieting and health status and questionnaires assessing baseline measures were administered online in a randomised order. Table 5.1 shows all measures that were collected. 

Participants were fitted with an Accelerometer monitor – an Actigraph CentrePoint Insight monitor (see Chapter 3 for more details). The accelerometers measured physical activity intensity [moderate-to-vigorous physical activity (MVPA)], step count, energy expenditure, total sleep time and sleep efficiency for 14 days. Participants who did not wear the accelerometer for at least 20 hours per day for ≥10 days were excluded from the analysis of accelerometer data (Trost et al., 2005; Myers et al., 2017). It has been shown that 3-5 days of monitoring are required to reliably estimate habitual physical activity in a 7-day monitoring protocol in adults (Trost et al., 2005). In addition, due to differences in activity levels between weekdays and weekends, it is advisable to collect data on both weekdays and weekends (Trost, McIver, and Pate, 2005; Vanhelst, Fardy, Duhamel, and Béghin, 2014). Additionally, based on the study protocol conducted in Centrepoint, the minimum daily wear is 20 hours. As such, participants should wear the actigraph for at least 20 hours per day for ≥10 days, including at least two weekend days. Participants who reported exceptionally short (3 hours and 180 minutes) or long (16 hours and 960 minutes) sleep were also excluded on the basis that the reports might be unreliable (Falbe et al., 2015). 

During the trial
During the trial, participants were asked to complete the daily measures at the same time each day. All measures are listed in Table 5.1, with a more detailed description of each measure in Section 5.3.3.
[bookmark: _heading=h.2nusc19]Table 5.1. Measures collected during the on-site screening and during trial.
	Measure
	Description

	On-site screening (baseline measures)

	Objective height and weight
	Measured by researcher

	Demographics & health
	Employment type, education, household income and ethnicity.
Self-reported health (Jylhä, 2009), health conditions (e.g., sleep conditions, diabetes, heart disease, under or overactive thyroid, other health conditions).

	The following baseline measures were administered in a randomised order

	Meal timings
	The time of breakfast, lunch, evening meal and snacks

	Eating behaviour traits
	Cognitive restraint, uncontrolled eating, emotional eating (Karlsson, Persson, Sjostrom, & Sullivan, 2000)
Emotional overeating and undereating, satiety responsiveness, enjoyment of food, food responsiveness slowness in eating (Hunot et al., 2016)
Craving control (Dalton, Finlayson, Hill, & Blundell, 2015)

	Self-reported health behaviours
	Physical activity (Milton, Bull, and Bauman, 2011)

	
	Sleep [The Pittsburgh Sleep Quality Index (PSQI) (Buysse et al. 1989)

	
	Habitual food intake (Cleghorn et al., 2016)

	
	Ideal portion size task (Embling, Lee, Price, & Wilkinson, 2021)

	Perceived stress
	Perceived stress scale (Cohen, Kamarck, & Mermelstein, 1994)

	14-day trial (daily measures completed at the end of the day unless specified). 

	Health behaviours
	Objectively assessed physical activity (PA) and sleep [accelerometer for 14-days]:
PA: moderate-to-vigorous physical activity (MVPA), energy expenditure and step count
Sleep: total sleep time and sleep efficiency
Self-reported food intake: Daily ideal portion size (Embling et al., 2021); 3-day food diary using MyFood24: 2 weekdays and 1 weekend day

	Daily craving control
	Five items assessing craving frequency, intensity and participant’s response to the craving (Dalton et al., 2015)

	Daily stress
	Perceived Stress Scale 4 (PSS-4)


Note. More detailed information about each measure is shown in Section 5.3.3.
5.3.3 Materials
5.3.3.1 Meal timing

The typical time of breakfast, lunch, evening meal, snacks, meal frequency and snack frequency were assessed by self-reported questions. Participants were provided with a list of times and were asked to select all possible times they might consume breakfast, lunch, evening meals and snacks at half-hour intervals on a 24-hour clock. This questionnaire is consistent with the study conducted by Zimmerman et al. (2018), which explored the relationship between BMI and chaotic eating (see details in Chapter 3). Participants were also asked to report their meal frequency (e.g., How many meals do you tend to eat on a typical day?). Similar questions on snack consumption were asked in the same way.

5.3.3.2 Eating behaviour traits

A short, revised 18-item questionnaire Three-Factor Eating Questionnaire (TFEQ) was used to assess cognitive restraint (CR), uncontrolled eating (UE) and emotional eating (EE). Responses were collected on a 4-point scale and higher scores on each subscale indicated greater responsiveness to the respective eating behaviour trait. All the subscales showed good internal reliability (Cronbach’s α cognitive restraint = .78; Cronbach’s α uncontrolled eating = .83; Cronbach’s α emotional eating = .85; Karlsson et al., 2000). 

The Control of Eating Questionnaire (CoEQ) (Dalton et al., 2015) was used to measure craving control (CC), with good internal reliability (Cronbach’s α = .90). Items on the CoEQ were assessed with a 100-point visual analogue scale, with items averaged to create a final score. Higher scores indicated higher ability to control cravings.

The Adult Eating Behaviour Questionnaire (AEBQ) was used to assess satiety responsiveness (SR), emotional overeating (EOE) and undereating (EUE), slowness in eating (SE), enjoyment of food (EF) and food responsiveness (FR). Responses were collected on a 5-point scale and all the subscales showed good internal reliability (Cronbach’s α satiety responsiveness = .74; Cronbach’s α emotional overeating = .90; Cronbach’s α emotional overeating = .90; Cronbach’s α slowness in eating = .88; Cronbach’s α enjoyment of food = .86; Cronbach’s α food responsiveness = .75; Hunot et al., 2016). Higher scores indicated an increased propensity towards the eating behaviour traits as assessed by the questionnaire. These scales are discussed in more detail in section 3.7.

5.3.3.3 Health behaviours

Self-reported health behaviours
A 3-day food diary was measured using MyFood24 to record all food and drink intake, including 2-week days and 1 weekend day. Myfood24 is a validated user-friendly online dietary assessment tool (Wark et al., 2018) and has been shown to be feasible for use in a range of UK populations, including adolescents, adults, women with gestational diabetes and older adults (Albar et al., 2016; Wark et al., 2018; Gianfrancesco et al., 2018; Morris et al., 2019; Ward et al., 2019). Participants can search for breakfast, lunch, dinner and snacks, as well as get suggestions for frequently overlooked items. There are also features for recognising food items based on common spelling mistakes and selecting portion sizes using pictures. In this pilot study, participants were given food diary instructions during the on-site session. Participants were excluded if they completed a food record in MyFood24 in less than 2 days or reported an energy intake of less than 500 kcal (Reid et al., 2014). The average total energy intake and macronutrient intake were computed based on the 3-day food diary.

In order to compare the dietary quality of early and late eaters, participants completed a short-form Food Frequency Questionnaire (SFFFQ), which measures food and drink consumption frequency over the previous week (Cleghorn et al., 2016). Furthermore, the dietary quality score (DQS) was calculated based on the short-form Food Frequency Questionnaire (SFFFQ) and higher scores indicated better dietary quality, with a minimum DQS of 5 and a maximum of 15. 

Ideal portion size has been identified as a strong predictor of actual food intake. Research by
Wilkinson et al. (2012) found that increased expected satiety correlated with increased ideal portion size, more so than liking or food reward. This means that the ideal portion size for the participants was strongly related to the portion size that was needed to stave off hunger until the next meal. However, it is unclear whether late eating is associated with an increased ideal portion size. Therefore, ideal portion size was assessed to compare the differences between early and late eaters. Ideal portion size was measured via a web-based tool, which has a low respondent burden as it is easily accessible with any electronic device. Pilot results showed a significant correlation between ideal portion size and expected satiety but no significant association between ideal portion size and age or BMI (Embling et al., 2021). Specifically, participants responded to photographs of jam doughnuts in various serving portions. To select the optimal portion size, participants moved a slider from left to right to adjust the size of the portion displayed. The average ideal portion size was computed for the 14 days based on a daily survey. During the data analysis, the estimates of ideal portion size were converted into kilocalories (the amount of energy contained in the food displayed in the selected image).

Objective assessment of physical activity and sleep
An Accelerometer monitor – an Actigraph CentrePoint Insight monitor was used to measure sleep (sleep efficiency, sleep duration) and physical activity (MVPA, step count, energy expenditure). There are many accelerometers that have been evaluated in the laboratory (Bouten et al., 1994; Terrier et al., 2001; Montoye et al., 1983; Nichols et al., 2000; Levine et al., 2001). The majority of accelerometers show good to very good associations (r = 0.74 to 0.95) with energy expenditure when running, walking on a treadmill or doing other specific exercises (Nichols et al., 1999; Nichols et al., 2000; Levine et al., 2001). Accelerometers are increasingly being tested and shown to be validated when compared to double labelled water (DLW) in uncontrolled daily life situation (Plasqui and Westerterp, 2007). The average sleep and physical activity from the accelerometer were computed based on 14 days.

5.3.3.4 Perceived stress

Perceived stress was measured by a 4-item Perceived Stress Scale (PSS) (Cohen et al., 1994). The average score was calculated over 14 days and higher scores indicated higher perceived stress (lowest score is 0 and highest score is 16). 

5.3.4 Data analysis

Statistical analysis was conducted using descriptive statistics in IBM Statistical Package for the Social Sciences (Version 27). Descriptive statistics Means ± standard deviations (95% confidence interval) or proportion (%) were conducted on participant characteristics and survey measures and were also compared between early versus late eaters. Given this is a pilot study, preliminary inferential statistics were conducted for exploratory purposes only at the 5% significance level. Hypothesis testing is controversial in reporting pilot studies, because they are typically underpowered to determine statistical significance (Thabane et al., 2010). However, it is a method that is commonly used by researchers (Shanyinde et al., 2011) and was used in the evaluation of this work. 

Bivariate correlations (Pearson’s r) were used to assess the associations between BMI, meal timing (time of last eating episode on the 24-hour clock), eating behaviour traits (cognitive restraint, uncontrolled eating, emotional eating, emotional overeating and undereating, satiety responsiveness, enjoyment of food, food responsiveness slowness in eating, craving control), upcoming healthy behaviours (objective physical activity, objective sleep, dietary intake and ideal portion size) and daily perceived stress. The strength of correlations was interpreted as small if r < .3, medium if between .3 and.5, and large if r > .5 (Cohen, 1992).

Participants were grouped into early eaters consuming the last eating episode before 20:00 and late eaters consuming after 20:00 based on responses at on-site sessions, which is in line with the previous study (see more detail in Chapter 4) and study conducted by Jacob et al (2023). ANCOVAs controlling for age and gender were conducted to compare eating behaviour traits, health behaviours (objective physical activity, objective sleep, dietary intake, and ideal portion size) and daily perceived stress between early versus late eaters. Partial eta square (ηp2) is reported for effect sizes and interpreted as 0·01 small, 0·06 moderate and 0·14 large (Field 2005).
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5.4.1 Participant Characteristics

The final sample (n = 30) comprised participants recruited from University of Sheffield (n = 19), University of York (n = 7) and University of Leeds (n = 4). Most of sample was female (70%, n = 21; 37% male, n = 8; 3% Prefer to self-define, n = 1) with a mean age of 36.6 ± 11.2 (32.5, 40.8) years and a mean BMI of 35.8 ± 4.7 (34.1, 37.6) kg/m². Ethnicity was as follows: 67% (n = 20) White, 20% (n = 6) Asian or Asian British, 10% (n = 3) mixed or multiple ethnic groups and 3% (n = 1) Black, African, Caribbean, or Black British. All other measures are shown in Table 5.2. Of note, most participants reported regular day work, had at least a bachelor’s degree, and reported having a relatively high household income (47% ≥ £40 000) with median household income in the UK before taxes and benefits being £35,000 (ONS, 2023). The average 24-hour time of the last eating episode was 21:05 ± 1:42 (range 18:00 - 24:00). Descriptive data for health behaviours are presented in Appendix C.
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	Variable (total n)
	 n (%) or M ± SD (95% CI)

	Education (n = 30)
	

	5 GCSEs or equivalent qualifications
	1 (3%)

	2 or more A-levels or equivalent qualifications.
	8 (27%)

	Bachelor's degree or equivalent.
	14 (47%)

	Doctoral or higher education.
	7 (23%)

	Employment (n = 30)
	

	Full-time employment
	13 (43%)

	Part-time employment
	6 (20%)

	Student
	10 (33%)

	Other
	1 (3%)

	Work schedule (n = 30)
	

	Regular day work a
	20 (67%)

	Shift work with night shifts
	1 (3%)

	Rotating shift workb
	1 (3%)

	Other irregular work
	6 (20%)

	Not applicable, not currently working
	2 (7%)

	Annual income (n = 30)
	

	Below £10,000
	7 (23%)

	£10,001 - £20,000
	2 (7%)

	£20,001 - £30,000
	4 (13%)

	£30,001 - £40,000
	2 (7%)

	£40,001 - £50,000
	2 (7%)

	£50,001 - £60,000
	10 (33%)

	Above £60,000
	2 (7%)

	Prefer not to say
	1 (3%)

	Health condition (n = 30, note some participants selected multiple answers)
	

	No health issues
	15 (50%)

	Asthma 
	5 (17%)

	Hypertension
	3 (10%)

	Have an under or overactive thyroid
	2 (7%)

	Depression
	2 (7%)

	Polycystic ovary syndrome 
	2 (7%)

	Anxiety Disorders
	2 (7%)

	Other health condition
	9 (30%)

	Meal timing (hh: mm)
	

	Last eating episode (n =29)c
	21:05 ± 1:42 (20:26, 21:44) 

	Eating behaviour traits (n = 30)
	

	Uncontrolled eating (TFEQ)
	2.5 ± 0.6 (2.3, 2.7)

	Emotional eating (TFEQ)
	2.9 ± 0.7 (2.7, 3.2)

	Cognitive restraint (TFEQ)
	2.2 ± 0.5 (2.0, 2.4)

	Satiety responsiveness (AEBQ)
	2.5 ± 0.7 (2.3, 2.8)

	Emotional overeating (AEBQ)
	3.5 ± 0.9 (3.2, 3.8)

	Emotional undereating (AEBQ)
	2.2 ± 0.8 (1.9, 2.5)

	Slowness in eating (AEBQ)
	2.4 ± 1.1 (1.9, 2.8)

	Enjoyment of food (AEBQ)
	4.4 ± 0.7 (4.1, 4.7)

	Food responsiveness (AEBQ)
	3.5 ± 0.9 (3.2, 3.8)

	Craving control (COEQ)
	33.7 ± 21.2 (25.8, 41.6)


Note: COEQ = Control of Eating Questionnaire (Dalton et al., 2015); TFEQ = Three Factor Eating Questionnaire, revised version (Karlsson et al., 2000); AEBQ = Adult Eating Behaviour Questionnaire (Hunot et al., 2016).
aRegular day work refers to work during the daytime, e.g., from 9 AM to 5 PM.
 bRotating shift work refers to work alternate night and daytime (Fujino et al. 2006).
 cn = 29 due to one participant reported not consuming an evening meal.

5.4.2 Correlations between BMI, meal timing and eating behaviour traits

Chapter 5
Table 5.3 shows correlations between BMI, meal timing and eating behaviour traits. Results showed that late eating was not significantly associated with higher BMI (p > .05). However, as expected, late eating was significantly associated with higher scores on uncontrolled eating as measured with TFEQ (r = -.41, p = .03). No significant associations were found between late eating and other eating behaviour traits, including cognitive restraint, emotional eating, emotional overeating and undereating, satiety responsiveness, enjoyment of food, food responsiveness, slowness in eating and craving control (all p > .05). 
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1. BMI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	

	2. Last eating episode time
	-.14
	
	
	
	
	
	
	
	
	
	
	

	3. TFEQ- cognitive restraint
	-.36
	-.32
	
	
	
	
	
	
	
	
	
	

	4. TFEQ- uncontrolled eating
	.19
	.41*
	-.37*
	
	
	
	
	
	
	
	
	

	5. TFEQ- emotional Eating
	.43*
	-.12
	-.35
	.53**
	
	
	
	
	
	
	
	

	6. AEBQ- food responsiveness
	.06
	.36
	-.38*
	.71**
	.39*
	
	
	
	
	
	
	

	7. AEBQ- emotional overeating
	.29
	.01
	-.40*
	.51**
	.81**
	.46*
	
	
	
	
	
	

	8. AEBQ- emotional undereating
	-.11
	-.11
	.53**
	-.19
	-.55**
	-.20
	-.71**
	
	
	
	
	

	9. AEBQ- enjoy of food
	.15
	.08
	-.07
	.15
	.12
	.36*
	-.04
	-.03
	
	
	
	

	10. AEBQ- satiety responsiveness
	-.21
	.09
	.36
	-.38*
	-.10
	-.40*
	-.15
	.25
	-.25
	
	
	

	11. AEBQ- slowness in eating
	.02
	-.03
	.06
	-.54**
	-.25
	-.24
	-.20
	.28
	-.18
	.46*
	
	

	12. COEQ- craving control
	-.22
	-.28
	.48**
	-.66**
	-.58**
	-.51**
	-.66**
	.24
	-.03
	.16
	.16
	


Note. MCI = Meal chaotic index (30-min time slots per meal); SCI = Snack chaotic index (30-min time slots per snack); TFEQ = Three Factor Eating Questionnaire revised 18-items (Karlsson et al., 2000); AEBQ = Adult Eating Behaviour Questionnaire (Hunot et al., 2016). COEQ = Control of Eating Questionnaire (Dalton et al., 2015). 
Significant associations are in bold and highlighted.
*p < .05.
**p < .01.
***p < .001
5.4.3 Comparison of eating behaviour traits between early vs late evening eaters

Participants were grouped into early eaters (n = 12) and late eaters (n =17) based on the cut-off point of 8 PM. Preliminary results showed no significant differences in eating behaviour traits between early eaters and late eaters (all p > .05). While non-significant, late eaters scored higher in uncontrolled eating (ŋp2 = .11) and lower in craving control (ŋp2 = .07) compared to early eaters with medium to large effect size. 

[bookmark: _heading=h.haapch]Table 5.4. Comparison of eating behaviour traits in early and late eaters.
	
	Early eaters (n = 12)
	Late eaters (n = 17)

	Dependent variable
	η2
	Mean
	SD
	Mean
	SD

	TFEQ- cognitive restraint
	0.03
	2.31
	0.52
	2.12
	0.51

	TFEQ- uncontrolled eating
	0.11
	2.32
	0.50
	2.71
	0.58

	TFEQ- emotional eating
	0.02
	3.11
	0.48
	2.92
	0.72

	AEBQ- food responsiveness
	0.02
	3.44
	0.66
	3.66
	0.89

	AEBQ- emotional overeating
	X2 =0.002a
	3.61
	0.52
	3.60
	0.94

	AEBQ- emotional undereating
	<0.01
	2.18
	0.49
	2.27
	1.04

	AEBQ- enjoy of food
	X2 =0.57a
	4.32
	0.71
	4.45
	0.74

	AEBQ- satiety responsiveness
	0.02
	2.46
	0.77
	2.65
	0.71

	AEBQ- slowness of eating
	X2 =0.18a
	2.32
	1.15
	2.54
	1.29

	COEQ- craving control
	0.07
	36.82
	18.82
	27.64
	15.81


Note: All comparisons were controlled for age and gender. 
Data are presented as mean, SD or median rank.
TFEQ = Three Factor Eating Questionnaire revised 18-items (Karlsson et al., 2000); AEBQ = Adult Eating Behaviour Questionnaire (Hunot et al., 2016). COEQ = Control of Eating Questionnaire (Dalton et al., 2015). 
a Kruskal-Wallis H test.
No significant differences are shown in the table.


5.4.4 Correlations between meal timing, health behaviours and perceived stress

Table 5.5 shows the correlations between meal timing, health behaviour and perceived stress. Preliminary results showed that late eating was significantly associated with poorer dietary quality (r = -.44, p = .02), but was not significantly associated with energy expenditure, MVPA, step count, sleep time, sleep duration, dietary intake (daily energy intake and macronutrient intake), ideal portion size and perceived stress (all p > .05). 
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1. Last eating episode time
	1
	
	
	
	
	
	
	
	
	
	
	
	

	2. Energy expenditure (kcal/d)
	.09
	
	
	
	
	
	
	
	
	
	
	
	

	3. MVPA (minutes/d)
	.08
	.60**
	
	
	
	
	
	
	
	
	
	
	

	4. Step count
	-.02
	-.07
	.32
	
	
	
	
	
	
	
	
	
	

	5. Energy intake (kcal/d)
	.07
	.17
	-.03
	-.26
	
	
	
	
	
	
	
	
	

	6. Protein (%)
	-.37
	-.21
	.01
	.44*
	-.31
	
	
	
	
	
	
	
	

	7. Carbohydrate (%) 
	.18
	.10
	-.33
	-.50*
	.05
	-.65**
	
	
	
	
	
	
	

	8. Fat (%)
	.05
	-.05
	.32
	.16
	.22
	-.07
	-.56**
	
	
	
	
	
	

	9. Diet Quality Score
	-.44*
	.05
	.22
	.14
	-.16
	.48**
	-.20
	-.16
	
	
	
	
	

	10. Sleep duration (minutes)
	-.06
	-.43*
	-.37
	-.13
	-.06
	.16
	-.08
	-.05
	-.01
	
	
	
	

	11. Sleep efficiency (%)
	-.08
	.04
	-.14
	-.16
	-.10
	.18
	.23
	-.42*
	.10
	.001
	
	
	

	12. Ideal portion size
	-.10
	.10
	-.13
	-.18
	.33
	-.18
	.04
	.23
	-.35
	-.09
	-.28
	
	

	13. Perceived stress
	.19
	.03
	.04
	-.23
	-.10
	-.10
	-.05
	.25
	-.46*
	.24
	.08
	.19
	1


Note. MVPA: moderate to vigorous physical activity per day.
Significant associations are in bold and highlighted.
*p < .05.
**p < .01.
***p < .001
5.4.5 Comparison of health behaviours between early versus late evening eaters

Table 5.6 shows the health behaviours for early eaters and late eaters. Preliminary results showed that late eaters consumed significantly less %protein (p = .003, ŋp2 = .33) intake and reported poorer dietary quality (p = .04, ŋp2 = .15) than early eaters. Other health behaviours did not significantly differ between early eaters and late eaters, including energy expenditure, MVPA, step count, sleep time, sleep duration, energy intake, ideal portion size and perceived stress (largest ŋp2 = .06).
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	Early eater (n = 12)
	Late eater (n = 17)

	Dependent variable
	η2
	Mean
	SD
	Mean
	SD

	Energy expenditure (kcal/d)1
	0.003
	2445.64
	656.69
	2499.95
	453.01 

	MVPA (minutes/d)1
	0.01
	135.28
	40.87
	144.43
	50.41

	Step count1
	0.06
	6272.25
	2215.55
	5256.46
	2104.87

	Energy intake (kcal/d)2
	0.001 
	1899.59
	396.90 
	1925.45
	553.66 

	Pro (%)
	0.33
	19.55
	6.87
	13.81
	3.04

	CHO (%)
	0.04
	46.09
	9.31
	49.13
	5.52

	Fat (%)
	0.02
	33.82
	5.85
	35.44
	5.52

	Dietary quality score3
	0.15
	10.42
	1.78
	8.76
	1.95

	Sleep efficiency (%)1
	0.02
	91.08
	2.39
	90.27
	2.93 

	Sleep duration (minutes)1
	0.04
	408.65
	66.32
	383.27
	61.81

	Perceived stress4
	0.05
	6.15
	2.81
	7.26
	2.36

	Ideal portion size4 a
	X2 = 1.288
	310.52
	323.09
	256.81
	196.75


Note: All comparisons were controlled for age and gender. 
Data are presented as mean, SD or median rank.
MVPA: moderate to vigorous physical activity per day, Pro: protein intake per day, CHO: carbohydrate intake per day, Fat: fat intake per day.
a Kruskal-Wallis H test
1: early eaters (n = 12), late eaters (n = 15), 2: early eaters (n = 11), late eaters (n = 16)
3: early eaters (n = 12), late eaters (n = 17), 4: early eaters (n = 12), late eaters (n = 16)
[bookmark: _heading=h.40ew0vw]Significant differences are shown in bold and highlighted.
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This study aimed to assess the correlations between meal timing, eating behaviour traits and health behaviours in adults living with obesity. The study also aimed to compare the difference in eating behaviour traits and health behaviours between early eaters and late eaters. In relation to the first aim, preliminary results showed later eating was significantly associated with higher uncontrolled eating, but not significantly associated with other eating behaviour traits. Secondly (aim 2), compared with early eaters, late eaters consumed significantly less %protein and reported poorer dietary quality. No other eating behaviour traits and health behaviours significantly differ between early versus late eaters. 

The association between late eating and higher uncontrolled eating is consistent with previous research showing that evening snack consumption was linked with higher disinhibition in premenopausal women with overweight (Leblanc et al., 2012). In addition, Jacob and colleagues (2023) found late eating was significantly associated with traits, such as disinhibition and susceptibility to hunger in participants with overweight and obesity. More broadly, chronotype refers to the physiologic preference for morningness or eveningness (Taylor and Hasler, 2018). Early reports indicated that individuals with later chronotypes eat later meals than early chronotypes (Lucassen et al., 2013). Similarly, a recent systematic review found that late chronotype has been associated with unhealthy eating habits, e.g., eating late in the evening and eating more energy density foods (Teixeira et al., 2022). Indeed, multiple studies have shown that individuals with evening chronotype are more likely to have higher uncontrolled eating and susceptibility to hunger (Schubert and Randler, 2008; Walker et al., 2015). There are some potential homeostatic and hedonic mechanisms to explain increased uncontrolled eating in the evening. Levels of hunger, and appetite for specific foods (e.g., sweets, salty and starchy foods) has been shown to be higher in the evening compared to the morning (Scheer et al., 2013; Qian et al., 2019). In addition, there was an increase in desire to eat, liking and wanting for high-fat foods and a decrease in post-meal fullness in later eating conditions (Beaulieu et al., 2020). Moreover, increased susceptibility to overconsumption is also more likely to occur during the evening as a result of lower self-regulation capacity (Millar 2017), increased fatigue (Zimmerman et al., 2011), higher daily stress levels (Woods et al., 2010) and eating in front of the television (Goldschmidt et al., 2017). 

The current study extends the previous study (Chapter 4) reported in this thesis by comparing the dietary intake between early eaters and late eaters with a 3-day food diary. The preliminary findings indicate no significant association between later eating and increased energy intake, which is in line with previous research (Garaulet et al., 2013; Ruiz-Lozano et al., 2016). For example, an observational study assessed dietary intake with a 24-hour food diary and showed no differences in total daily energy intake between early eaters and late eaters (Dashti et al., 2021). Another interesting preliminary finding in this study is that late eaters consumed significantly lower protein intake than early eaters. This aligns with the previous work indicating that people who eat late in the evening report lower relative daily intakes of protein and higher daily intakes of sodium than early eaters (Striegel-Moore et al., 2008). Indeed, previous research has demonstrated that individuals with the evening chronotype are more likely to consume less protein than individuals with morning types (Sato-Mito et al., 2011; Kanerva et al., 2012; Maukonen et al., 2017; Toktas et al., 2018). One possible explanation is that higher dietary protein intake is associated with increased satiety and reduced appetite (Paddon-Jones et al., 2008). Therefore, individuals consuming less protein are more likely to eat foods later to satisfy appetite. A systematic review of ten studies found that higher dietary protein intake influenced appetite sensations by enhancing fullness or satiety in participants with overweight and obesity (de Carvalho et al., 2020). Furthermore, in a randomised controlled trial, participants with overweight and obesity were randomised to groups that consumed an energy-restriction diet as either higher protein or normal protein for 12 weeks. It was found that the participants who consumed a high-protein, energy-restricted diet experienced a reduction in their late-night cravings and preoccupation with thoughts of food (Leidy et al., 2011), both of which increase during dieting (Timmerman and Gregg, 2003). These findings show that consuming more dietary protein can reduce the desire to eat (Timmerman and Gregg, 2003) and might lead to reduced late night snacking and overconsumption in the evening (Waller et al., 2004).

In addition to macronutrient composition, this study found that late eaters reported poorer dietary quality than early eaters. This aligns with previous work indicating that individuals with evening types had unhealthy eating habits, such as later meal timings and poorer diet quality (Kanerva et al., 2012; Taillard et al., 2001). Indeed, a systematic review of 43 studies found that late types were more likely to consume foods with low nutritional value or high fat content, e.g., sugar, sweetened beverages or soda, and chocolate. Conversely, consumption of nutritious foods, such as fish, fruit, vegetables, cereals and dairy products was higher among early types than among late types (Teixeira et al., 2022). The dopamine-mediated reward system in the brain may explain the different types of food consumption between early and late type. This system plays a significant role in regulating reward-driven behaviour, particularly in relation to food consumption (Parekh and McClung, 2015). The dopamine-mediated pathways involve projections from the ventral tegmental area to the nucleus accumbens, a part of the ventral striatum, and the prefrontal cortex region (DiLeone et al., 2012). An experimental study conducted by Hasler et al. (2013) in healthy adults compared the neural response to monetary reward in early and late types and showed reduced regulatory control and increased reward sensitivity in late types, suggesting more impulsivity in their choices. Furthermore, people with higher reward sensitivity were found to consume more unhealthy foods than people with lower reward sensitivity (Nansel et al., 2016; Melbye et al., 2016; Kakoschke et al., 2015). As such, it is possible that reward-driven eating may increase the intake of poor nutritional foods and reduce the dietary quality of late eaters. 

Building on the previous study (Chapter 4) using self-reported physical activity and sleep, this study used accelerometers to measure physical activity and sleep. Preliminary results showed that none of the health behaviours (step count, MVPA, energy expenditure, sleep duration and efficiency) significantly differed between early versus late eaters. This is in line with a few other studies using self-reported questionnaires that found no significant association between meal timing and physical activity (Lent et al., 2022; Garaulet et al., 2013; Dashti et al., 2021), yet these studies showed that late eating was associated increased BMI and reduced weight loss. The agreement between the results of different assessment methods (objective measurement versus self-reported questionnaire) probably means that other factors, such as total energy intake, diet quality or individual differences, may influence physical activity. However, the results of the current study differ from previous studies, which showed an association between late eating and lower levels of physical activity (Thomas et al., 2020; Vujović et al., 2022). For example, using 3-day photographic food records to assess dietary intake and 7-day ActivPAL 3 Micro accelerometer to assess physical activity, Thomas and colleagues (2020) found that late eating was associated with lower physical activity, such as number of steps, stepping time, and metabolic equivalents per hour (MET-h), but not associated with increased energy intake in participants with overweight and obesity. However, Thomas and colleagues (2020) assessed meal timing by the midpoint of the daily consumption window, the clock time of the halfway point between the start and end of the daily consumption window. In the current study, the time of the last eating episode was used. Therefore, different definitions of meal timing may explain the inconsistent results. Overall, data on the effects of meal timing on physical activity are limited, and future studies should evaluate these relationships more carefully.   

The present study has several strengths. Firstly, this study is the first to explore the associations between late eating, eating behaviour traits, dietary intake and objective measures of health behaviours. In addition, the current study used multiple psychometric questionnaires to measure eating behaviour traits and objective assessments to measure health behaviours to extend a previous study that used the Three-Factor Eating Questionnaire (TFEQ), the Binge Eating Scale (BES) and self-reported sleep in adults with overweight and obesity (Jacob et al., 2023). Secondly, height and weight were objectively measured by the researcher. Individuals with obesity are more likely to underreport their weight than healthy individuals (Tang et al., 2016). Therefore, compared to the previous chapter with self-reported height and weight, objective assessment could reduce the risk of error and increase the reliability of the measurements (Olfert et al., 2018). Thirdly, in the current study, physical activity and sleep were objectively measured by accelerometers for 14 days. Most studies including previous study (Chapter 4) conducted used self-reported methods to assess health behaviours, which are prone to inaccuracy (McClung et al., 2018). 

However, despite its strengths, this study has limitations that need to be considered. Firstly, in alignment with the majority of studies on meal timing (e.g. Baron et al., 2011; McHill et al., 2017; Thomas et al., 2020), this study used a self-report method to measure food intake, which tended to be underestimated, especially in participants with a higher BMI (Heitmann and Lissner, 1995). Therefore, misreporting of energy intake should be considered in the future studies. Secondly, this sample consists primarily of highly educated white women with relatively high household incomes (47% ≥ £40 000), thus, it may not be representative of the general population. This is important given that people with higher education report lower total energy intake and higher intakes of foods considered part of a healthy diet, such as fruit, vegetables and fibre-rich cereals (Biesbroek et al., 2018). As such, the findings may not generalise to other individuals from other ethnicities and lower socioeconomic backgrounds. This is particularly important given the social gradient in obesity with highest obesity rates amongst those from the most deprived areas (Brehm and D’Alessio, 2000). The final limitation is the potential for type I error as a result of the large number of comparisons between early and late eaters in this pilot study (Knudson and Lindsey, 2014). And the small sample size could explain no differences between early and late eaters and the lack of associations between variables. As such, increasing the number of participants in future investigations would allow further exploration of the differences in eating behaviour traits and health behaviours in early eaters and late eaters.

[bookmark: _Toc172984814]5.6 Conclusion

In conclusion, this pilot study showed late eating was not linked with increased BMI yet associated with higher scores on uncontrolled eating. The study also found that late eaters reported significantly higher protein% consumption and poorer dietary quality than early eaters. Overall pilot findings demonstrate that late eating may be associated with increased susceptibility to overconsumption. However, the small sample size cautions the overinterpretation of inferential statistics. Therefore, a larger trial is needed to verify these findings. Furthermore, it is helpful to explore the factors contributing to late eating before designing the interventions to encourage earlier eating times in people at risk of overconsumption and obesity.

[bookmark: _Toc172984815]5.7 Key findings

· Late eating was not significantly associated with higher BMI.
· Late eating was significantly associated with higher uncontrolled eating and was not associated with other eating behaviour traits. 
· Late eaters consumed significantly less %protein and reported significantly poorer dietary quality than early eaters. Other health behaviours did not significantly differ between early versus late eaters. 

Future gaps to address

In summary, the previous study (Chapter 4) and current pilot study showed no significant associations between late eating and increased BMI. In addition, the previous study (Chapter 4), using online surveys to assess meal timing, eating and health behaviours (physical activity and sleep), found that late eaters reported lower craving control scores and longer daily consumption windows. Given the self-reported nature of the previous study (Chapter 4), the current pilot study used 14-day accelerometers to measure health behaviours (physical activity and sleep) and a 3-day food diary to measure dietary intake. Preliminary results showed that late eating was significantly associated with higher scores on uncontrolled eating. In terms of dietary intake, late eaters consumed less protein intake and reported poorer dietary quality than early eaters. However, a full-scale study is still needed to explore psychological (eating behaviour traits) and behavioural (dietary intake, physical activity and sleep) characteristics of late eaters using objective measures, which may provide potential targets for late eaters in future interventions.

To expand upon the current findings, subsequent studies should be complemented with the assessment of the onset of the biological night by objective measures of chronotype (e.g., dim light melatonin onset) (Thomas et al., 2020). A study of 110 participants found an association between increased BMI and eating later in the 'biological night', but not with the time of day, highlighting that the timing of meals should be considered relative to the internal clock (McHill et al., 2017). This may explain the inconsistent findings of associations between meal timing and BMI, as the definition of 'night' does not always match an individual's biological night, which can vary according to chronotype (Reid et al., 2014). Previous evidence also indicates that meal timing is influenced by a variety of factors, ranging from individual characteristics and choices, cultural contexts, and environmental to physiological determinants (Leung et al., 2019; Vetter and Scheer, 2017; Dashti et al., 2019). Therefore, subsequent studies might also explore the factors that could influence late eating, and barriers and enablers to changing to earlier eating patterns, which could provide insight into potential targets for future interventions to encourage earlier eating times.
[bookmark: _Toc172984816]Chapter 6
[bookmark: _Toc172984817]Study 3: Exploring factors influencing late evening eating and barriers and enablers to changing to earlier eating patterns in adults with overweight and obesity  

Previous chapters have provided foundation of understanding relating to meal timing. Chapter 2 provided an overview of meal timing on body weight and identified the current gaps in the meal timing literature. Chapter 4 and Chapter 5 used quantitative methods to explore the associations between late eating, BMI, eating behaviour traits and health behaviours, and compare differences in eating behaviour traits and health behaviours between early and late eaters. However, meal timing could be influenced by a variety of factors, ranging from individual characteristics and choices, cultural contexts, environmental to physiological determinants. While research on the impact of meal timing on health is ongoing, there has been little focus on factors that influence late evening eating. Therefore, this Chapter presents a qualitative study to explore factors that influence late evening eating, which provides practical strategies to address barriers to changing late evening eating. 

[bookmark: _Toc172984818]6.1 Abstract

[bookmark: _heading=h.184mhaj]Late evening eating is a potential risk factor for overconsumption and weight gain. However, there is limited qualitative research investigating the complex factors that influence late evening eating in adults living with obesity. Identifying the factors that influence late evening eating can inform interventions to reduce late evening eating and associated health risks. Therefore, this study aimed to: i) explore factors that contribute to eating late, and ii) apply the Capability, Opportunity, and Motivation Behaviour (COM-B; Michie et al., 2011) model to understand the barriers and enablers to changing to earlier food intake timings in UK adults who report eating late. Semi-structured interviews with seventeen participants [32.47 ± 6.65 years; 34.68 ± 7.10 kg/m2; 71% female (n = 12); 41% White (n = 7)] investigated reasons for late evening eating and the potential barriers and enablers to changing to earlier eating patterns. Thematic analysis identified four main contributors to late evening eating: 1) internal signals (e.g., feeling hungry in the evening); 2) external and situational factors (e.g., work schedules and the food-rich environment); 3) social factors (e.g., interactions with family) and 4) behavioural and emotional factors (e.g., personal preferences and negative feelings in the evening). Time constraints and work schedules were identified as main barriers to changing to earlier eating patterns. Whereas, having high motivation (e.g., contentment with eating earlier in the evening) and interpersonal support were identified as main enablers to eating earlier. This study provides in-depth insights into the psychological, social, and environmental factors contributing to late evening eating. The findings highlight potential targets for future interventions to facilitate earlier eating times in individuals at risk of overweight and obesity. 

[bookmark: _Toc172984819]6.2 Introduction

Obesity is related to increased risk of various metabolic disorders, e.g., type 2 diabetes and cardiovascular disease (Sarma et al., 2021). Additionally, obesity is associated with adverse psychological consequences, including body dissatisfaction (Weinberger et al., 2016), eating disorders (Neumark-Sztainer et al., 2006), weight stigmatisation (Puhl and Latner, 2007), lower self-esteem, and depression (Sarwer and Polonsky, 2016) (see more in Chapter 1). Currently, nutritional strategies for the prevention and treatment of obesity have concentrated on improving the dietary composition (e.g., the consumption of fruits and vegetables) and the reduction of overall calorie consumption (Hwalla and Jaafar, 2020). However, recent evidence emphasises the potential importance of meal timing in healthy weight management. 

[bookmark: _heading=h.279ka65]Multiple studies have found that late evening eating is related to increased energy intake (Jacob et al., 2023; Baron et al., 2011; de Castro 2004; Reid et al., 2014) (See more details in Chapter 2). For example, using a 3-day food diary to assess food intake and the distribution of energy and macronutrient intake, Jacob and colleagues (2020), found that greater energy intake consumed after 8 PM was associated with higher total daily energy intake. However, several other studies have found no relationship between eating late and energy intake (Garaulet et al., 2013; Ruiz-Lozano et al., 2016). For example, an observational study assessed dietary intake with a 24-hour food diary and showed no differences in total daily energy intake between early eaters and late eaters (Dashti et al., 2021). A possible explanation for inconsistent findings is that studies tend to assess dietary intake using self-reported methods without accounting for well-documented underreporting found with self-reported food intake (Livingstone and Black 2003). Indeed, most studies that report no significant associations between meal timing and energy intake report differences in more objective and longer-term measures between early and late eaters, such as lower insulin sensitivity (Dashti et al., 2021), higher BMIs and less weight loss (e.g., Dashti et al., 2021; Garaulet et al., 2013; Ruiz-Lozano et al., 2016) in late versus early eaters. Furthermore, other research comparing late and early eaters has found that late eaters are more likely to eat when stressed, overeat at night, and eat while watching TV, compared with early eaters (Dashti et al., 2021). In addition, Study 1 (Chapter 4) reported in this thesis found that late eaters reported lower scores on craving control than early eaters. Levels of hunger, prospective food consumption and desire to eat are also higher in the evening compared to the morning, which could promote overconsumption in some individuals at the end of the day (Scheer et al., 2013; Qian et al., 2019).  

Additionally, numerous studies have shown that late evening eating increases the risk of overweight and obesity (Martínez-Lozano et al., 2020; Okada et al., 2019; Madjd et al., 2021; Zaman et al., 2019; McHill et al., 2017; Gong et al., 2021). A prospective study found that individuals who consumed 20% or more of their daily caloric intake after 20:00 had almost double the risk of obesity at the study’s onset and after 7 years (Maukonen et al., 2019). Baron et al. (2011) also found that calorie intake after 20:00 increased the risk of obesity. Late evening eating has also been linked with several eating behaviour traits linked with increased risk of overconsumption and increased BMIs such as disinhibition and emotional eating (Dakanalis et al., 2023; Bryant et al., 2008). Jacob and colleagues (2023) found late eating was significantly associated with traits, such as disinhibition and susceptibility to hunger in participants with overweight or obesity. Similarly, Study 2 (Chapter 5) found late eating was significantly associated with higher scores on uncontrolled eating. Metabolic mechanisms may partly explain the relationship between later meal timing and increased BMI. Postprandial metabolic processes, such as the rate of gastric emptying and postprandial energy expenditure, are deregulated in the evening compared with in the morning (Morris et al., 2015). Moreover, late eating is associated with a lower thermic effect of food (Shaw et al. 2019), reduced fat mobilisation and oxidation (Gu et al., 2020). Therefore, while there are some inconsistencies in the food timing literature, eating late is identified as a risk factor for obesity in the long term. 

Moreover, both cross-sectional and intervention studies suggest that eating late during the day is associated with less weight loss (Garaulet et al., 2013; Raynor et al., 2018; Jakubowicz et al., 2013; Dashti et al., 2021; Lombardo et al.. 2014). A randomised clinical trial in women with overweight or obesity found that women who consumed their evening meals between 19:00 and 19:30 lost more weight and had a greater weight reduction than those who ate between 22:30 and 23:00 over a 12-week period (Madjd et al., 2021). Time-restricted eating, which is defined as limiting eating to a specific time window, thereby prolonging the fasting period, has also been related to weight reduction (Huang et al., 2023; Adafer et al., 2020; Moon et al., 2020). For instance, a randomised controlled trial in adults with overweight or obesity indicated that participants in a time-restricted eating group who were instructed to eat during an 8-hour window showed greater weight loss and consumed earlier meals than non-time restricted eating group who followed typical eating habits (Simon et al., 2022). Traditional time-restricted eating often aligns with daylight hours, but late evening eating has the potential to extend the eating window to later in the day and reduce the fasting period.

Collectively, timing of food intake is emerging as a predictor of overall health and a potentially relevant risk factor for obesity. While research on the impact of meal timing on health is ongoing, there has been little focus on factors that influence late evening eating (de Cabo and Mattson 2019). Previous evidence indicates that meal timing could be influenced by a variety of factors, ranging from individual characteristics and choices, cultural contexts, environmental to physiological determinants (Leung et al., 2019; Vetter and Scheer 2017; Dashti et al., 2019). For instance, studies on chronotype show that individuals with later chronotypes eat later meals than early chronotype (Lucassen et al., 2013; Maukonen et al., 2017). Similarly, a systematic review of 43 studies found that late chronotype is associated with unhealthy eating habits, such as eating late at night and eating more energy density foods (Teixeira et al., 2022). Furthermore, in a qualitative study using focus groups, pregnant black women (n = 18) reported individual and interpersonal contributors to late-night eating, including hunger, foetal movements, altered sleep patterns and the influence of social others (e.g. children and parents in the household who were eating; Kroeger et al., 2019). However, to date, there is no qualitative research investigating the factors that influence late evening eating and barriers and enablers to encourage earlier eating times in adults living with overweight and obesity who are not pregnant. Understanding the reasons for late evening eating could provide in-depth information that can be used to inform interventions to encourage individuals at risk of obesity to reduce late evening eating.

The Behaviour Change Wheel (BCW) is a systematic framework for the understanding and changing behaviours (Michie et al., 2011). At the core of this framework lies the COM-B model which represents three determinants to a given behaviour (B): Capability (C), Opportunity (O) and Motivation (M). Capability consists of physical (e.g., physical strength, skill or stamina) and psychological (e.g., knowledge or comprehension). Opportunity comprises physical (e.g., time, location) and social (e.g., cultural norms, interpersonal influences, social cues). Motivation consists of reflective (e. g., evaluations, self-conscious plans) and automatic processes (e. g., emotions, desires, impulses) (Michie et al., 2011). COM-B model has been found to be an important tool for understanding behaviour change and designing effective interventions. The COM-B model offers a useful tool to understand behaviours, such as late evening eating, and where needed, guide intervention development to change behaviours (e.g., shift to earlier eating patterns).  

Therefore, this study aimed to: i) explore the factors that contribute to late eating and ii) draw on the COM-B model (Michie et al., 2011) to understand the barriers and enablers to changing to earlier food intake timings in adults with overweight and obesity who report eating late.
[bookmark: _Toc172984820]6.3 Methods
6.3.1 Design

This study used phenomenological approach and consisted of qualitative semi-structured interviews with participants living with overweight or obesity and reported last eating episodes after 8 PM. Interviews were conducted between July and September 2023. The study was approved by the University of Sheffield’s ethics committee (# 053823) and was pre-registered on the Open Science Framework (https://osf.io/my2k9/). 

6.3.2 Participants and recruitment

Participants were identified by purposive sampling and recruited from the local area within Sheffield, UK via posters at community centres, through social media, and online classified adverts. Prior to the interviews, participants were asked to self-report the times they usually ate each meal and snacks, including breakfast, lunch and evening meal. Self-reported height and weight were collected to compute BMI (in kg/m2). To be eligible, participants needed to be aged between 18-65 years, living with overweight or obesity (BMI≥25 kg/m2), have no current or history of eating disorders, not be pregnant or breastfeeding, and report consuming their last eating episodes after 8 PM, as established by prior research (Maukonen et al. 2019; Baron et al. 2011; Jacob et al. 2023). Eligibility was assessed with an online screening questionnaire via Qualtrics (Provo, UT). Eligible participants could opt for in-person or online interviews. In-person interviews were conducted at the University of Sheffield. Participants were contacted by the researcher by email to book the appointment for in-person or online interviews, and a reminder email was sent 24 hours before the interview. To achieve saturation (whereby no new themes emerged), Hennink et al. (2022) recommended conducting interviews with 9-17 participants. Therefore, the minimum sample size for this study was nine. Prior to the interviews, study information was provided, and consent was obtained. At the start of the interviews, participants were instructed that there were no right or wrong answers to encourage uninhibited responses. After conducting 17 interviews, saturation was established, and no new information or themes were identified in the data (Guest et al., 2006). Upon completion of the study, participants received a £20 Amazon voucher for online interviews and a £25 Amazon voucher for in-person interviews. 

[bookmark: _Toc172984821]6.4 Data collection 
6.4.1 Interviews

Interview questions were developed by the researcher (BY) and reviewed and confirmed by the research team (NJB and SJC). A practice session was used to test interview questions. The semi-structured interviews were conducted by the researcher (BY) either in-person (at the University of Sheffield) or online via Google Meet. The first part of the interview questions explored reasons for late evening eating. The second part explored barriers and enablers to changing late evening eating habits. Participants were also asked about their willingness to change to earlier eating patterns and willingness to participate in a programme designed to encourage earlier eating patterns (see Appendix D for interview questions). Interviews lasted between 30 to 60 minutes and were audio-recorded (Philips, LFH 620). 

6.4.2 Survey

After the interview, participants completed an online questionnaire to provide demographic information, including employment type, education, ethnicity, household income (£), work schedule (e.g., shift work), health conditions and night eating syndrome (Allison et al., 2008) to characterise the sample. The 14-item Night Eating Questionnaire was used to characterise the sample given its relevance to night eating and timing of food intake (Cronbach’s α = 0.70). After survey completion, participants were debriefed. 

[bookmark: _Toc172984822]6.5 Data Analysis

[bookmark: _Hlk172983316]The semi-structured interviews were transcribed verbatim with names and other identifiers removed. Participant numbers (P#), randomly generated from 100, were used to identify each participant. Age and gender were not included in the quotes to prevent participant identification. Transcripts were coded using thematic analysis in NVivo (Version 14, QSR International, Melbourne, Australia). The researcher (BY) analysed the data following the six phases of thematic analysis recommended by Braun and Clark (2006), including data familiarisation, generating the codes, searching for themes, reviewing themes, defining and naming themes, and producing the report. Phrases and sentences were inductively identified and assigned codes, demonstrating a data-driven approach to analysis (Thomas 2006). Codes were then grouped into themes. The use of a single researcher has the advantage of assuring coherent analysis and consistent interpretation, with an emphasis on understanding the interpretation of participants' words rather than trying to achieve numerical or semantic agreement between multiple coders (Morse et al., 2002; Nowell et al., 2017; Braun and Clark, 2022). The final themes were reviewed and discussed with another researcher (NJB). The themes that referred to barriers and enablers to changing late evening eating habits were deductively mapped to the COM-B constructs, which could be more targeted to identify and address specific barriers and enablers. Deductive mapping of themes was carried out by two researchers (BY, NJB), taking into account the relevance between theme, transcripts and definitions of each COM-B component. Although the themes were analysed in two sections, there was flexibility in transferring themes between these sections. Any disagreement between BY and NJB was resolved through regular discussion to ensure quality and rigour of the method. The audit trail was used to document the data collection process and the various stages of data analysis, stored in NVivo, to enhance the trustworthiness and credibility of the study (Patton 2014; O’Brien et al., 2014). The study is reported in line with the Standards for Reporting Qualitative Research (SRQR) reporting guideline (O’Brien et al., 2014) for quality and transparency of the research. Demographic data collected during the interviews was analysed using descriptive statistics in IBM Statistical Package for the Social Sciences (Version 27). Means ± standard deviations (95% confidence interval) are reported unless specified.

[bookmark: _Toc172984823]6.6. Results
6.6.1 Participant characteristics 

The final sample (n = 17) consisted mostly of women (71%, n = 12; 31% men, n = 5) with a mean age of 32.5 ± 6.7 (29.1, 35.9) years and a mean BMI of 34.7 ± 7.1 (31.0, 38.3) kg/m². All other measures are shown in Table 1. Of note, most participants were White and Asian or Asian British, reported full-time regular day work and had at least a bachelor’s degree. Three participants were screened as potentially having night eating syndrome by using the cut-off score of 25 (Allison et al., 2008).


[bookmark: _heading=h.2koq656]Table 6.1. Participant characteristics.
	Variable (total n)
	 n (%) or M ± SD 

	Ethnicity (n = 17)
	

	White
	7 (41%)

	Asian or Asian British
	7 (41%)

	Black, African, Caribbean, or Black British
	1 (6%)

	Mixed or multiple ethnic groups
	1 (6%)

	Other
	1 (6%)

	Education (n = 17)
	

	No formal qualifications.
	1 (6%)

	2 or more A-levels or equivalent qualifications.
	2 (12%)

	Bachelor's degree or equivalent.
	9 (53%)

	Doctoral or higher education.
	3 (18%)

	Other qualifications including foreign qualifications
	2 (12%)

	Employment (n = 17)
	

	Full-time employment
	11 (65%)

	Student
	3 (18%)

	Unemployed
	1 (6%)

	Unable to work
	2 (12%)

	Work schedule (n = 17)
	

	Regular day work a
	10 (59%)

	Rotating shift workb
	2 (12%)

	Regular night work
	1 (6%)

	Not applicable, not currently working
	4 (24%)

	Annual income (n = 17)
	

	Below £10,000
	2 (12%)

	£10,001 - £20,000
	4 (24%)

	£20,001 - £30,000
	3 (18%)

	£30,001 - £40,000
	2 (12%)

	£40,001 - £50,000
	3 (18%)

	Above £60,000
	3 (18%)

	Health condition (n = 17, note some participants selected multiple answers)
	

	Chronic Fatigue Syndrome
	1 (5%)

	Insomnia
	1 (5%)

	Sleep apnoea
	1 (5%)

	Crohn's disease
	1 (5%)

	Gastroesophageal reflux disease 
	1 (5%)

	Postural Orthostatic Tachycardia Syndrome
	1 (5%)

	Non-Epileptic Attack Disorder
	1 (5%)

	Asthma
	2 (10%)

	Depression
	1 (5%)

	High Blood pressure
	1 (5%)

	None apply
	9 (45%)

	Night Eating Questionnaire (NEQ) (n = 17)c
	17.12 ± 6.57


Note: Regular day work refers to work during the daytime, e.g., from 9 AM to 5 PM.
Rotating shift work refers to work alternate night and daytime (Fujino et al. 2006).
Night Eating Questionnaire (NEQ) was used to assess night eating syndrome, using a cut-off score of ≥25 to screen for possible night eating syndrome (Allison et al.2008). 

6.6.2 Factors Contributing to Late Evening Eating

Four core themes on reasons for late evening eating were identified: internal signals influencing late evening eating; external and situational drivers of late evening eating; social influences, and behavioural and emotional influences on late evening eating. Themes, sub-themes and example quotes are presented in Table 6.2. 
6.6.2.1 Theme 1: Internal signals influencing late evening eating 

Most participants linked late evening eating habits to physiological triggers and bodily cues, such as feeling hungry in the evening. Some participants also referred to eating late in the evening due to hunger and increased gastric acid, which made them uncomfortable. For instance: 
“Usually in the evening, I feel some kind of hunger because I'm a little bit early for dinner. I have dinner at 6 pm. I think it's quite a bit early, so that leads me to other meals in the evening because I feel hungry.” (P178)

“Okay, the main factor is actually that I have got something like stomach acid. Indigestion I think, indigestion in my stomach, so, that's the reason why I usually need to eat at night because if not I will be hungry and then my stomach acid is going to be higher.” (P111)

“So, I need to get full up to make my stomach not empty. We have the acid in the stomach, and I think because of it, my stomach has become hungry and there is some gas here so I'm feeling uncomfortable.” (P148)

6.6.2.2 Theme 2: External and situational drivers of late evening eating
6.6.2.2.1 Sub-theme: Evening time constraints 

Many participants highlighted the significance of time in their late evening eating patterns. Meal preparation and the multiple steps involved, from preparing the ingredients to actually cooking was referred to as time-consuming by multiple participants. Moreover, they stated that post-work activities such as cleaning and organising meant it was late by the time, they started meal preparations.  
“By the time I've finished work and then I've tidied up and got myself sorted, and then figured out what I'm going to cook, and then cook my tea by the time I've actually done all of that and then sat down, it tends to be quite late.” (P181)

6.6.2.2.2 Sub-theme: Work-related late evening eating patterns 

Furthermore, work schedule was identified as a potential factor resulting in late evening eating habits. Participants described how their work affected the timing of their evening meals. Most participants reported that work-related commitments, such as arriving home late or continuing work tasks into the night, led to late evening meals.
“It's main work that impacts why I eat so late, I usually don't finish until seven o'clock.” (P170)

“I finish working at 6:00 or 7:00. And at night usually because I'm still awake until midnight sometimes doing my work or doing my part-time job, this is the reason also after using my brain for thinking and then I eat some snacks at midnight.” (P111)

“My transport, because I live in Chester, but I work in the Wrexham Industrial Estate, so it takes 1 hour and 30 minutes by bus, and sometimes the bus is late. That's the reason why I've been eating late.” (P124)

6.6.2.2.3 Sub-theme: Seasonal impact on evening eating

Participants reported that their evening eating was affected by seasonal changes, especially the variable times of sunset. Many people appeared to time their evening meals around the time of sunset, resulting in different eating schedules between winter and summer, with evening meals tending to be later in the summer than winter.
“Sometimes I forget to eat, like, the evening meal. Usually, I eat around 6 and 7, but because of the summer, I forget. And then, 'This is already 9,' so I eat, like, very late. And then during the winter, for example, 4 pm is already dark, I feel already hungry because of that.” (P166)

6.6.2.2.4 Sub-theme: Travel contexts influencing evening eating flexibility

The majority of participants talked about how their evening eating schedule was more flexible when they were travelling or on holiday compared to their regular routine. Furthermore, it was observed that some individuals tend to eat earlier in the evening, as they planned to dine out with their family and booked tables for specific hours.
“We've just recently come back from holiday and we were having our evening meal while we were on holiday, like around 18:30 to 19:00.” (P169)

“Yes, when I'm travelling that is, I'm not cooking for myself, then I tend to eat early definitely. There will be a set time depending on where I am or things like that. I know where I'm going, I've got the hotel booked, everything booked then I have a set time to go and eat. Then I will be eating early because I eat because it's dinner time. It's open, I will eat.” (P174)

“I think when we are travelling when we are on holiday there are some places where you know the food. For example, if we were in Wales lots of good places do start shutting off at 8, so we will book a table at half 6. So, when you are travelling you eat a bit early.” (P180)

6.6.2.2.5 Sub-theme: Challenge resisting tempting food due to easy access

Additionally, the accessibility of tempting foods was also highlighted as a potential influence on evening eating habits. Numerous participants stated that temptation increased when tempting foods were easily accessible.
“It's easy to get all of the tempting food that I want, yes, because I store it in an easy place so I can get it easily and eat it directly without thinking.” (P171)

“I probably feel tempted to eat the easy-access food from the cupboard and snack before I have my main meal.” (P105)

“I will generally go and get something to eat if it's there, like, and snack on through the night.” (P170)

6.6.2.2.6 Sub-theme 2: Proximity-driven temptation management

Nevertheless, not all participants reported yielding to the temptation to eat easily available foods. A small number of participants commented that they were not tempted by tempting foods. Several stated that they had the ability to manage such temptations and consumed only when there were remaining calories to reach their calorie goal within their dietary intake.
“I think I can manage it, yes, because I like to cook, so I tend to within the options to have more healthy options. I'm not a person who eats fast food. So, in that sense it's helpful, but sometimes, for me crisps or nuts that have salt or things like that, I know it's not healthy or are empty calories, those are the more problematic things, or sweets, ice-cream or something. But I think generally it's not that strong.” (P165)

“It is easy to access. I mean I guess I'm trying to be a bit better recently. I'm calorie counting so I'm trying to avoid, like, once I've had my meal. I can still have snacks if I've got calories left but it helps to try and not eat as much. I wouldn't say I really go out to the shop or anything. I am close to shops, but I wouldn't go out too late unless I really needed something. But I do have a lot of snacks in my cupboard”. (P197)

6.6.2.3 Theme 3: Social Influences 

The social context, particularly interactions with family and flatmates, emerged as a factor influencing evening eating patterns. A number of participants described scenarios where family routines led to eating meals late in the evening. A few adjusted their evening eating times to match their family’s.
“I usually wait for my husband or he'll wait for me, and we usually eat late in the evening once we've done everything that needs to be done for the day and we kind of like eat his meal and then we'll settle down.” (P169)

“Probably quite heavily. I live with my partner and he also doesn't get in from work until later on. So, he probably doesn't get in until about 7 o'clock. So, that influences it quite heavily as well.” (P105)

Furthermore, living with flatmates influenced some participants' evening meal choices. The smell of cooking food often stimulated interest in eating in the evening.
“It's only my friends who also cook at night because they are on schedule. And they usually share it with their flatmates, so usually they ask me to get the taste of it, and because they are sometimes cooking in the evening, and I smell the food and I become interested in that food, I try it recently.” (P148) 

6.6.2.4 Theme 4: Behavioural and emotional influences on late evening eating 
6.6.2.4.1 Sub-theme: Habitual evening eating schedule

Many participants' late-night eating was deeply ingrained in their daily routines, leading to a persistent pattern of late evening consumption. Participants reported that their evening meal schedule corresponded to their daily habits and personal preferences.
“Usually, it takes around every day. It's like it becomes a habit, so I usually have that meal around 8pm and 9pm, and the very, very last meal or snack I have maybe around 9.30. That's the last meal.” (P178)

“I think it's a habit thing and also, you know, when I come back from work around 6:00 I do some stuff in my home. I take care of certain things and then I cook, that takes time, and then when I finally have dinner it's later. It's usually two hours after I at least come home.” (P165)

6.6.2.4.2 Sub-theme: Emotion-driven late evening eating

Additionally, participants also reported that emotional triggers influenced late evening eating. Several participants described that emotions like sadness, disappointment and anxiety can affect eating habits in the evening.
“I'm an emotional eater, so if I am sad about something, I would go and look for my comfort food and eat it.” (P180)

“Or if I'm feeling a bit anxious or something like that, I might get something, like I might eat more.” (P188)

6.6.2.4.3 Sub-theme: Stress-induced late evening eating

Some participants also reported that increased stress levels, whether due to work or personal challenges, led them to seek the comfort of food in the evening.
“So yes, if I have any stress, it would be later in the evening because I tend to work on my dissertation to reduce the stress, to finish some remaining job or remaining task. So because of the schedule, I need to push back my evening meal, dinner schedule.” (P148)

“I think I eat more; I do eat more in the evening when like I'm stressed.” (P188)

“With stresses, like, I recently had a very big stress in my life about 3 weeks ago, and I noticed I was eating more as a distraction.” (P120)

6.6.2.4.4 Sub-theme: Boredom-induced late evening eating

Participants noted that when they were bored or not engaged in activities, they tended to look for food as a way to distract themselves.
“So, I think for me personally, in the evenings, because you're more relaxed, let's just say, you know, you're at home, you're comfortable, I think partly it's boredom if I'm open and honest. So I boredom eat, I think it's a bit of a comfort thing, for myself.” (P120)

“I tend to be when I'm watching TV, so to be honest I think part of it is perhaps a little bit out of boredom. You know, I'm watching TV and I think it's not very good whatever I'm watching and I'm bored and I say, 'Yes, I'll get something to eat.” (P181)

6.6.2.4.5 Sub-theme: Tiredness-induced late evening eating

Participants described the influence of fatigue on evening eating habits. Several participants reported that they were more likely to eat in the evening when they felt tired.
“But I just obviously, yes like tiredness I think is obviously quite a, it's not really an emotion, but like the fatigue side of it, I think emotionally fatigue is exhausting. So, I do think that that comes into it quite a lot with how I'm eating.” (P188)

6.6.2.4.6 Sub-theme: Variety of feelings after late evening eating

In addition, participants expressed different feelings after eating late in the evening. Some participants felt guilty, recognising the potential health implications of eating close to bedtime. Others, however, associated eating late at night with a feeling of satisfaction and contentment.
“I feel quite guilty because I know for a fact that eating late at night is not good, especially around when I'll sleep, but there's no other way I can do it.” (P124)

“Most of the time I feel good, especially when you have your favourite meal. Like, I really like to get a cup of noodles like instant noodles, anything like that, and when you have that in the evening it's very, very delicious and defining for me, so yes it's really nice to have that.” (P178)

“I need that food not only to make my stomach full but to make me more relaxed.” (P148)
Chapter 6

[bookmark: _heading=h.zu0gcz]Table 6.2. Themes, sub-themes and example quotes of factors contributing to late evening eating.
	Themes
	Sub-themes
	Example quotes

	Internal signals influencing late evening eating
	Physiological triggers for late evening eating
	“And because I'm hungry the food is so late I will eat something because your body needs something to be going.” (P180)
“I'm hungry quite a lot in the evening to be honest. That's why I probably snack as well because I still feel hungry later.” (P197)

	External and situational drivers of late evening eating
	Evening time constraints
	“Our meals take 1 to 2 hours to cook, it's not like a fast cooking, you have to make things, you have to chop, cut and everything which is time consuming.”(P180)
“Trying to cook from scratch, also, pushes me back, rather than eating convenience food.” (P105)

	
	Work-related late evening eating patterns
	“Working. I work in a different city, so I don't get home until late. So, that pushes me back to eat late. It's mainly the working factor because I work quite late.” (P105)
“Work mainly. Because I don't get in until later.” (P180)

	

	Seasonal impact on evening eating
	“It depends on the time of the year, I tend to have dinner when the sun is set, so, I don't tend to have dinner with the sunlight. So, in winter it's usually around 7:00 or 6:00 earliest, but usually, you know, in the summer or spring it's usually after 8:00/9:00.” (P165)
“Maybe because especially in the summer the sunset is very late, other than the winter or autumn or spring, so it makes my food behaviour change also.” (P171)

	
	Travel contexts influencing evening eating flexibility
	“Or if I'm on holiday I might eat earlier.” (P197)
“So, during travelling I usually skip eating the evening meal. But, at home I will take it even though it's late.” (P148)

	

	Challenge resisting tempting food due to easy access
	“Yes, I definitely easily get tempted by food.” (P120)
“There's a shop outside my daughter's school, so if I am hungry, I will nip into the shop before I pick her up and buy a snack. Just because the shops there. If there wasn't a shop there, I probably wouldn't.” (P169)
“We eat 1 Kit Kat or something you know and if there's a, we always stock up things at home, so there is a little pantry of biscuits, cakes and all those things. And because they are there it's difficult for me to resist.” (P180)

	
	Proximity-driven temptation management
	“It is easy to access. I mean I guess I'm trying to be a bit better recently. I'm calorie counting so I'm trying to avoid it, once I've had my meal. I can still have snacks if I've got calories left but it helps to try and not eat as much.” (P197)
“But I don't always let myself eat it.” (P105)

	Social influences
	Impact of the family on late evening eating
	“Yes, because we have to cook for everyone then this makes us have to cook, just not, like, me, I can decide to have anything and just have dinner because of family. I have to have proper food. It’s one of the reasons I have to eat a bit late because of cooking proper food for everyone to be able to enjoy.” (P174)
“I live with my brother as well who gets in late from work, so I don't really try and cook any earlier otherwise it's too early for him as well.” (P197)

	
	Impact of flatmates on late evening eating
	“But, when I arrived in the UK and my flatmate ate during the night I was, like, 'Okay, I want to eat as well.' For example, when I take water in the kitchen and one of my flatmates cooks noodles or something, and then the smell starts to fill the kitchen, and it's, like, 'Okay, I think I can take one.' So, that influences me directly.” (P166)

	Behavioural and emotional influences on late evening eating
	Habitual evening eating schedule
	“I'm, like, a night owl, so I'm very active in the night, so my brain is working better in the night. So, usually, I will do my hard thinking work during the night. So, that's why it takes more energy, it needs more energy, so that's why I eat in the evening.” (P166)
“And then my time eating is actually more influenced by what time I wake up at that day, and then, for example, if I wake up at 8:00 so I eat at 9:00, and then after 4 hours I eat again, and then 12:00 and then 4:00pm and then 8:00pm, something like that. So, the influential things, I think, is my wake-up time.” (P111)

	
	Emotion-driven late evening eating 
	“Whenever, for example, I get very, very disappointed by my supervisor's comments, I will not eat lunch. And then evening is the only meal that I take to cope with those kinds of bad comments, and, okay, I eat and go back to sleep.” (P166)
“Emotional, yes. Sometimes when I want to eat something sweet or something fresh, maybe juice or I'm in the mood of eating something sweet. So, usually sometimes I crave chocolate as well, chocolate or strawberry milk or something. Yes, sometimes my mood influences my decision in eating.” (P111)

	
	Stress-induced late evening eating
	“Yes, usually, because I am feeling under pressure by the dissertation deadline, and because my dissertation is quite hard, so I get stressed. And I tend to eat a lot in the evening.” (P148)
“Like, stress, even the slightest bit recently.” (P121)

	
	Boredom-induced late evening eating
	“At that moment usually, I feel bored. Usually, I'm not quite a bit hungry, but I feel bored, and I need to taste something in my mouth, and I like to chew something in my mouth, so I feel like looking for a snack.” (P178)

	
	Tiredness-induced late evening eating
	“If I'm tired and I'm just feeling a bit, like, I can't be bothered to go and make very much, crisps is an easy option to just grab out of the cupboard.” (P181)

	
	Variety of feelings after late evening eating 
	“Well, actually, I'm quite feeling guilty about eating at night, but not necessarily guilty because I know that the calorie counting and what my body needs is usually the same. So, I maybe feel guilty.” (P148)
“I feel satisfied, and then I feel okay. It makes me calm, and then I feel that I'm sleepy, and then I can go to sleep.” (P166)



6.6.3 Barriers and enablers to changing to earlier evening eating


Six core themes on barriers and enablers to changing to earlier evening eating were identified, including understanding and perception of evening eating habits, physiological drivers, social influences, time and scheduling constraints, behavioural and emotional associations with late evening eating and willingness to change. These themes were then deductively mapped to six COM-B constructs (psychological capability, physical capability, social opportunity, physical opportunity, automatic motivation and reflective motivation), as detailed in Table 6.3.
[bookmark: _heading=h.3jtnz0s]Table 6.3. COM-B analysis of the barriers and enablers of changing to earlier eating timings. 
	COM-B construct
	Themes
	Barriers and enablers of changing to earlier eating timings 
	Example quotes

	Psychological capability
	Understanding and perception of evening eating habits
	Barrier: High variability with the perception of late evening eating time
	“After 8:30”. (P111)
“Well, I think after 10:00/10:30 that's too late”. (P165)
“I'd say 9 o'clock”. (P169)

	
	
	Barrier: Uncertainty about the benefit of eating earlier
	“I don't know if there would be any benefit. I don't know if there are. I do feel personally that if I eat that early, I might feel hungry later”. (P165)
“I think I'm not really sure about that”. (P166)

	
	
	Enabler: Information on the reasons for the perception of late evening eating time
	“I think it's a lot because I eat so late. Yes, it makes me tired, but I can't settle. And still, I can't settle, and it weighs heavy on my stomach and I tend not to sleep”. (P121)
“Because it's near the time to go to bed. That means you will not digest before going to bed”. (P174)

	
	
	Enabler: Raising awareness about the benefits of early evening eating 
	“Maybe if somebody was telling me the benefits of it, maybe some more understanding about why it would be good to eat earlier, that might be helpful”. (P105)
“If there are any disadvantages, maybe pointing that out might help people to be aware that that's not a healthy habit for example. But I think it would have to be, you know, if there's clear evidence that that's the case then I would”. (P165)

	Physical capability
	Physiological drivers
	Barrier: Bodily signals leading to late evening eating 
	“And I'm not sure whether my stomach's reaction actually needs to be fulfilled or I need to bear it, because it feels like a spike on the stomach during late night that makes me uncomfortable, and then that's why I take some meal to make it better”. (P166)
“And feeling hungry again later”. (P197)

	Social opportunity
	Social influences
	Barrier: Interpersonal influence 
	“Yes, I guess if I was going to my mum's, it would be difficult for me to try and eat earlier. Because I always eat at eight, nine, ten o'clock, I'd have to make a really big effort and make my own food and have my own tea and eat it despite them not eating their tea at that time. So, I think that would be a bit of a barrier for me, to try and eat early in that environment”. (P181)
“The challenge for me of course is my family. I have to take care of them quite longer because they don't feel exhausted, and they don't feel tired at all”. (P171)

	
	
	Enabler: Impact of the family on evening eating times
	“And also, I think when you live with your parents, when you live with your family, when you live with your wife, it's good enough to have support from the family and people who live with you at home, to remind you and to take care of you. Because you cannot be absolute at the end, so you try to get some, like, support from home so you don't fall into that habit.” (P178)
“Yes, I think family is the main factor, because I need to take care of my kids and my wife at home. So I need to be more disciplined with time so I need to be up early.”(P148)

	
	
	Enabler: Community support for early evening eating
	“Maybe some community where we can support each other, and we can share the benefits of eating earlier in the evening”. (P148)
“Yes, probably a group would be quite good”. (P170)

	Physical opportunity
	Time and scheduling constraints
	Barrier: Time constraints for food preparation
	“We cook everyday home food, we don't do shortcuts, we don't do frozen and put it in microwave, we will do everything from scratch”. (P180)
“It means I need to order on the first from the food delivery services and they need to come here, and then I just receive my food at 8:00 something and then I just eat it”. (P111)

	
	
	Barrier: Work schedules do not support eating earlier
	“It's more the time I some cooking after work that would delay my dinner time”. (P174)
“Because the office finishes at 5, but because you're working you don't have that much time to prepare meals in advance”. (P180)
“So, I think it is, like, about finishing work at 5 or later”. (P181)

	Automatic motivation
	Behavioural and emotional associations with late evening eating
	Barrier: Existing habits inhibit eating earlier 
	“And the second one is the habit”. (P148)
“I'm used to eating late at night. On some days if I didn't put the habit for myself, then I will be still craving”. (P166)

	
	
	Enabler: Promote eating early through the reward system
	“And also, maybe like a competition if you do participate, you have to be rewarded”. (P148)
“There’s like an incentive you want to try it out”. (P180)

	
	
	Enabler: Provide evening eating time reminder 
	“So, maybe, like, a reminder. For example, 'It's already 8pm, you cannot eat,' or a reminder, for example, the last time I can eat is 7pm. That would be much helpful”. (P166)
“Just as a reminder”. (P171)

	
	
	Enabler: Have positive feelings with eating early 
	“Yes, I do feel more content, of course. Yes, because I can achieve it so that I can predict that the next day I will decrease my weight”. (P171)
“Content, I feel content if I eat before 8:00”. (P111)

	Reflective motivation
	Willingness to change
	Barrier: Unwillingness to change late eating
	“Well, I want to but I can't”. (P124)
“At the moment probably not just because I just don't know how I'd be able to get those meals in””. (P188)

	
	
	Barrier: Unwillingness to take part in the programme
	“I’d have to eat on the bus. It's quite hard because I would love to move to closer accommodation but there are a lot of circumstances that are happening. I can only eat earlier during the weekends but during the weekdays I have to eat my dinner late”. (P124)
“No”. (P165)

	
	
	Enabler: Willingness to change 
	“Yes, I'm going to try and do that”. (P170)
“Yes, of course, because I gain more positive impact when I stop eating in the evening. Yes, I will change”. (P171)

	
	
	Enabler: Willingness to take part in the programme
	“Yes, of course, I do”. (P171)
“Yes, why not”. (P174)

	
	
	Enabler: Beliefs about the health consequences
	“I would like to say it's because I want to reduce my intake, so I want to a little bit reduce my weight because I'm feeling so much overweight”. (P178)
“Trying to lose some weight, getting some weight off and feeling better about myself”. (P170)
“I think that it would probably improve my gut health as well. I think eating earlier in the evening would be better, allowing myself to digest the food before settling back down to bed”. (P188)

	
	
	Enabler: Pre-planning for early evening eating
	“Quick meals, like quick meal ideas”. (P197)
“Maybe preparing earlier on, meal prep. Stuff like that would probably make it easier so I'm not having to think about, like, cooking things, something from scratch. Yes, anything like that”. (P105)

	
	
	Enabler: Alternative strategies to changing late evening eating
	“I think going out can prevent it. Like, having a chat with my friends. I'm engaged with those kinds of activities, then I will not eat.” (P166)
“Sometimes. Some after school activities that my daughter does, that are like, not really linked to school, that she does in an evening. If she's got something like that on, we might have to eat a little bit earlier.” (P169)



6.6.3.1 Understanding and perception of evening eating habits (psychological capability)

Participants expressed different views on the definition of a late evening meal. Some considered any meal after 10 pm to be late, while others considered eating after 12 pm (midnight) to be late. This variability presents a challenge for generalised advice, but also an opportunity for tailored interventions that take into account participants’ perceptions and usual meal timings. 
“I think 12am in the night. So, whenever I can't sleep my stomach starts to crave something.” (P166)

“Probably, like, 9:30, 10 o'clock. That starts to get a bit late.” (P105)

“Maybe around 22:00.” (P124)

“12:00 am.” (P148)

“Maybe around 10 pm is quite late, so I never have snacks, I never have a meal after 10 pm.” (P178)

Understanding the reasons behind participants' perceptions of late evening eating times can be valuable. The majority of participants had clear reasons for defining certain times as 'late evening', such as concerns about weight gain, sleep disturbance and gastrointestinal health.
“Because I usually go to sleep at 1:00 am or 2:00 am, so I think that if I eat later than 12:00 am, it will impact the sleep because I still need time to process the food here in my stomach, and any of this effort can cause stomach aches.” (P148)

“Because I think since I'm going to be at 12:00, around 12:00, and like I said, I need to digest a bit before going to bed, if I eat too late then I have to clean the dishes and then, you know, I'll clean everything and rest a bit before going to bed, and I think that's too close.” (P165)

“I think because it's closest to my sleeping hour, like, I sleep around 1 am or 2 am. And then if I eat, like, at 12 am it's too short, and then it's very late, and then it's almost the end of the day. And if I counted how many times I've eaten, it could be the fourth time of my meal, so the second evening meal. So, that's very late I think.” (P166)

Another barrier was uncertainty about the benefits of eating earlier. While many were aware of general suggestions that eating earlier might be beneficial, there was limited understanding about the specific health benefits of eating earlier in the evening.
“I don't know the benefits because it's not something that I do, I don't really know about the health side of things, I don't really know the health benefits. I'm sure there'll be some sort of health benefit I'm just not fully aware of.” (P181)

“I don't know if I'd notice much of a difference really. I don't know if it would make me feel slightly better going to sleep, but I suppose I haven't really tried it enough times to be able to know.” (P105)

“To be honest, I'm not really sure. I know some people say that it has, like, loads of health benefits about helping you lose weight, with your metabolism and everything like that. But when I was eating before 8 pm, I never really saw a change myself, and I was doing that for 5 years. So, I know there are plenty of benefits to it and some things will work for some people and some things will work for others. But I just seem to have not found something that works yet.” (P121)

Participants expressed a willingness to learn more information about eating earlier in the evening and said how such information could motivate eating earlier in the evening. 
“You see benefits in that, maybe I don't know if this research would, you could share more health benefits of eating a bit earlier which would motivate me.” (P180)

“I think knowing the health. For example, yesterday I took a test for research on future health, and then knowing the results that my cholesterol is a little bit high, then I started to avoid eating late at night. I think understanding the bad effect of my habit makes me realise that 'Okay, I need to stop eating like that.” (P166)

6.6.3.2 Physiological drivers (physical capability)

Some participants suggested that body cues, such as hunger or stomach discomfort, could be barriers to changing late evening eating.
“And I'm not sure whether my stomach's reaction actually needs to be fulfilled or I need to bear it, because it feels like a spike on the stomach late at night that makes me uncomfortable, and then that's why I take some meal to make it better.” (P166)

“Usually in the evening I feel some kind of hunger because I'm a little bit early on the dinner. I have dinner at 6 pm. I think it's quite a bit early, so that leads me to other meals in the evening because I feel hungry because it's quite a bit of a long time between the last meal until I go to bed and at that moment usually, I feel bored.” (P178)
6.6.3.3 Social influences (social opportunity)

Most participants reported that the social environment was a significant barrier to evening meals. Many noted that arranging family schedules and preparing meals for family members often resulted in later evening meal times. For these participants, family routines often overrode their preference to eat earlier in the evening.
“To me, it's my family, I'll be honest it's my family because they are not ready to change the schedule and as a family, I'm bound. I'm not saying, I can eat alone before them, but we cook together, so if I eat alone before let's say 6, 6.30, there's no food because the food gets cooked after 7. And we eat after 8, 9.” (P180)

“Because I work from home for a couple of days a week, if my partner wasn't coming in, then I'd maybe be able to eat earlier and stuff like that.” (P105)

“I cook for my brother. I could cook earlier probably but I'd have to make sure it goes in the fridge and make sure it's things that can be reheated.” (P197)

Conversely, some participants were encouraged to adopt similar routines through the influence of family members who had early evening meals. It was emphasised that early evening meals with the family could create a supportive environment for changing early evening eating habits.
“I think if I was around someone or lived with someone, like my granddad for example, who had that set routine, it's easier for me to adopt that routine myself because that's what's happening. So, I think being around someone who does eat earlier would influence when I eat because I don't want him waiting until nine o'clock to eat when he's used to eating at half five, or six o'clock. So, I would make that effort to eat at that time then, and then probably adopt that habit myself. So, I think if I was around someone who had that habit already, it will be easier for me to do that myself.” (P181)

“Yes, I think family is the main factor because I need to take care of my kids and my wife at home. So, I need to be more disciplined with time, so I need to be up early.” (P148) 


In addition to family influences, community support was recognised as an enabler for early evening eating. Participants suggested that they would be encouraged if they received community support, which could be useful for long-term maintenance.
“Maybe I need a support group so I can never feel alone in order to maintain my motivation.” (P171)

“Maybe some community where we can support each other, and we can share the benefits of eating earlier in the evening.” (P148)

6.6.3.4 Time and scheduling constraints (physical opportunity)

Most participants encountered challenges because of time constraints and work schedules. Many participants highlighted the challenge of finding enough time to prepare meals earlier in the evening. In addition, for those who prioritise cooking from scratch, the process can be time-consuming, especially if the ingredients require preparation and cooking.
“I'm not quite sure. I think, if I wanted to eat earlier, I think it would have to be more like convenience food and stuff like that, and I try to avoid that kind of thing because, even though we do eat late, I do try to eat stuff that's less highly processed and whatnot.” (P105)

“It means I need to order on the first from the food delivery services and they need to come here, and then I just receive my food at 8:00 something and then I just eat it.” (P111)

Another barrier was the mismatch between work schedules and the goal of eating earlier. Some participants reported that by the time they returned home and started cooking, it was already late. It would be even worse if factors such as commuting times or unexpected work demands were taken into account. Therefore, even with the intention of eating earlier, the constraints of their work prevented participants from making this change.
“If I've finished work at a set time every day and then I was able to know that I would be able to eat between 18:00 and 18:30, that would be easy, but I can sometimes be at work till 18:30 or 19:00.” (P169)

“The main barrier is transportation time. If I can get home earlier, it means I can have dinner earlier. The bus takes 1 hour and a half and eating on the bus is not nice. I mean I can eat on the bus, but I don't want to.” (P124)
6.6.3.5 Behavioural and emotional associations with late evening eating (automatic motivation)

Participants also reported that existing habits and daily routines prevented them from eating early in the evening, some of which included their previous lifestyles with irregular routines and a preference for eating after sunset. 
“But personally, I like to have an evening snack really, so compared to the advantage of the benefit, I would like to say I would prefer to have an evening snack.” (P178)

“I think because I used to be an architect and I didn't sleep very well at night, and the eating schedule is also irregular, that makes my habit of eating late at night become something very regular nowadays. I think because of the bad, kind of, schedule of my life in the previous days, that became something really, really bad. So, it becomes habit nowadays.” (P166)

“I am also not used to eating with sunlight as dinner. I think it's, for me, dinner is, kind of, a closing thing of the day, not a thing in the middle.” (P165)

However, some participants suggested that a reward system could act as a motivator to encourage them to eat earlier in the evening.
“And also, maybe like a competition if you do participate, you have to be rewarded.” (P148)

“There's like an incentive you want to try it out.” (P180)

Another practical solution suggested by some participants was having regular reminders. Participants described how a constant reminder could prompt them not to eat late in the evening, which could help them avoid eating late in the evening.
“Maybe a constant reminder of not eating snacks that late. Because sometimes when people eat dinner earlier around 18:00-18:30, around 20:00-21:00 they have a feeling of wanting to munch on something. So maybe the programme could help to remind someone not to have snacks that late.” (P124)

“Maybe it's good to have some reminders on your phone to remind you.” (P178)  

Feelings about eating earlier in the evening were also related to attitudes towards eating earlier in the evening. Some participants expressed positive feelings about eating earlier in the evening, such as contentment, satisfaction and a sense of accomplishment, which may make them more likely to eat earlier in the evening.

“I think first of all I'd feel more content and less guilty or not guilty at all because I know that that's the proper dinner time, not 20:00 or later.” (P124)

“I would like to think that I would feel a lot more content than how I do very late on.” (P121)

“I think it's the small sense of achievement because I can stick to my daily routine and doing it consistently would make me feel that job is done.” (P148)

“I think what I'll feel if I achieve that is, I'll feel satisfied because I can control myself.” (P166)

6.6.3.6 Willingness to change (reflective motivation)

Participants expressed mixed feelings regarding their intentions to change to eating earlier in the evening. Overall, most participants (n = 9) were willing to change their late-night eating, but some (n = 5) reported unwillingness to change to earlier eating in the evening, due to habits and preferences. Three participants described that they could eat earlier in the evening on some days instead of every day.
“I think I need to stop because it is not good for my health. But at this moment, I just enjoy it.” (P148)

“So, compared to the advantage or the benefit, I would like to say I would prefer to have an evening snack.” (P178)

When asked about willingness to participate in a programme that might encourage people to eat earlier. The majority of participants were willing to participate (n = 13). Some of the participants (n = 4) indicated that they would not like to participate in this programme, because of preference and work-life balance.
“I don't care, and I'm not interested. Really, I'm not interested in that kind of programme because I feel I'm in control. When I want to eat after 8 pm I eat then, and when I don't want to eat after 8 pm I don't want to eat, so I feel I still can control my desire to eat. So, I'm not interested in that kind of programme, really.” (P178)

“I would love to, but I would be a very bad person for it because the work life.” (P120)

However, there was wide variation in beliefs about the health consequences of eating earlier in the evening, including weight loss, mental health benefits, improved sleep quality and improved gut health.
“I think maybe having a longer fasting period is probably better as well for mental health and stuff like that.” (P105)

“So, I'm hoping it would make me feel a lot more content and settled in, and I would find it easier to sleep.” (P121)

“So, if I eat late at like 20:00 or 22:00, I will not reduce my weight even though I weigh out my rice and stuff like that.” (P124)

Many participants found that investing time in planning their meals in advance, or preparing some ingredients earlier in the day, optimised the evening cooking process and made it more feasible to eat earlier.
“I think if the program can help to organise the weekly proper time, you know, how you organise yourself getting food ready when you go back to work.” (P174)

“I think a big help would be having an idea of what food I'm cooking, having it almost portioned out in a way, prepared. And having in my mind what I'm going to cook with this food, and how I'm going to cook it. So, like, a recipe or an idea of what I'm doing. I think that would be a big help.” (P181)

“The main factors would be like doing some preparation work in advance. So just warming up, but then you eat food and then you cook for the next day.” (P180)

Participants reported some strategies that may be effective to change late evening eating habits. Activities such as going to the gym or meeting up with friends were reported as activities that minimise the usual late-night eating habits. 

“Sometimes, maybe going to the gym, or anything like that, or if I'm meeting up with a friend or anything like that, I probably won't eat until later on.” (P105)

“On Tuesday's I have karate, so I have to eat before then. In fact, Tuesdays I probably do eat earlier actually because of that. I probably eat about half five which is early for me.” (P197)

However, some participants indicated that there was a lack of alternative strategies to prevent them from eating late at night. For these participants, eating late at night is a source of stimulation or has become a habit. Eating could provide energy to support their late-night activities.

“Not in particular. There' s nothing that's stopping me from eating late at night. As I said, it's stimulation for me whilst I am working that I'm, you know, I'm eating late at night.” (P120)

“Not really here there's something that can stop me from eating because, yes, everywhere I am, for example, at the office or at other places, my family's places, I usually keep some snacks around me. So, yes, I still keep eating whatever I think it is I'm doing.” (P111)


[bookmark: _Toc172984824]6.7 Discussion

This study identified the physiological (e.g., feeling hungry in the evening), environmental (e.g., food rich environment) and emotional (e.g., negative feelings in the evening) factors contributing to late evening eating in adults living with overweight and obesity. Although barriers to changing late evening eating were highlighted, participants also reported that having high motivation (e.g., contentment with eating earlier in the evening) and interpersonal support could facilitate earlier eating times. 

6.7.1 Factors contributing to late evening eating

Feelings of hunger were identified as a main contributor to late evening eating and was also discussed as a barrier to changing to earlier eating patterns. This aligns with previous quantitative work showing higher levels of hunger in the evening in both healthy adults and adults with overweight or obesity (Scheer et al., 2013; Wehrens et al., 2017; Sargent et al., 2016; Carnell et al., 2018; McHill et al., 2018). Furthermore, hunger is one of the main barriers to engaging in weight loss programs in the long-term (Stubbs 2012; O’Connor et al., 2021). Alongside physiological hunger, the scores of liking and wanting for high-fat foods are higher later in the day (Beaulieu et al., 2020). The finding that hunger plays an important role in late evening eating aligns with a previous qualitative study (Kroeger et al., 2019) in pregnant women and extends this finding to a non-pregnant sample of adults with overweight and obesity. As such, it will be beneficial for future research to explore strategies to reduce heightened hunger in the evening, such as encouraging intake of foods low in energy density (Buckland et al., 2018; Rolls 2017), high in protein (de Carvalho et al., 2020) and high in fibre (St-Pierre et al., 2009).

In addition to physiological triggers, this study highlighted that a food-rich environment, characterised by easy access to a variety of palatable foods, contributes to late evening eating. High availability of palatable foods is a main driver of increased energy intake (Hill et al., 2003; Privitera and Zuraikat, 2014; Cohen and Babey, 2012). Food cues, such as the thought, sight and smell of foods, induce physiological responses, such as increased salivation and heart rate (Nederkoorn and Jansen, 2002; Nederkoorn et al., 2000; Pelchat et al., 2004). Some individuals are particularly susceptible to food cues (Martin et al., 2010) and experience cravings and increased energy intake in response to food cues (Jansen 1998; Cornell et al., 1989; van den Akker et al., 2013). The participants in the current study also reported that easy access to palatable foods was related to snack consumption in the evening. Observational data indicates that consuming snacks in the evening is linked to the eating of energy-dense foods that are high in fat and sugar. This might potentially lead to an increased risk of consuming more energy and experiencing negative metabolic effects, particularly when these snacks are consumed at times that do not correspond with the body's natural metabolic cycles (Barrington and Beresford 2019; Si Hassen et al., 2018; Chaix et al., 2019). However, in the current study, not all participants reported challenges resisting a food-rich environment. While it is common to report the experience cravings, not all cravings lead to food intake (Hill 2007; Smithson and Hill 2017). As such, the current findings highlight that a food-rich environment contributes to late evening eating, but there is individual variability with some participants being able to manage such hedonic temptations. This finding has important implications and suggests that future interventions to promote earlier eating patterns could target increasing the craving control in people susceptible to consuming foods in the evening (Dalton et al., 2017). More broadly, consideration should also be given to how to promote an environment that supports healthy eating and physical activity, such as by increasing exposure to cues associated with healthy dietary intake (Buckland et al., 2018; Carter et al., 2018).    

Psychological factors, such as anxiety, sadness and stress were also identified as a contributor to late evening eating. This aligns with previous work indicating that late eaters were more likely to eat when stressed (Dashti et al., 2021). In addition, emotional overeating is linked with increased snack consumption in the evening (Leblanc et al., 2012). Indeed, previous research has demonstrated that individuals with evening chronotypes more prone to experiencing adverse psychological symptoms such as anxiety, emotional overeating and stress related eating (Mazri et al., 2019; Konttinen et al., 2014; Vera et al., 2018). One possible explanation is that there are less self-regulating resources to manage negative affect later in the day (Millar 2017). The current findings are also consistent with the Escape Theory by Heatherton and Baumeister (1991), which posits that food is used as an emotional defence from negative affective states, including anxiety, depression. 

6.7.2 Barriers and enablers of changing to early evening eating

In the present study, while there was uncertainty about the precise benefits of early evening eating, participants were aware of general recommendations about eating earlier in the evening. Participants also referred to health benefits being a main enabler to changing to earlier eating times. Epidemiological evidence has shown eating late during the day is associated with higher risk of obesity (Martínez-Lozano et al., 2020; Okada et al., 2019; Madjd et al., 2021; Zaman et al., 2019; McHill et al., 2017; Gong et al., 2021) and reduced weight loss (Garaulet et al., 2013; Raynor et al., 2018; Jakubowicz et al., 2013; Dashti et al., 2021; Lombardo et al., 2014). It has also been recommended by NHS England to avoid eating a large meal just before going to bed to help digestion (NHS, 2021). Communicating such health benefits in an engaging and relatable way may be persuasive to influence earlier eating patterns. Indeed, ‘inform about health consequences’ (BCIO:007063; https://bciosearch.org/BCIO_007063) is a Behaviour Change Technique within the Behaviour Change Technique Ontology (BCTO). The Behaviour Change Technique Ontology (BCTO) consists of 281 BCTs organised into 20 higher-level groups over five hierarchical levels, designed to provide a standard terminology and comprehensive classification system for the content of behaviour change interventions (Marques et al., 2023). 

The influence of social others (social opportunity) was identified as a key barrier to changing late evening eating patterns. This is consistent with previous research by Kroeger et al. (2019), in which most pregnant women described late evening eating due to others in the household. The findings of current study also align with Social-ecological Model (SEM), which suggests an individual’s behaviour is influenced by multifaceted levels, including intrapersonal characteristics, interpersonal processes, institutional factors, community features and public policy. At the interpersonal level, the SEM highlights the role of social relationships and networks in shaping behaviours (Salihu et al., 2015). In the present study, social engagements or family routines could inhibit changing to earlier eating patterns. Conversely, social influence was also reported as a potential enabler for promoting earlier eating patterns. This is also in line with Larson et al. (2013), where the frequency of communal meals correlated with better dietary patterns among adults, highlighting the role of social dynamics in meal timing (Dashti et al., 2019). Furthermore, previous research has demonstrated that social support, particularly from family members, is a valuable approach to enhancing the sustainability of health interventions (Murray et al., 2012). Therefore, it is recommended that future studies consider the role of interactions within the family or co-habitants and develop tailored strategies to account for social influences. 

Time constraint (physical opportunity) was also repeatedly highlighted as a barrier to changing to earlier eating patterns. Previous qualitative studies have indicated that time constraint is identified as a common barrier to meal preparation (Mancino et al., 2007; Jabs and Devine 2006; Jabs et al., 2007). Meal planning has been suggested as a solution to balance time demands and meal preparation (Virudachalam et al., 2016). Indeed, previous studies have demonstrated that meal planning is associated with increased food variety, better dietary quality and reduced risk of obesity (Virudachalam et al., 2016; Aubé and Marquis 2011; Ducrot et al., 2017). For example, an observational study of 1136 Australian women showed that women who planned meals consumed more fruit and vegetables than women who decided what to eat for dinner on the same evening (Crawford et al., 2007). As such, it will be beneficial for future research to explore strategies to address time constraints and support meal planning and preparation (e.g. planning ahead the foods that will be consumed for the next few days; Ducrot et al., 2017). Participants in this study suggested that there should be practical strategies to offset time scarcity, such as pre-prepared meals in the freezer, use of a slow cooker or air fryer, and batch cooking. This aligns with previous research that has indicated air frying shows a higher nutritional quality than conventional technology to support healthy eating patterns and provide environmental advantages (Zaghi et al., 2019; Liu et al., 2023). These recommendations also suggest practical tips about how to facilitate earlier eating patterns (e.g., information about preparing meals in advance, providing meal recipes and meal planning).    

6.7.3 Strengths and limitations
The present study has several strengths. Firstly, participants comprised of a community-based sample with overweight and obesity living in Sheffield, Yorkshire. Yorkshire and Humber have some of the UK’s highest levels of overweight or obesity (NHS Digital, 2019). Therefore, this study represents a community-based sample living in a regional area with high rates of overweight and obesity. Secondly, this study is the first to use a theoretical model (COM-B model) to explore the barriers and enablers associated with changing to earlier eating patterns among UK adults living with overweight and obesity. Use of theory is important as interventions which specifically target theory-informed barriers are more likely to change behaviour than less defined or targeted interventions (Michie et al., 2008). Thirdly, study is also one of few studies that have used qualitative methods that enable participants to describe their experiences in detail, providing rich insights into this topic. This study used semi-structured interviews to extend a previous qualitative study using focus groups in pregnant women to adults living with overweight or obesity (Kroeger et al., 2019). However, despite its strengths, this study has limitations that need to be considered. Firstly, most of the sample were well-educated, White or Asian/Asian British, and reported relatively high household incomes (36% ≥ £40,000). As such, the findings may not generalise to other individuals from other ethnicities and lower socioeconomic backgrounds. This is particularly important given the social gradient in obesity with highest obesity rates amongst those from the most deprived areas (Brehm and D’Alessio, 2000). Secondly, the sample was self-selecting, which could result in the recruitment of participants who are particularly interested in meal timing and potentially more willing to change late evening eating. Thirdly, this study only assessed self-reported meal timings. Therefore, it is not possible to explore meal composition and dietary quality. Future studies could incorporate meal timing and dietary intake to provide a comprehensive understanding of the evening eating patterns in people living with overweight and obesity. Finally, chronotype was not assessed in this study. It has been shown that later chronotypes consume twice as many calories after 8 PM and have lower levels of physical activity than early chronotypes (Lucassen et al., 2013; Sempere-Rubio et al., 2022). Future research could incorporate chronotype assessments to provide a more comprehensive analysis of the factors, including behavioural lifestyle factors that influence late evening eating.   

[bookmark: _Toc172984825]6.8 Conclusion
In conclusion, the current research used semi-structured interviews to identify main factors that influence late evening eating in people living with obesity. The study also identified barriers and enablers to changing to earlier evening consumption by integrating the COM-B model. Late evening eating emerged as a complex behaviour modulated by both intrinsic and extrinsic determinants. While participants noted some barriers to changing to earlier eating patterns, practical strategies are provided to address such barriers, such as increasing the awareness of the health benefits of early evening eating and addressing time constraints around meal planning and preparation. The next step will be to apply these findings to inform interventions to encourage earlier eating times in people at risk of overconsumption and obesity.   
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[bookmark: _Toc172984827]General discussion
This thesis investigated the role of meal timing on BMI, eating behaviour traits and health behaviours. The current chapter aims to synthesise the research findings in the context of the current literature, discussing the strengths and limitations of the research conducted (for the key findings see Table 7.1). The implications of this work are then considered along with potential directions for future studies. Firstly, a brief overview of the aims of the thesis is provided. Secondly, the primary findings are synthesised and discussed in the light of the wider literature. Thirdly, the overall strengths and limitations of the thesis are discussed. Finally, suggestions for further research are provided.

[bookmark: _Toc172984828]7.1 Thesis aims
This thesis aimed to achieve four key aims through the studies reported in this thesis. First to explore the associations between meal timing, BMI, eating behaviour traits and health behaviours. Secondly, this thesis aimed to compare the eating behaviour traits and health behaviours between early eaters and late eaters. Finally, it aimed to explore the factors contributing to late evening eating, and barriers and enablers to changing to earlier eating patterns. To achieve these aims, two quantitative studies and one qualitative study were conducted. The overall aim emerged from the literature exploring the role of meal timing in body weight (e.g. Madjd et al., 2021; Okada et al., 2019) and providing a new dimension in nutrition science. While the development of obesity is influenced by many factors, it is important to consider the meal timing as well as common factors such as calorie intake and food content (Beccuti et al., 2017). Furthermore, multiple studies have found that late eating is related to a variety of health issues, including obesity, impaired glucose tolerance, insulin resistance, elevated cholesterol levels, and an increased risk of cardiovascular diseases, type 2 diabetes, and metabolic syndrome (Turek et al., 2005; Antunes et al., 2010; Barclay et al., 2013; Di Lorenzo et al.,2003; Morris et al., 2016; Shi et al., 2013; Vetter et al., 2016; Zarrinpar et al., 2016). Specifically, a systematic review and meta-analysis of 28 studies found that night shift workers had an increased risk of obesity than daytime workers, although there were no significant differences in total energy consumption between shift and daytime workers (Sun et al., 2018). Therefore, it was hypothesised that other factors, such as the timing of meals, might account for the increased risk of obesity and cardiometabolic disease among those who work night shifts (Bonham et al., 2016). 

Observational and experimental studies also indicated that late evening eating is significantly related to higher total energy intake (e.g. Jacob et al., 2023), higher BMI (e.g. Okada et al., 2019) and reduced weight loss (e.g. Garaulet et al., 2013), although there are some inconsistencies (Dashti et al., 2021). Inconsistencies in observational studies may be due to differences in measurement tools of meal timing and various definitions of late eating. Specifically, most studies assessed meal timing via questionnaires (Kahleova et al., 2017; Yoshida et al., 2018; Bo et al., 2014), food diaries (Dashti et al., 2021; Baron et al., 2011; Garaulet et al., 2013), or picture-based smartphone applications (McHill et al. 2017). The accuracy and reliability of these methods can be different, which may influence the consistency of the results. For example, the Meal Pattern Questionnaire asks participants to give a detailed description of their eating habits over a 24-hour period. However, it has not been validated against previously collected food timing data (Bertéus Forslund et al., 2002). In addition, picture-based technologies are being used for dietary assessment (McHill et al. 2017; Gupta et al., 2017). Although the use of photographic food records tends to increase the accuracy of self-reported energy consumption, underreporting has still been observed in studies using photographic food records (Pendergast et al., 2017; Rollo et al., 2015). Therefore, in order to advance the field of dietary pattern research, it is necessary to thoroughly investigate, validate and improve current dietary pattern data collection methods and to further develop innovative methods (Dashti et al., 2019). 

In addition, McHill and colleagues (2017) conducted a study of 110 adults and found a significant correlation between increased BMI and later food consumption during the “biological night”, as assessed by Dim-light melatonin onset (DLMO), rather than by clock hours, emphasising the need to consider the timing of meals in relation to the body's internal clock. This study may provide an explanation for the lack of associations between late eating and increased BMI in some studies, as the concept of  'night' does not always correspond to an individual's biological night, which may vary according to individuals’ chronotype (Reid et al., 2014). Metabolic mechanisms may explain the relationship between later meal timing and increased BMI. It has been found that postprandial metabolic processes, such as the rate of gastric emptying and postprandial energy expenditure, are deregulated in the evening compared with in the morning (Morris et al., 2015). Therefore, while there are some inconsistencies in the food timing literature, eating late is identified as a risk factor for obesity in the long term.

However, there are some issues with the existing food timing literature that need to be addressed in this thesis. Firstly, the majority of studies explored the associations between late eating, energy intake, BMI and weight loss. However, limited studies investigated the associations between late eating and eating behaviour traits and examined the characteristics of late eaters. Only one study conducted by Jacob and colleagues (2023) found late eating was significantly associated with traits, such as disinhibition and susceptibility to hunger in participants with overweight or obesity. However, Jacob et al. (2023) used a 51-item Three-Factor Eating Questionnaire and the Binge Eating Scale (BES) to assess eating behaviour traits, including cognitive restraint, disinhibition, hunger sensitivity and binge eating severity. However, there are other eating behaviour traits linked with BMI. Research has shown that people who scored higher on food responsiveness and emotional eating had higher BMIs. In contrast, increased levels of satiety responsiveness, emotional under-eating, and slowness in eating are significantly related to decreased BMI (Hunot et al., 2016). Previous research has also shown the relationship between lower craving control scores and higher levels of binge eating, disinhibition and hunger sensitivity, as well as increased BMI (Abilés et al., 2010; Delahanty et al., 2002; Hill 2007). Yet, there is no research to explore the associations between meal timing and these eating behaviour traits, such as craving control, and satiety responsiveness with late eating. Thus, examining the differences in eating behaviour traits related to increased overconsumption and higher BMIs between early and late eaters was worth investigating. 

Secondly, as previous studies recruited participants across all weight ranges, including those with overweight/obesity and those with healthy weight, it was unclear whether late eating influenced BMI in the same way among participants with obesity. It has been suggested that weight and obesity status are associated with meal timing and frequency (Dashti et al., 2019). For instance, a population-based cohort study showed that individuals with overweight had a higher tendency to skip breakfast (Kant and Graubard, 2015) and consume a greater amount of energy in the evening (Winkler et al., 1999). As such, exploring the characteristics of late eaters living with obesity is needed. Finally, meal timing could be influenced by a variety of factors, ranging from individual characteristics and choices, cultural contexts, and environmental to physiological determinants (Leung et al., 2019; Vetter and Scheer, 2017; Dashti et al., 2019). However, to date, there is no qualitative research investigating the factors that influence late evening eating and barriers and enablers to encourage earlier eating times in adults living with overweight and obesity. Understanding the reasons for late evening eating is needed to provide in-depth information that can be used to inform interventions to encourage individuals at risk of obesity to reduce late evening eating. 

Chapter 7
In summary, Chapter 1 introduced the background of meal timing and provided a theoretical foundation for the following empirical studies. Furthermore, Chapter 2 provided a narrative review of understanding the influence of meal timing and body weight. In addition, Chapter 3 included the methods, procedures and measurements used in the studies. Moreover, the associations between late eating, BMI, eating behaviour traits and health behaviours in a general sample were assessed in Study 1 (Chapter 4). To extend the previous study (Chapter 4), by using an objective assessment of physical activity and sleep, the associations described in Study 1 (Chapter 4) were assessed in participants living with obesity (Chapter 5). In order to identify the factors contributing to late evening eating and barriers and enablers to changing to earlier eating times, a qualitative study (Chapter 6) was conducted.
185

[bookmark: _heading=h.2ce457m]Table 7.1. Summary of research findings.
	Study characteristics
	Chapter 4
	Chapter 5
	Chapter 6

	Research method
	Online questionnaire
(Quantitative method)
	Online questionnaire
(Quantitative method)
	Online questionnaire
Semi-structured interviews
(Qualitative method)

	Participants
	300 participants in the general population
	30 participants living with obesity
	17 participants living with overweight and obesity

	Main results
	- Late eating was not significantly associated with higher BMI.
- Late eaters reported lower scores on craving control and longer daily consumption window.
- Chaotic meal (snack) consumption was significantly associated with lower BMI.
- Participants in the high chaotic meal eating group scored lower on satiety responsiveness than the low chaotic meal eating group.
- Scores on reliance hunger and satiety cues significantly differed among the high, medium and low chaotic meal eating groups.
	- Late eating was not significantly associated with higher BMI.
- Late eating was significantly associated with higher uncontrolled eating scores.
- Late eaters consumed significantly less %protein and reported poorer dietary quality. 
	- Thematic analysis identified four main contributors to late evening eating: 1) internal signals; 2) external and situational factors; 3) social factors and 4) behavioural and emotional factors.
- Time constraints and work schedules were identified as the main barriers to changing to earlier eating patterns.
- Practical strategies are provided to address barriers, such as increasing the awareness of the health benefits of early evening eating and addressing time constraints around meal planning and preparation.



[bookmark: _Toc172984829]7.2 Implication of findings
7.2.1 Meal timing and BMI
Despite the growing interest in recognising meal timing as a new aspect of nutrition, there is still a lack of consistent evidence on the relationship between meal timing and obesity (Dashti et al., 2021). The first two studies (Chapter 4 and 5) reported in this thesis explored the associations between meal timing and BMI. Specifically, Study 1 used self-reported height and weight, and BMI was computed (See more details in Chapter 4). No association was found between late eating and increased BMI. In order to increase the accuracy of the previous study (Study 1), objective measurements of height and weight were used in a pilot study (Study 2) and then BMI was computed (See more details in Chapter 5). Results in Study 2 also found no associations between late eating and BMI. In addition, there was no association between late eating and daily energy intake.

The present findings are contradictory with previous studies that found significant correlations between eating late and higher BMI (Wang et al., 2014; Bertéus Forslund et al., 2002; Berg et al., 2009; Baron et al., 2011). However, some studies indicate no association between late eating and higher BMI, after excluding people who inaccurately reported their energy intake within ±25% of total energy expenditure as measured by doubly labelled water (Wang et al., 2014), or weight regain after 3.5 years of follow-up (Hermenegildo et al., 2016). In the latter study, it was found that a higher proportion of total energy consumed during lunch, the main meal for the Spanish population, was linked to reduced weight gain, suggesting that cultural factors may be contributing to the conflicting results (Hermenegildo et al., 2016). Furthermore, late eaters reported lower scores on craving control in Study 1 (Chapter 4) and an association between late eating and higher scores on uncontrolled eating was found in Study 2 (Chapter 5). Higher uncontrolled eating and lower craving control are eating behaviour traits linked with overconsumption, thus late eating may increase the risk of overconsumption. It may be that late evening eating becomes more important for weight gain later in life. Therefore, the association between late eating and BMI in the long term should be further explored.   

7.2.2 Meal timing and eating behaviour traits
The studies in the current thesis have explored the association between late eating and eating behaviour traits as well as differences between early and late eaters. Eating behaviour traits were assessed across the quantitative studies (Chapter 4 and Chapter 5). Although no significant associations between late eating and increased BMI were reported in Chapter 4 and Chapter 5, a novel finding in the current thesis was that late eaters scored lower in craving control than early eaters (Chapter 4). In addition, preliminary analyses within the pilot study (Chapter 5) indicated that late eating was significantly associated with higher uncontrolled eating in adults living with obesity. Late eaters also scored lower in craving control and higher in uncontrolled eating with medium to large effect size, although not significant. These results indicate that the timing of eating may influence individuals' ability to control cravings and avoid uncontrolled eating, which could increase the risk of overconsumption. 

The current findings are consistent with the Behavioural Susceptibility Theory, which states that individuals who show higher levels of appetitive eating behaviour traits linked to susceptibility to overconsumption will increase their food intake in food-rich environments that facilitate the manifestation of these traits (Llewellyn and Wardle, 2015). Although the obesogenic environment is potent, not all people are living with obesity, which means that some people are susceptible to gaining weight (Blundell et al., 2005). Susceptibility can be determined at multiple levels, including genetic, physiological, metabolic, behavioural and psychological factors. Eating behaviour traits could be considered as one of the risk factors in the susceptibility for overconsumption and weight gain (Bellisle et al., 2004; Hays et al., 2002). Specifically,  research has shown an association between lower craving control scores and an increased risk of binge eating, a tendency to eat opportunistically (Dalton et al., 2015) and reduced weight loss (Smithson and Hill, 2017). One possible explanation of late eaters reporting lower scores on craving control (Chapter 4) is the different distribution of food cravings during the day. Other research has found that food cravings are not evenly distributed throughout the day, but gain prominence during the afternoon and early evening (Pelchat 1997; Basdevant et al., 1993; Hetherington and MacDiarmid, 1993; Hill et al., 1991). This finding suggests that future interventions could target increasing craving control in people susceptible to consuming foods in the evening to encourage them to eat at earlier times  (Dalton et al., 2017). Indeed, a systematic review and meta-analysis of 69 laboratory-based studies has shown that showed that using strategies like imagery of food cues and training inhibitory control can effectively reduce cravings and decrease the amount of food consumed (Wolz et al., 2020). 

In the future, it will be necessary to investigate whether these strategies are also effective in enhancing the capacity to regulate cravings in the evening. In addition, mindfulness training has been used to regulate eating behaviour, defined as consciously focusing on the sensory experience of eating (e.g. the sight, smell and taste of food), bodily sensations that result from eating (e.g. appetite) and food-related thoughts (e.g. awareness of cravings) (Framson et al., 2009). Research has shown that engaging in mindfulness training can lead to a reduction in BMI for people living with obesity (Tapper et al., 2009), a reduction in food cravings (Alberts et al., 2010) and a reduction in binge eating (Kristeller and Hallett, 1999). For example, in a study conducted by Alberts et al. (2012), an 8-week mindfulness-based intervention was found to result in significant reductions in food cravings, body image concern, lower levels of emotional eating and external eating. As a result, engaging in mindful management of food cravings effectively reduced the occurrence of food cravings, which can be considered successful self-regulation in the future. The findings suggest that hedonic risk factors for overeating (craving control) may be one of a number of factors contributing to impaired appetite control in late eaters, which is also consistent with one of the factors contributing to late evening eating reported in Study 3 (Challenge resisting tempting food due to easy access) (See Chapter 6).

In addition, the association between late eating and higher uncontrolled eating was reported in Chapter 5. Multiple studies have found that uncontrolled eating is associated with increased energy intake (Bongers and Jansen, 2016; Espel-Huynh et al., 2018; Bryant et al., 2008; Goldschmidt, 2017). In addition, people who score higher on uncontrolled eating also report consuming more fat (Stevenson and Francis, 2017). In line with findings reported in this thesis, late evening eating has also been linked with several eating behaviour traits linked with increased risk of overconsumption and increased BMIs such as disinhibition and emotional eating (Dakanalis et al., 2023; Bryant et al., 2008). Jacob and colleagues (2023) found late eating was significantly associated with traits, such as disinhibition and susceptibility to hunger in participants with overweight or obesity. As such, this suggests that future dietary interventions could target decreasing uncontrolled eating in people susceptible to eating late in the evening. Specifically, Frayn and Knäuper (2017) examined the impact of different therapies on weight loss and reduction of uncontrolled eating and found that therapies that concentrate on emotional acceptance, such as acceptance and commitment therapy and mindfulness, were effective in reducing uncontrolled eating. 

The studies in this thesis extended a previous study using the 51-item Three-Factor Eating Questionnaire (TFEQ) and the Binge Eating Scale (BES) to explore the associations between meal timing and eating behavioural traits, to include the use of a range of psychometric questionnaires (see more details in Chapter 3). Unexpectedly, no significant associations between late eating, cognitive restraint, emotional eating and Adult Eating Behaviour Questionnaire (AEBQ) subscales were found in the current thesis. The Adult Eating Behaviour Questionnaire (AEBQ) used a response scale consisting of 5 points and it is plausible that this limited range of responses inhibited the capacity to detect variations in scores between participants in the experiments presented in Chapter 4 and Chapter 5 of this thesis. The Adult Eating Behaviour Questionnaire (AEBQ) was chosen for the present thesis because of its ability to assess numerous traits in a short questionnaire. In addition, although emotional eating was significantly related to higher BMI in the studies reported in this thesis (Chapter 4 and Chapter 5), no association was found between late eating and emotional eating. Emotional eating theory suggests that people may eat in response to negative emotions, such as anxiety, which increases the risk of overweight and obesity (Canetti et al., 2002). However, there are individual differences in emotion regulation (Rammensee et al., 2023). Therefore, it is possible that participants in this thesis did not eat in response to negative emotions, especially in the evening. As for cognitive restraint, which was measured by the 18-item Three-Factor Eating Questionnaire (TFEQ) in the current thesis, yet, rigid restraint (Westenhoefer, 1991), and flexible restraint (Westenhoefer, 1991) (See more details in Chapter 1) were not assessed. Research indicates an association between greater scores in rigid control and higher levels of uncontrolled eating, whereas higher scores in flexible control are linked with reduced levels of disinhibited eating (Stewart et al., 2002; Timko and Perone 2005; Westenhoefer et al., 1999). In addition, many studies have found a correlation between higher scores on the rigid control and an increase in BMI (Provencher et al., 2004; Shearin et al., 1994; Timko and Perone 2005). Given the time constraints of completing the questionnaire, rigid and flexible restraints were not measured separately in this thesis. Future research could investigate whether rigid or flexible restraint is associated with meal timing.   

7.2.3 Meal timing and health behaviours
The current findings also indicated several behavioural characteristics of late eaters, including longer daily consumption window (Chapter 4), lower protein intake and poorer dietary quality compared to early eaters (Chapter 5). A reduced daily consumption window has been related to improved results in weight loss and glycaemic control (Leung et al., 2019; Chellappa et al., 2021). The duration of the daily eating window is essential because metabolic processes, e.g., glucose tolerance and insulin sensitivity, reach the highest levels in the morning and decline as the day progresses (Poggiogalle et al., 2018). In addition, reducing the daily consumption windows through time-restricted eating may have beneficial effects on metabolic health, even without leading to weight loss (Sutton et al., 2018; Hutchison et al., 2019). Indeed, previous reports have demonstrated an association between the chronotype and eating habits (e.g. higher intake in the evening meal), as well as the importance of adjusting these habits to the physiological rhythms of the individuals (Muñoz et al., 2017; Hermenegildo et al., 2016). For example, Munoz and colleagues (2020) have found that energy-restricted diets adjusted according to an individual's chronotype are more effective in fostering weight reduction than energy-restricted diets that were not adjusted for chronotype. Thus, an alteration of the eating patterns regulated by circadian rhythms may also play a key role in obesity development (Tahara and Shibata, 2014). 
The research reported in this thesis also has possible implications for the dietary composition of those who eat late in the evening. Previous studies have shown that increasing protein consumption in the diet is a useful strategy for preventing or treating obesity by reducing body weight and fat mass while maintaining lean mass (Westerterp-Plantenga et al., 2012; Leidy, 2014). The possible reason for the benefits of higher protein intake could be due to changes in energy metabolism and appetite signalling, resulting in lower energy consumption. In addition, higher protein diets were associated with improvements in cardiometabolic risk variables (Te Morenga and Mann, 2012; Dong et al., 2013). Furthermore, a study involving 1854 participants aged 25-74 years showed that individuals classified as evening types had a relatively lower intake of protein compared to morning types, yet consumed more sugar, fat and saturated fat throughout the evening (Maukonen et al., 2017). In addition, other studies suggest that evening types tend to consume foods and nutrients that are poor in nutritional value, including more soft drinks, alcohol and chocolate, and more fat and saturated fat. Conversely, they consume less carbohydrates, fibre, vegetables, fruit and fish, resulting in an overall poorer diet (Baron et al., 2011; Haraszti et al., 2014; Kanerva et al., 2012; Maukonen et al., 2016; Sato-Mito et al., 2011). As such, integrating meal composition and increasing dietary intake alongside encouraging earlier eating patterns seems a potential dietary recommendation in the future. 

Physical activity was not significantly associated with late eating in the studies reported in this thesis, despite subjective assessment in Study 1 (Chapter 4) or objective measurement in Study 2 (Chapter 5), which is in line with a few other studies whether physical activity was measured by self-reported questionnaire (Dashti et al., 2021; Jakubowicz et al., 2013; Garaulet et al., 2013). In contrast, using a 7-day accelerometer to measure physical activity, Thomas et al. (2020) found that later meals were significantly associated with lower physical activity, such as step count, stepping time, and energy expenditure. It should be noted that although no association was found between late eating and physical activity in the 14-day pilot study, late eaters tended to have lower daily step counts than early eaters, with no significance but a medium to large effect size (Chapter 5). Therefore, a full-scale study is needed to verify this finding.  

7.2.4 Factors contributing to late evening eating
In addition to exploring the psychological and behavioural characteristics of late evening eaters, the work in the current thesis identified the physiological (e.g., feeling hungry in the evening), environmental (e.g., food-rich environment) and emotional (e.g., negative feelings in the evening) factors contributing to late evening eating in adults living with overweight and obesity (Chapter 6). Collectively, based on the results from Study 1 (Chapter 4) and Study 2 (Chapter 5), the timing of food intake is a potential risk factor for overconsumption. While research on the impact of meal timing on health is ongoing, there has been little focus on factors that influence late evening eating (de Cabo and Mattson 2019). Previous evidence indicates that meal timing could be influenced by a variety of factors, ranging from individual characteristics and choices, cultural contexts, and environmental to physiological determinants (Leung et al., 2019; Vetter and Scheer 2017; Dashti et al., 2019). For example, using a 24-hour food diary, a large cluster analysis from the 1999-2004 NHANES of 7565 individuals revealed distinct temporal eating patterns across the United States (Khanna et al., 2011). The primary cluster showed a pattern of 3 main meals, while the other clusters showed increased consumption either earlier or later in the day (Eicher-Miller et al., 2016). The observed variation in meal timing suggests that even in culturally similar societies, there may be factors that influence the timing of meals (Almoosawi et al., 2016). Furthermore, in a qualitative study using focus groups, pregnant black women (n = 18) reported individual and interpersonal contributors to late-night eating, including hunger, foetal movements, altered sleep patterns and the influence of social others (e.g., children and parents in the household who were eating; Kroeger et al., 2019). The qualitative study reported in this thesis extended to a non-pregnant sample of adults with overweight and obesity and provided in-depth information that can be used to inform interventions to encourage individuals at risk of obesity to reduce late evening eating.  

7.2.5 Barriers and enablers to changing to earlier eating patterns
Chapter 6 also highlighted the barriers and enablers to changing to earlier eating patterns in people living with overweight and obesity. For instance, time constraints and work schedules were identified as the main barriers to changing late evening eating. Whereas, having high motivation (e.g., contentment with eating earlier in the evening) and interpersonal support were identified as the main enablers of eating earlier. There are also some practical strategies to address these barriers, such as increasing the awareness of the health benefits of early evening eating and addressing time constraints around meal planning and preparation. 

This study is the first to use a theoretical model (COM-B model) to explore the barriers and enablers associated with changing to earlier eating patterns among UK adults living with overweight and obesity who reported last eating episode consumption after 8 PM. The COM-B model has been found to be an important tool for understanding behaviour change and designing effective interventions (Michie et al., 2011). The COM-B model incorporates various health behaviour theoretical frameworks that consider individual, social, and environmental factors in understanding the target behaviour. Nevertheless, the COM-B model offers a further advantage of directly connecting behavioural aspects to intervention functions and has been extensively used to guide the development and evaluation of interventions (Curtis et al., 2015; Handley et al., 2016; Mangurian et al., 2017). Thus, the COM-B model offers a useful tool to understand late evening eating and guide intervention development to change behaviours (e.g., shift to earlier eating patterns).

Although participants noted some barriers to changing late evening eating, practical strategies were provided to address such barriers, such as increasing the awareness of the health benefits of early evening eating and addressing time constraints around meal planning and preparation. Furthermore, ‘inform about health consequences’ is a Behavioural Change Technique within the Behaviour Change Technique Ontology (BCTO). Indeed, “Information about health consequences” has been found to be an effective Behavioural Change Technique in improving Dietary Intake in young adults with a 52% effectiveness ratio (Ashton et al., 2019). As such, communicating the health consequences of late evening eating in an engaging and relatable way may be persuasive to influence earlier eating patterns.

In addition, time constraint was identified as a barrier to changing to earlier eating patterns. Meal planning, which involves prearranging the foods to be consumed in the upcoming days, can serve as a potential strategy for dealing with time constraints and thus reduce the daily consumption window of late eaters reported in Chapter 4. Meal planning has been related to the greater frequency of cooking meals at home (Aubé and Marquis, 2011) and the presence of fruits and vegetables at family dinners (Trofholz et al., 2016). For example, an observational study in a community-based sample from Australia found that women who got involved in planning their evening meals in the morning were found to have a higher probability of eating two or more servings of vegetables a day (Crawford et al., 2007). Furthermore, meal planning has been previously recommended as a possible method for enhancing dietary quality (Virudachalam et al., 2016;Aubé and Marquis, 2011). Previous studies have also shown that individuals who plan in advance what to cook for an evening meal are more willing to prepare homemade dishes (Aubé and Marquis, 2011). The association between increased frequency of food preparation and improved diet quality (Larson et al., 2006; Laska et al., 2012), may account for the healthier dietary habits reported in individuals who prepare their meals. Therefore, meal planning would be a helpful strategy to improve dietary quality in late eaters reported in Study 2 (Chapter 5). By deciding what foods they will eat in the coming days, people can increase their cooking variety and plan their shopping accordingly, which may help to explain the greater diversity of food choices observed in people who plan their meals (Ducrot et al., 2017). Indeed, previous studies have shown that self-monitoring strategies such as planning meals should be considered as an important tool for maintaining weight loss (Kruger et al., 2006; Milsom et al., 2011). In addition, regular meal planning is one of the behavioural strategies to reduce vulnerability to food cues and cravings in cognitive behavioural therapy (CBT) (Brownell, 2000), which is effective in the treatment of a wide range of conditions (Hofmann et al., 2012), such as eating disorders (Hay, 2013) and obesity (Cooper et al., 2010; Cooper et al., 2002). Therefore, meal planning may also be a beneficial strategy in supporting the ability to control cravings in late eaters reported in Chapter 4.

[bookmark: _Toc172984830]7.3 Novel contributions
This thesis offers several innovative contributions to the existing literature on meal timing. First, the current research explored the associations between meal timing and BMI (Chapter 4 and 5). There are mixed findings on whether late eating is associated with higher BMI. Specifically, some evidence has shown that eating meals later in the day is linked with an increased BMI and poorer weight loss outcomes (Dashti et al., 2021, Garaulet et al., 2013, St-Onge et al., 2019, Jacob et al., 2020, St-Onge et al., 2017, Fong et al., 2017, Almoosawi et al., 2016, Shaw et al., 2019, Ruddick‐Collins et al., 2020). However, some other studies found no relationship between late eating and increased BMI (Kant et al., 1997; Mogensen et al., 2020; Culnan et al., 2021; Kutsuma et al., 2014; Kito et al., 2019; Sandhu et al., 2017). Therefore, the relationship between meal timing and BMI should be further explored. Furthermore, no significant association between late eating and increased BMI was found in Study 1 (Chapter 4) and Study 2 (Chapter 5). These results suggest that the time of food intake may combine with other factors influencing BMI, such as meal composition. Therefore, further research is needed to investigate how meal composition might interact with meal timing to influence BMI.

Secondly, this thesis explored the associations between meal timing, eating behaviour traits and health behaviours, and compared the differences between early versus late eaters (Chapter 4 and 5). There still remains uncertainty in the characteristics and behaviours of late eaters (Dashti et al., 2021). Specifically, results in Study 1 (Chapter 4) showed late eaters scored lower on craving control. In addition, late eating was significantly related to higher uncontrolled eating reported in Study 2 (Chapter 5). Other eating behaviour traits were not associated with late eating in Study 1 and Study 2. These findings extend an existing study by Jacob et al. (2023) showing an association between late eating and increased disinhibition. These results also suggest that late eating may increase the risk of overconsumption. Therefore, further research should be conducted to test the association between meal timing and BMI in the long term. 

Thirdly, while research on the impact of meal timing on health is ongoing, there has been little focus on factors that influence late evening eating (de Cabo and Mattson, 2019). The qualitative study (Chapter 6) extends a previous qualitative study in pregnant women to a non-pregnant sample of adults with overweight and obesity. This study (Chapter 6) provides in-depth insights into the psychological, social, and environmental factors contributing to late evening eating. The findings highlight potential targets for future interventions to facilitate earlier eating times in individuals at risk of overweight and obesity. 

This thesis has made novel contributions to the literature and has enhanced existing knowledge. However, there are several strengths and limitations that need to be further explored and that have not yet been addressed in the individual chapters. A notable strength of the thesis is the use of a variety of research methods and study designs, which enables the purpose of the thesis to be explored from different angles. Chapter 4 (study 1) used an online questionnaire to explore the associations between meal timing, BMI, eating behaviour traits and health behaviours. In order to increase the accuracy of self-reported measurement in Study 1 (Chapter 4), thus a 14-day pilot study to assess associations between late eating, BMI, eating behaviour traits, diet and objectively measured health behaviours (physical activity, sleep) was conducted (Chapter 5). The results from Study 1 and Study 2 suggest that late eating may be associated with increased susceptibility to overconsumption, such as lower scores on craving control. However, meal timing is influenced by various factors and there is limited research investigating the complex factors that influence late evening eating. Therefore, a qualitative method was used to understand the factors contributing to late evening eating and barriers and enablers to changing to earlier eating patterns in adults living with overweight and obesity (Chapter 6). The qualitative components of the evaluation provide a more in-depth understanding of the research questions by complementing the quantitative findings and offering additional insights (Creswell and Clark, 2017). 

[bookmark: _Toc172984831]7.4 Implications
The results of this thesis have a number of research implications. The timing of food intake is increasingly being seen as a predictor of overall health and a potentially relevant risk factor for obesity. However, there are mixed findings on the relationship between late eating and BMI. Results in Study 1 (Chapter 4) and Study 2 (Chapter 5) found that late eating was not associated with increased BMI but associated with higher scores on uncontrolled eating (Chapter 5). Furthermore, late eaters reported lower scores on craving control than early eaters (Chapter 4). The findings suggest that late eating could increase the risk of overconsumption. Therefore, further longitudinal studies could be encouraged to assess the long-term effects of meal timing on BMI. In terms of craving control, a meta-analysis of 69 laboratory-based studies has demonstrated that using strategies such as visualising food stimuli and engaging in inhibitory control training effectively reduces cravings and therefore decreases the amount of food consumed (Wolz, Nannt, and Svaldi, 2020). Future research ought to focus on testing the efficacy of these measures in reducing evening cravings.

This thesis also has several practical implications. The qualitative study extended a previous study exploring reasons for late evening eating in pregnant women to non-pregnant adults with obesity (Chapter 6). The findings suggest some practical strategies to encourage eating at earlier times in adults with overweight and obesity. There are several barriers to changing late evening eating and the repeatedly highlighted time constraint (See details in Chapter 6). Meal planning has been suggested as a solution to balance time demands and meal preparation (Virudachalam et al., 2016). Specifically, participants in the qualitative study also suggested that there should be practical strategies to offset time scarcity, such as the use of a slower cooker or air fryer, and batch cooking. Therefore, it will be beneficial for future research to explore more strategies to address time constraints and support meal planning and preparation. On a large scale, raising awareness of the potential benefits of early evening eating might be helpful in changing late evening eating. Developing self-help resources and public engagement about meal timing and its relationships with body weight and health issues might offer a cost-effective and accessible method for the general community.

The research also has real-world implications. There is a growing population in the UK that is seeking assistance for obesity and related conditions, and the government is keen to support strategies that promote weight loss and healthy eating (UK Government, 2021). There is currently a lack of specific guidance on the appropriate time for people to consume food. This may be due to the conflicting research currently available and the questionable reliability of self-reported data. The results of the current thesis suggest that late eating may be a risk factor for overconsumption. Although there are well-defined national guidelines for recommended daily energy intake for adults, such as the Eatwell Guide (NHS, 2022), there is a lack of specific guidance on how energy should be distributed throughout the day. Therefore, it will be helpful in the future to provide guidance on meal timing as part of weight management programmes. Developing meal timing guidelines can promote healthy lifestyles by increasing knowledge about the benefits of eating early throughout the day and providing practical tools such as meal planning. Practical strategies to address the barriers to changing late evening eating reported in Chapter 6 also provide recommendations on the types of interventions that are suggested by health care providers, industry or weight management programmes. 
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7.5.1 Thesis limitations
Although the research conducted in this thesis offers an important contribution to enhancing the understanding of meal timing, some limitations must be taken into consideration. Firstly, studies presented in this thesis used self-reported questionnaires to assess meal timing and validity and reliability were not assessed. Nevertheless, the assessment of eating behaviour by self-report questionnaires remains a persistent challenge in the field of nutritional research (Beechy et al., 2012). While individuals are prone to inaccuracies in reporting their dietary intake and patterns (Macdiarmid and Blundell, 1998; Berg et al., 2009), studies have shown that MyFood24 is no worse than other similar tools (Wark et al., 2018). Objective data collecting has both benefits and drawbacks when compared to self-reported measures (Jahedi and Méndez, 2014). While it has been shown objective data collection enhances data accuracy, it also results in higher expenses, as well as administrative and ethical challenges, and can impose a heavier burden on participants (Illner et al., 2012). 

Secondly, chronotype was not assessed in studies. It has been shown that later chronotypes consume twice as many calories after 8 PM and have lower levels of physical activity than early chronotypes (Lucassen et al., 2013; Sempere-Rubio et al., 2022). Therefore, it is important to evaluate the timing of food intake alongside the evaluation of when the biological night starts. Research has also shown that circadian misalignment, rather than clock time, is associated with changes in body composition, including increases in BMI and body fat (McHill et al., 2017). Future research could incorporate chronotype assessments to provide a more comprehensive analysis of the factors, including behavioural lifestyle factors that influence late evening eating. 
Another issue with ecological validity is that the studies in this review did not examine the long-term influence of late eating on BMI. Although no significant associations were found between late eating and higher BMI, some eating behaviour traits associated with overconsumption differed between early and late evening eaters. It might be the case that individuals express these traits and then develop overweight and obesity in the long term.  Also, the studies in this thesis were observational studies, the causal nature of the relationships were not tested. Therefore, further experimental or longitudinal research is required to better understand the causal relationships between late eating and eating behaviour traits. 

Finally, most of the samples were well-educated and white and reported relatively high household incomes. As such, the findings may not generalise to other individuals from other ethnicities and lower socioeconomic backgrounds. This is particularly important given the social gradient in obesity with the highest obesity rates amongst those from the most deprived areas (Brehm and D’Alessio, 2000). In addition, individuals with higher socioeconomic status are more likely to have healthier food habits, such as more fruits and vegetables (Giskes et al., 2002; Irala-Estévez et al., 2000), less added fat (Linseisen et al., 2002) and more whole-grain food (Lang et al., 2003). 

7.5.2 Future directions
Each chapter of this thesis has provided a unique contribution to the existing literature. Previous chapters have identified potential areas for further investigation with regard to their findings. This section outlines additional areas of future research that may be necessary in light of the combined findings of the thesis.

The outcomes of the pilot study (Chapter 5) provided preliminary results about the associations between meal timing, BMI, eating behaviour traits, dietary intake and objective measurement of health behaviours. In addition, the differences in eating behaviour traits and health behaviours between early versus late eaters were explored. Due to the small sample size, the use of inferential statistics was for exploratory purposes rather than for the formation of definitive findings. As such, a full-scale study is still needed to explore psychological (eating behaviour traits) and behavioural (dietary intake, physical activity and sleep) characteristics of late eaters using objective measures, which may provide potential targets for late eaters in future interventions. In addition, there may be a need for amendments to the outcome measures, such as the inclusion of validated measures of chronotype. Furthermore, Chapter 6 provided in-depth insight into the factors contributing to late evening eating and barriers and enablers to changing to earlier eating patterns. However, it is unclear whether participants had children. Previous research has shown that having children leads to an increased sense of limited time for cooking, making it necessary to develop time-saving techniques such as meal planning (Jabs et al., 2007; Devine et al., 2003; Devine et al., 2006; Devine et al., 2009; Fulkerson et al., 2011). Further research should explore the influence of children's presence in the household on late evening eating. 

Findings from Chapter 6 have identified the factors influencing late evening eating some barriers to changing to earlier eating patterns have been identified, practical strategies are provided to address such barriers. Combining the results of Study 1 and Study 2, practical strategies, such as meal planning is a potential way to help people increase the ability of craving control. Further research should apply these findings to inform interventions to encourage earlier eating times in people at risk of overconsumption and obesity.  However, there are still some considerations for future interventions. For example, the implementation of meal timing interventions needs to be gradual and incremental to optimise compliance and long-term effectiveness. In a sleep extension trial, the combination of gradually increasing sleep duration and following sleep hygiene guidelines has positive effects on sleep quality, self-reported sleep problems and symptoms of depression (Dewald-Kaufmann et al., 2014). In addition, in a pilot study of time-restricted eating, participants indicated that the intervention had an influence on their possibilities for social eating and drinking in the evening, potentially hindering their long-term adherence to the program (Antoni et al., 2018). Therefore, to reduce the potential negative effects of eating earlier, such as time constraints leading to less time to prepare meals and an increase in poor-quality diets and fast-food intake, interventions should be implemented gradually to ensure long-lasting and beneficial changes in behaviour. Integrating food timing interventions with nutritious diets may be beneficial, in a similar way to how sleep hygiene therapies optimise the sleep environment by avoiding activities such as night-time TV viewing and caffeine consumption close to bedtime, while also increasing sleep duration (Dewald-Kaufmann et al., 2014). Finally, given that most of the samples in this thesis were well-educated, white and reported relatively high household incomes, researchers need to take action to recruit participants from underserved communities in the future.

[bookmark: _Toc172984833]7.6 Conclusions
Chapter 7
This thesis aimed to i) explore the associations between meal timing, BMI, eating behaviour traits and health behaviours; ii) compare the differences of eating behaviour traits and health behaviours between early versus late evening eaters; iii) explore the factors contributing to late evening eating, and barriers and enablers to changing to earlier eating patterns. The findings suggest that late eating is not associated with higher BMI. However, late eating is associated with increased uncontrolled eating in adults living with obesity. Indeed, results indicated differences in eating behaviour traits associated with overconsumption between early versus late evening eaters, such as lower craving control in late eaters. Furthermore, this thesis provides in-depth insight into the factors that influence late evening eating and practical strategies are provided to address barriers to changing to earlier eating patterns, such as increasing the awareness of the health benefits of early evening eating and addressing time constraints around meal planning and preparation. The findings highlight potential targets for future interventions to facilitate earlier eating times in individuals at risk of overweight and obesity.
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[bookmark: _heading=h.j8sehv][bookmark: _Toc172984837]1.Meal timings
Instructions: The following questions will ask you about the time of day that you typically ate your meals over the LAST 7 DAYS. 

For each meal, if the timing of the meal tended to be the same most days, select ONE or TWO times that refer to when you tended to eat that meal. 

If the timing of your meals varied a lot, select more times that refer to when you tended to eat. For example, if you ate a meal between 12pm and 2pm, select all times from 12-2pm, in other words, 12:00, 12:30, 13:00, and 13:30. 

1) Do you usually eat BREAKFAST?
     Yes
     No

2) If Yes, please select times that refer to when you tended to eat BREAKFAST.
    06:30
    07:00
    07:30
    08:00
    08:30
    09:00
    09:30
    10:00
    10:30
If times are not included, please specify the times you eat breakfast

3) Do you usually eat BREAKFAST?
     Yes
     No

4) If Yes, please select times that refer to when you tended to eat Lunch.
    11:00
    11:30
    12:00
    12:30
    13:00
    13:30
    14:00
    14:30
    15:00
    15:30
If times are not included, please specify the times you eat lunch

5) Do you usually eat EVENING MEAL?
     Yes
     No
6) If Yes, please select times that refer to when you tend to eat Evening Meal.
    17:00
    17:30
    18:00
    18:30
    19:00
    19:30
    20:00
    20:30
    21:00
    21:30
    22:00
If times are not included, please specify the times you eat evening meal

7) Do you usually eat snacks?
     Yes
     No

8) If Yes, please select times that refer to when you tended to eat snacks
    09:00                          16:00
    09:30                          16:30
    10:00                           17:00
    10:30                           17:30
    11:00                           18:00
    11:30                           18:30
    12:00                           19:00
    12:30                           19:30
    13:00                           20:00
    13:30                           20:30
    14:00                           21:00
    14:30                           21:30
    15:00                           22:00
    15:30                           22:30
                                         23:00
                                         23:30
                                         24:00
If times are not included, please specify the times you eat snacks
9) How many meals do you tend to eat on a typical day?
     1
     2
     3
     4
     5 
     6
If times are not included, please specify the frequency of your meals
10) How many snacks do you tend to eat on a typical day?
    1            6
    2            7
    3            8
    4            9
    5            10       If times are not included, please specify the frequency of your snacks

Adapted from: Zimmerman, A. R., Johnson, L., & Brunstrom, J. M. (2018). Assessing “chaotic eating” using self-report and the UK Adult National Diet and Nutrition Survey: No association between BMI and variability in meal or snack timings. Physiology & Behavior, 192, 64-71.

[bookmark: _heading=h.338fx5o][bookmark: _Toc172984838]2. The Three-Factor Eating Questionnaire, revised 18-items

1. When I smell a sizzling steak or juicy piece of meat, I find it very difficult to keep from eating, even if I have just finished a meal.
2. I deliberately take small helpings as a means of controlling my weight.
3. When I feel anxious, I find myself eating.
4. Sometimes when I start eating, I just can’t seem to stop.
5. Being with someone who is eating often makes me hungry enough to eat also.
6. When I feel blue, I often overeat.
7. When I see a real delicacy, I often get so hungry that I have to eat right away.
8. I get so hungry that my stomach often seems like a bottomless pit.
9. I am always hungry, so it is hard for me to stop eating before I finish the food on my plate.
10. When I feel lonely, I console myself by eating.
11. I consciously hold back at meals in order not to gain weight.
12. I do not eat some foods because they make me fat.
13. I am always hungry enough to eat at any time.
14. How often do you feel hungry?
15. How frequently do you avoid 'stocking up' on tempting foods?
16. How likely are you to consciously eat less than you want?
17. Do you go on eating binges though you are not hungry?
18. [bookmark: _heading=h.1idq7dh] On a scale of 1 to 8, where 1 means no restraint in eating (eating whatever you want, whenever you want it) and 8 means total restraint (constantly limiting food intake and never ‘giving in’), what number would you give yourself? eat whatever I want, whenever I want it=constantly limiting food intake, never ‘giving in’
[bookmark: _heading=h.42ddq1a]
Karlsson, J., Persson, L. O., Sjöström, L., & Sullivan, M. (2000). Psychometric properties and factor structure of the Three-Factor Eating Questionnaire (TFEQ) in obese men and women. Results from the Swedish Obese Subjects (SOS) study. International Journal of Obesity, 24, 1715-1725
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3. Adult Eating Behaviour Questionnaire

1. I often feel hungry when I am with someone who is eating.
2. When I see or smell food that I like, it makes me want to eat.
3. Given the choice, I would eat most of the time.
4. I am always thinking about food.
5. I eat more when I’m annoyed.
6. I eat more when I’m worried.
7. I eat more when I’m upset.
8. I eat more when I’m anxious.
9. I eat more when I’m angry.
10. I love food.
11. I look forward to mealtimes.
12. I enjoy eating.
13. I often leave food on my plate at the end of a meal.
14. I often get full before my meal is finished.
15. I get full up easily.
16. I cannot eat a meal if I have had a snack just before.
17. I eat less when I'm worried.
18. I eat less when I'm angry.
19. I eat less when I'm upset.
20. I eat less when I'm annoyed.
21. I eat less when I'm anxious.
22. I often finish my meals quickly.
23. I am often last at finishing a meal.
24. I eat more and more slowly during the course of a meal.
25. I eat slowly.

[bookmark: _heading=h.wnyagw][bookmark: _Toc172984839]4. Control of Eating Questionnaire – Craving control subscale

Please read each question carefully and put a mark through the line at the point that best represents your experience.  Answer all questions according to your experience over the last 7 days (responses 0-100).

1. During the last 7 days how often have you had food cravings? 
2. How strong have any food cravings been? 
3. How difficult has it been to resist any food cravings? 
4. How often have you eaten in response to food cravings? 
5. How difficult has it been to control your eating? 

[bookmark: _heading=h.3gnlt4p]Dalton, M., Finlayson, G., Hill, A., & Blundell, J. (2015). Preliminary validation and principal components analysis of the Control of Eating Questionnaire (CoEQ) for the experience of food craving. European Journal of Clinical Nutrition, 69, 1313-1317.
[bookmark: _heading=h.1vsw3ci][bookmark: _Toc172984840]5. Intuitive Eating Scale - Reliance on hunger and satiety cues subscale
1) I trust my body to tell me when to eat.
2) I trust my body to tell me what to eat.
3) I trust my body to tell me how much to eat.
4) I rely on my hunger signals to tell me when to eat.
5) I rely on my fullness (satiety) signals to tell me when to stop eating.
6) I trust my body to tell me when to stop eating.

Tylka, T. L., & Kroon Van Diest, A. M. (2013). The Intuitive Eating Scale–2: Item refinement and psychometric evaluation with college women and men. Journal of Counselling Psychology, 60, 137.
[bookmark: _heading=h.4fsjm0b][bookmark: _Toc172984841]6. Short-Form Food Frequency Questionnaire (SFFFQ)
Please tick how often you eat at least ONE portion of the following foods & drinks: (a portion includes: a handful of grapes, an orange, a serving of carrots, a side salad, a slice of bread, a glass of pop).
(Please only put one tick, but answer EVERY line)
	
	Rarely or never
	Less than 1 a Week
	Once a Week
	2-3
times a Week
	4-6
times a Week
	1-2
times a Day
	3-4
times a Day
	5+ a Day

	Fruit (tinned / fresh)
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Fruit juice (not cordial or squash)
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Salad (not garnish added to sandwiches)
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Vegetables (canned / frozen / fresh but not potatoes)
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Chips / fried potatoes
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Beans or pulses like baked beans, chickpeas, dahl
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻



	
	Rarely or never
	Less than 1 a Week
	Once a Week
	2-3
times a Week
	4-6
times a Week
	1-2
times a Day
	3-4
times a Day
	5+ a Day

	Fibre-rich breakfast cereal, like Weetabix, Fruit ‘n Fibre, Porridge, Muesli
	
◻
	
◻
	
◻
	
◻
	
◻
	
◻
	
◻
	
◻

	Wholemeal bread or chapatis 
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	 Cheese / yoghurt
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Crisps / savoury snacks
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻

	Sweet biscuits, cakes,
chocolate, sweets
	◻
	◻
	◻
	◻
	◻
	◻
	◻
	◻



	Ice cream / cream
	◻
	◻
	◻
	◻
	◻
	◻

	Non-alcoholic fizzy drinks/pop
(not sugar free or diet)
	◻
	◻
	◻
	◻
	◻
	◻

	
	Rarely or never
	Less than 1 a Week
	Once a Week
	2-3
times a Week
	4-6
times a Week
	7+
times a week
	
	

	Whole meats:
	
	

	Beef, Lamb, Pork, Ham – steaks ,roasts, joints, mince or chops
	◻
	◻
	◻
	◻
	◻
	◻
	
	

	Chicken or Turkey – steaks, roasts, joints, mince or portions (not in batter or breadcrumbs)
	◻
	◻
	◻
	◻
	◻
	◻
	
	

	Processed meats/ meat products
	
	

	Sausages, bacon, corned beef, meat pies/pasties, burgers
	◻
	◻
	◻
	◻
	◻
	◻
	
	

	Chicken/turkey nuggets/twizzles, turkey burgers, chicken pies, or in batter or breadcrumbs
	◻
	◻
	◻
	◻
	◻
	◻
	
	

	Fish:
	
	

	White fish in batter or breadcrumbs – like ‘fish ‘n chips’
	◻
	◻
	◻
	◻
	◻
	◻
	
	

	White fish not in batter or
breadcrumbs
	◻
	◻
	◻
	◻
	◻
	◻
	
	

	Oily fish – like herrings, sardines, salmon, trout, mackerel, fresh tuna (not tinned tuna)
	◻
	◻
	◻
	◻
	◻
	◻
	
	



On average, how many portions of FRUIT do you eat a day?(examples include a handful of grapes, an orange, a glass of fruit juice, a handful of dried fruits).  	

On average, how many portions of VEGETABLES do you eat a day? (examples include: 3 heaped tablespoons of carrots, a side salad, 2 spears of broccoli).	 	

What milk do you usually use or drink, such as in hot & cold drinks or on cereal? (including tea, coffee, hot milk, milk shakes, or on cereal)
	Whole / full-fat milk
	◻
	Semi-skimmed milk
	◻

	Skimmed milk
	◻
	Rarely/never use milk
	◻

	Other (please write its name)



On average, how much alcohol do you drink over a complete seven-day week?
(One unit is a standard glass of wine, half a pint of beer or lager, a single measure of spirits, a measure of sherry)
	I rarely/never drink alcohol
	◻
	Less than 14 units
	◻

	Between 14 & 21 units
	◻
	More than 21 units
	◻



Cleghorn, C. L., Harrison, R. A., Ransley, J. K., Wilkinson, S., Thomas, J., & Cade, J. E. (2016). Can a dietary quality score derived from a short-form FFQ assess dietary quality in UK adult population surveys? Public Health Nutrition, 19, 2915-2923.
[bookmark: _heading=h.2uxtw84][bookmark: _Toc172984842]7. Perceived Stress Scale
The following items will be rated on a 5-point scale (never, almost never, sometimes, fairly often and very often). 
1. In the last two weeks, how often have you been upset because of something that happened unexpectedly? 
2. In the last two weeks, how often have you felt that you were unable to control the important things in your life?
3. In the last two weeks, how often have you felt nervous and “stressed”?
4. In the last two weeks, how often have you felt confident about your ability to handle your personal problems?
5. In the last two weeks, how often have you felt that things were going your way?
6. In the last two weeks, how often have you found that you could not cope with all the things that you had to do?
7. In the last two weeks, how often have you been able to control irritations in your life?
8. In the last two weeks, how often have you felt that you were on top of things?
9. In the last two weeks, how often have you been angered because of things that were outside of your control?
10. In the last two weeks, how often have you felt difficulties were piling up so high that you could not overcome them?

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). Perceived stress scale [Database record]. APA PsycTests, 10.
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1. How hungry are you usually in the morning?
0                    1                2                       3                         4
Not at all    A little       Somewhat        Moderately      Very
2. When do you usually eat for the first time?
0                              1                             2                                      3                                4
Before 9 am         9:01 to 12 pm       12:01 to 3 pm            3:01 to 6 pm           6:01 or later
3. Do you have cravings or urges to eat snacks after supper, but before bedtime?
0                   1                    2                         3                                 4
Not at all    A little        Somewhat          Very much so           Extremely so
4. How much control do you have over your eating between supper and bedtime?
0                        1                   2                      3                                 4
None at all      A little         Some             Very much                 Complete
5. How much of your daily food intake do you consume after suppertime?
0                       1                     2                            3                          4
0%                    1–25%           26–50%               51–75%            76–100%
(none)   (up to a quarter) (about half)      (more than half)   (almost all)
6. Are you currently feeling blue or down in the dumps?
0                         1                        2                           3                            4
Not at all          A little            Somewhat        Very much so        Extremely
7 When you are feeling blue, is your mood lower in the:
0                                 1                             2                             3                              4
Early morning     Late morning          Afternoon           Early evening           Late evening/nighttime
 ____check if your mood does not change during the day
8. How often do you have trouble getting to sleep?
0                    1                                  2                                              3                       4
Never           Sometimes              About half thetime            Usually              Always
9. Other than only to use the bathroom, how often do you get up at least once in the middle of the night?
0                   1                                            2                                        3                                         4
Never        Less than once a week      About once a week       More than once a week   Every night
⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎ IF 0 on #9, PLEASE STOP HERE ⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎
10. Do you have cravings or urges to eat snacks when you wake up at night?
0                         1                  2                              3                                    4
Not at all          A little         Somewhat            Very much so              Extremely so
11. Do you need to eat in order to get back to sleep when you awake at night?
0                        1                   2                              3                                     4
Not at all          A little          Somewhat             Very much so              Extremely so
12. When you get up in the middle of the night, how often do you snack?
0                       1                        2                                         3                            4
Never            Sometimes       About half the time         Usually              Always
⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎ IF 0 on #12, PLEASE STOP HERE ⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎⁎
13. When you snack in the middle of the night, how aware are you of your eating?
0                      1                     2                              3                                  4
Not at all       A little         Somewhat            Very much so             Completely
14. How much control do you have over your eating while you are up at night?
0                                 1                 2                          3                               4
None at all           A little          Some              Very much              Complete
⁎⁎How long have your current difficulties with night eating been going on?⁎⁎
_____ mos. _____ years

Allison, K. C., Lundgren, J. D., O'Reardon, J. P., Martino, N. S., Sarwer, D. B., Wadden, T. A., Crosby, R. D., Engel, S. G., & Stunkard, A. J. (2008). The Night Eating Questionnaire (NEQ): psychometric properties of a measure of severity of the Night Eating Syndrome. Eating behaviors, 9(1), 62–72.
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Table S1. Comparison of eating behaviour traits in 3 snack chaotic eating groups 
	
	No snack consumption eaters
 (n=56)
	Low snack chaotic eaters
(0.5-1)
(n=140)
	High snack chaotic eaters
(1.25-4)
(n=56)

	Dependent variable
	F
	p
	η2
	Mean
	SD
	Mean
	SD
	Mean
	SD

	COEQ-CC
	4.80
	0.01
	0.04
	64.26
	23.98
	52.49a
	23.16
	53.51
	24.60

	TFEQ-UE
	1.68
	0.19
	0.01
	2.04
	0.60
	2.20
	0.58
	2.24
	0.57

	TFEQ-EE
	1.51
	0.22
	0.01
	2.16
	0.84
	2.37
	0.88
	2.45
	0.87

	TFEQ-CR
	1.31
	0.27
	0.01
	2.27
	0.56
	2.13
	0.53
	2.12
	0.50

	AEBQ-SR
	0.47
	0.63
	0.004
	2.31
	0.83
	2.38
	0.85
	2.24
	0.81

	IES-RHSC
	0.64
	0.53
	0.01
	3.45
	0.70
	3.33
	0.73
	3.33
	0.74


Note : All comparisons were controlled for age and gender. 
Data are presented as mean and SD.
COEQ = Control of Eating Questionnaire; CC = Craving Control (Dalton et al., 2015).
TFEQ = Three Factor Eating Questionnaire revised 18-items; CR = Cognitive restraint; UE = Uncontrolled Eating; EE = Emotional Eating (Karlsson et al., 2000).
AEBQ = Adult Eating Behaviour Questionnaire; SR = Satiety Responsiveness (Hunot et al., 2016).
IES = Intuitive Eating Scale - 2; RHSC = Reliance Hunger and Satiety Cues (Tylka et al. 2013).
a p<0.05 vs no snack consumption eaters.
Significant differences are in bold and highlighted.


Table S2. Comparison of health behaviours in 3 snack chaotic eating groups 
	
	No snack consumption eaters
 (n=56)
	Low snack chaotic eaters
(0.5-1)
(n=140)
	High snack chaotic eaters
(1.25-4)
(n=56)

	Dependent variable
	F
	p
	η2
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Daily consumption window (h)
	12.12
	<0.001
	0.10
	9.45
	2.64
	10.67a
	2.32
	11.76a
	2.66

	Sleep duration (h)
	0.23
	0.79
	0.002
	6.95
	0.92
	6.92
	1.13
	6.86
	1.12

	Wake time 
(hh: mm)
	0.21
	0.81
	0.002
	7:42
	1:29
	7:42
	1:56
	7:58
	1:51

	Sleep time 
(hh: mm)
	0.02
	0.99
	<0.001
	23:25
	1:23
	23:24
	1:40
	23:32
	1:27

	Physical activity
	0.12
	0.89
	0.001
	3.09
	2.13
	2.91
	2.15
	2.89
	2.10

	Dietary Quality Score
	6.41
	0.002
	0.05
	10.71
	1.69
	9.76b
	1.92
	9.64b
	1.66


Note: All comparisons were controlled for age and gender. 
Data are presented as mean and SD.
Dietary Quality Score (Cleghorn et al. 2016).
a p<0.001 vs no snack consumption eaters.
b p<0.01 vs no snack consumption eaters.
Significant differences are in bold and highlighted.


Participant Information Sheet
Research Project Title: The relationship between lifestyle factors and health behaviours 
You are being invited to take part in a research project. Before you decide whether or not to participate, it is important for you to understand why the research is being done and what it will involve. Please take your time to read the following information carefully and discuss it with others if you wish. If there is anything that is unclear or if you would like more information, please contact Miss Bixuan Yan:
byan6@sheffield.ac.uk. 
What is the aim of the project?
This project aims to investigate the relationship between lifestyle factors and health behaviours in the general population across the UK. 
Why have I been chosen and am I eligible to take part?
You have been invited to take part in this study as you have signed up to Prolific. You are able to take part in this study if you are between 18 and 80 years old and living in the UK. 
Do I have to take part?
It is up to you to decide whether or not to take part. If you decide to take part, you can withdraw from the study (by closing the browser) and you do not have to give a reason for your withdrawal. Withdrawing from the study will have no negative consequences. However, as the data is anonymous once you start the survey, it will not be possible to remove either your partially completed or completed responses.
Please note that by choosing to participate in this research, this will not create a legally binding agreement, nor is it intended to create an employment relationship between you and the University of Sheffield.
What will happen to me if I take part? What do I have to do?
We will ask you to complete a questionnaire which will ask you questions about yourself, such as age, gender, ethnicity, health status,  eating patterns (e.g. the time of day that you usually eat),  and your beliefs and attitudes towards food. This questionnaire is expected to take no longer than 15 minutes (however individual completion times can vary). 

If recruited with a prize draw incentive the following will be added: 
To enter the prize draw, you will be required to provide your email address at the end of this survey. Your email address will be collected via a separate survey link to ensure your email is not linked with your survey responses. 
What are the possible disadvantages and risks of taking part?
This study is not expected to pose any risks to participants. However, questions about weight and eating patterns/habits might make some participants feel distressed. If you are affected by the study, we advise you to seek advice from the NHS wellbeing website (https://www.nhs.uk/mental-health/self-help/guides-tools-and-activities/five-steps-to-mental-wellbeing/). If the distress continues, we advise you to contact your GP. 
What are the possible benefits of taking part?
Upon completion of each survey, you will receive £1.57 Prolific credits. 
If recruited with a prize draw incentive the following will be added: 
Upon completion of the survey, you will have the opportunity to be entered into a prize draw to win either a £100  or £50 Amazon electronic voucher.
Will my taking part in this project be kept confidential?
Yes. All the information that we collect about you during the course of the research will be kept strictly confidential. You will not be able to be identified in any reports or publications. If you agree to us sharing the information you provide with other researchers (e.g. by making it available in a data archive) then only anonymised data will be shared. Please note, the survey will ask you for a number of demographics and where in the UK you live (e.g. postcode, ethnicity etc.). Any information that could be combined and lead to individual participants being identified, will be kept strictly confidential and anonymised before sharing (e.g. postcodes will not be shared with anyone outside the research team).
What will happen to the data collected, and the results of the research project?
The data that you provide will be combined with that of other respondents, to give the researchers an idea about general trends, rather than individuals. These trends may be reported in scientific conferences and academic journals. No individuals will be identifiable in any of the outputs from this project. The anonymised data collected in this research will be kept indefinitely. If you wish to receive a summary of the findings for this research, then please contact Miss Bixuan Yan: byan6@sheffield.ac.uk.
Other researchers may find the anonymised data collected to be useful in answering future research questions. We will ask for your explicit consent for your anonymised data to be shared in this way.
If recruited with a prize draw incentive the following will be added: 
Email addresses collected for the prize draw will be destroyed as soon as possible after the prize draw has been completed, unless you are one of the prize draw winners. The winners of the prize draw will be selected at random and emailed at the end of the study. If you win the prize draw for this study, then you will be asked to sign a form confirming that you have received this prize when you collect it. This form will be kept securely in a locked cabinet or as a digital copy for 7 years after the end of the project, accessible by University finance and administrative staff for reference in the event of a financial audit.
What is the legal basis for processing my personal data?
According to data protection legislation, we are required to inform you that the legal basis we are applying in order to process your personal data is that ‘processing is necessary for the performance of a task carried out in the public interest’ (Article 6(1)(e)). Further information can be found in the University’s Privacy Notice https://www.sheffield.ac.uk/govern/data-protection/privacy/general.
As we will be using some data that is defined in the legislation as more sensitive (information about ethnicity), we also need to let you know that we are applying the following condition in law: that the use of your data is necessary ‘for archiving purposes in the public interest, scientific research purposes or statistical purposes' (9(2)(j)).
Who is organising and funding the research and who is the Data Controller?
The research is being organised by the Department of Psychology at the University of Sheffield.
The University of Sheffield will act as the Data Controller for this study. This means that the University is responsible for looking after your information and using it properly. 
Who has ethically reviewed the project?
This project has been ethically approved via the University of Sheffield’s Ethics Review Procedure, as administered by the Department of Psychology (#: insert upon approval).
What if something goes wrong and I wish to complain about the research or report a concern or incident?
If you are dissatisfied with any aspect of the research and wish to make a complaint, please contact the Principal Investigator Miss Bixuan Yan (byan6@sheffield.ac.uk) in the first instance. If you feel your complaint has not been handled in a satisfactory way you can contact the Head of the Department of Professor Elizabeth Milne (psy-hod@sheffield.ac.uk). If the complaint relates to how your personal data has been handled, you can find information about how to raise a complaint in the University’s Privacy Notice: https://www.sheffield.ac.uk/govern/data-protection/privacy/general.
If you wish to make a report of a concern or incident relating to potential exploitation, abuse or harm resulting from your involvement in this project, please in the first instance contact one of the project’s Designated Safeguarding Contacts, that is, the primary researcher Miss Bixuan Yan (byan6@sheffield.ac.uk) or the primary project supervisor, Dr Nicola Buckland (n.buckland@sheffield.ac.uk). If the concern or incident relates to the Designated Safeguarding Contact, or if you feel a report you have made to this Contact has not been handled in a satisfactory way, please contact the Head of the Department of Psychology, Professor Elizabeth Milne (psy-hod@sheffield.ac.uk) and/or the University’s Research Ethics & Integrity Manager (Lindsay Unwin;l.v.unwin@sheffield.ac.uk).

Contact for further information
For further information, please contact the Principal Investigator: Miss Bixuan Yan (byan6@sheffield.ac.uk). 
Finally … 
If you would like a hard copy of this information page, then please use the “print” function on your browser or email the Principal Investigator: byan6@sheffield.ac.uk. 
If you would like to take part in this study, please proceed to the next page. 


Consent Form
	Please tick the appropriate boxes
	Yes
	No

	Taking Part in the Project
	
	

	I have read and understood the project information sheet dated 22/11/2021.  (If you answer No to this question please do not proceed with this consent form until you are fully aware of what your participation in the project will mean).
	
	

	I have been given the opportunity to ask questions about the project. 
	
	

	I agree to take part in the project. I understand that taking part in the project will involve completing one survey that will ask me about my eating patterns (e.g. the time of day that you usually eat), my beliefs and attitudes towards food, my body weight and previous weight management attempts
	
	

	I understand that my taking part is voluntary and that I can withdraw from the study. I do not have to give any reasons for why I no longer want to take part and there will be no adverse consequences if I choose to withdraw.  However, once I start the survey, partially completed responses cannot be removed.
	
	

	How my information will be used during and after the project
	
	

	I understand my personal details such as my email address will not be revealed to people outside the project.
	
	

	I understand and agree that my words may be quoted in publications, reports, web pages, and other research outputs. I understand that I will not be named in these outputs.
	
	

	I understand and agree that other authorised researchers will have access to this data only if they agree to preserve the confidentiality of the information as requested in this form. 
	
	

	I understand and agree that other authorised researchers may use my anonymous data in publications, reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the information as requested in this form.
	
	

	I give permission for the survey responses that I provide to be deposited in in an online
research data repository so it can be used for future research and learning
	
	

	So that the information you provide can be used legally by the researchers
	
	

	I agree to assign the copyright I hold in any materials generated as part of this project to The University of Sheffield.
	
	



Project contact details for further information:
Principal Investigator: Bixuan YAN, byan6@sheffield.ac.uk
Head of the Department of Psychology: Professor Elizabeth Milne, psy-hod@sheffield.ac.uk



DEBRIEFING FORM:
Thank you for taking part in this study. We hope that you found your experience participating in this study to be interesting.
There is more to this study than what I have told you about so far. Sometimes in psychological research it is necessary to not tell people about the true purpose of the study at the beginning. If we did, it may affect how they respond to the questions asked and the tasks involved, and this would change the results in a way that may make them invalid. 
Now I would like to tell you exactly what the purpose of this study was. This research aims to explore the relationship between psychological characteristics and body mass index (BMI) using a representative sample across the UK. Particularly, we are interested in whether the time of day that people report eating meals, and whether a regular or chaotic pattern is associated with baseline body mass index (BMI). In this study, concealing the true purpose of the study (i.e., associations with BMI) is important as awareness that height and weight is the primary outcome (BMI) may affect some participants’ responses. 
Your participation in this research is very important. We realize that finding out that we were not up front with you regarding the purpose of the study may affect your satisfaction with your participation, especially since you gave consent to a study with what you thought had a different purpose.
If you are affected by the study, we advise you to seek advice from the NHS wellbeing website: 
https://www.nhs.uk/mental-health/self-help/guides-tools-and-activities/five-steps-to-mental-wellbeing/ . If the distress continues, we advise you to contact your GP.
We also appreciate that answering questions about eating styles and patterns may be distressing for some participants. If you are affected, the following resource may be useful:
https://www.beateatingdisorders.org.uk/   If the distress continues, we advise you to contact your GP.
CONTACT
If you have any questions regarding this study or if you would like a copy of the final project report, please do not hesitate to contact Miss Bixuan Yan: 
byan6@sheffield.ac.uk(Principal Investigator at the University of Sheffield).
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[bookmark: _Toc172984845]Appendix C Supplementary materials for Study 2 (Chapter 5)

Table S1. Descriptive statistics of study sample.
	Variable (total n)
	 n (%) or M ± SD (95% CI)

	Physical activity (n = 28)a
	

	Energy expenditure (kcal/d)
	2483.6 ± 533.4 (2276.8, 2690.4)

	MVPA (minutes/d)
	141.3 ± 45.2 (123.7, 158.8)

	Step count
	5635.2 ± 2167.9 (4794.6, 6475.8))

	Dietary intake (n = 28)b
	

	Energy intake (kcal/d)
	1933.9 ± 488.8 (1744.4, 2123.5)

	Pro (%)
	16.1% ± 5.6% (13.8%, 18.2%)

	CHO (%)
	48.2% ± 7.4% (45.4%, 51.1%)

	Fat (%)
	34.7% ± 5.4% (32.6%, 36.8%)

	Diet Quality Score (n = 30)
	9.5 ± 2.0

	Sleep (n = 28)a
	20 (67%)

	Sleep efficiency (%)
	90.1% ± 2.9% (89.7%, 92.0%)

	Sleep duration (minutes)
	393.7 ± 62.7 (369.3, 418.1)

	Perceived stress (n = 29)c
	6.6 ± 2.7 (5.6, 7.6)

	Ideal portion size (kcal) (n = 29)c
	270.8 ± 254.5 (174.0, 367.6)


a n = 28 due to participants not wearing the accelerometers for a minimum for 20 hours for ≥10 days.
b n = 28 due to participants not completing the food diary at least 2 days.
c n = 29 due to participants not completing a daily questionnaire at least 10 days.



Table S2. Comparison of eating behaviour traits in low vs high chaotic meal eater 
	
	Low chaotic meal eater 
(n = 13) 
	High chaotic meal eater
(n = 17)

	Dependent variable
	η2
	Mean
	SD
	Mean
	SD

	TFEQ-CR
	0.04
	2.2
	0.5
	2.2
	0.4

	TFEQ-UE
	0.06
	2.5
	0.6
	2.6
	0.6

	TFEQ-EE
	0.004
	3.1
	0.6
	3.0
	0.7

	AEBQ-FR
	0.02
	3.5
	0.8
	3.6
	0.9

	AEBQ-EOE
	X2 =0.18a
	3.5
	0.6
	3.5
	1.1

	AEBQ-EUE
	0.02
	2.1
	0.7
	2.4
	0.9

	AEBQ-EF
	X2 =0.15a
	4.4
	0.7
	4.4
	0.8

	AEBQ-SR
	<0.001
	2.5
	0.7
	2.6
	0.7

	AEBQ-SE
	X2 =0.21a
	2.3
	1.2
	2.4
	1.1

	COEQ-CC
	0.11
	34.9
	20.1
	28.6
	14.9


Note : All comparisons were controlled for age and gender. 
Data are presented as mean, SD or median rank.
CR: cognitive restraint, UE: uncontrolled eating, EE: emotional eating, FR: food responsiveness, EOE: emotional overeating, EUE: emotional under-eating, EF: enjoy of food, SR: satiety responsiveness, SE: slowness of eating, CC: craving control.
a Kruskal-Wallis H test.
Significant differences are shown in bold.


Table S3. Comparison of health behaviours in low vs high chaotic meal eater
	
	Low chaotic meal eater 
	High chaotic meal eater

	Dependent variable
	η2
	Mean
	SD
	Mean
	SD

	Energy expenditure (kcal/d)1 
	0.009
	2519.8
	565.1
	2440.6
	540.0

	MVPA1
	0.03
	136.1
	47.1
	143.8
	46.1

	Step count1
	0.002
	5600.6
	631.1
	5793.8
	560.6

	Energy intake (kcal/d)2 
	0.03 
	1871.1
	536.1
	1955.7
	454.1 

	Pro (%)
	0.02
	16.8
	7.5
	15.5
	3.5

	CHO (%)
	0.001
	48.5
	9.4
	47.3
	4.8

	Fat (%)
	0.05
	33.9
	6.2
	35.6
	4.7

	Diet Quality Score3
	0.01
	9.5
	2.6
	9.4
	4.6

	Sleep efficiency (%)1
	0.06
	91.3
	2.3
	90.1
	2.9 

	Sleep duration (minutes)1
	0.02
	378.4
	54.9
	407.4
	69.4 

	Perceived stress4 
	0.10
	6.05
	2.6
	7.3
	2.5 

	Ideal portion size4 a
	X2 = 0.04
	384.6
	388.3
	388.2
	330.9


Note: All comparisons were controlled for age and gender. 
Data are presented as mean, SD or median rank.
MVPA: average moderate to vigorous physical activity per day, Pro: protein intake per day, CHO: carbohydrate intake per day, Fat: fat intake per day. 
a Kruskal-Wallis H test
1: Low chaotic meal eater (n = 12), High chaotic meal eater (n = 15), 2: Low chaotic meal eater (n = 13), High chaotic meal eater (n = 14).
3: Low chaotic meal eater (n = 13), High chaotic meal eater (n = 16), 4: Low chaotic meal eater (n = 12), High chaotic meal eater (n = 16).
Significant differences are shown in bold.
Table S4. Comparison of eating behaviour traits in low and high chaotic snack eater
	
	Low chaotic snack eater 
(n = 17)
	High chaotic snack eater
(n = 13) 

	Dependent variable
	η2
	Mean
	SD
	Mean
	SD

	TFEQ-CR
	0.09
	2.2
	0.5
	2.1
	0.6

	TFEQ-UE
	0.03
	2.5
	0.6
	2.6
	0.6

	TFEQ-EE
	0.02
	3.1
	0.5
	2.8
	0.8

	AEBQ-FR
	0.03
	3.7
	0.8
	3.4
	0.8

	AEBQ-EOE
	X2 =0.10a
	3.6
	0.9
	3.5
	0.9

	AEBQ-EUE
	0.02
	2.1
	0.6
	2.4
	1.1

	AEBQ-EF
	X2 =0.11a
	4.4
	0.8
	4.4
	0.6

	AEBQ-SR
	0.04
	2.4
	0.7
	2.8
	0.7

	AEBQ-SE
	X2 =0.21a
	2.1
	1.0
	2.7
	1.3

	COEQ-CC
	0.10
	34.1
	18.1
	28.2
	16.7


Note: All comparisons were controlled for age and gender. 
Data are presented as mean, SD or median rank.
CR: cognitive restraint, UE: uncontrolled eating, EE: emotional eating, FR: food responsiveness, EOE: emotional overeating, EUE: emotional under-eating, EF: enjoy of food, SR: satiety responsiveness, SE: slowness of eating, CC: craving control.
a Kruskal-Wallis H test
Significant differences are shown in bold.


Table S5. Comparison of health behaviours in low vs high chaotic snack eater
	
	Low chaotic snack eater 
	High chaotic snack eater

	Dependent variable
	η2
	Mean
	SD
	Mean
	SD

	Energy expenditure (kcal/d)1 
	0.08
	2439.7
	582.6
	2520.9
	508.1

	MVPA1
	0.05
	134.6
	41.5
	147.6
	51.6

	Step count1
	0.10
	6056.8
	2053.2
	5271.8
	2331.1

	Energy intake (kcal/d)1 
	<0.001
	1944.2
	414.5
	1878.3
	583.4

	Pro (%)
	0.08
	17.1
	6.8
	15.9
	3.4

	CHO (%)
	0.004
	48.3
	8.7
	47.4
	5.3

	Fat (%)
	0.11
	33.4
	5.3
	36.5
	5.3

	Diet Quality Score2
	0.06
	9.8
	2.0
	9.1
	2.1

	Sleep efficiency (%)1
	0.3
	91.1
	1.9
	90.8
	3.4 

	Sleep duration (minutes)1
	0.01
	392.1
	67.5
	397.7
	61.9

	Perceived stress3 
	0.13
	6.1
	2.5
	7.6
	2.5 

	Ideal portion size4 a
	X2 = 0.21
	382.4
	392.5
	392.3
	302.3


Note: All comparisons were controlled for age and gender. 
Data are presented as mean, SD or median rank.
MVPA: average moderate to vigorous physical activity per day; Pro: protein intake per day, CHO: carbohydrate intake per day, Fat: fat intake per day.
a Kruskal-Wallis H test.
1: Low chaotic snack eater (n = 15), High chaotic snack eater (n = 12), 2: Low chaotic snack eater (n = 16), High chaotic snack eater (n = 13).
3: Low chaotic snack eater (n = 15), High chaotic snack eater (n = 13), 4: Low chaotic snack eater (n = 16), High chaotic snack eater (n = 12).
Significant differences are shown in bold.
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Instruction: Thank you for agreeing to take part in this interview. The interview will be divided into two parts. Firstly, I will ask you some questions about eating late in the evening. Then, we will discuss factors that you think would help or support earlier eating. Please note that this interview will be recorded and transcribed. Your name and any identifying information will remain confidential. We will ensure that your real name and personal identifying information are not used when reporting our findings.

Please keep in mind that there are no right or wrong answers. If you require clarification on any question or would like me to repeat it, please feel free to let me know at any point during the interview. Do you have any questions before we proceed?  

Table S1. Interview questions
	Opening questions 

	· Can you please describe a typical day in terms of your eating habits and routines? For example, what time do you usually eat your meals?
· Prompt: When do you usually eat and drink in the evening?
· Prompt: What type of things do you typically eat and drink in the evening?

	First, we are interested in the factors that may contribute to eating late in the evening 

	· What do you think are the main factors that lead you to eat late in the evening?
· Prompt (physiological):
i) How does your daily routine or schedule impact the times that you in the evening?
ii) How would you describe your feelings of hunger and fullness in the evening?
· Prompt (psychological):
i) Are there any emotional factors that influence the time you eat in the evening?
ii) How do you feel after eating late at night?
· When you are near tempting food or it is easy for you to access tempting foods (for example, you might have food in the cupboard, or live near a shop selling tempting food), what kind of thoughts and feelings do you have? 
· Prompt: how strong is your motivation to eat the food? 
· How does your family/friends or people you live with influence when you eat in the evening?
· Do you notice any differences in your eating time in the evening when you are in a different place, such as being at home versus being out with friends or travelling?
· Prompt: Is it consistent every night or some nights?
· How is your eating schedule (or times you eat) different over the weekend (or on days when you do not work)?
· Is there anything that stops you from eating late in the evening? 
· Prompts:  e.g., any tasks or activities 

	Next, we’ll discuss factors or approaches that might make eating earlier in the evening easy or challenging to follow  

	· At what time do you consider eating to be too late in the evening? And why? 
· If you were trying to eat earlier in the evening and stop eating by 8 PM, what do you think would be the main barriers? 
· Prompts: work, weekday versus weekends, eating location, families, work colleagues
· If you were trying to eat earlier in the evening and stop eating by 8 PM, what factors do you think would help you?  
· Prompts: work, weekday versus weekends, eating location, families, work colleagues
· What would be the main motivators to eating earlier in the evening and stopping by 8 PM? 
· How much benefit do you feel eating earlier in the evening and stopping by 8 PM would give you?
· Discuss how you think eating earlier in the evening and stopping by 8 PM would make you feel?
· Prompt: Would you feel content, tired etc? 
· Do you think you would be willing to shift your eating timings in the evening earlier and stop eating by 8 PM?
· We are considering a programme or initiative to encourage people to eat earlier in the evening. Hypothetically, would you be willing to take part in a programme like this? 
· Prompt: if not, why not and what would change your mind?
· What kind of practical and useful support within the program do you think would help you to eat earlier in the evening?



Participant Information Sheet and Consent form for online screening 
Online Eligibility Screening Questionnaire (administered via Qualtrics)

An interview study aiming to explore eating in the evening in adults living with overweight or obesity: Eligibility Screening.

What is the purpose of this study?
The purpose of this survey is to assess eligibility to take part in an interview aiming to explore eating late in the evening in adults living with overweight or obesity. 

Can I take part?
To take part in this study, you need to be: 
· Aged 18 - 65 years,
· Living with overweight or obesity (based on having a body mass index that is 25 kg/m2 or over; to work out your BMI see here: https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/english_bmi_calculator/bmi_calculator.html), 
· Not be pregnant or breastfeeding,
· Have no current or history of eating disorders,
· Report consuming the last eating episode after 8 PM.

What does take part in this study involve?
This online survey will ask you questions about yourself (e.g., age, height, weight, meal timings) so that we can assess whether you are eligible to take part in a follow-up study.
At the end of this survey, you will be asked for your name and email address so that we can contact you to advise on eligibility and arrange the interview. Your name and email address will be kept confidential and will only be accessed by the researchers working on the project. Names and email addresses will be removed from survey responses before data analysis takes place. Names and email addresses will be destroyed once study recruitment is complete (estimated by the end of September 2023).
This survey is estimated to take no longer than 5 minutes (though individual response time may vary). Shortly after completing the survey we will email you to advise whether or not you are eligible to take part in the follow-up study. If you are unable to take part in the follow-up study, this will be the end of your involvement in the study, and you will not be provided with any remuneration for completing this online survey. If you are eligible to take part, we will invite you to attend the follow-up study.
The follow-up study involves a Face-to-Face interview at the University of Sheffield or an Online interview to discuss eating late in the evening and factors that you think would help or support earlier eating in the evening. If you are eligible to take part in the follow-up study, further information will be sent to you after completing this survey.
Do I have to take part and can I withdraw?
It is up to you to decide whether or not to take part in this survey which assesses eligibility for the interview. If you decide to take part, you can withdraw from the survey without any negative consequences by closing your browser. If you would like to withdraw your partially completed or completed response, you will need to contact the researcher, and provide your name or email address so that your response can be removed. Please note, it will not be possible to remove responses once study recruitment is complete (estimated by the end of September 2023) .

What are the possible risks of taking part?
The survey will ask you to report your body weight and eating patterns/habits. There is a small risk that some participants will feel distressed after completing these questions. If you are affected by this survey we advise you to seek advice from the NHS wellbeing website: https://www.nhs.uk/conditions/stress-anxiety-depression/improve-mental-wellbeing/ . If the distress continues, we advise you to speak to your doctor. 

What are the possible benefits of taking part?
After completing this survey, if you are eligible for the follow-up study you will be invited to take part in a Face-to-Face or Online interview. Upon completion of the Fact-to-Face interview, you will receive a £25 electronic Amazon voucher. Upon completion of the Online interview, you will receive a £20 electronic Amazon voucher. If you do not take part in the interview (ineligible or choose not to), there will not be any remuneration for completing this survey.  
Will my taking part in this project be kept confidential?
All the information that we collect about you in this survey will be kept strictly confidential and will only be accessible to members of the research team. You will not be able to be identified in any reports or publications. If you agree to us sharing the information you provide with other researchers (e.g. by making it available in a data archive) then your personal details (e.g. name, email address) will not be included.
What is the legal basis for processing my personal data?
According to data protection legislation, we are required to inform you that the legal basis we are applying in order to process your personal data is that ‘processing is necessary for the performance of a task carried out in the public interest’ (Article 6(1)(e)). Further information can be found in the University’s Privacy Notice https://www.sheffield.ac.uk/govern/data-protection/privacy/general
As we will be using some data that is defined in the legislation as more sensitive (information about ethnicity), we also need to let you know that we are applying the following condition in law: that the use of your data is necessary ‘for archiving purposes in the public interest, scientific research purposes or statistical purposes' (9(2)(j)).
Who is organising and funding the research and who is the Data Controller?
The research is being organised by the Department of Psychology at the University of Sheffield.

The University of Sheffield will act as the Data Controller for this study. This means that the University is responsible for looking after your information and using it properly. 
Who has ethically reviewed the project?
This project has been ethically approved via the University of Sheffield’s Ethics Review Procedure, as administered by the Department of Psychology (#: insert upon approval).
Complaints
If you are dissatisfied with any aspect of the research and wish to make a complaint, please contact Dr Nicola Buckland (n.buckland@sheffield.ac.uk) or Miss Bixuan Yan (byan6@sheffield.ac.uk) in the first instance. If you feel your complaint has not been handled in a satisfactory way you can contact the Head of the Department of Professor Elizabeth Milne (psy-hod@sheffield.ac.uk). If the complaint relates to how your personal data has been handled, you can find information about how to raise a complaint in the University’s Privacy Notice: https://www.sheffield.ac.uk/govern/data-protection/privacy/general.
If you wish to make a report of a concern or incident relating to potential exploitation, abuse or harm resulting from your involvement in this project, please in the first instance contact one of the project’s Designated Safeguarding Contacts, that is Dr Nicola Buckland (n.buckland@sheffield.ac.uk) or Bixuan Yan (byan6@sheffield.ac.uk). If the concern or incident relates to the Designated Safeguarding Contact, or if you feel a report you have made to this Contact has not been handled in a satisfactory way, please contact the Head of the Department of Psychology, Professor Elizabeth Milne (psy-hod@sheffield.ac.uk) and/or the University’s Research Ethics & Integrity Manager (Lindsay Unwin;mailto:l.v.unwin@sheffield.ac.uk).
Contact for further information
For further information, please contact: Bixuan Yan (byan6@sheffield.ac.uk). 

Finally … 
If you would like a hard copy of this information page, then please use the “print” function on your browser or email the researcher: byan6@sheffield.ac.uk. Thank you for considering taking part in this study.

Consent Form
	I have read and understood the survey information sheet dated XX/07/2023 (If you will answer No to this question please do not proceed with this consent form until you are fully aware of what your participation in the survey will mean.)
	

	


	 I agree to take part in this survey according to the information provided here
	

	


	I understand that my taking part is voluntary and that I cannot withdraw once study recruitment is complete (estimated by the end of September 2023) 
	

	


	How my information will be used during and after the survey
	
	

	I understand my personal details, such as name and email address will not be revealed to people outside the project.
	

	

	I understand and agree that my anonymous data may be used in publications, reports, web pages, and other research outputs.
	

	


	I understand and agree that other authorised researchers will have access to this anonymous data only if they agree to preserve the confidentiality of the information as requested in this form.
	

	


	I understand and agree that other authorised researchers may use my anonymous data in publications, reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the information as requested in this form.
	
	


	I give permission for the anonymous data that I provide to be deposited in the Dept. of Psychology at the University of Sheffield so it can be used for future research and learning.
	

	


	I give permission for the anonymous data that I provide to be deposited in an open-access repository.
	

	


	So that the information you provide can be used legally by the researchers
	
	

	I agree to assign the copyright I hold in any materials generated as part of this project to The University of Sheffield.
	

	





Participant Information Sheet: Interview Study
You are being invited to take part in a research project. Before you decide whether or not to participate, it is important for you to understand why the research is being done and what it will involve. Please take time to read the following information carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or if you would like more information. Take time to decide whether or not you wish to take part. 
What are the aims of the study?
This project aims to explore eating in the evening in adults living with overweight or obesity.
Why have I been chosen?
You have been chosen because you have met our inclusion criteria based on your responses to the online questionnaire you have completed. To take part in the study, participants need to be aged between 18-65 years, have no current or history of eating disorders, are not pregnant or lactating, have an overweight or obesity BMI (over 25kg/m²) and report consuming the last eating episode after 8 PM.
Do I have to take part?
Taking part in this research is entirely voluntary. It is up to you to decide whether or not to take part. If you do not wish to take part, there will be no negative consequences. If you decide to take part, we recommend that you save a copy of this information sheet (you can download and save the version emailed to you) or request a paper copy from the researcher if needed. You will be asked to provide a consent form and you can still withdraw without any negative consequences. If you decide to withdraw, you do not have to give a reason. If you would like to withdraw, you will need to contact the researcher (Bixuan Yan:byan6@sheffield.ac.uk) and provide your name or email address so that your response can be removed. Please note it will not be possible for your data to be withdrawn from the research once study recruitment is complete (estimated by the end of September 2023). Please note that choosing to participate in this research, this will not create a legally binding agreement, nor is it intended to create an employment relationship between you and University of Sheffield.
What will happen to me if I take part? What do I have to do?
Firstly, a researcher will ask you questions about eating in the evening and discuss factors that you think would help or support not eating late in the evening.

We will then ask you to complete an online questionnaire which will ask you questions about yourself. This questionnaire is expected to take no longer than 8 minutes (however individual completion times can vary).

What are the possible disadvantages and risks of taking part?
This study is not expected to pose any risks to participants. However, questions about weight and eating patterns might make some participants feel distressed. If you feel distressed by any aspect of this study, you may find the following resources useful. If the distress continues, we advise you to seek advice from your GP.  These resources may also be helpful to other people, such as your family, if they feel affected by this study. 
https://www.nhs.uk/mental-health/feelings-symptoms-behaviours/feelings-and-symptoms/stress/
https://www.nhs.uk/every-mind-matters/lifes-challenges/our-personal-lives-and-relationships/
What are the possible benefits of taking part?
You will be offered a £25 electronic Amazon gift voucher to thank you for your time to attend a Face-to-Face interview. If you choose an Online interview, you will be offered a £20 electronic Amazon gift voucher. Please note, travel expenses and/or any other costs which you may incur during your involvement in the research cannot be reimbursed. 

Will my taking part in this project be kept confidential?
All the information that we collect about you during the research will be kept strictly confidential. Interviews will be audio recorded by a recorder and transcribed by a third party, 'TAKE NOTE,' a UK-based transcription service. It is important to note that 'TAKE NOTE' operates within the web browser, ensuring that no data is downloaded. All transcriptions will be anonymous and securely stored. You will not be able to be identified in any reports or publications. If you agree to us sharing the information you provide with other researchers (e.g., by making it available in a data archive) then your personal details will not be included. 

The study findings may be published in a peer review journal article, however
the data reported will be for the overall results from all participants and your responses will
remain anonymous.

What is the legal basis for processing my personal data?
According to data protection legislation, we are required to inform you that the legal basis we are applying in order to process your personal data is that ‘processing is necessary for the performance of a task carried out in the public interest’ (Article 6(1)(e)). Further information can be found in the University’s Privacy Notice https://www.sheffield.ac.uk/govern/data-protection/privacy/general.’  

What will happen to the data collected, and the results of the research project?
The data collected will be accessible by researchers involved in this project. Any personal information (e.g., email address and name) will be deleted once study recruitment is complete (estimated by the end of September 2023).
This study aims to be published; you may obtain a copy of the published results by contacting the researcher byan6@sheffield.ac.uk. Please note you will not be identified in any report or publication. 
Due to the nature of this research, it is very likely that other researchers may find the data collected to be useful in answering future research questions. We will ask for your explicit consent for your data to be shared in this way.

To confirm receipt of the £25 Amazon voucher for the face-to-face interview or £20 Amazon voucher for the online interview, a record of the email address used against the voucher code will be kept, stored securely in a locked cabinet or as a digital copy for 10 years by the University of Sheffield’s finance team in the event of a financial audit. 
Who is organising and funding the research and who is the Data Controller?
The research is being organised by the Department of Psychology at the University of Sheffield.
The University of Sheffield will act as the Data Controller for this study. This means that the University is responsible for looking after your information and using it properly. 
Who has ethically reviewed the project?
This project has been ethically approved via the University of Sheffield’s Ethics Review Procedure, as administered by the Psychology department.

What if something goes wrong and I wish to complain about the research or report a concern or incident?
If you are dissatisfied with any aspect of the research and wish to make a complaint, please contact Dr Nicola Buckland; n.buckland@sheffield.ac.uk or Bixuan Yan; byan6@sheffield.ac.uk, in the first instance. If you feel your complaint has not been handled in a satisfactory way you can contact the Head of the Department of Psychology [Professor Elizabeth Milne, psy-hod@sheffield.ac.uk ]. If the complaint relates to how your personal data has been handled, you can find information about how to raise a complaint in the University’s Privacy Notice: https://www.sheffield.ac.uk/govern/data-protection/privacy/general .

If you wish to make a report of a concern or incident relating to potential exploitation, abuse or harm resulting from your involvement in this project, please contact the project’s Designated Safeguarding Contact, that is Dr Nicola Buckland (n.buckland@sheffield.ac.uk) or Bixuan Yan (byan6@sheffield.ac.uk). If the concern or incident relates to the Designated Safeguarding Contact, or if you feel a report you have made to this Contact has not been handled in a satisfactory way, please contact the Head of the Department of Psychology [Professor Elizabeth Milne, psy-hod@sheffield.ac.uk ] and/or the University’s Research Ethics & Integrity Manager (Lindsay Unwin; l.v.unwin@sheffield.ac.uk).

What COVID-19 safety measures are in place?
The Face-to-Face interviews will be conducted in accordance with COVID-19 safety guidelines. We will ask you to reschedule the session if you experience any covid symptoms or have been in contact with any one with symptoms. 

Contact for further information
In case you wish to obtain further information about the project, please contact researcher Bixuan Yan (byan6@sheffield.ac.uk). 

Please keep a copy of this information sheet for your future reference. You can save the version emailed by using the “download” function.
Thank you for considering taking part in this project. 


Interview Study Consent Form
	Please tick the appropriate boxes
	Yes
	No

	Taking Part in the Project
	
	

	I have read and understood the project information sheet dated XX/07/2023 (If you will answer No to this question please do not proceed with this consent form until you are fully aware of what your participation in the project will mean).
	
	

	I have been given the opportunity to ask questions about the project. 
	
	

	I agree to take part in the project.  
	
	

	I understand that my taking part is voluntary and that I cannot withdraw once study recruitment is complete (estimated by the end of September 2023) . I do not have to give any reasons for why I no longer want to take part and there will be no adverse consequences if I choose to withdraw.
	
	

	How my information will be used during and after the project
	
	

	I understand my personal details, such as my name and email address will not be revealed to people outside the project.
	
	

	I understand and agree that my anonymous data may be used in publications, reports, web pages, and other research outputs. 
	
	

	I understand and agree that other authorised researchers will have access to this anonymous data only if they agree to preserve the confidentiality of the information as requested in this form. 
	
	

	I understand and agree that other authorised researchers may use my anonymous data in publications, reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the information as requested in this form.
	
	

	I give permission for the anonymous data that I provide to be deposited in the Dept. of Psychology at the University of Sheffield so it can be used for future research and learning.
	
	

	I give permission for the anonymous data that I provide to be deposited in an open-access repository.
	
	

	I give permission for my interview being audio-recorded. 
	
	

	I give permission for my interview to be transcribed by 'TAKE NOTE'.
	
	

	I understand and agree that other authorised researchers will have access to my words, only if they agree to preserve the confidentiality of the information as requested in this form. 
	
	

	I understand and agree that other authorised researchers may use my words in publications, reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the information as requested in this form.
	
	

	So that the information you provide can be used legally by the researchers
	
	

	I agree to assign the copyright I hold in any materials generated as part of this project to The University of Sheffield.
	
	




Debrief Form for Interview Study

Thank you for taking part in this study! 

Thank you for taking part in this study. We hope that you found your experience participating in this study interesting. The purpose of this study was to explore late evening eating in participants living with overweight or obesity.

During this study, we would like to share some research findings related to late eating. Currently, the timing of food intake is emerging as an important predictor of overall health and a potentially relevant risk factor for obesity in adults. Previous research has shown that eating late may have an impact on weight gain and increase the risk of health conditions, such as obesity and type 2 diabetes. Building upon previous work, this research further explores the reasons for late evening eating and factors that might help or support earlier eating in the evening. If you would like to read more about late eating, you may find this resource useful: https://www.nia.nih.gov/

Because this is an ongoing study and many other people may get involved, we ask that you not talk about the study with any other people. The reason we ask this is because if someone you talk to about this study then decides to participate, their reactions would not be as spontaneous or natural as if they had not known what the study was about. Even if you think that the person you are telling is not likely or eligible to participate in this study, they may tell someone else who may then participate. For this reason, we would like to ask you to not say anything more about the study than what you were told at the beginning of the study.

Your participation in this research is very important. If you are not satisfied with this study and do not want us to use your data, then please let us know now and your data will be withdrawn (please note, we can only withdraw data up to the point of data analyses, estimated to be in October 2023).

If you feel distressed by any aspect of this study, you may find the following resources useful. If the distress continues, we advise you to seek support from your GP.  
https://www.nhs.uk/mental-health/self-help/guides-tools-and-activities/five-steps-to-mental-wellbeing/  
https://www.nhs.uk/mental-health/feelings-symptoms-behaviours/feelings-and-symptoms/stress/
The following resource may also be of use, if you feel as though your personal life has been affected. https://www.nhs.uk/every-mind-matters/lifes-challenges/our-personal-lives-and-relationships/
All the information that we collected about you during the research will be kept strictly confidential and will only be accessible to members of the research team. 

If you are dissatisfied with any aspect of the research and wish to make a complaint, please contact Bixuan Yan; byan6@sheffield.ac.uk or Dr Nicola Buckland; N.buckland@sheffield.ac.uk, in the first instance. If you feel your complaint has not been handled in a satisfactory way you can contact the Head of the Department of Psychology [Professor Elizabeth Milne, psy-hod@sheffield.ac.uk ]. If the complaint relates to how your personal data has been handled, you can find information about how to raise a complaint in the University’s Privacy Notice: https://www.sheffield.ac.uk/govern/data-protection/privacy/general .

If you wish to make a report of a concern or incident relating to potential exploitation, abuse or harm resulting from your involvement in this project, please contact the project’s Designated Safeguarding Contact [Bixuan Yan, byan6@sheffield.ac.uk ][Dr Nicola Buckland, N.buckland@sheffield.ac.uk ]. If the concern or incident relates to the Designated Safeguarding Contact, or if you feel a report you have made to this Contact has not been handled in a satisfactory way, please contact the Head of the Department of Psychology [Professor Elizabeth Milne, psy-hod@sheffield.ac.uk] and/or the University’s Research Ethics & Integrity Manager (Lindsay Unwin; l.v.unwin@sheffield.ac.uk).

Thank you for your participation in our study. We hope that you found your experience participating in this study to be interesting. We are happy to answer any questions that you may have. This study aims to be published, you may obtain a final report of the study by contacting the researcher Bixuan Yan; byan6@sheffield.ac.uk Please note you will not be identified in any report or publication. 
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