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Summary

The hedonic regulation of eating behavior has been shown to be altered in case of obesity, notably the chemo-sensory functions and the reward system. Although bariatric surgery is the most effective treatment for obesity, patients do not all respond the same way to this treatment and some of them might regain weight after a certain time. It is essential to promote an adapted balanced diet for the long-term weight maintenance of bariatric surgery patients. A better understanding of the postoperative modifications of food choices and preferences will enable clinicians to give personalized nutritional advice in the context of a precision bariatric medicine. This doctoral work aims to advance this knowledge, by responding to four objectives.

The first objective was to synthesize the evidence for the link between bariatric surgery in relation to changes in food preferences by a systematic and meta-analytical approach. With an original approach considering various methods to assess food preferences our systemic analysis of the evidence showed a change in food preferences in patients with obesity who undergo bariatric surgery at specific times during their weight loss trajectory.

The second objective was to study the links between food preferences, taste, smell and the weight loss success of bariatric surgery. To this aim, we used an online questionnaire in a cohort of bariatric surgery patients. We found that food preferences were different between patients with and without sensory alterations. For those who experienced sensory alterations, there was a decreased preference for unhealthy foods. We also found that food preferences were different between patients in a weight loss success and failure. Of importance, a higher appreciation for green vegetables was associated with a weight loss success.

The third objective of this thesis was to adapt and use a behavioral computerized task in a clinical setting, to compare food reward (i.e., 'liking' and 'wanting') between patients with unoperated obesity, a sleeve gastrectomy, and a Roux-en-Y gastric bypass. Our results showed that the Leeds Food Preference Questionnaire could be clinically relevant to identify postoperative alterations in food reward and to guide caregivers to give personalized advice in patients. Especially, we found that 'liking' for a large range of food categories was lower among post-operative patients compared to non-operative patients with obesity while 'wanting' was lower among post-operative patients for certain food categories only, including highly palatable foods.

The fourth objective of this thesis was to develop a protocol to study food preferences after bariatric surgery in a more realistic environment. We designed a study using a buffet meal in an experimental restaurant, which will be used to study differences in terms of diet quality, food intake and microstructure of the meal between patients with obesity, with and without a bariatric surgery.

Résumé

Des études ont montré que la régulation hédonique du comportement alimentaire est altérée en cas d'obésité, notamment les fonctions chimio-sensorielles et le système de récompense. Bien que la chirurgie bariatrique soit le traitement le plus efficace de l'obésité, les patients ne répondent pas tous de la même manière à ce traitement et certains d'entre eux reprennent du poids après un certain temps. Il est essentiel de promouvoir une alimentation équilibrée adaptée pour le maintien du poids à long terme des patients en chirurgie bariatrique.

Une meilleure compréhension des modifications postopératoires des choix et préférences alimentaires permettra aux cliniciens de donner des conseils nutritionnels adaptés et personnalisés dans le cadre d'une médecine bariatrique de précision. Ce travail doctoral vise à faire progresser ces connaissances, en répondant à quatre objectifs.

Le premier objectif était de faire l'état de l'art du lien entre la chirurgie bariatrique et l'évolution des préférences alimentaires par une approche systématique et méta-analytique.

Avec une approche originale prenant en compte diverses méthodes pour évaluer les préférences alimentaires, notre analyse systémique a montré un changement des préférences alimentaires chez les patients obèses qui subissent une chirurgie bariatrique à des moments précis de leur trajectoire de perte de poids.

Le deuxième objectif était d'étudier les liens entre les préférences alimentaires, le goût, l'odorat et le succès pondéral de la chirurgie bariatrique. Pour ce faire, nous avons utilisé un questionnaire en ligne dans une cohorte de patients opérés d'une chirurgie bariatrique. Nous avons constaté que les préférences alimentaires étaient différentes entre les patients avec et sans altérations sensorielles. Pour ceux qui ont subi des altérations sensorielles, la préférence pour les aliments malsains a diminué. Nous avons également constaté que les préférences alimentaires étaient différentes entre les patients en succès et en échec pondéral. De manière importante, une plus grande appréciation des légumes verts était associée au succès pondéral. 
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The global burden of obesity

The prevalence of obesity is increasingly rapidly (1) and given its consequences on physical and mental health and more generally on mortality (1-3) is a global public health concern (1) that must be addressed. More precisely, obesity is associated with a higher risk for developing many other conditions, such as cardiovascular diseases, type II diabetes mellitus, cancer or depression (4). Moreover, the costs in terms of prevention and management of obesity represent an economic burden so as the indirect costs, related to the reduced productivity (as a result of absenteeism, early retirement, and premature death) and increased disability (5).

According to the World Health Organization (WHO), obesity is characterized by an 'abnormal or excessive fat accumulation that present a risk to health' (1). A body mass index (BMI) ≥ 30 kg.m -2 is classically used as an indicator for obesity. Obesity class II (moderate obesity) refers to a BMI ≥ 35 kg.m -2 and obesity class III (severe obesity) corresponds to a BMI ≥ 40 kg.m -2 (6). Moreover, skinfold thickness and waist circumference (7,8) have been shown

to reliably measure central fat mass, which is a predictor of mortality (9,10). Obesity is characterized as 'complicated' when accompanied by comorbid conditions (e.g., type II diabetes mellitus, cardiovascular diseases, sleep apnea, etc.) (11).

The core problem underlying obesity is a chronic imbalance between the energy intakes (food consumption) and the energy expenditures (resting energy expenditure, thermic effect of feeding, and physical activity energy expenditure) (12), leading to a storage of excess energy, mostly in the form of triglycerides within the adipose tissue. The cause for this energy imbalance is multifactorial, as both individual, environmental and social factors interact and play a role in the development of obesity (see Figure 1.1) (13).

Chapter I. Source: Foresight report (13).

The food exposure, the food abundance, the energy density, the portion sizes and the palatability of the food offerings are among the factors highly contributing to the excess of food consumption (13) (see Figure 1.2). This is particularly striking in the Westernized countries, which are characterized by an abundance of highly palatable foods (14). This 'obesogenic environment' (15), combined with individual susceptibility contribute to a maladaptive response to external stimuli, which could override the homeostatic regulation system (16) and contribute to obesity. Factors, which influence accumulation of energy within the cluster 'food consumption' of the obesity system map. Adapted from the foresight system map (13).

Key message

This complex obesity framework highlights that overconsumption is not solely driven by dysfunction of homeostatic processes (i.e., integration of internal signals, which regulate the energy balance), but it also involves non-homeostatic processes (i.e., integration of external signals, which respond to the hedonic dimension of food intake) (17,18).

Force of dietary habits

Strength of lockin to accumulate energy 

Obesity and the regulation of food intake

Most conceptualizations, consider that the regulation of food intake is the result of an interaction between homeostatic and hedonic processes (18,19), which have been proposed to be altered in the case of obesity. The homeostatic regulation of food intake aims to control energy balance via increased motivation to eat when energy stores are low. On the other hand, hedonic regulation of food intake is based on the concept of food reward. It can override the homeostatic pathways and aims to increase motivation towards highly palatable foods when the energy stores are not depleted (19).

Obesity and the homeostatic model of appetite control

Appetite and the "Psychobiological" system

Appetite is defined as a 'desire for food intake that may be produced by normal metabolic and energy needs or by other cues that may increase desire for food intake, including appearance, taste, and smell' (20). It results from the synchronous functioning of events and processes of a 3-level Psychobiological System conceptualized by Blundell (21), the functioning of which has been described in details by Hopkins et al. (17). The first level of this system corresponds to psychological events (hunger perception, cravings, and hedonic sensations) and behavioral operations (meals, snacks, energy and macronutrients intakes). The second level describes the peripheral physiologic and metabolic events, which involve sensory inputs, hormones and neurotransmitters. The third level refers to the neurotransmitter and metabolic interactions in the brain. Within this framework, eating episodes are stimulated by cognitive and sensory factors, which induce a peripheral physiological response and in turn elicit a neuronal response. Of importance, the visual and olfactory food cues induce a physiological response in the gastrointestinal tract to anticipate the ingestion of food even before it is put in the mouth. This is the cephalic phase of appetite (17). During and after an eating episode the control over appetite is provided by afferent signals described in the Satiety Cascade by Blundell et al. (22).

More precisely, sensory, cognitive, pre-and post-absorptive events are involved in satiation to gradually turn the eating episode to an end (22), and 'satiety' to reduce hunger between eating episodes (21,23).

The signals, which control appetite and interact with each other can be distinguished into two categories: the episodic and tonic signals mainly involved in the short-term (meal to meal) and in the long-term (days and weeks) regulation of appetite, respectively (24). Episodic appetite signals are primarily inhibitory and are secreted by the gut mucosa during eating episodes, such as cholecystokinin (CCK), peptide YY (PYY) and glucagon-like peptide-1 (GLP-1). Ghrelin has both episodic and tonic properties as its blood level is increased just Chapter I.

before an eating episode and promotes hunger in case of weight loss (17). Excitatory tonic signals come from fat-free mass (25), while inhibitory tonic signals such as leptin are secreted from fat mass (26).

Gut peptides (e.g., CCK, PYY and GLP-1) simulate vagal afferents, which in turn stimulate neurons of the nucleus tractus solitarius (NTS) in the brainstem (27). The NTS then relays the signals integrated in the hypothalamic region. The hypothalamus is composed of several nuclei, among which, the arcuate nucleus has been shown to have an important role in the integration of appetite signals, in particular leptin (28,29).

Interestingly, the meal composition (caloric and macronutrient contents) influences the fluctuation of CCK, PYY and GLP-1 (30). Moreover, the appearance, the palatability and the meal size influence satiation, satiety and eating behavior (31).

Obesity alterations of the Psychobiological system

There is evidence of alterations in the regulation of appetite at different levels of the Psychobiological system in relation to obesity. Concerning the first level of the system, cravings for high caloric high palatable foods are more frequent among individuals with overweight compared to individuals with a normal weight (32). In addition to a greater energy and macronutrient intake seen in obesity compared to normal weight, other behavioral operations, including eating patterns, are also altered. For instance, the Seasonal Variation of Blood

Cholesterol Study (33) using the data from 499 participants showed that the risk of developing obesity was inversely associated with the number of eating episodes. More precisely, those who reported four or more eating episodes per day had a higher risk of obesity (OR = 45; 95% CI = 0.33-0.91), compared to those with three or less eating episodes (34). Furthermore, the timing of energy intake also appeared to be related to weight status. Individuals eating ≥ 33% of their daily energy intake in the evening were at higher risk to develop obesity (OR = 2; 95% CI = 1.03-3.89) (35).

Appetite signaling also showed evidence for modification in obesity. For instance, patients with obesity had lower postprandial decrease in ghrelin (36). Furthermore, ghrelinreactive IgG immunoglobulin with an increased affinity for ghrelin are specifically present in the blood of patients with obesity (37). These immunoglobulins bind to ghrelin and inhibit its degradation in the plasma, which could contribute to a longer effect of ghrelin on increasing appetite and overeating (37). Furthermore, individuals with obesity have a postprandial increase in CKK which persists over time, whereas it is fast decreasing in lean individuals. This might induce a later onset of satiety in obesity (38). Also, high levels of adiposity can weaken tonic inhibitory signals and induce leptin resistance (23,39), which could lead to overconsumption and additional weight gain (23).

Brain integration of appetite signals might also be modified in relation to obesity.

Especially, several reviews support the idea of an alteration of the hypothalamic function in obesity (40,41), in which high fat feeding might have a predominant role (40).

Key message

Appetite is partly controlled by synchronous homeostatic processes of a complex psychobiological system, involving i) psychological events and behavioral operations, ii) peripheral physiologic and metabolic events, and iii) neurotransmitter and metabolic interactions in the brain, which are altered in obesity.

Obesity and the hedonic model of appetite regulation

In the event of food abundance, the hedonic processes could override the homeostatic processes to increase consumption of highly palatable foods (19). The definition and nature of palatability has been widely discussed without consensus (42), as it sometimes refers i) to a property of a food (i.e., a food is palatable because it is more stimulating than others), ii) to a property of the organism eating the food (i.e., human have innate response to certain tastes and find it pleasant), or iii) to both (i.e., a food is palatable to someone because it induces an acceptable sensory response to this specific person) (43). For the purpose of this doctoral work, palatability is defined as the hedonic reward or pleasure provided by foods, which are pleasant to the palate or taste (44). Although foods high in fat and / or sweet and / or salt are usually considered palatable, it should be noted that what makes food palatable is not clearly defined and still debated (42). Importantly, Yeomans and colleagues reviewed whether palatability is sensitive to the homeostatic state of individuals and concluded that it rather reflected a hedonic stimulation of appetite (42). Concordantly, highly palatable foods are suggested to be the driver for the "hedonic hunger", which refers to the desire to consume foods in absence of physical hunger (i.e., without caloric need) (45,46).

Chapter I.

Key message

Food palatability is a driver for hedonic appetite. The attribution of a hedonic value to foods determines food preferences and involves two major domains: the sensory domain and the reward domain.

Sensory domain

The sensory experience has a major role in the attribution of a hedonic value to foods, in guiding food choices and ultimately energy intake (47). Taste, odor, texture, temperature, trigeminal sensitivity, but also visual and sound aspects play a role in palatability (48). In this doctoral work, we focus on the gustatory and the olfactory function, as the sensory responses to tastes and smells have a major role in hedonic eating (49)(50)(51).

Taste has three functional domains (52). One of these domains is purely sensorial and aims to detect and discriminate tastes. Another domain is related to the physiological role of taste, in order to prepare meal digestion. Finally, taste has an affective or hedonic domain, which plays a role in promoting or discouraging the ingestion of foods in relation to the taste input.

This domain can be further divided in appetitive and consummatory behavior, which corresponds to a phase of seeking contact with the stimulus (53) and to a phase of realization and termination of the behavioral pattern. It is well known that humans have an innate taste preference for sweet, fat and / or salty foods, while they tend to dislike sour and bitter foods.

Among the underlying mechanisms of taste preference, we can cite molecular and hormonal processes. For instance, the lingual proteins CD36 and GPR120 present in the taste buds (54) were shown to induce a spontaneous fat preference (55). Another example is related to sweet taste. Disse et al. demonstrated in a mice study that the preference for sweet foods was enhanced by peripheral ghrelin, and was mediated through a ghrelin receptor pathway (56). Of importance, learning mechanisms are involved in conditioned taste aversion or preferences when the consequences of ingestion are negative (e.g., nausea) or positive (e.g., nutrition), respectively (57). These processes have to be distinguished to conditioned taste avoidance, which refers to the adverse post-ingestive events that occur when too much food is eaten (58).

Olfaction has two main domains, the first being related to sensory aspects with the main objective of warning against toxic substances. Secondly, olfaction also plays a role in food pleasure, which is the subject of controversy between two points of view as explained by

Joussain and colleagues (59), who suggested that the hedonic valence of an odor is influenced by experience and learning on one hand, and by the physiochemical properties of odorant molecules on the other hand. This double contribution seems relevant to the current work as it has been shown that the response to olfactory stimuli is influenced by various factors, in particular early exposure to the odorant (60) and the verbal context (61). It has also been shown that the complexity of odorants plays a role in pleasantness. More precisely, odorants with lowcomplexity were rated as more aversive than the odorants with high complexity (62).

Sensory responses are usually recorded with hedonic or intensity scales, or with psychophysical testing, including threshold, discrimination and identification tasks (63). The link between the sensitivity to taste (i.e., detection threshold and suprathreshold sensitivity) and taste preference was recently explored by Chamoun et al. in young adults. They found that higher sensitivities were associated with lower taste preferences for sweet, salt and umami tastes only (64).

Reward domain

The neural basis of palatability was primarily explored by Berridge in 1996 (65). Since then, research on food reward has aroused much controversy concerning its components and whether it is possible to measure and / or to disentangle them as it has been explained elsewhere (17). Given the relevance of food reward in the context of overconsumption and obesity (17), this doctoral work uses the view of Finlayson and colleagues (46,54), who assert that liking and wanting are the two main separate constructs of food reward. Liking is related to the affect (underlying experience of feeling/emotion), while wanting is related to the motivation in relation to a food stimulus. Liking and wanting can be reported subjectively by individuals as the hedonic feeling related to the ingestion of a specific food (i.e., explicit liking) and as the desire to eat a specific food (i.e., explicit wanting). Explicit liking and wanting are usually assessed with visual analog scales (66). Additionally, liking and wanting would partly reflect unconscious processes, and would also have implicit components (46,54), which are usually inferred through the reaction time of responses to a food stimulus (66). The neural pathways of food reward have been recently extensively reviewed by Morales and Berridge (67). Liking for palatable foods is enhanced by hedonic "hotspots", which are a distributed network located in the nucleus accumbens medial shell, ventral pallidum, orbitofrontal cortex (which is also important for the integration of sensory signals ( 68)), insula cortex, and brainstem. These Chapter I.

hedonic hotspots are included in the mesocorticolimbic circuitry, which generates wanting independently of liking, although both circuits are interconnected. Liking is mostly mediated by opioids and endocannabinoids, while wanting is mostly mediated by dopamine (65).

Importantly, the hedonic pathways are interacting with the homeostatic pathways. 

Alteration of the hedonic regulation of appetite in the case of obesity

Considering the sensory domain, both gustation and olfaction have shown to be altered in obesity (70,71). More specifically, a decrease in sensory perceptions related to excess weight has been suggested. For example, children and adolescents with obesity had lower taste sensitivity and perceived intensity compared to those of normal weight (71). Moreover, olfactory function was negatively correlated with body weight (72).

The reward domain is also impaired in obesity. Already in 1971, Schachter proposed the external theory of obesity, which conceptualizes individuals with obesity as more sensitive to external food cues (e.g., smells) and less sensitive to internal homeostatic signals (e.g., hunger, satiety), compared to individuals with a normal weight (73). The link between obesity and reward has been well explored by Kenny (74) and Beaulieu et al. (23) and highlights the differential role of liking and wanting in overconsumption. First, some individuals with obesity would experience a greater reward to food cues, in particular highly palatable ones, which could predispose them to overconsumption and further weight gain (75). This is supported by several studies, which showed an increased activation of the brain reward areas in response to palatable foods among individuals with obesity compared to their normal-weight counterparts (76)(77)(78).

Furthermore, studies found a correlation between high level of trait reward and body weight (79,80). The role of liking is particularly singled out in promoting overconsumption among individuals susceptible to weight gain through an enhanced hedonic response to palatable foods (81,82). Another avenue of understanding overconsumption is that some individuals might experience deficits in reward that may increase their consumption of palatable foods to satisfy their hedonic needs (83). Along these lines, the incentive-sensitization, which could arise in drug addiction has been proposed to also apply in higher weight gain and / or eating disorder.

More precisely, it refers to a process by which the exposure to palatable food may decrease liking (84), while the reinforcing value of food (i.e., wanting) has been shown to sensitize or increase (85).

Obesity and food preferences

The hedonic appetite encompasses the liking and wanting for foods, and involves thoughts about foods and sensory appreciations of certain food attributes that determine food preferences and choices (23,86). Consistently, food preferences can be defined as the 'degree of like or dislike for a food' (87) or by the 'evaluative attitudes that people express toward foods' (88) and can thus be evaluated with hedonic scales (88). Food consumption is influenced by food preferences (89), which can also be viewed as a relative choice of one food over the other. Along these lines, food preference can be measured with; i) a forced choice paradigm, ii)

Chapter I.

an estimation of relative food or macronutrient intakes using food frequency questionnaire, food recall or food record, or iii) with the help of an ad libitum buffet meal.

The relation between food preference and obesity has been explored through the relative macronutrient consumption in a study using 3-day dietary records (90). It showed that the percentage of energy from fat was higher among individuals with obesity compared to normal weight (90). Additionally, genetic studies showed that the single nucleotide polymorphism (SNP) rs17782313 near the MC4R gene was associated with obesity and with a higher intake of fat (91,92). Other SNPs near the loci SH2B1 and KCTD15, have also been associated with increased fat and carbohydrate intake, respectively (91).

Key message

The hedonic appetite involves sensory signals and reward processes that determine food preferences and choices. Sensory signals are modulated by homeostatic signals, which are integrated into the brain. These homeostatic signals contribute to assign a hedonic value to foods, which is reflected in the construct of palatability. Food reward is the neural basis of palatability, with liking and wanting being the main components related to the pleasure and the drive to eat, respectively. Homeostatic and hedonic processes interplay notably through sensory input and hormonal signals. Individuals with obesity display altered sensory and reward response to palatable foods and altered patterns of food preferences.

Bariatric surgery as a treatment for obesity

Bariatric surgery: insight on its effectiveness and associated challenges

Given the etiological complexity, pathophysiology and the existence of various phenotypes of obesity, its management involve various strategies, from an individual approach to policy programs (93,94). Although a healthy lifestyle, including a balanced diet and a regular physical activity is crucial for preventing obesity, it has been shown that lifestyle modifications and medical treatments have relatively little long-term benefit in patients with obesity (95,96).

Bariatric surgery can be proposed to patients with a moderate complicated or severe obesity (97,98), when the weight loss needed for improving health and quality of life cannot be obtained only through lifestyle modification or medical therapy (98). It is considered a safe and effective treatment for achieving a sustainable weight loss and reducing obesity-related comorbidities (99-102). More precisely, results from the Swedish Obese Subjects (SOS) study Worldwide, the two most commonly performed bariatric surgical technics, are the Roux-en-Y gastric bypass (RYGB) and the sleeve gastrectomy (SG) (108). Figure 1.6 represents the normal anatomy and the modification induced by RYGB and SG. The RYGB has been first described by Mason in 1967 (116,117). It involves the resection of the stomach to create a small upper gastric pouch with a volume of 15 to 30 ml. A 20-50 cm segment of the distal jejunum inferior to the ligament of Treitz is inserted into this small gastric pouch, while the proximal jejunum is anastomosed below the gastro-jejunostomy, allowing the biliopancreatic juices to drain the alimentary limb (118). Marceau et al. described for the first time in 1993 the sleeve gastrectomy (119), which involves the resection of 70 to 80% of the stomach along the greater curvature, to create a gastric tube with a volume of approximately 100 ml (120). However, most of them fail to eat the minimum intake of 60 g of proteins per day (131).

Despite the overall effectiveness of bariatric surgeries, patients do not all respond in the same way and may have different weight trajectories (132). Surgical failure (i.e., no or modest weight loss) occurs more in patients with a BMI above 50 kg.m -2 (133). Moreover, patients might regain weight after reaching their lowest postoperative weight (i.e., nadir). The definition of weight regain is not consensual (134) and can be considered depending on the studies as i)

an increase > 10 kg from nadir, ii) an increase > 25% EWL from nadir, iii) an increase in BMI of 5 kg.m -2 from nadir, iv) a weight gain to a BMI > 35 kg.m -2 after a successful weight loss, v) any weight regain, or vi) an increase > 15% of total body weight from nadir. In the Longitudinal Assessment of Bariatric Surgery-2 (LABS-2) cohort (N=1433) (130), the percentage weight regain (interquartile range) was 24.4% (11.6-38.4) (135), which was coherent with similar large cohort studies (136). The causes for weight regain are also multifactorial (137), related to diet, physical activity and motivational issues (138). Maladaptive eating habits, such as binge eating Chapter I.

disorder or emotional eating have also been related to weight regain (106). Along the same lines, increased food urges, severely decreased postoperative well-being and concerns over alcohol or drug use significantly predicted weight regain beyond one year of follow-up (139).

In addition, the postoperative time and working in food service related activities were found to be determinants of weight regain (140). However, it remains to be explored whether food preferences and its sensory and reward domains play a role in postoperative weight regain.

Key message

Bariatric surgery is an effective treatment for patients suffering from complicated moderate or severe obesity, which nevertheless involves several challenges. In the preoperative period, the main challenge for the clinicians is to identify those patients whom the benefit of having a bariatric surgery would overcome any potential risks. In the postoperative period, the challenge is for the patient to optimize the results of bariatric surgery by adopting a balanced diet in the long term.

Bariatric surgery, appetite control and food preferences

The mechanisms underlying the effect of bariatric surgery on weight loss are not yet fully understood. Several reviews (141-146) indicated that bariatric surgery plays a role in gastrointestinal motility, in the modification of the gut-brain axis, in the modulation of the intestinal microbiota and in the inflammatory response. There is also growing evidence suggesting that bariatric surgery could modulate different processes involved in the regulation of food intake and eating behavior (146).

Considering the homeostatic control of appetite, bariatric surgery decreases hunger, increases satiety (147) and reduces food cravings (148), the total volume (149) and intake of food (149,150). These modifications might be mediated by changes in appetite signaling, which occur after bariatric surgery (151). The effects of bariatric surgery on the hedonic regulation of appetite have also been explored through its sensory and reward domains. The effect of bariatric surgery on gustation and olfaction has been recently systematically reviewed. Overall, the results showed that bariatric surgery modified the gustatory (160) and olfactory (72) function, with a prominent effect of sleeve gastrectomy on olfaction. Decreased appreciation of all basic tastes (sour, bitter, sweet, salty, umami) was also observed in the first postoperative week (161). Interestingly, the threshold for detecting sour taste was found to be increased postoperatively (162). However, there are contradicting results, which indicate no change in sensory perceptions (162).

Regarding the reward domain, the postoperative modifications of food reward has been suggestive to be attributable to the increased levels of satiety hormones (163). Brain imaging studies showed decreased activation of the reward system after bariatric surgery (163-165). In particular, weaker activation of reward system neurons was found in response to high energy dense (166-169) and highly palatable foods (high in fat and / or sweet) (170-172). Moreover, differences in activation of the reward system have been described between individuals with a normal weight and individuals with bariatric surgery (173), yet with contrasting results (174).

Chapter I.

Overall, these results highlight postoperative modification in the perceived hedonic value of foods and therefore in food preferences. Figure 1 (180). This suggests that the modification of the sensory and reward domains might not be translated into behavioral changes. The link between these two domains of food hedonics and phenotypic food preferences as a behavioral aspect needs to be explored in the context of bariatric surgery. A better understanding of how bariatric surgery could potentially modify the attribution of a hedonic value to foods, is needed in order to propose an adapted nutritional strategy to each patient after bariatric surgery. 

Key message

Bariatric surgery induces modifications in the homeostatic and hedonic processes of appetite control, which have been shown to be impaired in obesity. Of importance, several studies reported qualitative alterations in food intake. Thus, bariatric surgery could modify food preferences and more specifically the attribution of a hedonic value to a food through modifications of the sensory and the reward domain. A better understanding of these modifications is of paramount importance for managing the postoperative weight loss success and nutritional side effects. 
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Aim and objective of the thesis

This doctoral work aims to gain insight into the influence of bariatric surgery in the modification of the hedonic regulation of food intake (i.e., phenotypic food preferences), by responding to the following objectives. For each objective, specific hypotheses have been formulated and the method used for testing them is presented.

Objective 1 (Chapter II)

To review the evidence on the link between bariatric surgery and changes in food preferences.

Although several studies have examined changes in food preferences after bariatric surgery, their results remain inconsistent, partly explained by the high variation in study design/setting methods to assess food preferences and types of bariatric surgeries. Exploring the question of postoperative modifications of food preferences by considering different subgroups seemed prudent. We hypothesized that food preference changes following bariatric surgery and that the results differ according to assessment method and type of surgery. To test for these hypotheses, we have performed a systematic review of the literature and a metaanalysis.

Objective 2 (Chapter III)

To study the links between food preferences, taste, smell and the weight loss success of bariatric surgery.

Recent reviews have demonstrated that modification of olfactory and gustatory function occur after bariatric surgery, yet little is known on the links between food preferences and sensory alterations after bariatric surgery. We hypothesized that food preferences are different between patients reporting or not sensory alterations and between patients in weight loss success or failure of bariatric surgery. We tested these hypotheses in a cohort of French bariatric patients using an online questionnaire, which included sections about the history of bariatric surgery, the food preferences and taste and smell alterations.

Objective 3 (Chapter IV)

To adapt and use a computerized task to compare food reward between patients with and without bariatric surgery.

Food reward and its components 'liking' and 'wanting' are key element of the hedonic regulation of appetite. Several fMRI studies have demonstrated that bariatric surgery modifies activation of the reward brain areas. However, it is not known whether these modifications are translated into behavioral modification of food reward, nor if food reward is different according to the type of surgery performed. We hypothesized that food reward is different between patients with and without bariatric surgery and between patients with different types of surgery.

To test these hypotheses, we have adapted the Leeds Food Preferences Questionnaire (LFPQ)

for French language and eating habits and we have used this tool to compare food reward between patients with unoperated obesity, patients with a sleeve gastrectomy and patients with a Roux-en-Y gastric bypass.

Objective 4 (Chapter VI)

To develop a protocol to study food preferences after bariatric surgery in an ecological setting.

Most of the studies, which assessed food preferences used self-reported measurements.

Although these methods are useful to easily capture dietary intakes, they are prone to reporting bias. To our knowledge, only one study used real food, with a buffet-type meal in a laboratory setting. It is then important to conduct research in controlled but more realistic environment, to improve the ecological validity of the results. We hypothesized that food preferences in a normal eating environment might differ from those reported in questionnaires and computerized tasks by patients with obesity that have benefited or not from bariatric surgery. Furthermore, we think that in a real context of eating, patients who benefit from a bariatric surgery in the past 12 months have different food preferences compared to patients with a severe complicated or a morbid obesity, candidate for bariatric surgery. To test these hypotheses, we designed a study using a buffet meal in an experimental restaurant, which will be used to study differences in terms of diet quality, food intake and microstructure of the meal between patients with and without bariatric surgery.

Chapter I. Chapter II.

Chapter II. A systematic review of food preference modifications after bariatric surgery

Abstract

Introduction: Several studies that examined changes of food preferences following bariatric surgery reported inconsistent results. Given the plethora of existing methodologies to assess food preferences, the heterogeneity between study populations and the diversity of obesity surgery techniques, we aimed to synthesize evidence of the link between bariatric surgery and changes in food preferences, considering the method of assessment by a systematic and meta-analytical approach.

Materials and methods: For the systematic review, MEDLINE, Cochrane Library, Web of Science, Cinahl, PsychINFO, ProQuest and Open grey were searched incorporating two blocks of terms ('Intervention' and 'Food Preferences') by 2 independent authors using Covidence. Interventional or observational studies involving obese patients (BMI ≥ 35 kg.m-2) with sleeve gastrectomy (SG) or Roux-en-Y Gastric Bypass (RYGB) and a control group (preoperative or a group not receiving bariatric surgery) were included. The main outcomes were the percentages of energy intake from protein, fat, and carbohydrate, the distribution and intakes of foods and the hedonic evaluation of foods. A meta-analysis was performed comparing the standardized daily mean percentage energy from proteins, carbohydrates and lipids between preoperative and postoperative patients at 1, 3, 6, 12 and 24 months. Pooled effects were calculated using random effects models with the Hedges'g estimator. Sub-group analysis was performed by type of surgery and method of assessment.

Results: Fifty-seven studies (46 prospective, 9 cross-sectional and 2 longitudinal retrospective) concerning 2271 patients with RYGB and 903 patients with SG met the inclusion criteria, of which 24 were eligible for meta-analysis. Overall, the studies were performed in 17 countries, the methods used to assess food preference were varied (N=16) and the time points for assessment ranged from 6 d to 10 yr. Despite a total reduction in macronutrient intakes, the meta-analysis revealed a postoperative increase in percentage energy from proteins at 12 mo (0.24, 95%CI: 0.03, 0.46, {I²}=73%), offset by a decrease in percentage energy from fat at 1 mo (-0.47, 95%CI: 0.86, 0.09, {I²}=72%), 6 mo (-0.32, 95%CI: -0.55, -0.09, {I²}=61%), 12 mo (-0.20, 95%CI: -0.32, -0.08, {I²}=18%) and 24 mo (-0.20, 95%CI: -0.31, 0.08, {I²}=0%). There was also a postoperative increased proportion of healthy foods in the patients' diets and decreased hedonic ratings for most of the food groups. These changes seem to progressively evolve towards what the patients consumed preoperatively.

Introduction

Obesity is a major public health burden concerning more than 500 million people worldwide (1). Although lifestyle interventions are essential for preventing obesity, they have demonstrated little long-term benefit in patients with obesity (2). On the other hand, bariatric surgery induces 15 to 25% of total weight loss in a 20-year follow-up (2) and reduces obesity related comorbidities and mortality (2)(3)(4). As a result, it is increasingly applied and is now considered the most effective treatment for obesity (5).

The mechanisms by which bariatric surgery induces weight loss are not yet fully understood. However, studies have demonstrated that the volume ingested by the patients is reduced postoperatively (6), as is the total energy intake (6,7). Patients also experience reduced appetite (8). Especially, fasting hunger is reduced and satiety is prolonged (9). In addition, several studies have shown a better quality of postoperative nutritional intake (6,10). Notably, the contribution of fat in the total energy intake is reduced postoperatively and patients eat more low-energy dense foods (6,7,9,(11)(12)(13).

Food intake is partly under the control of the reward system (tonsil, ventral tegmental area, hypothalamus, limbic system and pre-frontal cortex). This system assigns a hedonic value to food and generates motivation for food intake. Food reward has been shown to have two distinct components (14). The first component is 'liking' and is related to the pleasure and the sensory properties of foods. The second component is 'wanting', which is related to the motivation and is defined as an implicit drive to eat. Brain imaging studies showed decreased activation of the reward system after bariatric surgery (11,15,16). In particular, weaker activation of the brain regions related to the reward system was found in response to foods with high energy density (13,(17)(18)(19) and to highly palatable foods (high in fat and / or sweet) (20)(21)(22). In addition, differences in activation of the reward system were observed between normalweight subjects and subjects after bariatric surgery (23). The attribution of a hedonic value to food also involves the sensory system and in particular gustation and olfaction. Studies have looked at sensory alterations after bariatric surgery and have notably found that taste and odor preferences are altered (8,12) and that the threshold for detecting sour taste is increased (24).

There was also a decrease in the appreciation of all basic tastes (sour, bitter, sweet, salty, umami), as early as 6 days after surgery, especially for fatty and sugary foods (25). Other results are however contradictory in showing no changes in sensory perceptions (24).

The attribution of a hedonic value to foods involves thoughts about foods and sensory appreciations of certain food attributes that determine food preferences and choices (26,27).

Consistently, food preferences can be defined as the "degree of like or dislike for a food" (28) or by the "evaluative attitudes that people express toward foods" (29) and can thus been evaluated with hedonic scales (29). Food consumption is influenced by food preferences (30), which can also be viewed as a relative choice of one food over others. Along these lines, food preference can be measured with a forced choice paradigm, an estimation of the relative intakes using food frequency questionnaires, food recalls or food records, or directly with the help of an ad libitum buffet meal.

Several reviews dealt with changes in food preferences after bariatric surgery (31)(32)(33)(34)(35)(36), from different perspectives and with rather consensual results. However, none have looked exhaustively at the literature, by exploring the results according to the types of outcomes (i.e., food preferences as relative intakes or hedonic measures) and considering other types of foods than highly palatable ones, which are usually those high in fat, sweet and / or salt. In addition, no meta-analysis was performed to pool the results.

This systematic review and meta-analysis aimed to synthesize the evidence for the link between bariatric surgery ((Roux-en-Y gastric bypass (RYGB) or sleeve gastrectomy (SG)), and changes in food preferences. We tackled the subject using two different perspectives.

Firstly, from a nutritional point of view, by considering food preferences as a relative choice between foods and secondly from a sensory and bio-psychological point of view by considering food preferences as choices related to the hedonics (i.e., including the evaluative attitudes that people express toward foods (29) and the measures of food reward components 'liking' and 'wanting' (37)).

Methods and procedures

Protocol and registration

This review was conducted in accordance with the preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines (38) and has been registered in the International Prospective Register of Systematic Reviews (PROSPERO; registration number: CRD42020165801).

Literature search strategy

An electronic search was conducted using the following seven databases: MEDLINE, Cochrane Library, Web of Science, Cinahl, PsycINFO, ProQuest and Open Grey. Search included two themes using the Boolean operator 'AND', and was adapted for each aforementioned database. The first theme was 'bariatric surgery'. The second theme was 'food preference' with a focus on the following main conditions: quantitative measurement of consumption, frequency of consumption, hedonic evaluation, wanting or desire to eat measurement, evaluation of food choices or food preferences. The following is an example of the search syntax used for searching MEDLINE: ((("Bariatric surger*" or "Weight loss surger*"

or "Obesity surger*" or "Metabolic surger*" or "Bariatric surgical procedure*" or "Bariatric procedure*" or "Bariatric operation*" or "Gastric bypass" or "Stomach bypass" or RYGB or RYGBP or "Sleeve gastrectomy" or "Gastric sleeve" or LSG) .ab,hw,kf,ti.) OR ("Bariatric Surgery"/ or "Gastric Bypass"/ or Gastrectomy/)) AND ((("Food preferenc*" or "Food choic*"

or "Food reward" or "Reward system" or Liking or Wanting or "Food intake" or "Diet* record*"

or "Diet* assessment*" or "Diet* survey*" or "Nutrition* record*" or "Nutrition* assessment*"

or "Nutrition* survey*").ab,hw,kf,ti.) OR (Food preferences/)). The detailed search strategy is available as Appendix 2.A. Limits were set to include articles published in English after 1960, which corresponds to the decade when bariatric surgery was developed as a treatment for patients with severe obesity. The final search was performed on 1 st June 2020.

Inclusion and exclusion criteria

All observational and interventional studies were considered if they involved adult patients with severe obesity (BMI ≥ 35 kg.m-2) undergoing RYGB or SG. Studies had to compare pre-and post-operative measures of food preferences or to involve a control group of non-operated patients. Studies were excluded if they involved animals, children or adolescents.

Results related to other types of surgeries (gastric band, omega-loop gastric bypass, biliopancreatic diversion with duodenal switch, etc.) were excluded.

Study selection and data extraction

All materials were retrieved and exported in Covidence systematic review software, (Veritas Health Innovation, Melbourne, Australia. Available at www.covidence.org).

Duplicates were removed. Title and abstracts were screened independently by two reviewers (E.G., and S.B.). Any disagreement between them was resolved by a third reviewer (S.I.). The full text of retained studies was accessed and further screened according to the eligibility criteria by the two reviewers. Any disagreement was resolved through discussion between the two reviewers. For each study, the following data were extracted: name of the first author, year of publication, country where the study took place, study design, number of participants, age, preoperative Body Mass Index (BMI) and BMI at the end of the follow-up or if not available any weight loss related outcome, method of assessment, and measurement times. In this review, food preference measures (i.e., method of assessment) were considered as a relative choice a)

between different macronutrients (e.g., the percentage energy intake from macronutrients and the frequency of foods consumption); b) between different foods, or food groups; and c) as measures related to food reward (e.g., liking, wanting or desire to eat). A narrative synthesis of the findings from the including studies were performed.

Quality assessment

The quality of the included studies was assessed independently by two reviewers (E.G., and S.B.) using the 'Quality assessment tool for quantitative studies' developed by the Effective Public Health Practice Project (EPHPP) (39,40). This tool is recommended for quality assessment in systematic reviews, which include uncontrolled studies (41). For each study, selection bias, study design, confounders, blinding, data collection method and withdrawalsdropouts were rated as strong, moderate or weak. The overall methodological quality was then rated as strong if there were no weak rating sub-domains, moderate if there was one weak rating and weak if there were two or more weak ratings. Any inconsistencies were resolved by communication between the two authors. We presented the results using a summary bar plot weighted by the study size (42). Such bar plot represents the proportion of information with a given level of bias for each sub-domain of the quality assessment scale. We also used a traffic light plot to represent the risk of bias for each sub-domain of the scale for each study. Quality data processing was done using the software Excel (Microsoft Corporation, 2018. Microsoft

Excel, Available at: https://office.microsoft.com/excel).

Statistical analysis

We performed meta-analyses comparing the daily mean percentage energy from proteins, carbohydrates and lipids between preoperative and postoperative time points. If the percentage energy from the macronutrients was not available, it was calculated based on the quantity of macronutrients consumed and the total energy intake (4kcal/g for proteins, 4kcal/g for carbohydrates and 9kcal/g for lipids). When data were presented in graphs, we contacted the corresponding author to obtain the numerical data. When no response was received, we estimated the results using WebPlotDigitalizer (43). When the standard deviation (SD) was not available for either the amount consumed or the percentage of energy from the different macronutrients, it was calculated from the standard error of the mean (SEM) or the 95% confidence intervals (CI) (44). When results were available only for subgroups of patients (e.g., for women and men separately, or based on the type or the type of surgery), we combined the subgroups into a single group (44). Because our data were continuous, we used standardized mean differences (SMD) (45). As recommended for studies in the field of health sciences (46), we performed a random-effects-model to pool the effect size. Due to an important number of small size studies, we used the Hedges' g estimator (47,48). Hedges'g estimator can be interpreted similarly to Cohen's d: an effect size of 0.2 is considered as small, 0.5 is considered as medium, and 0.8 is considered as large (49). Data has been encoded on a positive effect size indicating that the proportion of the corresponding macronutrient was greater after bariatric surgery (or among postoperative participants than control) and a negative effect size indicating the opposite. A subgroup analysis was performed according to the type of surgery and the type of assessment method, if there were at least 3 studies per subgroup. We presented the results of the meta-analyses using forest plots. Heterogeneity was assessed using the I 2 statistics. I 2 statistic describes the percentage of variation across studies that is due to heterogeneity rather than chance. A percentage between 0%-40% represents a low heterogeneity; between 30%-60% a moderate heterogeneity; between 50%-90% a substantial heterogeneity and between 75%-100% a considerable heterogeneity (50,51). In case of high heterogeneity, we ran the meta-analyses excluding outliers (i.e., studies for which the confidence interval overlap with the confidence interval of the pooled effect) and we performed influence analyses with the Leave-One-Out method (52) looking at the impact of each study on the results. Publication bias was studied by visual inspection of the funnel plot and with Egger's tests of the intercept (53) to test for funnel plot asymmetry. In case of asymmetry, we performed Duval & Tweedie's trim-and-fill procedure (54), which imputes the missing studies (e.g., small studies with low effect sizes), to correct the funnel plot for asymmetry and to pool the effect size with the imputed studies. All the statistics were performed using the software R (R Core Team (2019).

R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/) and the R package 'dmetar' (55).

Results

Study selection

The 

N=23

Studies included in the meta-analysis Among the 36 studies, which assessed macronutrients intake, 13 studies were not included in the meta-analysis because i) the measurement times were not corresponding to our time points of interest (N=4); ii) the means and SDs were not available (N=5); iii) the preoperative measure of intake was under a very low calorie diet (N=2); iv) the result was based on one meal only, not on a daily intake (N=1); and v) the measure was the percentage of preoperative energy from macronutrients at the time of assessment (i.e., before the surgery) (N=1).

Studies and patients' characteristics

The details of the included studies are presented in Table 2.1. Forty-seven studies were prospective, 8 were cross-sectional and 2 were longitudinal retrospective. Fifty-one studies out 

Relative choice between macronutrients, foods and food groups

Relative choice between macronutrients

In total, we performed 15 meta-analyses to study the mean percentage of energy from proteins, carbohydrates and lipids between preoperative and postoperative patients at 1, 3, 6, 12 and 24 mo. Pooled effect sizes for the weighted mean differences, and 95% confidence intervals (CI), in total energy intake from proteins, carbohydrates and lipids between preoperative and postoperative measure (1, 3, 6, 12, and 24 mo) using random effect models.

Overall, the meta-analyses revealed a postoperative increase in percentage energy from proteins at 12 mo (0.24, 95%CI: 0.03, 0.46, {I²}=73%), offset by a decrease in percentage energy from fat at 1 mo (-0.47, 95%CI: 0.86, 0.09, {I²}=72%), 6 mo (-0.32, 95%CI: -0.55, -0.09, {I²}=61%), 12 mo (-0.20, 95%CI: -0.32, -0.08, {I²}=18%) and 24 mo (-0.20, 95%CI: -0.31, 0.08, {I²}=0%). There was no postoperative modification of the percentage of energy intake coming from carbohydrates.

Given the substantial heterogeneity found in some effect sizes, we searched for outliers.

The exclusion of outliers decreased the heterogeneity, but it did not affect the significance of the effect sizes. Especially, after excluding the study of Bavasco et al. 2010 (59), the pooled effect size for the weighted mean differences in total energy intake from proteins between preoperative and 12 mo was 0.30, (95%CI: 0.09, 0.50, {I²}=68%). It was -0.17, (95%CI: -0.27, -0.06, {I²}=0%) for the weighted mean differences in energy intake coming from lipids between preoperative and 12 mo after excluding the study of Molin Netto et al. 2017 (10). 

Lipids

Given the small number of studies involving patients undergoing sleeve gastrectomy (N=2 out of 23 studies) and that only one study involved both SG and RYGB patients, a subgroup analysis by type of surgery was not possible. However, we performed a subgroup analysis by method of assessment for the weighted mean differences in total energy intake from proteins and carbohydrates between preoperative and 3 mo. Overall, there was no difference between the food recall (0.63, 95%CI: -0.60, 1.87, {I²}=96%, 0.21, 95%CI: -0.54, 0.97, {I²}=85% for proteins and carbohydrates respectively) and food records (0.27, 95%CI: -0.13, 0.67, {I²}=27% and -0.10, 95%CI: -0.37, 0.17, {I²}=39% for proteins and carbohydrates respectively). However, it should be noted that the heterogeneity was lower when food records compared to food recalls were used.

Relative choice between foods or food categories

Table 2.2 summarizes the modifications of the relative choices between foods or food categories after bariatric surgery. A detailed table showing the results for each study is available in Appendix 2.C. There was a postoperative decrease in preference for red meat early after bariatric surgery, which persisted up to 1 yr postoperatively (92,97). It was also the case for other of proteins, such as hot dog, deli meat products, or hamburger (10,92). However, preference for other types of meat did not seem to be impacted by bariatric surgery (70,73,75,98), especially white meat (92) and ham (7,10,98). Two studies even showed an increase in preference for poultry in the longer term after bariatric surgery (70,98). Generally, the results related to fish and eggs were less consistent. For instance, studies showed a decreased preference (58,74), an increased preference (10,61,70,98) or a similar food preference (75,77,92,99) for fish after compared to before bariatric surgery. There was an increased preference for eggs (97) in the first postoperative period, however whether this is maintained up to 6 mo postoperatively remains less consensual (7,70,92,98,99). Concerning dairy products, the results are heterogeneous (58,73,75,77,92,99). However looking at specific types of dairy products, there was a decreased preference for high fat dairy products (e.g., whole milk, sundae, ice cream, cheese, ricotta cheese) (10,60,69,78), while there was an increased preference for the low fat dairy products (e.g., low fat milk, yogurt) in the first postoperative months (10,97).

The fruit and vegetable categories are also very broad food categories, which is reflected by conflicting results concerning food preference modifications after bariatric surgery (7,10,58,61,(73)(74)(75)77,92,97,99). Interestingly, the preference for fresh fruits did not seem to be altered postoperatively, while the preference for fruits with added fat and sugar (i.e., baked and fried bananas, fruit salad) was decreased (10). Regarding vegetables, there was an increased preference for cooked vegetables (70,98), while the preference for raw vegetables remained stable postoperatively (70,98). One study explored food preference for cooked beans, green peas and lentils and showed a decreased preference 6 mo after bariatric surgery. Most of the studies found a lower postoperative preference for starchy foods (10,58,61,69,70,73,77,92,(97)(98)(99), yet there were some with no postoperative modification (7,61,70,92,98), especially after 12 mo postoperatively. This trend was also found for drinks, miscellaneous (e.g., mayonnaise, soybean oil, etc.) and sweets.

Overall, when looking at broad food categories, the results are often conflicting between the studies. However, considering specific foods, there were some trends toward a higher preference for healthier food products to the detriment of unhealthy products (i.e., foods high in sugar, fat, salt and energy density (103)) in the first 6 to 12 months after bariatric surgery.

The improvement in the quality of the diet towards healthier products has also been explored using the NOVA food classification (104) assigning foods into four categories according to their degree of processing. The higher the food processing, the less healthy it is considered.

These studies highlighted a decreased intake per day of all food categories, but a slight increase in the contribution of the unprocessed or minimally processed foods in total energy intake (71,80). 

Very low energy density

N/A N/A N/A + (7) = (7) 
The signs -(decrease), + (increase) and = (null) indicate the direction of modification in food preferences reported as frequency of consumption, intake per day, serving per day, serving sizes, percentage of energy intake, or percentage of patients consuming those products (see Table 1 for more information on the assessment method and unit used by the authors). Significance was considered for a p-value < 0.05. N/A indicates that the results were not assessed by the authors or not reported in the papers.

* Cross-sectional study (results were compared to a control group of patients with obesity). $ The control group was patients with obesity with an intensive lifestyle intervention. # Preoperative measures were under very low-calorie diet. Considering food preferences in the early first months after bariatric surgery, we found inconsistencies between the studies of Ammon et al. (57) and Primeaux et al (88). These studies showed respectively no alteration in food preferences (57) and a postoperative decreased preference for foods high in sugar, high in complex carbohydrate, high in fat, low in fat, high in fat / high in complex carbohydrates and low in fat / high in complex carbohydrates (88).

Choices related to hedonics

However, both found that preference for foods high in proteins remain unchanged after bariatric surgery, as well as for foods low in fat / high in sugar. Interestingly, the preference for foods high in fat / high in sugar was diminished in the first postoperative months in both studies. No long term postoperative changes in preference for foods rich in protein was shown in a crosssectional study by Kittrel et al., who found that preferences for steak and chicken were not significantly different between patients with RYGB and obesity (12).

Several studies explored food preference for specific tastes (i.e., sweet, fatty, salty, sour, bitter and umami). Gero et al. showed that preferences for all tastes were reduced in the immediate postoperative phase (25). Similar results were found when looking at liking for foods. A study found that overall liking was lower among RYGB patients compared to patients with obesity (72) and two studies showed a decreased liking for both high and low calorie foods (11,17). This overall decrease in liking does not seem to last over time as shown by the study of Kittrel et al., who showed no difference in preference for these food related tastes between patients with RYGB and OB after 1 year postoperatively, except for fatty and sweet foods. This low preference for fat in the longer term after bariatric surgery was also found by Nielsen et al.

A decrease in wanting has been demonstrated by Frank et al., who used a wanting scale (72). In addition, a decrease in desire to eat assessed with the Power of Food Scale was found by several studies up to 24 mo postoperatively (72,94,98). Interestingly, a selective decrease in wanting for high calorie foods over low calorie foods was found in the early postoperative period by several studies, which used desire to eat scales (18,86,93). This was also the case in the study of Miras et al., which showed a decrease in food reward in the early stage after bariatric surgery for chocolate and sweets, while this was not the case for vegetables, when using a progressive ratio task (22).

Overall, the results point in the direction of a selective decrease in wanting for highly palatable foods after bariatric surgery, while there is an overall decrease in food preference and liking in the first postoperative months, which seems to be sustained up to 24 mo for highly palatable foods only (high fat and sweet foods). 

3-6 months

(3 studies)

7-9 months

(2 studies)

10-12 months

(1 study)

13-24 months

(4 studies)

>24 months

(2 studies) 

Liking N/A N/A -(72) N/A N/A N/A High sugar -(78 £ ) = (57) N/A N/A N/A N/A N/A High complex carbohydrate -(77 § ) = (57) N/A N/A N/A N/A N/A High protein = (46,77 § ) N/A N/A N/A N/A High fat -(77 § ) = (57) N/A N/A N/A N/A N/A Low fat -(78 £ ) = (57) N/A N/A N/A N/A N/A High fat / High sugar -(47,78 £ ) N/A N/A N/A N/A High fat / High complex carbohydrate -(57) = (77 § ) N/A N/A N/A N/A N/A Low fat / High protein -(78 £ ) N/A N/A N/A N/A N/A Low fat / High sugar = (47,78) N/A N/A N/A N/A N/A Low fat / High complex carbohydrate -(77 § ) = (57) N/A N/A N/A N/A N/A Hi fat / Low complex carbohydrate / High protein = (57) N/A N/A N/A N/A N/A Low fat / Low complex carbohydrate / High protein = (57) N/A N/A N/A N/A N/A Steak N/A N/A N/A N/A = (12 * ) = (12 * ) Chicken N/A N/A N/A N/A = (12 * ) = (12 * ) Sauerkraut N/A N/A N/A N/A = (12 * ) = (12 * ) Strawberries N/A N/A N/A N/A = (12 * ) = (12 * ) Water = (25) = (25) N/A N/A N/A N/A Red wine -(25) N/A N/A N/A N/A N/A Guiness N/A N/A N/A N/A = (12 * ) = (12 * ) Coffee N/A N/A N/A N/A = (12 * ) = (12 * ) Cigarette -(25) N/A N/A N/A N/A N/A Bitter (grapefruit) -(25) -(25) N/A N/A N/A N/A Umami -(25) -(25) N/A N/A N/A N/A Cheese -(25) -(25) N/A N/A = (12 * ) = (12 * ) Fatty -(25) -(25) N/A N/A N/A N/A Hamburger -(25) -(25) N/A N/A N/A N/A French Fries -(25) -(25) N/A N/A -(12 * ) N/A Sour -(25) -(25) N/A N/A N/A N/A Pickled cucumber -(25) -(25) N/A N/A N/A N/A Lemon N/A N/A N/A N/A = (12 * ) = (12 * ) Vinegar N/A N/A N/A N/A = (12 * ) = (12 * ) Spicy (curry dish) -(25) -(25) N/A N/A N/A N/A Salty -(25) -(25) N/A N/A N/A N/A Potatoe chips -(25) -(25) N/A N/A = (12 * ) = (12 * ) Pretzels -(25) -(25) N/A N/A = (12 * ) = (12 * ) Sweet -(25) -(25) N/A -(65 * ) N/A N/A Chocolate, dark chocolate -(25) -(25) N/A N/A = (12 * ) = (12 * ) Cake, cookies -(25) -(25) N/A N/A -(12 * ) -(12 * ) Ice cream -(25) -(25) N/A N/A -(12 * ) -(12 * ) Refined carbohydrates N/A N/A N/A = (65 * ) N/A N/A Fat N/A N/A N/A = (65 * ) N/A N/A High fat proteins N/A N/A N/A -(65 * ) N/A N/A Low fat proteins N/A N/A N/A = (65 * ) N/A N/A High fat potatoe chips N/A N/A N/A N/A N/A - (9) 
Salty N/A N/A N/A -(65 * ) N/A N/A Fiber N/A N/A N/A = (65 * ) N/A N/A Vegetables N/A N/A N/A = (65 * ) N/A N/A Fruit N/A N/A N/A = (65 * ) N/A N/A Sour N/A N/A N/A = (65 * ) N/A N/A Bitter N/A N/A N/A = (65 * ) N/A N/A Spicy N/A N/A N/A = (65 * ) N/A N/A Sweet drinks N/A N/A N/A -(65 * ) N/A N/A Alcohol N/A N/A N/A -(65 * ) N/A N/A High calorie food = (86) -(11) -(16 * ) N/A N/A N/A Low calorie food = (86) -(11) -(16 * ) N/A N/A N/A Wanting N/A N/A -(72) N/A N/A N/A Desire to eat N/A N/A N/A N/A N/A N/A Aggregated Power of Food Scale score N/A N/A - (72) 
N/A N/A N/A N/A N/A Reward N/A N/A N/A N/A N/A N/A Chocolate, sweets -(22) N/A N/A N/A N/A N/A Vegetables = (22) N/A N/A N/A N/A N/A
The signs -, + and = indicates the direction of modification in food preferences reported as food preference, hedonic rating, food reward, or desire to eat (see Table 1 for more information on the assessment method and unit used by the authors). Significance was considered for a p-value < 0.05. N/A indicates that the results were not assessed by the authors or not reported in the papers.

* Cross-sectional study (results were compared to a control group of patients with obesity).

§ The study involved patients with RYGB and patients with SG. £ The results were significant for SG patients only. had a strong quality, corresponding to 47.5% of the gathered information, when weighted by the number of participants of each study. Seventeen studies had a moderate quality (43.7% of the information) and 3 studies had a weak quality (8.8% of the information). The criteria corresponding to the selection bias were mostly judged to be moderate, because few authors reported the number of participants who agreed to participate in the study out of the total number of eligible participants. The study designs were mostly rated as moderate due to the prospective nature of the cohort studies. The criteria related to the confounding factors were generally rated as strong, since the participants were their own controls in most studies.

Quality of the total body of evidence

Blinding was commonly not reported by the authors, which explains the high number of moderate ratings. In most cases, the studies used relevant and validated measurement methods for food preferences and were rated as strong for this criterion. Finally, there were relatively few withdrawals and dropouts (or it was not reported) as only 9 studies were rated as weak for this criterion. The detailed rating for each study is summarized in a traffic light plot representing the risk of bias in each domain of the 'Quality assessment tool for quantitative studies' available in Appendix 2.E. No study was excluded from the analyses based on quality assessment. 

Publication bias

Funnel plots for weighted mean differences in total energy intake from proteins, carbohydrates and lipids between preoperative and postoperative measures (1, 3, 6, 12, and 24 mo) using random effect models are available in Appendix 2.F. Egger's regression test suggested no significant bias (all p>0.05), however there was a lack of power (N<10 studies)

for meta-analyses performed at 1, 3 and 24 mo.

Discussion

Main findings

To our knowledge, this is the first systematic review and meta-analyses to investigate the relationship between bariatric surgery and changes in food preferences. With an original approach considering various methods to assess food preferences the present systemic analysis of the evidence showed a change in food preferences in patients with obesity who undergo bariatric surgery at specific times during their weight loss trajectory. Most important, the metaanalysis revealed a post-operative increase in percentage energy from proteins at 12 mo offset by a decrease in percentage energy from fat at 1, 6, 12 and 24 mo after bariatric surgery. There was also a postoperative increased proportion of healthy foods in the patients' diet to the detriment of foods high in sugar, fat, salt and energy density. Moreover, there were decreased hedonic ratings for most of the food groups early after bariatric surgery, which persisted in the longer term for high fat and high sweet foods. Overall, the postoperative food preferences seem to progressively evolve towards what the patients consumed preoperatively.

Comparison with other studies

Clinical studies and reviews

This review showed that postoperative changes in food preferences exist, and they appear to be related to altered sensory abilities observed in post-surgical patients. Indeed, preferences for odors associated with fatty and sweet products (e.g., cakes, fries, ice cream)

were lower among people who have been bypassed compared to people with obesity (12). Our findings are consistent with a narrative review by Primeaux et al., which highlighted the decreased preference toward energy dense and highly palatable foods after bariatric surgery and showed that bariatric surgery increases sweet and fat taste perception (31). Other reviews also found that bariatric surgery leads to alteration of taste perception (32,33), and it should be noted that one found a lower hedonic response to sweet and fatty stimuli after bariatric surgery (33).

Interestingly, a high sensitivity to sweet taste was associated with a lower preference rating for sweet taste in healthy adults (106). Thus, we can speculate that this increased taste sensitivity observed after bariatric surgery could negatively influence food preferences. In addition, olfaction may also be involved in postoperative alterations of food preferences, as a review demonstrated that bariatric surgery could improve olfactory abilities, which are deficient in the case of obesity (107). Interestingly, the results related to food reward showed a decrease in motivation to food consumption and a reduction in pleasure correlated with the sensory properties of food (72,86) Especially, there was a lower preference for sucrose at the highest concentrations (120,121), suggesting a postoperative improvement in taste sensitivity. Similarly, there was a lower preference for high fat -high sugar diet in rats that had a diversion from the bile duct to the mid-ileum (similar deviation to what is performed in RYGB) compared to controls (122).

However, while the meta-analysis showed a lower contribution of lipids in energy intake in favor of protein, one study showed a shift away from fat towards carbohydrate when using a macronutrient selection paradigm (123). On the other hand, one study found a decreased preference for high sugar after high fat gavage (112). Interestingly, comparing SG and RYGB rats, one study found a decreased preference for high fat food among RYGB rats only (124), while another found an aversion for high fat food among SG rats only (110). Regarding postoperative alterations of food reward, our results are consistent with several pre-clinical studies. Notably, Mathes et al. found that rats had an increased appetitive behavior and an increased reward after RYGB (125). Another study showed a decreased liking for high fat and high sugar (126). However, while we found an overall decreased wanting postoperatively, one study found that wanting, which was initially low preoperatively, was increased at the same level as lean controls after RYGB (126). Finally, another study found no change in food reward for fat or sweet, when using a progressive ratio lever-pressing paradigm. In this task, rats had to make a an increasing number of lever press to obtain a reward (sucrose or peanut oil) (110).

Strengths and limitations

Among the strengths of this review include the application of a systemic analysis of the evidence (44),the large number of studies included (N=57) and the performance of metaanalyses (N=23) in a large population of 2271 patients with RYGB and 903 patients with SG.

Of importance, given the overall decrease in the ingested volume (6) and energy intake (6,7) after bariatric surgery, the meta-analyses were performed on the contribution of macronutrients to total energy intake, rather than on the actual macronutrient intakes of the patients. Another strength is the high quality of the body of evidence, based on the ratings of the articles using the 'Quality assessment tool for quantitative studies' and by the absence of publication bias.

However, it should be noted that there was a lack of power when performing the Egger's tests in some cases, and those results should be interpreted with caution. Importantly, there was a high heterogeneity between the studies included in the meta-analyses. We explored this heterogeneity by removing outliers and conducting sub-group analysis. The removal of outliers did not change the results initially obtained. However, an important source of heterogeneity might be related to the food preference assessment tool used. We found that the heterogeneity was higher when food intake or preferences were assessed using food recall compared to food record, which is in agreement with the study of da Silva et al. showing that 24-hour food recall was less sensitive to postoperative changes in specific macro and micronutrients (67) compared to 7-day food records. It should also be noted that results related to food preferences as relative choices of foods or food groups should be interpreted with caution due to the variation in the reporting outcomes (e.g., intake per day, proportion of the total energy intake, portion per day, etc.). Finally, the studies included in this review took place in different countries, of which Brazil, USA and to some extend the European countries. This could be another source of heterogeneity given that the socio-cultural background influences food choices (127,128).

Implications of findings and future research

This review highlighted the increased contribution of proteins in the postoperative diet.

However, Moize et al. found that the protein intake is about 0.5 g/kg/day in the first postoperative year, which is well below the recommended 1.5 g/kg/day (129). Together, these findings suggest that despite the higher contribution of proteins in the total energy intake, the amount remains insufficient to meet postoperative protein requirements. The protein leverage hypothesis (130,131) was primarily developed to explain overeating in the context of obesity and suggests that protein intake is prioritized over carbohydrate and fat intake. In other words, according to this theory, humans eat until their protein needs are met, regardless of the energy content of the foods. Whether the protein leverage hypothesis is applied in bariatric surgery needs further research. This review showed a lower preference towards meat after bariatric surgery. However, studies exploring food preferences for other sources of proteins (e.g., fish, eggs, etc.) gave contrasting results. Also, there were limited data from pre-clinical studies that explored preference towards proteins, except those studies using a macronutrient selection paradigm (114,123). It is worth exploring further the postoperative preference towards nonmeat products and possibly to find protein rich foods, which are better accepted than meat in order to reach the patients' protein needs.

Food preferences in relation to hedonic and sensory perception were examined only through certain foods or food categories. These categories were focused on nutritional (e.g., rich in protein, rich in fat, etc.) or sensory (e.g., sweet, salty, etc.) properties of the foods.

However, it has been shown that other parameters, for example the texture of the foods and its appearance influence food preferences in the general population (30) and in patients with bariatric surgery (132). Thus, exploring how the hedonic value of food varying in texture, or appearance is impacted by bariatric surgery seems prudent. Among the possible mechanisms related to food hedonics, postoperative alteration of food reward processing has been widely explored by MRI scanning (15)(16)(17)(18)86). In this review we found that several studies also studied food reward (9,11,17,18,22,72,76,86,93,94,98). However, few studies explored simultaneously different components of food reward (i.e., liking and wanting) and how they evolve in relation to each other (72,86). The Leeds Food Preference Questionnaire (LFPQ) (133), could be of help to explore liking and wanting within a single task in the context of bariatric surgery. We also used relative intakes as a measure of food preferences. It is important to note that food intake were mainly explored through self-reported measures, which are prone to desirability bias 

Conclusion

Considering various methods to assess food preferences, the present systematic review and meta-analysis showed that food preferences in terms of macronutrient, food selection and overall food appreciation change following bariatric surgery and changes can be observed up to 5 years postoperatively. Especially, there was i) a higher preference for proteins offsets by a lower preference for fats; ii) a postoperative increased preference for healthy foods to the detriment of foods high in sugar, fat, salt and energy density; and iii) overall decreased hedonic ratings, which in the longer term is seen for high fat and high sweet foods. Further studies using real foods in more realistic conditions are needed to improve ecological validity and reliability of these findings. In addition, the link between these changes and the weight loss success or failure of the surgery remains to be explored.

Chapter III. Food preferences and their perceived modifications before and after bariatric surgery: a cross sectional study 

Introduction

Bariatric surgeries were originally designed to restrict food intake and/or limit the absorption of ingested nutrients and ultimately caloric intake. However, changes in eating behavior, including a decrease in hunger, could be considered as one of the underlying mechanisms (1,2). Modifications in food preferences towards lower energy-dense foods (low fat, low sugar) have been reported following the surgery (3)(4)(5). Other food groups have also been affected by these postoperative changes in food preferences and might be involved in the success or the risk of the surgery. For instance, although an adequate protein intake is important to maintain fat-free mass in the first post-operative months (6) , less than half of operated patients (7) do reach the minimum recommended daily intake of 60 g of protein (8) . This low protein intake could reflect a low preference towards protein-rich foods after surgery, which could pose a post-operative nutritional risk of developing protein-energy malnutrition.

Sensory attributes of foods are known to influence food choices and consequently food preferences in the general population (9)(10)(11). Although recent systematic reviews demonstrated that changes in taste perception (12) and olfactory function ( 13) occur following bariatric surgery, the link between sensory alteration and post-operative food preferences remains poorly explored. Besides, a qualitative study showed that after a certain time following surgery it was more difficult for patients to maintain a healthy diet with some patients returning to their old habits (14) , suggesting that food preferences may depend on the postoperative period. Thus, the role of food preferences in relation to weight loss success needs to be investigated.

We hypothesized that sensory alterations and post-operative follow-up duration could have an impact on patients' food preferences. Furthermore, we hypothesized that over a 2-year follow-up, food preferences would be different between patients achieving and those not achieving a successful degree of weight loss after surgery.

Our primary objective was to describe current food preferences and their perceived retrospective changes before and after the surgery among patients who underwent bariatric surgery. As secondary objectives, we compared food preferences between patients with and without taste or smell alterations, between patients with less and greater than 2 years of followup, and between patients in success or failure of bariatric surgery.

Material and methods

Study population

Participants older than 18 years who underwent a bariatric procedure were eligible to participate in this cross-sectional study. The recruitment was held from September to December 2019 using advertisements on social media and health care units, as well as email campaigns and invitations to health care professionals, Specialized Centers for Obesity, and patients' associations. Patients were invited to follow an internet link provided in the advertisement or email to access the information form and complete an anonymous self-report online questionnaire. Only those with fully completed questionnaires were included in the study. The study was approved by the Ethics Committee (2019-A00774-53) and was registered in Clinical Trials.gov (NCT03911115).

Data collection and calculations

An online questionnaire was developed specifically for this study (see Appendices 3.A and 3.B) using food categories typically found in food frequency questionnaires, sensoryrelated questions by the Taste and Smell Questionnaire (15), and adapting the modalities of the responses based on the paper by Lim (16). The questionnaire included different sections related to 1) bariatric surgery and weight history, 2) food exclusions and food preferences, 3) taste and smell alterations, 4) food rejections and 5) socio-demographic background. The questionnaire was distributed via WEPI 1.0 © Epiconcept 1996-2013 (www.wepi.org) and took about 15 minutes to complete.

We defined 3 modalities for the variable type of surgery: SG, RYGB and other bariatric procedures summarized as one group. The food exclusions for medical reasons, religious or personal beliefs were recorded with an open-ended question. Four-point liking scales ranging from "a lot" to "not at all" were used to assess current food preferences of 24 food items: red meat, white meat, fish, seafood, eggs, delicatessen, green vegetables, colored vegetables, legumes, starchy foods, milk, plain dairy products, sweet dairy products, cheese, fruits, dried fruits, dessert and sweets, fried foods, added fat, bread, still water, hot drinks, sweet drinks, alcohol. A food preference score was calculated based on the four-points liking scales ranging from 0 to 3. Patients when completing the questionnaire indicated the current preferences of the surgery. The answers were coded as 0, -1, and +1, respectively. Concerning taste and smell alteration, patients had to evaluate whether the tastes/smells of the food/drink changed since their surgery between "strongly agree" to "strongly disagree". Participants were considered as those with taste/smell alteration if they 'agree' or 'totally agree' to have taste/smell modifications compared to before the surgery. In addition to these closed questions, patients could freely specify which food or smell was concerned. We defined that 2 years would be the ) not appetizing (e.g., avoidance due to low palatability of the foods) 2) disgusting (e.g., avoidance due to a strong dislike) 3) unbearable (e.g., avoidance due to a conditioned taste aversion such as pain, nausea or blockage) at the time of completion of the questionnaire.

Statistical analysis

Socioeconomic characteristics of the participants and surgery outcomes were compared between patients with RYGB, SG and other types of bariatric surgery. Wilcoxon Rank-Sum tests were performed to compare food preferences between patients with or without selfreported taste / smell alteration, to compare food preferences between patients < 2 y follow-up (short-term follow-up) and patients ≥ 2 y follow-up (long-term follow-up) and to compare food preferences between patients in success or failure of their bariatric surgery. In addition, Pearson's correlations were performed to further investigate the link between excess weight loss and food preferences.

Open-ended questions were analyzed with distribution frequencies. All statistical analyses performed were two-sided, with a Type I error set at 0.05. Qualitative data were analyzed using the frequency of citation among the responders. There were no missing data on the main outcome (food preferences). The statistical analysis for this paper was generated using SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results

Sample characteristics and surgery outcomes

Among the 220 participants who answered the online questionnaire, 32% had an RYGB, 56% had an SG and 12% had other procedures (i.e., omega-loop gastric bypass (N=16), gastric band (N=6), fundoplication (N=2), banded gastric bypass (N=1), biliopancreatic derivation with duodenal switch (N=1), single anastomosis duodenum-ileal bypass (N=1)).

Table 3.1 shows the characteristics of the participants according to their bariatric procedure. There was no difference between participants with different bariatric surgery, except for age (p=0.021), physical inactivity (p=0.0063), and follow-up duration (p=0.030). 

Food preferences following bariatric surgery and perceived postoperative modifications

Figure 3.1 shows the current food preferences of the participants as well as the perceived change in food preferences after the surgery. The five most preferred food items at the time patients completed the questionnaire were green and colored vegetables, cheese, fruits and hot drinks. The five least current preferred food items were fat, milk, fried foods, sweet drinks and alcohol.

Regarding the perceived modifications of food preferences prior relative to following the surgery, liking for high-fat high-sweet foods (i.e., fried foods, sweet drinks, fat, and desserts) decreased while preferences for healthier food options (i.e., fruits, vegetables, and fish) increased.

Concerning the food exclusions for medical, religious, or personal beliefs, 41 out of 220 patients indicated at least a single food exclusion. In total 64 food items were subject to exclusion. The frequency distribution indicates that the food items varied greatly, and most of the food items were cited only once (N=45). The other food items had respectively 2 (N=14), 3 (N=4) and 4 (N=1) occurrences. 

Food preferences between participants with and without taste or smell alterations

Among the 64% of patients who agreed or totally agreed that they had taste alterations, 53% presented an increase in taste perception. Odor change was reported by 38% of patients, who mainly indicated an increase in smell perception (77%). Only 32% of patients reported having no change in taste or odor (see Appendix 3.C for more details). The most common reported modifications of taste were for vegetables (n=15), fruits and meat (n=14), coffee (n=13), sweet (n=11), red meat and sweet products (n=9), cheese, fat and fruit juice (n=8), all foods and sweet drinks (n=7). The most common smell alterations were reported for fried foods (n=15), fish and meat (n=8), and all the foods (n=7). Changes after the surgery for 35 non-food odors, including bodily odors (n=8), were reported in the free comments. 

Food preferences according to the postoperative follow-up duration

As shown in Figure 3.2.C, participants in the long-term follow-up (≥ 2 y) had a higher liking for desserts, fried foods, fat, bread, hot drinks, and alcohol compared to patients in the short-term follow-up (< 2 y) (all p < 0.05). with surgery success had higher liking scores for green vegetables and lower liking scores for starchy foods, milk, and sweet dairy products (all p < 0.05). Excess weight loss was positively correlated with liking for green vegetables (r=0.17, p=0.040) and alcohol (r=0.20, p=0.013) while it was negatively correlated with liking for starchy foods (r=-0.24, p=0.0030), milk (-0.19, p=0.021), sweet dairy products (r=-0.16, p=0.0047), and sweet drinks (r=-0.19, p=0.017).

Food preferences between patients in success and failure of bariatric surgery

Food rejections

Overall, 128 patients declared at least one food item as not appetizing. The most commonly cited items were fried foods (N=15), red meat (N=14), meat (N=9), bread (N=8), dishes with sauce (N=8), sweet drinks (N=7), alcohol, sparkling drinks, milk and French fries (all cited N=6) and cheese, soda, cake, fat and pastries (all cited N=5). Ninety-five patients found at least one food item as disgusting at the time of completion of the questionnaire. Red meat (N=7) and fried foods (N=6) were those most often reported. Finally, 103 patients reported unbearable foods, including pasta (N = 9), milk (N = 8), rice (N = 7), tomato (N = 6) and red meat (N = 5).

Discussion

To our knowledge, this is the first study that describes food preferences of patients who underwent bariatric surgery and compares these food preferences according to the presence or absence of taste and smell alterations, to the duration of the follow-up (< 2 or ≥ 2 y) and to the success or failure of the procedure.

Results showed that green and colored vegetables, cheese, fruits, and hot drinks were among the most preferred food items following bariatric surgery, while fat, milk, fried foods, sweet drinks, and alcohol were among the least preferred. Considering the modifications of food preferences, the reported liking for high-fat high-sweet foods (i.e., fried foods, sweet drinks, fat, and desserts) decreased while preferences for healthier food options (i.e., fruits, vegetables, and fish) increased compared to before the surgery. Our results are in line with other studies, which show a decreased preference for high-fat, high-carbohydrate foods and high-fat, high-sugar foods after SG ( 17) and a reduced interest in sweet and high-fat foods at 6 and 12 months after SG (18) . Several studies showed that patients decrease their intake of foods high in fat and sweet after RYGB (19)(20)(21) , whilst, others showed that there is no decrease in preference for high-fat, high-carbohydrate foods after RYGB ( 22) even when assessed with an ad-libitum buffet (23) . We can speculate that these changes might be due to a conditional response secondary to learning as patients showed an increased awareness of the importance of healthier food choices following bariatric surgery (18).

By using a subjective questionnaire to characterize olfactory and gustatory function, we found that an increased taste and smell perception was reported by most and 38% of the participants, respectively. In addition, we found that patients with and without sensory alterations had different food preferences. were also found concerning sweet taste. While an increased sweet taste sensitivity has been reported in several studies (4,22,24,25), detection thresholds for sucrose appeared to remain unchanged (27)(28)(29). Interestingly, in the study of Nielsen et al. the detection threshold for sweet taste decreased following both RYGB and diet-induced weight loss (30). Also, a recent metaanalysis showed that olfactory function was negatively correlated with body weight and that bariatric surgery improved olfactory function (13). The mechanisms underlying sensory alterations have not yet been clearly elucidated. One of the most highly cited plausible mechanism involves postoperative endocrine changes. For instance, ghrelin and leptin have shown their role in the modulation of olfaction (31). Another possible mechanism is through the vagus nerve as bariatric surgery implies denervation and remodeling of the vagal afferent synapses and vagal stimulation has been shown to improve olfaction (32).

Time since surgery is an important factor in considering the weight trajectory following bariatric surgery that could be potentially linked with food preferences. Long-term results can be estimated from 2 years of follow-up, thus, participants below and above 2 y of follow-up were compared. There was a higher appreciation of highly palatable foods after 2 years of follow-up. In agreement with our results, one study showed that the percentage of total energy intake from sweets and soda was significantly lower from preoperative intakes up to 2 y following RYGB (33). However, in this study, the consumption of milk and ice cream products remained significantly different compared to baseline up to 3 y.

Considering whether there is any link between food preferences and the success or failure of bariatric surgery, we found that successful bariatric patients had higher liking scores for green vegetables and lower liking scores for starchy foods, milk, and sweet dairy products.

Our data support the idea that food preferences might play a role in the success of bariatric surgery and are supported by a recent study by Hubert et al., which showed that after 1 year of follow-up the patterns of liking were associated with healthier food choices (34). These results suggest that personalized long-term nutritional monitoring is necessary for patients.

In this study we measured different types of 'food rejections'. Although most of the patients declared at least one food rejection, there were relatively few occurrences for each food item. Red meat was among the most rejected food items, which is in line with studies showing a decreased consumption of red meat (35,36). In addition, Trostler et al. found that red meat was avoided by most of the patients due to post-prandial discomfort (37). In our study, avoidance of high fat and high sweet was mostly attributed to low palatability or a strong dislike, while avoidance of pasta and rice was mainly attributed to a conditioned taste aversion. Our results are only partly in line with a recent review (2) which showed that the hypothesis of a conditioned taste aversion caused by high-fat and high-carbohydrate meals is unlikely, but that patients are likely to have developed a conditioned taste avoidance (e.g.,, patients find foods high in fat and high in carbohydrates still palatable after bariatric surgery but reduce the ingested quantities). We hypothesize that rice and pasta might cause a conditioned taste aversion by being responsible for a post prandial discomfort or sickness.

This study has some limitations, especially its cross-sectional design, which cannot be used to infer causality concerning the studied parameters. Moreover, the changes in food preferences before and after bariatric surgery were assessed by the patients as they perceived them at the time of completion of the questionnaire. Thus, we cannot exclude possible memory bias given that the completion time was not standardized among our participants and was long for some of them (> 2 years). Finally, to avoid respondent fatigue and comply with sensitive personal data regulation, we chose to limit the number of items and not to assess all the parameters known to play a role in food preferences, including post-operative food intolerances, ethnicity, and complete medical history. However, we directly asked participants whether they excluded foods for medical, religious, or personal reasons. In addition, patients were able to answer 'not applicable' in the section of the questionnaire related to their food preferences. Our descriptive results are unlikely to be impacted by these aspects because frequencies of the distribution indicated that the results varied greatly among the patients and each declared food exclusion had few occurrences. However, future studies aiming at exploring the modifications before and after surgery should consider taking into account more potential confounding factors in their analyses and/or stratify the results based on pre-selected characteristics of the participants.

Conclusion

Perceived changes in food preference following bariatric surgery highlighted a decrease in liking for high-fat high-sweet foods and an increase in healthier options. Food preferences were different between patients with and without taste and smell alterations, and between patients in a short and long-term follow-up. Furthermore, food preferences differed in patients who achieved a successful weight loss relative to those who did not. Future research should develop an assessment tool for precision medicine in the bariatric field. Notably, the success or failure of bariatric surgery could be potentially predicted by monitoring several factors including frequent assessment of smell/taste alterations and food preferences before and during the follow-up phase, which needs to be confirmed in human intervention studies.

Chapter IV. Alterations in food reward following bariatric surgery

Guyot E, Disse E, Nazare JA, Oustric P, Robert M, Dougkas A & Iceta S. (Submitted).

Introduction

Bariatric surgery is considered the most effective treatment in case of obesity, to achieve sustained weight loss, reduce comorbidities and mortality (1-3). In France, the most commonly performed surgical techniques are sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB) (4). These operations have a direct effect on food intake, including reducing ingested volume (5) and total energy intake (5,6), as well as reducing hunger and extending satiety (7).

In addition, changes in food preferences have been reported after bariatric surgery (8-10).

Among the neural processes that are involved in post-operative modifications of food preferences, attention was drawn to the reward system, which is described as dysfunctional in the case of obesity (11,12). Food reward has been shown to have two distinct components (13).

The first component is 'liking' and is related to the pleasure and the sensory properties of foods.

The second component is 'wanting', which is related to the motivation and is defined as an implicit drive to eat. Interestingly, a post-operative decrease in neuronal activity in brain areas corresponding to the reward system have been described (14-18). However, there is a crucial need to better understand whether these changes in brain activity are translated into measurable changes in food reward at the individual level.

A study reported decreased hedonic ratings for foods high in fat, in carbohydrates, in sweet, high in fat and sweet, low in fat and high in carbohydrates, and low in fat and high in protein after a SG (19). Another study reported similar results using a food preference questionnaire (20). A study reported that liking and wanting scores based on a 5-point Likert type scale on the questions "How much do you want to eat this food now?" and "How much do you like this food in general ?", were diminished after a RYGB for foods high in fat using food pictures displayed during an fMRI paradigm (21). Interestingly, a decreased hedonic rating was found for foods low in fat -high in proteins after a SG (19), suggesting avoidance of proteinrich foods.

Those studies mainly focused on energy and macronutrient contents of foods (19)(20)(21).

However, several factors including appearance, texture, taste and the nature of foods could influence food preferences in the general population (22) and in patients with a bariatric surgery (23). In addition, most of the studies so far failed to separate and explore the impact of the type of surgery on food preferences given that the analysis was conducted on only one type of surgery or by combining patients with different types of surgeries. To our knowledge, there is no study that assessed 'wanting' as a component of food reward using a behavioral computerized task to compared patients with unoperated obesity, with SG, and with RYGB. Eventually, the role of the two components of the food reward (liking and wanting) in preferences of various and diverse food categories in relation to the type of bariatric surgery using a behavioral task remains unexplored.

The aim of the present study was to compare food reward for extended various food categories between patients who received different bariatric surgeries (SG and RYGB) and nonoperative patients with obesity as controls (OB). To analyze food reward in the 3 groups of patients, the primary endpoint was the liking score for 'high fat -sweet foods' using the Leeds Foods Preference Questionnaire (LFPQ) as described below. The secondary endpoints were liking and wanting scores for all the studied food categories using the LFPQ, food choices and fat and sweet appeal bias.

Material and Methods

Subjects

Patients hospitalized for an obesity multidisciplinary evaluation or a post-bariatric surgery follow-up (6, 12 or 24 months after a SG or a RYGB) were eligible. Inclusion criteria were: age between 18 to 65 years old, BMI between 18.5 and 60 kg.m -² with a minimum of 35 kg.m -² for the OB group. Patients with psychiatric co-morbidities, under psychotropic treatments or having food evictions, as well as those unable to give their consent and understanding French were excluded. This study was approved by a national ethic Committee (2017-A02953-50, on January 16th, 2018) and was registered in Clinical Trials.gov (NCT03486210).

Data collection and calculations

Food reward

Among the various tools that exist to measure food reward, we have used the LFPQ (24) (Figure 4.1) as it has been widely validated against actual food selection (25-28). The LPFQ is practical as it allows to assess explicit liking, explicit and implicit wanting, food choices and taste and sweet appeal bias at the same time. Explicit liking was measured using Visual Analog Scales (VAS) on the question "How pleasant would it be to taste some of this food now?". Explicit wanting was assessed with the question « How much do you want some of this food now?". Implicit wanting was computed using a forced choice task during which a spontaneous choice must have been made between all combinations of food items presented consecutively in pairs. A wanting score for a given food category is calculated from the frequency of choice and non-choice of this food category and the reaction time of the participants (29). This score ranges between -100 and 100 and must be interpreted in relation to the scores of the other food categories evaluated in the task. A positive score indicates that the considered food category was chosen more often and faster than the others. A negative score indicates the opposite. Food choices (e.g., relative preferences), correspond to the mean frequency of selection of each food category (29). Finally, the appeal biases allow the effect of fat and sweet to be studied separately. Fat and sweet appeal bias are calculated by subtracting the mean low-fat scores from the mean high-fat scores and the mean savory from the mean sweet scores, respectively (29).

The original LFPQ uses food pictures varying along two dimensions: fat (high and low) and taste (sweet and savory) (29). We have decided to use the version of Van der Meij (30).

Although it was initially intended for use among the elderly, this version seemed relevant to explore food preferences among bariatric patients. In particular, it was composed of 6 tasks which allowed us to assess liking and wanting for 11 food categories varying in nutritional composition (high/low in carbohydrates, high/low in fat, high/low in protein, dairy/nondairy, with/without fiber, with/without meat) and/or in taste (savory/sweet), appearance (with/without color, with/without variation, with/without sauce) and texture (solid/fluid) (Table 4.1). These food categories were combined within a task (i.e., high fat -sweet, high fat -savory, low fatsweet, low fat -savory). 

HP-VA HP-NV LP-VA LP-NV

The tasks were administered to patients in a random order. Task 3 corresponds to the original LFPQ.

We adapted this version for its use in a French population by translating the instructions from English to French and adapting food items to reflect French eating habits (29). To validate the new set of food pictures, we asked 20 health professionals specialized in nutrition or dietetics and 20 non-specialized counterparts whether the food pictures correspond to what they can eat in France?" using a 9-point Likert-type scale where 1 represented 'Not at all', and 9 'Extremely'. Food items with a score less than or equal to 5 was considered not representative of French eating habits and were replaced again. The list of food items used is available in Appendix 4.A.

Behavioral assessment

Binge eating and its severity was assessed using the French version (31) of the Binge Eating Scale (BES) (32), which has already been used in the context of bariatric surgery (33).

This 16-items self-administered scale explores characteristics of behavioral, emotional and cognitive manifestations of binge eating. An individual dimensional score is obtained by summing the score of each items, offering a possible range from 0 to 46 (the higher the score the more severe the binge eating disorder) (32). It is also possible to use a categorical score, where a score greater than or equal to 18 indicates a binge eating disorder (32). In our sample, the BES displayed a good internal consistency with a Cronbach's α = 0.86.

Food addiction was detected using the French version (34) of the Yale Food Addiction Scale 2.0 (YFAS) (35). The YFAS has been validated for its use in a bariatric population (36).

This 35-items self-administered questionnaire is designed to assess the symptoms and severity of food addiction over the past 12 months. Patients were asked to respond based on what best described their eating habits during this period. Each item is measured with an 8-point Likerttype scale ranging from 0 ("Never") to 7 ("Everyday"). A symptom criterion of food addiction is scored as 1 when 1 item or more under this criterion symptom is scored as 1. Criterion 12, assessing clinical significance, is not included in the count score, offering a possible number of symptoms of food addiction from 0 to 11. Food addiction is diagnosed when the number of food addiction is greater or equal to 2 and when the criterion 12 is scored as 1. Moreover, the severity of food addiction can be defined as followed: 2 to 3 criteria indicate a mild food addiction, 4 to 5 criteria indicate a moderate and 6 or more criteria indicate a severe food addiction. In our sample, internal consistency was good with a Cronbach's α = 0.86.

Impulsive behavior was assessed with the short French Impulsive Behavior Scale (UPPS-P) (37). This 20-items self-report scale explores 5 facets of impulsivity: 'positive urgency', 'negative urgency', 'lack of premeditation', 'lack of perseverance' and 'sensations seeking'. Each item is measured in a 4-point Likert-type scale ranging from 1 ("I agree strongly") to 4 ("I disagree strongly"). The score of each facet of impulsive behavior correspond to the sum of individual item score with a possible range from 4 to 16. In our sample, overall Cronbach's alpha = 0.83.

Other covariates

Information on gender, age, preoperative and current body weight and body mass index (25). Having a budget constraint to purchase foods and smoking status were self-reported by the patients. Ratings of hunger, fullness and desire to eat were assessed immediately prior to processing the LFPQ using visual analog scales (100 mm) from 'Not at all' to 'Extremely' of the following questions:

"How hungry do you feel now?", "How full do you feel now?" and "How strong is your urge to eat now?". Time since the last meal was also recorded.

Sample size calculation

The primary endpoint of the study (liking score for 'high fat -sweet foods'), was compared between the three groups of patients using an ANOVA test. We assumed that the group of patients with OB would have similar values as those typically observed in a hungry condition (29). A sample size of 27 patients per group was calculated as sufficient with a risk alpha set at 5% and a power of 80% to detect a difference of 15 points in 0 to 100 liking scale.

We had to recruit up to 30 patients per group (n = 90) to compensate for missing data for the main outcome.

Statistical analyses

General characteristics, appetite sensations and time since the last meal of patients with OB, SG and RYGB were compared using ANOVAs, Pearson's, χ² test or Fisher's exact test as appropriate. Mann-Whitney U test was performed to compare non-normal continuous variable (i.e., time since the surgery) between patients with SG and RYGB.

The primary endpoint (liking for 'high fat -sweet foods') and the secondary endpoints (liking and wanting scores for all the studied food categories) were compared between OB, SG and RYGB patients using ANOVAs with further adjustment for hunger, fullness, time since the last meal and the interaction between group of patients and these 3 variables. Food choices and fat and sweet appeal bias were compared between the 3 groups of patients using ANOVAs.

When relevant, Tukey's post-hoc tests were performed to adjust for multiple comparisons.

In the present study, patients having a wanting score < -100 and > 100 were considered as outliers and were excluded from the analyses. Missing data for food preferences and covariates were excluded from the multivariate analyses.

Sensitivity analyses were performed to compare liking for the studied food groups between OB and operated patients (SG and RYGB merged into one group), who had a hunger level greater than 50 out of 100. Moreover, among the operated patients, we compared liking and wanting scores between patients at 6-, 12-and 24-month follow-up.

Pearson's correlations were performed to study the link between food reward for 'high fat -sweet foods' and behavioral traits (binge eating, food addiction and impulsivity).

Data are presented as mean (SEM), least squares mean (SEM) or median (IQR). All the statistical analyses were conducted using SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA). All tests of significance were two sided and p < 0.05 was considered significant.

Results

Characteristics of the subjects

Eighty-six patients (30 OB, 30 SG and 26 RYGB) out of 90 were included in the study.

Table 4.2 shows the characteristics of the patients according to their group. Overall, 69% of the patients were women. Patients with a RYGB were significantly older (50.5 (1.9) y) compared to those with a SG (38.3 (9.6) y) and those with OB (37.9 (14.0) y). Patients with SG had a significant higher preoperative BMI compared to those with OB and RYGB. The follow-up time after bariatric surgery was 12 (6-24) months for both post-operative groups, with 20, 17 and 19 patients at 6, 12, and 24 mo of follow-up respectively.

Patients in the OB group had higher hunger and desire to eat ratings and lower fullness ratings compared to those with bariatric surgery. It should be noted that the time between the last meal and the LFPQ test was significantly longer in the OB patients compared to postoperative patients. In total, 26.7% of patients in the OB group while none of the patients with SG and only 11.5% of patients with RYGB had a binge eating disorder. There was no difference in food addiction or impulsivity scores among the studied groups of patients.

Overall, there was less than 5% missing data for the socioeconomic and behavioral characteristics of the participants, with the exception of food addiction where it was 7.0%.

Relationship between explicit liking for foods and bariatric surgery

Explicit liking scores are presented in When conducting sensitivity analysis in the sub-group of patients having a hunger level greater than 50 out of 100 (N=22), we found that explicit liking for 'high fat-sweet foods' (p=0.028) and 'foods without meat-high in fat' (p=0.023) was significantly higher among OB (N=13) than operated patients (N=9). There was no difference in explicit liking between operated patients at 6, 12 and 24 mo. . p values are for the differences between patients with OB, SG and RYGB on the basis of ANOVAs unadjusted (panel A) or adjusted (panel B) for hunger, fullness, time since the last meal, interaction between group of patients and hunger, interaction between group of patients and fullness, and interaction between group of patients and time since the last meal.

Relationship between explicit wanting for foods and bariatric surgery

Analyses of explicit wanting gave similar results to the comparison of explicit liking.

There was a significant difference between patients with obesity, SG and RYGB for all the studied food groups, except for 'low fat -savory foods' (see Appendix 4.B for more details). Similar results were obtained even after adjustment for hunger, fullness, time since the last meal and the interaction between group of patients and these variables except that the implicit wanting scores for 'foods high in fat -sweet' between the groups of patients was of borderline significance (p=0.052) and implicit wanting scores for 'foods low in fat -sweet' was significant (p=0.015).

Relationship between implicit wanting for foods and bariatric surgery

Post-hoc tests are available in Appendix 4.B and revealed that patients with OB or SG had lower implicit wanting scores for 'foods low in carbohydrates -fluid' than patients with RYGB (p=0.028); patients with OB had lower implicit wanting scores for 'dairy productswithout color' than patients with SG or RYGB; and that patients with OB or RYGB had lower wanting scores for 'foods low in fat -sweet' than patients with SG. More precisely, postoperative patients had a positive implicit wanting score for 'dairy products -without color' and a negative implicit wanting score for 'high fat -sweet foods' whereas it was the opposite for patients in the OB group. This means that 'high fat -sweet foods' were more often rejected relatively to the other food categories by post-operative patients, while they were more often chosen relative to the other food categories by non-operative patients with obesity.

Interestingly, even if not significant, a different pattern with a negative wanting score for postoperative patients and a positive score among patients with OB was also seen for 5 other food categories, such as 'foods high in carbohydrates -solid'. Data are presented as mean (SEM). Different superscript letters within a row indicates a significant difference (p<0.05) using Tukey's post-hoc test.

Relationship between fat and sweet appeal bias and behavioral traits

Table 4.4 shows the results related to the fat and sweet appeal bias scores. The fat appeal bias scores were all significantly different between patients with OB, SG and RYGB. Post-hoc tests revealed that the operated patients had lower scores compared to unoperated patients. This means that OB patients had a higher appeal for 'high-fat foods' compared to operated patients.

Concerning the sweet appeal bias, the analyses revealed a significant difference between the groups for explicit wanting only. Abbreviations: OB: non-operative patients with obesity; SG: group of patients with a sleeve gastrectomy; RYGB: group of patients with a Roux-en-Y gastric bypass. Data are presented as mean (SEM). p values are for the differences between patients with OB, SG and RYGB on the basis of ANOVAs. Different superscript letters within a row indicates a significant difference (p<0.05) using Tukey's post-hoc test.

Relationship between food preference for 'high-fat -sweet' foods and behavioral traits

The correlations between explicit liking, explicit and implicit wanting for 'high fatsweet foods' and the studied behavioral traits are displayed in Table 4.5. Considering the overall sample of patients, the binge eating score was positively correlated with preference for 'high fat -sweet foods'. In addition, 'negative and positive urgency' correlated lightly with the implicit wanting for 'high fat -sweet foods'. Overall, food reward for 'high fat -sweet foods' and behavioral traits were not correlated among bariatric surgery patients, except for a positive correlation between implicit wanting for 'high fat -sweet foods' and the binge eating score among SG patients. 

Comparison of food reward according to the follow-up periods

Comparing food preferences for all studied food categories, there was no significant difference in explicit liking, explicit and implicit wanting (all p > 0.05) between the operated patients (SG and RYGB), at 6, 12 and 24 mo follow-up (n=20, n=17 and n=19 respectively) (results not shown).

Discussion

The present research aimed to study food reward (liking and wanting) after bariatric surgery. The originality of this study relies on the use of a wide range of food categories varying in nutrition composition, appearance, taste and texture and on its comparative design between the two most common types of surgeries (SG and RYGB) and a non-operative state. That allowed us to investigate thoroughly associations between food reward and bariatric surgery using a computerized behavioral task.

We found that bariatric surgery patients had a lower liking and wanting for 'high fatsweet foods. These findings are consistent with a longitudinal study that reported decreased hedonic ratings for calorically dense foods after SG when using a food preference questionnaire and a 2 (Fat: High Fat and Low Fat) × 3 (Carbohydrates (CHO): High Simple Sugar, High

Complex CHO, and Low CHO/High Protein) design (20). Another study using high-vs lowcalorie food pictures showed lower hedonic ratings for high-calorie foods after both SG and RYGB compared to control group OB (38). Interestingly, in the fore-mentioned study, the Blood-Oxygen-Level Dependent (BOLD) response to high-calorie foods was significantly reduced among RYGB in the Ventral Tegmental Area (VTA), which is known to play a crucial role in the reward circuits in the brain. Of importance, a recent systematic review showed that food reward decreased during dietary, exercise, pharmacological, cognitive and behavioral/multidisciplinary weight loss interventions (39). This suggests that more than the bariatric surgery itself, the weight loss might have an impact on the motivation to eat and food choices. Most patients experience a "honeymoon" in the first post-operative year (12-18 months), where they have a reduced appetite, limiting portion sizes, and a disinterest in foods (40), which is concomitant with the great and rapid weight loss phase. After 12 to 18 months, most of the patients reach a plateau with a stable energy balance and a new body weight set point. Further research could explore long term-food reward (after 2 years of follow-up) to better understand if those modifications are sustained and if they are related to the weight regain that occur in 20% of the patients within 1 to 3 years after surgery (41).

Beyond the observed modification in food reward for the highly palatable 'high fat'

'with sauce', our results showed that post-operative patients had lower liking scores for a large range of food categories compared to non-operative patients with obesity. This suggests that patients experience an overall decrease in the pleasure of eating after bariatric surgery.

Consistently with our results, a cross-sectional study using pictures of high vs low-energy dense foods also reported lower overall liking and wanting among patients with a RYGB compared to control OB (21). The RYGB group had a lower brain activation of reward related areas and a higher activation of areas related to the visual, motor, cognitive control, memory, and gustatory regions (21), which might also play a role in food reward and consequently preferences after bariatric surgery. Given that liking has been demonstrated to be positively associated with food intake (42), we can hypothesize that the modification in the pleasure of eating could contribute to reduction of food intake induced by bariatric surgery.

We observed a higher preference for nutrient-dense foods, such as foods rich in fibers in the post-operative group. This is consistent with studies reporting an increase in fibers intake up to 24 months after bariatric surgery (5), as an increase in energy intake from fruits (6). It is also reported that vegetables and fruits were more often cited as favorite foods post than prior to surgery (8). The increased motivation to consume fibers might be the consequence of gastrointestinal symptoms that have been previously reported after bariatric surgery and could be related to avoiding dumping syndrome (43). In contrast, one study showed conflicting results with a decrease in the frequency of patients consuming fruits and vegetables after bariatric surgery (44). However, these results were different according to the fruit considered. The inconsistent results could be attributed to the fact that fruits and vegetables are a heterogeneous food category, with diverse and distinct sensory properties (taste, appearance, texture, etc.).

In our study, unadjusted liking scores for 'dairy products -without color' were significantly different between the groups of patients, with non-operative patients with obesity having the highest scores compared to post-operative patients. However, this difference was not significant after adjusting the results for hunger, fullness and time since the last meal. On the other hand, wanting scores for 'dairy products -without color' were significantly different between the patients, with non-operative patients having the lowest scores. In the incentivesensitization model as described by Berridge and Robinson (45) , repeated exposure to drug did not change or decrease liking, while it increased wanting. Wanting is the motivational component of reward and is related to the drug seeking behavior. In our study we can speculate that 'wanting' for 'dairy products -without color', could be consciously or unconsciously oriented towards a goal of weight loss.

The current study is among the few using a distinct comparative design towards the two most common types of bariatric surgery. Findings suggest that there are only minor differences between the two types of surgery regarding liking for foods. This is in accordance with studies, showing a similar decrease in preference for fat (19) and liking for high calorie dense foods (38), as well as an increase in diet quality (46) and dietary intake (43) in both SG and RYGB.

However, another study showed similar decrease in the hedonic rating for high fat between SG and RYGB but the liking of high sugar remained unchanged after RYGB (19). RYGB induces more dumping syndrome than SG (47), and thus the digestive discomfort caused by the consumption of foods rich in carbohydrates could have resulted in stronger conditioned taste avoidance in RYGB than in SG.

Considering the eating behavior of patients, binge eating disorder was found for 26.7% of pre-operative patients, which is in the usual range in bariatric candidates (48). There was a lower binge eating score among postoperative patients, which might be due to the effect of the surgery on improving eating behavior and / or to the selection of candidates without eating disorders that could benefit from bariatric surgery. Liking and wanting have already been shown to be related to trait binge eating (27,49). This is confirmed in our study, as binge eating scores were positively correlated with liking and wanting for 'high fat -sweet foods'. Overall, most of our food reward outcomes did not correlate with food addiction scores, while a study performed on 374 women found a significant correlation between reward sensitivity and food addiction (50), as did a recent systematic review by Maxwell et al. (51). This discrepancy might be related to a lack of power to study these phenomena in our study. It could also be due to a difference in terms of studied population.

Our results showed a significant difference in age between OB, SG, and RYGB subjects.

OB and SG were 38 years old while RYGB were 51 years old. Although the difference in age between the groups of patients is significant, it appears to be of small clinical relevance given that all patients belong to the same middle-age category.

Some limitations must be considered, especially the cross-sectional design of the study, which does not allow us to test the causal effect of bariatric surgery on the differences of food reward found between non-and post-operative patients. Nevertheless, we have tried to ensure that non-operative patients with obesity had the same characteristics than post-operative patients prior to their bariatric surgery. In particular, the healthcare unit in which the study was carried out only hosts patients with a BMI > 40 kg.m -² and patients with a BMI > 35kg.m -² who have at least two obesity comorbidities among hypertension, myocardial infarction, stroke, sleep apnea syndrome, diabetes and severe joint disease. These criteria are similar to those necessary to benefit from bariatric surgery and were verified before the admission of the patients using a questionnaire. Another limitation is the lack of controlled laboratory conditions when measuring food preferences as the visits and time of arrival of the patients were based on their pre-registered clinical consultancy, which prevented from standardizing fasting status, appetite levels and time since the last meal in patients. We cannot exclude that our results might have been impacted by this, given that the liking scores are higher in individuals in a hungry state, while they are lower in a fed state (29). However, in an attempt to mitigate this limitation, we compared liking and wanting scores between OB, SG and RYGB using ANOVAs adjusted for hunger level and time since the last meal. Finally, food preferences could have been influenced by the comorbid conditions and the ethnicity of the participants. Future research could explore the impact of excess weight loss on food reward and incorporate ethnicity and comorbidity as confounding factors.

Conclusion

We found that liking for a large range of food categories was lower among postoperative patients compared to non-operative patients with obesity. On the other hand, food choices, and implicit wanting were not significantly different between the groups of patients, except for 'dairy products -without color', 'low carbohydrates -fluid' and those of higher palatability such as 'high fat -sweet foods'. Moreover, similar food reward was observed following SG and RYGB, suggesting that a possible mechanism by which food reward is altered following bariatric surgery, might be common between the two major types of surgeries. The LFPQ could be clinically relevant to identify postoperative alterations in food reward and to guide caregivers to provide personalized advice to patients in the context of precision bariatric medicine.
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Introduction

Bariatric surgery has a direct effect on appetite and food intake. Findings showed that in the postoperative period, the total energy intake and total volume ingested were reduced (2)(3)(4). Fasting hunger was also reduced after RYGB and postprandial satiety was prolonged (5). In addition to these quantitative modifications of food intake, qualitative changes have been previously reported. After RYGB, the consumption of foods of low nutritional quality was reduced in favor of foods of high nutritional quality (6). Moreover, the contribution of fat in the total energy intake was reduced and the contribution of low energy density foods in the total energy intake was increased (2). After SG the energy density was reduced and the quality of nutritional intake was improved (3). Several studies reported changes in favor of low energy density foods after bariatric surgery (5,(7)(8)(9). Overall, this thesis work (Chapters II to IV) suggests that food preferences change after weight loss surgery.

By systematically reviewing the literature (see Chapter II), it was highlighted that most of the studies exploring modifications of food preferences were performed on cohort of patients using self-reported dietary intake. Despite the heterogeneity of the assessment tool used there were a predominance of food records, food recalls and food frequency questionnaires, typically found in observational studies (10). Although inexpensive and easy to set up, these methods are subjective and prone to biases, in particular of desirability (11)(12)(13). Additionally, the measure of food intake among patients with obesity is particularly complicated. A systematic review gathering the evidences of 34 scientific articles dealing with the accuracy of the self-reported measure of food intake among patients with obesity demonstrated that a BMI ≥30 was associated with a significant underreporting of food intake (14). Furthermore, patients with obesity are prone to selectively underreport the intake of certain types of foods (15), total protein ( 16) and fat intake (17). On the other hand, the studies, which explore possible mechanisms by which food preferences change following bariatric surgery (notably food reward and sensory abilities) were mainly performed in a laboratory setting (i.e., under strictly controlled condition). Those studies mainly used fMRI and explored the activation of the reward hotspots in the brain (7,9,(18)(19)(20)(21)(22)(23)(24)(25)(26)(27); and psychophysical testing to assess the gustatory (28)(29)(30)(31)(32)(33)(34)(35) and olfactory (28,31,36,37) abilities of the bariatric patients pre-and post-operatively.

Interestingly, a study showed that the value-based neural responses to health and taste attributes of foods of lean and overweight participants were similar under fMRI scanner, however their patterns of food choices were different when assessed with an ad-libitum buffet meal in a realworld situation (38).

What we lack when studying food preferences following bariatric surgery is the ecological relevance of the findings.

The use of a laboratory setting is useful to measure food intake under controlled condition. Especially, it enables precise and accurate measures (39-41) and a better control of the confounding factors (42,43). However, the critical aspect of the external validity of the measures has been raised by several researchers, i.e., they questioned to what extent the results from the laboratory are generalizable to the real world. When studying the effect of context for measurements, a recent study found that serving size (large or small) had a greater effect on food intake when the study was conducted at home than when the measurements were carried out in the laboratory (44). There is the possibility to perform research in a more naturalistic context by controlling some key variables but incorporating a situation that patients would experiment in real life, as recommended by Meiselman (45) and by several narrative reviews on food preferences following bariatric surgery (46)(47)(48).

In experimental studies, ad libitum meals are classically used to assess the effect of an intervention on food intake (42). Nielsen et al. did not find any difference between pre-and post-operative food preferences when using a buffet-type meal in a laboratory setting (49).

Especially, there were no modifications in relative intake of the studied food categories (high / low fat and sweet / savory) or macronutrients. This study also showed that taste sensitivity was unchanged between before and after bariatric surgery. Although using real foods, this unique prospective study was carried out under laboratory conditions. The patients received a standardized liquid meal at 10 AM and the buffet meal with typical Danish food was served at 4.30 PM. Furthermore, it did not explore the microstructure of meals (time spent eating, number of bites, speed of consumption, etc.) and the sensory evaluation was partial. Finally, it was carried out in Denmark and may not be repeatable in France given cultural differences in terms of diet and habits.

All in all, postoperative food preferences following bariatric surgery, needs to be further explored under ecological feeding conditions and be associated with a complete olfactory and gustatory phenotyping.

Chapter V.

We therefore wish to set up study using objective measures of eating behavior, olfactory and taste capacities to better understand food preferences after bariatric surgery. We hypothesized that patients who had bariatric surgery in the past 12 months have different food preferences compared to a control group of patients with obesity, candidate for a bariatric surgery, in an ecological context of eating.

The main objective of this study is to compare the percentage energy from high-energy dense foods vs. low-energy dense foods, evaluated with a previously validated buffet type meal design, between the two groups. The secondary objectives are to compare food intake, nutritional quality, meal microstructure, sensory profile and eating behavior, between the groups. Additionally, we will further explore the link between food preferences and sensory profiles in these patients.

Subjects and methods

Study design

It is a single-center, comparative, non-randomized, balanced, open-label study, with 2 parallel groups (control and surgery groups).

Sample size

For this exploratory study, we cannot perform a strict power calculation because no previous study has assessed dietary preferences by comparing subjects with obesity who have or have not undergone bariatric surgery under the real-life conditions currently targeted.

However, a previous study comparing 40 subjects with obesity who had either gastric bypass (n=20) or sleeve gastrectomy (n=20) showed a significant difference in the total energy intake between the two types of surgery (50). Similarly, in the current study we aim to include 20 subjects with obesity who had undergone bariatric surgery and 20 subjects with obesity who did not undergo bariatric surgery, i.e., 40 patients in total. To limit gender-related bias, only women are included, as they have a different eating behavior (51) and eating rates (52) than men. This could also assist the recruitment since women are overrepresented in cohorts of patients with bariatric surgery (53,54). In addition, when conducting the studies presented in Chapter IV and V, we targeted the same population and we enrolled a large majority of women 89.6 and 68.6%, respectively.

selected on the basis of these criteria and will be invited for the visit to the IPBR This visit will take place in two parts, a part dedicated to the verification of the inclusion criteria and an investigation part.

The nutrition, diabetes, endocrinology department is hosting 200 patients per year. We want to include 20 subjects with obesity who did not undergo bariatric surgery with a BMI ≥ 35 kg.m -2 and 20 subjects with obesity who underwent bariatric surgery. It is planned to include 4 patients per month, i.e., a duration of inclusion of 10 months. We plan to recruit all patients over 14 months to take into account any difficulties with inclusion and periods when services are closed.

Primary and secondary endpoints

The primary endpoint of the study will be the proportion of total energy intake from high energy density foods versus low energy density foods assessed using a previously validated buffet meal design in a normal eating environment (1).

The secondary endpoints will be:

-the appetite levels (hunger, satiety, desire to eat, and prospective consumption) assessed before and after the buffet;

-the total energy intake, the intakes of macro-and micro-nutrients, the proportion of energy from macronutrients (proteins, lipids and carbohydrates) the proportion of total energy from high versus low fat, carbohydrate and protein foods, the microstructure of the meal (the time spent choosing the food items at the buffet, the duration of ingestion, the speed of ingestion, the total duration of the meal, the number of bites per minute, the total number of bites and by type of food, and the food choices), and the appreciation of the food items will be assessed during the buffet;

-the detection, identification, familiarity, intensity, agreeability, and edibility of tastes and odors will be recorded with Taste Strips and the European Test of Olfactory Capabilities (ETOC). Finally, eating behavior will be assessed with the Three-Factor Eating Questionnaire (TFEQ). 5.1 show the study design and steps of the study respectively. The study day will take place at the IPBR, Bellecour Platform. The study provides compensation for travel expenses up to a limit of 30 Euros. Volunteers arrive between 9 a.m. and 10 a.m., having had breakfast before 9 a.m. At the start of the visit, the study will be explained in detail to the volunteers, the information notice will be given to them, the consent form and the consent of the video image rights will be signed by the volunteer. The inclusion and non-inclusion criteria will be verified, and the final admission of the volunteer can be established. If they are not included, the reasons will be given and, if medical treatment is necessary, a letter will be written for the attention of their attending physician.

General organization of the study

During the study day, there will be evaluation of their sensory abilities, appetite, food intake/food preferences using the buffet type meal and the microstructure of eating for assessment of their eating behavior. The appreciation of the studied food items will also be recorded. All the investigations will take place in an isolated room, without distraction or potential stimulus that could interfere with the measurements, with the exception of the buffet, which will be carried out in a domestical-type of kitchen at the IPBR (see Figure 5.2). Volunteers are asked to refrain from consuming any food, drinks other than water, chewing gum during the test session. During the test meals (buffet), they will be invited to eat without communicating with others. Each buffet meal will be individual and located close to each subject's table. During the morning, they are free to practice any sedentary activity of their choice (e.g., reading, music, film, etc.). Pre-testing has already been performed on a volunteer employee of the IPBR to verify the feasibility of the experimental procedure.

Data collection

Anthropometric data and medical history

Current weight, height, personal and family history, concomitant treatments and current comorbidities will be assessed during an interview and a paraclinical examination. During this occasion, patients should also indicate to the investigator what they consumed for breakfast.

For the surgery group, the history of bariatric surgery, including the type and the date of surgery, and weight history will also be recorded.

Gustatory function

We will study the taste function with Taste Strips (Burghart Masstechnik GmbH, Wedel, Germany) (59,60). It is composed of 16 strips of filter paper impregnated with chemicals referring to the 4 primary tastes (sweet, salty, sour and bitter) at different concentrations administrated in a random order (61) (see Tables 5.2 and 5.3). The strips are 8 cm long and have an impregnated area of 2 cm². The solvent used is distilled water. Patients will have to rinse their mouth with water before each administration. They will then place a strip in the anterior region of their tongue, suck it for 20 seconds, say if they detect a taste and if so, identify the taste to which they have been exposed (see Figure 5.3). A forced choice task between 4 descriptors (sweet, sour, dirty, bitter) will be performed. A correct answer is worth 1 point, or 16 points at most. Patients will not be kept informed of success or failure in identifying tastes until the end of the study so as not to distort subsequent tests. Patients with a Chapter V.

score ³ 9 are considered as normogeusic and patients with a score < 9 as hypogeusic. Moreover, 9-point Likert scales were used to assess i) familiarity, ii) intensity, iii) agreeability and iv) edibility, with the anchors i) "unknown" / "familiar", ii) "no taste" / "intense", iii) "extremely unpleasant" / "extremely pleasant", and "inedible" / "edible". For each dimension, a score ranging from 1 to 9 will be calculated. The relative pleasantness will serve as an indicator of preference among the set of tastes offered in the Taste Strips. 

Olfactory function

We initially planned to assess the odor detection and identification, familiarity, pleasantness, intensity, edibility and trigeminal perception with the ETOC (62). It consists of first presenting 16 blocks of 4 bottles, only one of which contains an odor, and asking the patients to determine which bottle is odorous and then to identify the odor by choosing an answer among 4 (see Figure 5.4). Sixteen odors, food and non-food items, are therefore presented (vanilla, cloves, apple, eucalyptus, cinnamon, fuel oil, pine, garlic, grass, anise, orange, fish, rose, thyme, lemon, mint). As for the taste strips, the perceptual dimensions will be measured from these odors: familiarity, intensity, agreeability and edibility of the presented odors. In a second step, 8 smells (menthol, vegetable, floral, fruity, woody, spicy, perspiration, gas) are presented to the patient who will have to identify them and assess their familiarity, intensity, agreeability, edibility, and to characterize the odor as cool, hot, irritating or pungent (this last part is referring to the trigeminal sensitivity). The ETOC allows to evaluate the olfactory status (anosmia, hyposmia or normosmia) of the patients, on the basis of predefined cut-off values (63). The patients are considered anosmic when they have a complete loss of smell. They are considered hyposmic when they have reduced smell abilities. Finally, the patients without smell alteration are considered normosmic. 

Eating behaviors assessment using TFEQ

The TFEQ is compose of 51 questions measuring 3 factors (40). The 'cognitive restraint of eating' factor ranges from 0 to 21 and measures the control of the diet in a restrictive mode to achieve a weight goal (example of item: I count calories as a conscious means of controlling my weight). The 'disinhibition' factor ranging from 0 to 16. It measures the loss of control overeating and refers to emotionality and / or externality related to food consumption (example of item: I usually eat too much at social occasions, like parties and picnics). The 'hunger' factor measures the ability to feel this sensation with a 0 to 14 score (example of item: I am usually so hungry that I eat more than three times a day).

Chapter V.

Assessment of levels of hunger, desire to eat, prospective consumption and satiation

Appetite sensations (feelings of hunger, desire to eat, fullness and prospective consumption) will be assessed before and after the buffet by using 100 mm visual analog scales (0 mm corresponds to 'not at all' and 100 mm corresponds to 'extremely') and the following questions: 'How hungry are you?', 'How full are you?', 'How strong is your desire to eat?', and 'How much food do you think you could eat right now?' (64). These measurements will allow us to calculate a composite appetite score according to the following formula: composite appetite (mm) = (hunger + desire to eat + (100 -fullness) + prospective consumption)/4 (65).

Assessment of food preferences

Meiselman recommended that research on eating behavior should re-focus on real eating situations, with real foods (45). To stay along these lines, we decided to assess food preferences, in a controlled but ecological (i.e., more realistic) environment, in the domestic kitchens of the Institut Paul Bocuse. The type of meal may influence the meal parameters (66). Patients' food preferences will be collected by direct measurement of eating behavior through a dedicated and standardized ad-libitum buffet configuration. We decided to use real foods, in a buffet type meal as Allirot et al. demonstrated that an ad-libitum buffet meal in a controlled but more naturalistic environment, had a good reproducibility and sensitivity to differences in hunger level, energy intake and eating behaviors, including the microstructure of the meal (meal duration, time spent at the buffet, number of bites, mean energy content of bites) (1).

Interestingly, one study showed that the quantities presented during an ad-libitum buffet and the size of the containers would encourage volunteers to consume larger proportions than they usually consume (67). However, another study showed that food intake was not influenced by the size of the containers, even when the participants served themselves (68). A series of important considerations were taken in order to design the new buffet-type configuration particular for our studied population and the primary aim of the study as explained in the section below.

ð Design of the buffet

In Chapter IV, we used the Leeds Food Preference Questionnaire, a behavioral computerized task and we found a lower liking and wanting for 'high fat -sweet foods' among bariatric surgery patients compared to patients with unoperated obesity. These findings were coherent with findings from the literature demonstrating postoperative decreased hedonic ratings for energy dense (69) and high-calorie foods in bariatric surgery patients compared to patients with obesity (7). By designing this study, we wish to verify if these results are reproducible under an ecological eating environment. Thus, we chose food items varying in fat (high / low), and carbohydrate content (high / low). Foods' high in fat and carbohydrate were defined as having at least 15% of fat and carbohydrate per 100 g of food items, respectively.

Foods low in fat and carbohydrate were defined as having less than 5% of fat and carbohydrate per 100 g of food items, respectively. Two additional dimensions were also considered: protein content (high / low) and energy density (high / low), 6.2g/100 g and 2.3kcal/g based on the calculated median of the food items, respectively. The design of the buffet and the selected food items are presented in Table 5.4. The nutritional composition of the selected foods is available in Appendix 5.A and was either determined on the packaging of the industrial products, or calculated using the general Centre d'Information sur la QUalité des ALiments (CIQUAL) food directory, which is the reference food composition table in France (70). In addition to these criteria, we selected food items that could typically be eaten at lunchtime, to avoid any occasional consumption. We also ensured that patients with bariatric surgery could consume the foods, by reviewing postoperative nutritional guidelines (71,72).

We ensured that foods could be combined and consumed together considering the esthetic of the plate and the food pairing that are usual for French consumers. We also took into account the seasonality and we selected products that are available all year round. Finally, the choice of foods was in relation to the feasibility, reproducibility and the skills and time needed during the Chapter V. culinary preparations. We worked closely with the Research and Innovation team of the IPBR to develop recipes that meet all these criteria, while keeping good organoleptic qualities (the recipes are available in Appendix 5.B). Technical datasheets in order to standardize the preparation of buffet meals were produced. Importantly, the buffet test food display will be fixed and identical to all the volunteers and there will be no randomization in the display between the patients. Photos of the buffet have been taken to ensure the reproducibility of the presentation between patients (see Figure 5.6). Finally, the location of the various elements on the site of the investigation were defined on plans (see Appendix 5.C). (73), which gives recommendations concerning the weight of the portions served in collective catering. We multiplied these quantities by 3 to ensure that the buffet will be ad-libitum. Given that the characteristics of the 1879 patients with bariatric surgery in the Swedish Obese Subjects (SOS) cohort (57), were similar to those of bariatric surgery patients in France (53), the mean (± SD) energy intake consumed preoperatively by women participating in the SOS study (2749 ± 1186 kcal) (54) was used. Considering that the lunch corresponds to 40% of the daily intake, we estimated that preoperative patients approximately eat 1100 kcal for lunch. Thus, the total energy intake of the buffet had to reach at least 3 times this value, i.e., 3300 kcal.

ð Safety of the patients All the precautions necessary for the use and preparation of food will be implemented (hygiene, respect for the cold chain, First In First Out (FIFO), labeling of opened products, etc.) to ensure the food safety of the buffet products.

ð Measurements Patients will take their buffet-meal in one of the domestic-type kitchens of the Institut Paul Bocuse. They will have their own individual buffet and will be separated by screens so that there will be no interactions or disturbances during the meal. During the buffet meal, patients will be filmed to study their food choices and the microstructure of their meal (see Figure 5.7). A systematic review showed that obesity is associated with high eating rate (74) and a study conducted in a cafeteria setting demonstrated that participants with obesity have higher bite size in comparison to participants with normal BMI and overweight (75). The weight of each food item will be measured before and after consumption, and the total energy and macronutrient intake will be calculated using the general CIQUAL food directory (70) . This will also allow us to calculate the percentage energy intake at the buffet from proteins, fats and carbohydrates. A test buffet has been carried out to take into account the evaporation coefficient of the hot dishes (see Table 5.5). Finally, appreciation of the food items will be recoded using 100-mm VAS rating. Chapter V. 

Statistical analyses

Treatment of missing subjects

Missing or invalid data on the primary endpoint will be replaced with new inclusions.

Descriptive statistics

A descriptive analysis of the characteristics and endpoints will be performed for the entire sample and by group. The quantitative data will be described using the following descriptive statistics: enumeration, number of missing values, mean and standard deviation, median and first and third quartile as well as range. The quantitative variables can be categorized using their median or a cut-off (threshold) known from the literature.

The qualitative variables will be summarized using the following descriptive statistics:

frequencies and percentages for each level of the variable and missing values (missing values will be counted and will be included in the denominator of the frequency calculation).

Analytical statistics

The comparisons of the primary and secondary endpoints between the control and the surgery groups will be performed using Student's tests, Wilcoxon tests, Chi-square or Kruskal and Wallis tests as appropriate. Food preferences will be mapped for the entire population and for each group using Principal Component Analysis (PCA). The links between food preferences and sensory changes will be analyzed using regression models the with least absolute shrinkage and selection operator (LASSO) (76). Correlation analyses will be performed to study the relationships between parameters of food preferences and sensory evaluation. The analyses will be carried out considering an alpha threshold fixed at 5% with a Holm Bonferroni correction for multiple tests if necessary.

Expected results

To our knowledge this is the first study assessing food preferences and eating behavior using a buffet-type design in a more natural eating environment in patients with obesity who had or not yet bariatric surgery. This study design will allow us to assess food preferences and choices, total energy and macronutrient intake, and link the eating behavior with any changes observed in their sensory abilities as a major driver of food choice and intake.

A significant difference in terms of food preferences, between patients with obesity with or without bariatric surgery is expected. The use of a real eating situation will provide a higher ecological relevance, which is important to generalize results to the real world. Especially, the research design has been thought to conserve to the extent is possible the usual dietary habits of the patients. For instance, patients will have their usual breakfast and test buffet meal is at lunchtime. This research will use video recordings and analyses of the microstructure of the meal, which could provide some insight on the underlying mechanisms of postoperative changes in food preferences. Also, this is the first study to relate these parameters to the sensory abilities of the patients assessed with psychophysical testing, which could complement the understanding of postoperative food preferences.

The findings of this research could also provide practical tools for healthcare professionals who follow patients who undergo bariatric surgery in order to detect and address their eating difficulties and sensory alterations. Ultimately, the results of this research could help improve the pre-and post-operative management of bariatric surgery patients through advice on tasting, preparation, recipe sheets, and nutritional information. New dietary strategies could help patients adapt more easily to the dietary changes induced by bariatric surgery and thus, promote a tailored dietary plan to limit the risk of undernutrition and maintain the weight loss induced by the surgery over time.

Conclusion

We designed a buffet meal for a study aiming at comparing food preferences and choices, and meal microstructure between patients with obesity with or without bariatric surgery. This study will increase the knowledge about changes in food preferences after bariatric surgery as it is the first to use a real context eating environment and to study parameters at the level of the microstructure of the meal.

Chapter V.

Chapter VI. General discussion and conclusion

The research presented in this doctoral work explores the influence of bariatric surgery on the hedonic regulation of appetite (sensory and reward domain) and its phenotypic expression (i.e., food preferences), which are altered in obesity. A better understanding of these phenomena is of prime importance for managing weight loss success and nutritional side effects. First, a systematic review and meta-analysis were conducted investigating the effect of bariatric surgery on food preferences, considering various methods and time points during patients' weight loss trajectory. The identification of gaps in the literature prompted us to conduct new research. In particular we intended to combine approaches from the nutrition, sensory and neuroscience fields, which are complementary for a comprehensive understanding of postoperative hedonic regulation of appetite and food preferences. An observational crosssectional study was therefore performed in a second step. This study aimed to characterize and compare postoperative food preferences based on the presence or absence of taste and smell alterations, the duration of the follow-up (< 2 or ≥ 2 y) and the success or failure of bariatric surgery. Since our results highlighted a duality between two main types of food: high-fat and high-sweet foods, which are usually considered palatable, and healthier food options, we decided to further explore food reward in the context of bariatric surgery. In a third part, we then adapted and used a behavioral computerized task to compare food reward between patients with a SG, a RYGB and non-operative patients with obesity in a clinical setting. Finally, the lack of measurements of food preferences in a real context of consumption led us to design a clinical study to compare food preferences between non-operative patients with obesity and patients who had bariatric surgery in the past 12 months using a buffet meal in an ecological setting. This study, which get ethical and regulatory agreement will start mid-May 2021 and will also enable to explore the link between food preferences and the sensory profile of the patients.

The first part of this chapter summarizes the results describing food preferences after bariatric surgery and their link with the sensory and reward domain. The second part discusses the findings with regards to the theoretical model of appetite control. The third part consists of a methodological reflection about the tools and experimental designs used to measure food preferences in the context of bariatric surgery, before discussing strengths and limitations of this doctoral work. The last part will address the perspectives of this work from two different angles: the directions for future research and the recommendations for clinical practice and public health.

Main results

Overall, this thesis supports previous research, which found that changes in food preferences occur after bariatric surgery, with patients preferring less highly palatable foods (high-fat sweet foods) (Chapter II, III and IV). This low preference towards highly palatable foods results in a decreased contribution of fat to the total energy intake but not of carbohydrates after bariatric surgery (Chapter II). In addition, post-operative patients prefer healthy foods (Chapter II and III), especially fruits and vegetables, which improves diet quality (Chapter II).

Our results however revealed an attenuation of these changes in the longer term after bariatric surgery (Chapter II and III) and indicated that changes of food preferences were different among those patients characterized as having a successful weight loss trajectory than those who did not (Chapter III).

This thesis linked the postoperative food preferences with modifications of the sensory (Chapter III) and the reward domain (liking and wanting) (Chapter II and IV). While most patients declared having taste alteration, a small number of patients did not encounter any smell alteration. In both cases, sensory alterations were characterized mainly by an increase in sensitivity to tastes and smells (Chapter III). Interestingly, postoperative food preferences differed between patients with and without sensory alterations (Chapter III). Moreover, food reward patterns differed between patients with obesity, with and without bariatric surgery (Chapter IV). Overall, there was a low liking score for most food groups accompanied by a low wanting score for some food categories including highly palatable foods.

This doctoral work highlighted the various methods and designs used to assess food preference in the context of bariatric surgery, and that there is a paucity of data on real foods in a normal eating environment (Chapter II). In order to improve the ecological validity of our research, we designed a study using objective measurements of eating behavior, olfactory and taste capacities (Chapter IV). This study will enable the comparison of food preferences and microstructure of the meal evaluated by a standardized and validated buffet, between adult women with obesity, and those with bariatric surgery in the past 12 months.

Reflection about the model of homeostatic and hedonic regulation of appetite following bariatric surgery

Chapter II highlighted that most of the research related to food preferences were conducted in patients with RYGB, which prevented us from performing sub-group metaanalyses according to the type of surgery. There are anatomical differences between RYGB and SG, which in turn impact upon the mechanisms underlying the weight-reducing effects of these two procedures. Furthermore, RYGB and SG have different post-ingestive effects. Especially, the prevalence of dumping syndrome is higher after RYGB than SG (1), which could induce a more pronounced taste avoidance for high carbohydrate foods among patients with RYGB compared to patients with SG. However, in our comparative study design between these two types of surgery (Chapter IV), results showed a similar pattern of food reward (liking and wanting) and food choices between patients with RYGB and SG. These findings showed that the postoperative modifications of the hedonic appetite might be explained by common mechanisms between the two types of surgeries.

Changes in appetite signaling that occur in both RYGB and SG could explain the postoperative modifications of liking and wanting and ultimately of food preferences and choices. Considering the episodic appetite signals, both types of surgery induce similar decrease in ghrelin and increase in CCK, PYY and GLP-1 levels (2). In addition to its role in the homeostatic regulation of appetite (3), ghrelin is involved in both liking and wanting pathways (i.e., opioid and endocannabinoid systems and dopamine pathway respectively) (4). Results

from preclinical studies demonstrated that ghrelin modulates food reward. It increases the food anticipatory activity (FFA) in rodents (5), which corresponds to an increase in arousal, locomotor activity and body temperature, in anticipation of the meal (6)(7)(8)(9). On the other hand, inhibition of ghrelin signaling decreases FFA (5). Interestingly, ghrelin has been shown to increase the rewarding value of high-sugar (10)(11)(12), and high fat diet (13). Moreover, a study showed that when injected in the ventral tegmental area (VTA), ghrelin increased energy intake in mice fed with a highly palatable diet, and not in mice fed with regular chow (10).

Furthermore, inhibition of ghrelin signaling suppressed the intake of highly palatable food in a free choice paradigm between regular low and highly palatable foods (10). Interestingly, chronic delivery of ghrelin increases intake in rats fed with palatable foods only (not chow) (14). On the other hand, acute injection of ghrelin seemed to redirect intake towards a healthier diet in rodents, which initially ate a large proportion of their caloric intake from highly palatable foods (14,15). Overall, although current evidence supports that ghrelin play a role in food preferences, the exact underlying mechanisms possibly being related to the interaction between appetite signaling and energy balance remain to be elucidated. Satiety signals might also play a role in food reward and preferences. Notably, Goldstone et al. found that the suppression of the enhanced response of satiety hormones after RYGB increases food reward when assessed with a progressive ratio task, which is a behavioral task measuring the willingness to work (i.e., increasing number of mouse clicks) to obtain a high-fat sweet food (16). It also increased the food appeal ratings in a fMRI paradigm as well as the Blood-Oxygen-Level Dependent (BOLD) signal in reward brain areas (16).

Individuals with obesity have a higher plasma leptin levels compared to their counterparts without obesity, and leptin levels were associated with the activation of rewardrelated brain area (right ventral striatum) in response to visual cue (17). There is only a slight difference in weight loss in favor of RYGB compared to SG (18). This almost similar weight loss might result in the same decrease in fasting leptin levels found in both SG and RYGB (19), which might be a sign of a leptin resensitization (20). Interestingly, leptin levels are also decreased after weight loss interventions (21) and a recent systematic review showed that food reward is modified after weight management interventions being reflected in a decrease in liking and wanting for highly palatable foods (22). Altogether, these findings suggest that a possible mechanism by which the attribution of a hedonic value to food change after bariatric surgery might be related to weight loss itself through the improvement of leptin resistance.

We found in Chapter III that patients perceived sensory alterations after bariatric surgery, which could in turn have an effect on the appreciation of specific foods. The hypothesis of a postoperative endocrine modulation of the hedonic value to foods would be plausible since ghrelin and leptin have shown their role in the modulation of taste (23)(24)(25) and olfaction (26).

Overall, the framework of appetite regulation by both homeostatic and hedonic processes as it was initially proposed in the introduction of this doctoral work seems relevant for a better understanding of changes in food preferences after bariatric surgery. However, more research is needed given that underlying mechanisms of these changes are not yet fully elucidated. More broadly, bariatric surgery is an interesting model to explore eating behavior given that the changes on the homeostatic and hedonic levels of regulation of appetite are more evident in a short duration of time.

Methodological considerations related to the measure of food preferences in the context of bariatric surgery

In biopsychology, food preferences can be considered as a phenotypic expression of hedonic regulation of food intake, which as two major domains: the sensory and reward domains. I can also be viewed as a relative choice between foods in the nutrition field or as a hedonic rating of foods in the sensory field. This doctoral work crossed these different approaches and their specific tools for a comprehensive understanding of food preferences after bariatric surgery. We found a high degree of heterogeneity on food preferences after bariatric surgery which? varied by the study outcomes and time point of assessment in the existing literature (Chapter II). Most of the existing literature use food recalls, food records and food frequency questionnaires. While these tools are inexpensive and easy to set up, they are subject to desirability bias (27)(28)(29). We further explored food preference after bariatric surgery using an online questionnaire (Chapter III), and a behavioral computerized task (Chapter IV), which will soon be supplemented by real context measurements and psychophysical testing of sensory abilities (Chapter V). The reasoning of selecting each methodological tool corresponding to the research question raised and the advantages and disadvantages of each are explained below.

Our intention was also to see to what extent certain methodological tools could be used in clinical practice for phenotyping patients and receiving tailored medical recommendations.

In Chapter III we used an online questionnaire on food preferences that it was adapted based on existing questionnaires (30,31). We worked closely with scientists from different fields and patients' associations to discuss the relevance of the questions and the clarity of the questionnaire. Importantly, the questionnaire was designed to have a short completion time and not to be too demanding for the patients. The use of an online platform and advertisement in social media facilitated the enrollment of the patients. However, some challenges concerning the choice of the online platform became apparent, since the platform had to be aligned with the laws related to data protection and the requirements of the study promotor. The WEPI 1.0 © Epiconcept 1996-2013 (www.wepi.org) was chosen as it was safe, user-friendly and free at this time, yet with limited functionalities. For instance, WEPI did not allow the use of visual analog scales. In general, the use of questionnaire is subject to bias, including desirability bias (27)(28)(29). In our study, we also suspect the possibility of memory bias since the completion after surgery was long for some of them (> 2 years).

In Chapter IV we used the LFPQ (32), which demonstrated its reliability against actual food selection (33-36). The LFPQ assess explicit liking, explicit and implicit wanting, food choices and taste and sweet appeal bias within one task. Explicit measures are assessed with VAS, while implicit measures are computed based on relative food choices and reaction time of the participants. In the original LFPQ the food items vary along two dimensions: fat (high and low) and taste (sweet and taste). In our study we used the version of Van der Meij et al. (37) to have a broader range of food categories varying along other dimensions related to their nutritional composition sensory properties, including taste or appearance. Before using it, we had to adapt the tool for its use in French language and culture. This was a critical aspect as the guidelines for the cross-cultural adaptation of the LFPQ (38) were not published by the time we conducted the study. These guidelines are related only to the original task of the LFPQ and not the extensive version. However, we could have carried out test measurements to check the properties of the tool before using it in our French cohort, while we verified its properties posthoc by verifying whether the measures correlated with behavioral outcomes such as the binge eating score calculated with the Binge Eating Scale (39). As expected, we found that the binge eating score positively correlated with liking and wanting for 'high fat -sweet foods'.

Conversely, we did not find a correlation between food reward outcomes food addiction scores.

Some advantages of this tool, include the fact that it was inexpensive and user-friendly for both the investigator and the patient. Additionally, the use of implicit measure of wanting enables to get an intuitive response from patients based on their relative choices and reaction times, which we assume to be a more reliable insight into this partly unconscious process.

However, the environment needs to be quiet, and the patient needs to be focused on the task performance. We found that the measures of explicit liking and wanting gave similar results, and that measures of explicit and implicit wanting were contradicting. A possible explanation might be that it was difficult for the patient to capture the difference between explicit liking and wanting based on the questions asked, which might be viewed as similar. Explicit liking was assessed with the question "how much would It pleasant to taste some of this food now?", while explicit wanting was assessed with the question "how much would you eat some of this food now". The wording of the questions is very important and needs to be carefully considered when translated into another language. This difficulty in distinguishing the pleasantness of the taste of food versus the pleasantness of eating has been previously raised by Rogers et al. They finally considered that ratings of desire to eat a portion of a food, which is actually tasted by the participants is a reliable measure of food reward (40).

In Chapter V, we designed a buffet meal for the study of food preferences in our experimental restaurant. We used as a basis the work of Allirot et al. (41), who validated the methodology of the buffet to assess eating behavior at the Institut Paul Bocuse experimental restaurant. As this buffet was indented to be used among normal weight or overweight participants, we adapted it for the dietary constraints (e.g., types of foods, quantities, texture, etc.) of patients with obesity with or without a bariatric surgery. The positive aspect of this type of experiment is the high ecological validity of the measures (42) as it uses situation that patients would experience in more natural eating environment in their real life. Contrary to the questionnaires, which capture subjective responses with a high risk of reporting bias, ad-libitum buffet meal is considered more objective and is typically used to assess the effect of an intervention on food intake and selection of foods (43). However, certain points of vigilance must be raised. Especially, this type of methods is expensive as it requires specific equipment, including cameras, kitchens, dedicated rooms and foods. Furthermore, the analysis of video recordings is time-consuming. Finally, the food products need to be carefully chosen to avoid occasional eating.

Overall, there is a wide range of methodological tools, that could be used to assess food preferences and more generally eating behavior after bariatric surgery. Each of them has pros and cons that needs to be carefully considered depending on the question that needs to be addressed and the available resources. Among the tools used in this work, it seems that the LFPQ is the one that comes closest to these characteristics because it is inexpensive and easy to implement, it combines measures of food preferences/choices with food reward and has been previously validated against actual food selection (33-36). However, it remains time consuming in its version composed of 6 tasks and should ideally be performed without distraction.

Strengths and limitation

The strengths of this work are related to the reasonable number of patients it involved so as the various and original approaches it uses to advance knowledge on the complex phenomenon of food preferences in the context of bariatric surgery. It notably involved a systematic review and meta-analyses, concerning overall 2271 patients with RYGB and 903 patients with SG; an online questionnaire performed on 220 patients with a bariatric surgery, a computerized cognitive task performed on 30 patients with OB, 30 with SG and 26 patients with RYGB. Moreover, an ad-libitum buffet meal added to psychophysical sensory testing will be performed on 20 patients with unoperated obesity and 20 patients with SG to enrich the current findings. This diversity of assessment tools, which have been adapted for their use in patients with bariatric surgery, and points of view at the crossroads of several disciplines make the richness of this thesis work. Another strength is the interpretation of the results according to different covariates such as type of surgery, follow-up period, and success or failure of weight loss. This allowed us to take into account the different profiles of the patients and to better characterize postoperative food preferences. Finally, the results of this work have been put into perspective with the existing literature to date, taking mostly into account clinical studies but also including some preclinical studies. It also contributed to discussions around the theoretical framework of appetite control, which are of capital importance for a better understanding of obesity physiopathology and ultimately for proposing adapted treatments that will mimic certain effects of bariatric surgery.

This thesis has also some limitations. All the studies performed in this work were using a cross sectional design, which prevent us from drawing solid conclusions in terms of causality between the surgery intervention and food preference modifications and in terms of mechanistic insight. However, the systematic review and meta-analyses (Chapter II) involved mainly prospective studies, the results of which are overall consistent with our findings, which gives us good confidence in the general interpretation of the findings presented in this thesis. When studying food reward in a clinical setting, the control group was patients with obesity (Chapter IV). The study design did not allow us to control for fasting status and time of the LFPQ assessment in the clinical setting due to be part of the routine medical care of those patients, which another limitation. However, we attempt to mitigate this weakness by performing adjustment on some confounding factors assessed, including appetite levels and behavioral outcomes. The awareness of those limitations allowed us to improve the study design of the buffet meal considering more parameters that could confound the results (Chapter V). We for instance assessed eating behavior with the TFEQ and we standardized the buffet meal. Other parameters such as the socio-cultural background and the ethnicity should however be taken into account in further research given their influence on food choices (44,45).

Perspectives and recommendations

Direction for future research

Study food preferences in an ecological setting

The first perspective of this doctoral work will be to complete the study comparing food preferences between patients with obesity with or without bariatric surgery using a buffet meal in an experimental restaurant (Chapter V). This research will enable a better understanding of food preferences and choices when patients are faced with real visual and olfactory food cues.

It will also provide additional data among the very limited studies assessing food preferences of patients with bariatric surgery with real foods such as Nielsen et al., who found no difference in food preferences before and after bariatric surgery when using a buffet type meal in a laboratory setting (46). Our study will additionally enable the characterization of the microstructure of the meal among patients with obesity and with bariatric surgery using video recording. It is known that the total duration of the meal has an effect on the total energy intake (47). Moreover, a pre-clinical study showed that conditioned taste aversion was manifested by a smaller meal size, a longer meal duration, and a decreased ingestion rate (48). Gaining insight on the meal microstructure will allow us to better understand the mechanisms involved in food preferences and choices after bariatric surgery. Furthermore, while this thesis used subjective measures of sensory ability, the upcoming study will use psychophysical testing to assess more accurately the sensory abilities of the patients. Furthermore pleasantness, intensity, familiarity and edibility will be rated for each tastes and odors to study other dimensions of gustation and olfaction in relation to patients' food preferences.

Study other determinants of food preferences

Food preferences have various determinants, including factors related to the individual himself, to the food and to the environment (49). It was beyond the scope of this thesis to cover all these determinants. However, it would be of great interest to study some of them in future research. For instance, the role of learning (i.e., predictive associations and cognitions), which is another component of food reward (50), needs to be clarified in the theoretical framework of the hedonic regulation of appetite after bariatric surgery. It should also be noted that in addition to the homeostatic and hedonic regulation pathways, the cognitive regulation of food intake involves higher cognitive functions, such as executive memory or inhibitory processes (51). It has been demonstrated that bariatric surgery recovers some brain structures and functions, which are impaired in obesity (52,53). More precisely, a systematic review demonstrated that the weight loss induced by bariatric surgery is associated with improved cognitive functions of the patients (54). Thus, exploring the role of cognitive function in relation to food preferences and overall dietary habits in this specific context seems prudent.

Build a predictive model of weight loss success and failure

In Chapter III, we explored the link between food preferences and the weight loss success of bariatric surgery as a secondary outcome. The results suggested that patients in weight loss success or failure of their surgery had different food preferences, which might be interesting to explore further. Especially, the use of a cohort and a predictive model could identify variables of interest, which would predict the success of the surgery. Ribeiro et al.

recently published a study (55), which aimed to investigate whether gustatory abilities assessed with taste strips (56) and food reward assessed with the power of food scale (57) are predictors of weight loss induced by bariatric surgery. In their study involving 116 patients with bariatric surgery and 96 unoperated controls, there were 10% or less missing data (55), which demonstrated that it would be possible to constitute such a cohort with a good adhesion to the protocol. They found that the sweet intensity ratings and the hedonic hunger scores predict the percentage of weight loss between 11 and 18 months after bariatric surgery. These promising findings indicates that some variables, which could be easily assessed in clinical routine would be able to predict the weight loss success of bariatric surgery. It would be interesting to replicate these results and take into account the excess weight loss at 2 years, which is a commonly accepted indicator of the weight loss success. Moreover, it would be interesting to use a food preference questionnaire in addition to psychophysical testing and assessment of food reward to see whether simple questions about eating habits might as well predict the effect of surgery on weight loss. To implement this type of study on a large scale in France, it would be possible to build on and enrich the registry created in 2018 in which 79 bariatric surgery centers already record their interventions (58). We could also rely on the French Obesity Research Center of Excellence (FORCE) network, which is a national clinical research network specializing in the study of obesity and associated metabolic diseases (59). The ultimate goal of this type of study would be to propose an initial phenotyping of patients in order to provide decision-making tools to clinicians during their medical management of the patients.

reversed by the selection of certain products rich in proteins well appreciated by the patient, while taking into account the current environmental considerations around animal proteins.

Adherence to nutritional recommendations, barriers and facilitators for the longer-term follow-up

By exploring food preferences at specific times after surgery in Chapter II, we found that food preferences might not be significantly different from the preoperative state after some time. Additionally, we saw in Chapter III signs that the low preference for highly palatable was less present in patients with a longer-term follow-up (> 2 years) compared to those in a shorter term follow up (< 2 years). This was coherent with qualitative data showing that patients find it more difficult to adopt a balanced diet when the "honeymoon" is over (i.e., after the phase of rapid weight loss related to decreased appetite) (63). These findings are of importance because poor and maladaptive eating habits are common causes for weight regain (64,65). It would therefore be important to optimize follow-up at this pivotal period following bariatric surgery.

Overall, patients have a good understanding of postoperative recommendations, which they find useful for their long-term weight loss (66). But while follow-up is recommended for life, Radvinsky et al. found that the percentage of patients who are followed by the bariatric team drops to 43%, 1 year after surgery (67). Similarly, findings from the SOS study indicate that only 47,6% of the patients are regularly follow-up 10 years after the surgery (68). This number drops to 9% after 15 years (68). A study reported that among the reasons patients gave for the lack of follow-up, were that patients were "too busy" or "forgot" their appointments (67).

A detailed qualitative study composed of 9 focus groups bringing together a total of 76 patients and which covered many aspects of the postoperative experience indicated that the barriers to follow-up care included the insurance coverage, emotional and situational challenges, and physical pain limiting mobility (69). On the other hand, the facilitators are linked to the selfcare action, including the follow-up of the guidelines, the follow-up of mental treatment and the entourage (69).

When focusing on the specific case of France, where 37 Specialized Centers for Obesity / Centre Spécialisé de l'Obésité (CSO) operate for the multidisciplinary care of obesity and the organization of the care at regional level since 2011 (70), the postoperative follow-up still seems insufficient for more than a third of patients (71,72). In 2017, these findings led the Academy of Medicine to make recommendations: 1) to clearly inform the patients on the need for a lifetime follow-up; 2) to involve general practitioners in the follow-up of patients with bariatric surgery; 3) to involve the high authority of health / Haute Autorité de Santé (HAS) and to the national health insurance / Caisse Nationale d'Assurance Maladie (CNAM) in order to promote the use of a share medical folder, to diffuse guides and sensibilize healthcare givers and to promote the reimbursement of certain surgical acts (73). In this context the new guidelines of the HAS in patients with bariatric surgery, the last edition of which dates from 2009 (74), are being drawn up as well as the new specifications for CSO.

The findings of the present thesis are of importance in relation to the patients' difficulties to adopt an adapted balanced diet in the long term after bariatric surgery as it emphasized the diversity of the patient's profiles and the need to a personalized follow-up. In this context, it would be interesting to put forward paramedical professions, such as dieticians (75,76) and psychologists (77,78), who could provide local care and support patients, but whose consultations might not be affordable if they are not included in a therapeutic education program for the patient. A possible facilitator would be to offer tariff exemptions as it has just been done by the decree of December 20, 2020 in the context of support after cancer treatment (79).

Conclusion

Taking a holistic approach, this work provides new and valuable information concerning the influence of bariatric surgery on food preferences. Although the evidence showed some inconstancies, the majority of data indicates that changes in food preferences occur after bariatric surgery. This manifests as a high appreciation for healthy foods and a low preference towards highly palatable foods (high in fat and/or sweet), which does not seem to last in the long term. This translates into a lower proportion of fat in the energy intake, offsets by a higher proportion of protein. Importantly this work also highlighted the possible role of the sensory and reward domain in changes in food preferences in a broader framework of appetite regulation where homeostatic and hedonic pathways interplay. Patients with or without sensory and / or food reward alterations seem to have different food preferences after bariatric surgery. While this research suggests that patients in success and failure of their bariatric surgery have different food preferences, the role of food preference in postoperative weight loss remains to be fully elucidated. All in all, this work leads us to think that not all patients are sensitive to the effects of surgery in the same way in terms of food preferences, food reward, and sensory alterations.

It would therefore be important to take into account the specificities of each patient in order to offer precision bariatric medicine in the future, as much as an adapted food offer and dietary/culinary recommendation, which must be part of a comprehensive adapted health policy.
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# "Food preferenc*" OR "Food choic*" OR "Food reward" OR "Reward system" OR Liking OR Wanting OR "Food intake" OR "Diet* record*" OR "Diet* assessment*" OR "Diet* survey*" OR "Nutrition* record*" OR "Nutrition* assessment*" OR "Nutrition* survey*" S6 S4 OR S5 S7 S3 AND S6 PsycInfo 1 ("Bariatric surger*" or "Weight loss surger*" or "Obesity surger*" or "Metabolic surger*" or "Bariatric surgical procedure*" or "Bariatric procedure*" or "Bariatric operation*" or "Gastric bypass" or "Stomach bypass" or RYGB or RYGBP or "Sleeve gastrectomy" or "Gastric sleeve" or LSG).ab,hw,id,ti.

2 "Bariatric Surgery"/ or "Gastric Bypass"/ or Gastrectomy/ 3 1 or 2 4

("Food preferenc*" or "Food choic*" or "Food reward" or "Reward system" or Liking or Wanting or "Food intake" or "Diet* record*" or "Diet* assessment*" or "Diet* survey*" or "Nutrition* record*" or "Nutrition* assessment*" or "Nutrition* survey*").ab,hw,id,ti. * preoperative measures were under very low-calorie diet. £ The significance of the results was not clearly mentioned, there were a decrease in contribution of processed and ultra-processed foods accompanied by an increase in the contribution of the unprocessed or minimally processed foods. $ The significance of the results was not indicated, there were a progressive decrease in the contribution to energy intake from all types of fats, especially for saturated fats. N/A indicates that the results were either not assessed by the authors or not reported in the papers. . * p values are for the differences between patients with OB, SG and RYGB on the basis of ANOVA's unadjusted or adjusted for hunger, fullness, time since the last meal, interaction between group of patients and hunger, interaction between group of patients and fullness, and interaction between group of patients and time since the last meal. $ p values are for pairwise comparison using Tukey's post-hoc test.
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 11 Figure 1.1. Obesity system map with thematic clusters of determinants of obesity. Source: Foresight report (13).

Figure 1 . 2 .

 12 Figure 1.2. Factors, which influence accumulation of energy within the cluster 'food consumption' of the obesity system map. Adapted from the foresight system map (13).

Figure 1 .

 1 3 summarizes the expression of appetite considering the 3stage Psychobiological System.

Figure 1 . 3 .

 13 Figure 1.3. Expression of appetite from the 3-stage Psychobiological System. Abbreviations: PVN, paraventricular nucleus; NST, nucleus of the tractus solitarius; CCK, cholecystokinin; FFA, free fatty acids; T: LNAA, tryptophan: large neutral amino acids. Source Hopkins et al (17).

Figure 1 .

 1 Figure 1.4 shows how highly palatable foods could trigger food consumption, through sensory and reward domains, while low palatable foods could trigger satiation and satiety (69).

Figure 1 . 4 .

 14 Figure 1.4. Interactions between hedonic and homeostatic system in the brain depend on the palatability of the food. Source: Gibbons and Blundell, 2015 (69).
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  103), which involved 1879 patients with bariatric surgery versus paired controls, indicated a 15 to 25%-weight loss within a 20-year follow-up, a significant reduction of cardiovascular events (adjusted HR (95%CI)=0.47 (0.29-0.76), p=0.002) and of total mortality (adjusted HR (95% CI)=0.71 (0.54-0.92), P=0.01) (100). Various outcomes are used to report weight loss after bariatric surgery, including Total Weight Loss (TWL), percent total weight loss (%TWL), change in BMI, and percent Excess Weight Loss (%EWL) (104). Percent EWL is calculated using the formula: %EWL = [(Initial Weight) -(Postop Weight)] / [(Initial Weight) -(Normal Weight)]x100. Normal weight is calculated using a BMI of 25 kg.m -2 (25) . Weight loss following bariatric surgery is usually defined as successful when a %EWL > 50% is achieved (105). A recent review highlighted that many factors might contribute to the success of bariatric surgery, such as age, baseline BMI, preoperative comorbidities and the type of surgery (106). Interestingly, findings from the SOS study indicated that the preference towards foods characterized distinctly by their macronutrient content could play a role in successful weight loss. Indeed, individuals who favored protein and carbohydrates over fat had a greater weight loss (107). These impressive weight loss results have led to a dramatic increase in bariatric surgeries over the past decade (doubled between 2008 and 2018 (108) (see Figure 1.5)). According to the latest available annual survey conducted by the International Federation for Chapter I. the Surgery of Obesity and Metabolic Disorders (IFSO, 102), nearly 700,000 bariatric surgeries were performed worldwide in 2018. In France the number of bariatric surgeries increased from 12,800 in 2005 to 31,000 in 2011 (109) and is stabilized to more than 45,000 since 2014 (47,084 in 2014 (110) 46,654 in 2018 (108)). France is ranked the 1 st country in Europe and 3 rd in the world in terms of number of bariatric procedures behind the United States and Brazil (108).

Figure 1 . 5 .

 15 Figure 1.5. Number of bariatric surgeries performed in one year worldwide (panel A) and in France (panel B). Sources for panel A: Scopinaro (111); Buschwald et al. (112); Buschwald and Oien (113) ; Buschwald and Oien (114); Angrisani et al. (115); and Angrisani et al. (108). Sources for panel B: Lazzati et al. (109); Debs et al. (110); and Angrisani et al. (108).

Figure 1 . 6 .

 16 Figure 1.6. Bariatric surgery procedures. Panel A represent the normal anatomy of the gastrointestinal tract. The two most commonly performed bariatric surgeries are the sleeve gastrectomy (panel B) and the Roux-en-Y gastric bypass (panel C). The discontinued red lines represent the trajectory of the food bowl. The green dots represent the trajectory of the digestive juices. Source: Vujasinovic et al. (121).
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 17 Figure 1.7. By modifying the gastrointestinal tract, bariatric surgery might induce a series of modifications in homeostatic and hedonic processes of appetite regulation. Adapted from Blundell et al. (181), Drewnowski (51), and Finlayson and Dalton (182).

  Guyot E, Dougkas A, Bagot S, Nazare JA, Disse E & Iceta S. (Submitted).

  numbers of studies assessed at the different stages of the study selection are presented in Figure 2.1. Overall, 57 studies were included in the systematic literature review. The reasons for exclusion are presented in Figure 2.1.

Figure 2 . 1 .

 21 Figure 2.1. Study selection flow diagram.

  of 57 were published since 2010, which corresponds to the increasing use of bariatric surgery as a treatment for obesity. The studies were carried out in 16 countries, of which the first 3 were the USA (N=13), Brazil (N=13), and France (N=5). This echoes with the world ranking of countries performing the most bariatric surgeries. The pooled population included in this systematic review was 2271 patients with a RYGB and 903 patients with a SG. Food preferences were assessed by 16 different methods, with the majority being based on food records (N=24), Food Frequency Questionnaires (FFQ) (N=12), and food recalls (N=11). The time points of assessment ranged from 6 days (d) to 10 years (yr), with the majority of measures being performed preoperatively (N=47), and at 1 (N=10), 3 (N=16), 6 (N=20), 12 (N=25) and 24 (N=8) months (mo) postoperatively.

Figure 2 .

 2 2 summarizes the pool effect sizes obtained for each meta-analysis. The forest plots representing the pool effect size for each meta-analysis are available in Appendix 2.B.

Figure 2 . 2 .

 22 Figure 2.2.Pooled effect sizes for the weighted mean differences, and 95% confidence intervals (CI), in total energy intake from proteins, carbohydrates and lipids between preoperative and postoperative measure(1, 3, 6, 12, and 24 mo) using random effect models.

Figure 2 .

 2 Figure 2.3 summarizes the quality of the body of evidence according to the six dimensions of the 'Quality assessment tool for quantitative studies'. Most of the studies (N=37)

Figure 2 . 3 .

 23 Figure 2.3. Weighted summary bar-plot representing the proportion of information with a given level of bias for each sub-domain of the 'Quality assessment tool for quantitative studies'.

(

  [134][135][136] with only the study byNielsen et al. (105) using an objective measure of assessment via a buffet meal in a laboratory setting. Several studies have shown that patients with obesity are prone to underreport their self-reported intakes (137-140). Taken together and as it has been highlighted in several narrative reviews on food preferences following bariatric surgery(36,141,142), a more realistic environment is recommended in future studies to improve ecological reliability of the findings (143).Finally, our results indicated that changes in food preferences should be viewed as an evolutionary process that might change over the follow-up period. Thus, it is worth exploring further the food preferences in relation to the weight loss trajectory of the patients and postoperative alteration of food preferences in relation to the weight loss success or failure of the bariatric surgery. We can hypothesize that changes in food preferences by replacing high fat, high sweet and energy dense foods towards healthier food options could contribute to the long-term surgical success.

  Guyot E, Dougkas A, Robert M, Nazare JA, Iceta S & Disse E. (Published paper DOI: 10.1007/s11695-021-05342-9).

  threshold for comparing patients according to their follow-up time. The success of bariatric surgery was calculated for patients with at least 2 y of follow-up as a Percentage Excess Weight Loss (%EWL) ≥ 50%. Excess weight loss was calculated using the formula: %EWL = [(Initial Weight) -(Postop Weight)] / [(Initial Weight) -(Normal Weight)] x 100. Normal weight was calculated using a BMI of 25 kg.m -2 (25) . We recorded different types of 'food rejections' with three open-ended questions. Patients could write in text-words which foods / drinks they found 1

Figure 3 . 1 .

 31 Figure 3.1. Description of food preferences and their postoperative perceived modifications among 220 participants with bariatric surgery. Panel A. Liking scores for 24 food groups at the time of completion of the questionnaire. Higher score indicates higher liking. Panel B. Perceived modification in liking before and after bariatric surgery assessed at the time of completion of the questionnaire. A positive score indicates postoperative higher liking, a negative score indicates post-operative lower liking. Data are presented as mean (SD).

Figure 3 .

 3 Figure 3.2 panel A shows the differences in food preferences among patients with and without taste / smell alterations. Of importance, those with taste alterations had significantly lower preferences for red meat, milk, cheese, desserts, fried foods and water (all p<0.05) relative to the non-taste alteration group, while those with smell alterations had a significantly lower preference for cheese only (p<0.05) relative to the non-smell alteration group (Figure 3.2.B).
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 32 Figure 3.2. Comparison of liking scores between the patients with and without taste alterations (panel A, N=220), with and without smell alterations (panel B, N=220), in a short-and long-term follow-up (panel C, N=220) and in failure or success of bariatric surgery (panel D, N=81). A star indicates a significant difference between the groups (p<0.05) on the basis of Wilcoxon Rank-Sum tests. Data are presented as mean (SD).
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 32 Figure 3.2.D shows the food preference scores according to the success or failure of bariatric surgery among a sub-sample of 81 patients, who reached 2 years of follow-up. Patients
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 41 Figure 4.1. Leeds Food Preference Questionnaire.
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  BMI) kg.m -2 was collected based on the medical record of the patients. Weight loss was calculated as the preoperative body weight minus the current body weight. BMI loss was calculated as the preoperative BMI minus the current BMI. Excess weight loss was calculated using the formula: %EWL = [(Initial Weight) -(Postop Weight)] / [(Initial Weight) -(Normal Weight)] x 100. Normal weight was calculated using a BMI of 25 kg.m -2
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 42 Appendix 4.B. Explicit liking scores for 'high fat -sweet foods' (OB: 57.1 (4.7); SG: 26.4 (4.7); RYGB: 23.2 (5.0)) were significantly different between the groups of patients (p <0.0001). This difference remained significant after adjusting the model for hunger, fullness, time since the last meal and their interaction with the group of patients (p<0.0001).Considering all the studied food categories, adjusted explicit liking scores were significantly different between OB, SG and RYGB patients (all p<0.05) except for foods 'high in carbohydrates -fluid', 'low in carbohydrates -fluid', 'dairy products -without color' and 'foods with fibers -without sauce'.Detailed results of post-hoc tests are shown in Appendix 4.B. Overall, patients with a bariatric surgery had lower explicit liking scores compared to patients with obesity. However, some differences between the two types of surgeries should be noted. Especially, patients with RYGB had significantly lower explicit liking scores for 'low fat -sweet foods', compared to patients with SG (p<0.05).

Figure 4 . 2 .

 42 Figure 4.2. Comparison of explicit liking scores between OB, SG and RYGB patients.Abbreviations: CO, color; DA, dairy; FI, fiber; FL, fluid; HC, high carbohydrate; HF, high fat; HP, high protein; LC, low carbohydrate; LF, low fat; LP, low protein; ME, meat; NC, no color; ND, nondairy; NF, no fiber; NM, no meat; NS, no sauce; NV, no variation; OB: non-operative patients with obesity; SA, savory; SC, sauce; SG: group of patients with a sleeve gastrectomy; RYGB: group of patients with a Roux-en-Y gastric bypass; SO, solid; SW, sweet; VA, variation. Data are presented as mean (SEM) or least square mean (SEM). p values are for the differences between patients with OB, SG and RYGB on the basis of ANOVAs unadjusted (panel A) or adjusted (panel B) for hunger, fullness, time since the last meal, interaction between group of patients and hunger, interaction between group of patients and fullness, and interaction between group of patients and time since the last meal.
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 43 Figure 4.3 and Appendix 4.B shows the implicit wanting scores. Regarding the unadjusted scores, there was a significant difference between OB, SG and RYGB patients for 'foods low in carbohydrates -fluid', 'dairy products -without color', and 'foods high in fatsweet' (all p<0.05).
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 43 Figure 4.3. Comparison of implicit wanting scores between OB, SG and RYGB patients.Abbreviations: CO, color; DA, dairy; FI, fiber; FL, fluid; HC, high carbohydrate; HF, high fat; HP, high protein; LC, low carbohydrate; LF, low fat; LP, low protein; ME, meat; NC, no color; ND, nondairy; NF, no fiber; NM, no meat; NS, no sauce; NV, no variation; OB: non-operative patients with obesity; SA, savory; SC, sauce; SG: group of patients with a sleeve gastrectomy; RYGB: group of patients with a Roux-en-Y gastric bypass; SO, solid; SW, sweet; VA, variation. Data are presented as mean (SEM) or least square mean (SEM). p values are for the differences between patients with OB, SG and RYGB on the basis of ANOVAs unadjusted (panel A) or adjusted (panel B) for hunger, fullness, time since the last meal, interaction between group of patients and hunger, interaction between group of patients and fullness, and interaction between group of patients and time since the last meal.
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 5 Figure 5.1 and Table5.1 show the study design and steps of the study respectively.
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 51 Figure 5.1. Study design. Abbreviation: M, Month.
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 52 Figure 5.2. A domestic-type kitchen at the Institut Paul Bocuse restaurant. © Santorini Dave.
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 53 Figure 5.3. Use of the Taste Strips.
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 54 Figure 5.4. Use of the ETOC.The ETOC test was designed to be used by 40 to 50 patients over a period of up to 6 months. Given the COVID-19 epidemic, it was no longer possible to share the ETOC test between several patients. Therefore, it will be replaced by 14 single-use olfactory cards, which can be easily manipulated by the patients themselves. The patients will have to open the blister, take out the card, scrape the yellow circle on the card with a stick to release the odor, and to smell it (see Figure5.5). Then they can perform the identification task and rate the familiarity, pleasantness, intensity, and edibility of the odor. However, as each card contains an odor, it is impossible to obtain a detection score. Moreover, the probability table used to evaluate the olfactory function of the patients based on the results of the ETOC is not appropriate for this tool.
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 55 Figure 5.5. Use of the olfactory cards to assess the identification smell capacity of the patients.

Figure 5 . 6 .

 56 Figure 5.6. Ad-libitum buffet meal.
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 57 Figure 5.7. Video recordings will be performed to study the microstructure of the meal.
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 58 Figure 5.8. Summary of the course of the experiment. Abbreviations: TFEQ, Three Eating Factor Questionnaire; ETOC, European Test of Olfactory Capabilities; VAS, Visual Analog Scale.
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	.1 shows some of the main appetite-related signals

Table 1 .1.

 1 Modifications of the major appetite-related signals after bariatric surgery.

Appetite- related signal Cite of production Effect on food intake Modification in case of obesity Modification after bariatric surgery

  

					↔ or slight ↑
	PYY	L cells terminal ileum and colon	↓ (152)	↓	fasting Slight ↑ postprandial
	GLP-1	L cells ileum and proximal colon	↓ (153,154)	↔ or ↓	↔ or slight ↑ fasting ↑ postprandial
	CCK	I cells of the proximal small intestine (duodenum and jejunum)	↓ (155)	↔ fasting postprandial ↔ or ↓	↔ fasting ↑ postprandial
		Stomach and small	↑	↔ or ↓ fasting	↓ fasting
	Ghrelin	intestine	(156)	↔ or ↓	↓ postprandial
				postprandial	
	Leptin	Adipose tissue	↓ (157)	↑ (158)	↔ or ↓ fasting (159)
	Abbreviations: PYY: peptide YY 3-36, GLP-1: glucagon-like peptide-1, CCK: cholecystokinin. Adapted from
	Meek et al. (151). Arrows indicate the effect of bariatric surgery upon the appetite-related signals: increase, ¯
	decrease or ↔ no modification.			

Hedonic response Food preference Food selection / choice Sensory domain Reward domain Hedonic hotspots Incentive salience attribution Liking Wanting Taste preference Odor preference

  

	Energy	Tonic inhibition of	Ghrelin	CCK, PYY, GLP-1
	demand	energy intake		
			-	Appetite-
	Resting metabolic rate	Leptin	stimulating hormones	inhibiting hormones
	Fat-free mass	Fat mass		
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 21 Characteristics of the studies included by study design.

						Preoperative /		
	Reference	Country	Study design	Number of participants	Overall age (yr)	Postoperative BMI (kg/m²) or other weight	Method of assessment (unit)	Time points
						loss outcomes		
	Al Assal, 2020 (56)	Brazil	Prospective	RYGB: 25	45.80 ± 7.95	46.40 ± 5.48 / 32.70 ± 3.54	Food record -7 d (daily intake)	Preop, 3 mo, 12 mo
							Food Preference Questionnaire with	
	Ammon, 2015 (57)	USA	Prospective	SG: 15	45 ± 10	44.85 ± 10.37 / EWL: 22.14 ± 10.33%	hedonic (liking) ratings -72 items (9-points Likert scale)	Preop, 6 wk
	Aron-Wisnewsky, 2016 (58)	France	Prospective	N total: 22 -RYGB: 14 AGB: 8	RYGB: [32.0-43.5] 40.5 [31.0-45.0] $ AGB: 40.5	RYGB: 39.1 [37.4-40.3] 46.3 [42.3-49.3] / 38.2 [35.2-40.4] AGB: 42.8 [42.4-43.8] /	Food record -24 h (serving / d)	Preop, 1 mo, 3 mo
	Bavaresco, 2010 (59)	Brazil	Prospective	RYGB: 48	41.9 ± 8.8	51.9 ± 7.8 / 33.6 ± 5.9	Food recall -24 h (daily intake)	Preop, 1 mo, 3 mo, 6 mo, 8 mo, 12 mo
	Brolin, 1994 (60)	USA	Prospective	N total: 138 -RYGB: 108 VBG: 30	RYGB: 38 ± 10 VBG: 39 ± 9	RYGB: 43 ± 4 / EWL: 72% VBG: 42 ± 4 / EWL: 53%	Food recall -24 h (percentage of daily energy intake)	Preop, 6 mo, 12 mo, 18 mo, 24 mo, 36 mo
	Bužga, 2014 (61)	Czech Republic	Prospective	SG: 37	43.5 ± 10.2	43.0 ± 4.9 / 31.9 ± 5.0	Food record -3 d, FFQ	Preop, 6 mo
	Carrasco, 2007 (62)	Chile	Prospective	RYGB: 38	36.3 ± 10.5	44.0 ± 4.5 / 31.6 ± 4.1	Food record -3 d (daily intake)	Preop, 6 mo, 12 mo
						43.8 ± 4.8 /		
				N total: 50		EWL: 68.9 ± 12.8%		
	Carrasco, 2012 (63)	Chile	Prospective	-R-RYGB: 26	37.6 ± 10.2	R-RYGB: 42.3 ± 3.6 / EWL: 72.8 ± 12.0%	FFQ -24 items (frequency of consumption)	Preop, 6 mo, 12 mo
				NR-RYGB: 24		NR-RYGB: 45.5 ± 5.4 /		
						64.6 ± 12.5%		
	Casagrande, 2012 (64)	Brazil	Prospective	RYGB: 33	37.2 ± 9.6	44.4 ± 5.0 / 27.5 ± 4.5	Food record -3 d (daily intake) FFQ	Preop, 12 mo

Abbreviations. AGB: adjustable gastric banding. BMI: body mass index. DS: duodenal switch. EWL: excess weight loss. FFQ: Food Frequency Questionnaire. HGP: horizontal gastroplasty. ILI: subjects with obesity with a lifestyle intervention. MV: with multivitamin supplement. NMV: without multivitamin supplement. NO: subjects without obesity. NR-RYGB: RYGB without resected stomach. NW: normal-weight subjects. OB: subjects with obesity. R-RYGB: RYGB with resected stomach. RYGB: Roux-en-Y gastric bypass. SG: sleeve gastrectomy. SW: stable weight. TWL: total weight loss. VBG: vertical banded gastroplasty. WL: weight loss. WR: weight regain. Data are presented as mean ± SD, *mean (range), $ median (range) and median [interquartile range]. Weight loss outcomes are indicated in kg.m-2, unless indicated otherwise.
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 22 Relative choices between foods or food categories in comparison with preoperative measures (prospective studies, N=19) or with measures on control groups of patients with obesity (cross-sectional studies, N=3).

					Time point
	Items	1 month	3 months	6 months	12 months	>12 months
		(3 studies)	(5 studies)	(10 studies)	(13 studies)	(11 studies)
	Meats	-(58,75)	= (75)	= (75)		= (75)	= (59 * ,62 * ,64,87)
	Red meat	-(97)	-(97)	-(97)	-(92,97)	-(97)
	White meat	N/A	N/A	N/A		= (92)	N/A
	Fatty meat	N/A	N/A	-(61)		N/A	N/A
	Smocked meat products (high fat contents)	N/A	N/A	-(61)		-(61)	N/A
	Chicken or beef fried pastry	N/A	N/A	-(10)		N/A	N/A
	Chicken breast (cooked, shredded)	N/A	N/A	-(10)		N/A	N/A
	Poultry	N/A	N/A	N/A		N/A	+ (59 * ,87)
	Ham	N/A	N/A	= (10)		= (7)	= (7,98)
	Hot dog, frankfurter	N/A	N/A	-(10)		N/A	N/A
	Sausage	N/A	N/A	-(10)		N/A	= (59 * ,87)
	Deli meat product	N/A	N/A	N/A		-(92)	N/A
	Hamburger	N/A	N/A	-(10)		N/A	N/A
	Steak	N/A	N/A	N/A		N/A	-(58 * )
	Lean beef	N/A	N/A	-(10)		N/A	N/A
	Meat Alternatives	N/A	N/A	N/A		N/A	= (62 * )
	Fish -(74) = (64,66 Fried fish, shellfish -(58) = (75) -(58,74) = (75) = (75) + (10,61) N/A N/A N/A -(92)	N/A
	Eggs	+ (97)	+ (97)	+ (97)	= (7,92)	= (7,99) + (59 * ,87)
	Pizza	N/A	N/A	-(10)		N/A	N/A
	Dairy foods	= (58) -(75)	= (58)	-(75)	-(75,92) = (66 $ ,88)	= (62 * ,64)
	Milk (49,58 Low fat (1-2%) milk N/A N/A -(67 # ) --(49,67 # ) = (7) + (97) + (97) = (10) N/A	N/A
	Whole milk	N/A	N/A	-(10)		N/A	N/A
	Soured milk	N/A	N/A	N/A		N/A	= (59 * ,87)
	Yogurt	N/A	N/A	+ (10)		-(66 $ )	= (59 * ,87)
	Ice cream	N/A	N/A	-(10,49,67 # )	-(50,67 # )	-(49,58 * ,67 # )
	Sundae	N/A	N/A	-(10)		N/A	N/A
	Cheese	-(75)	-(75)	= (75)	= (7,75)	= (7,75)
	Ricotta cheese	N/A	N/A	-(10)		N/A	= (59 * )
	Curd cheese	N/A	N/A	N/A		N/A	= (59 * ,87)
	Buttermilk	N/A	N/A	N/A		N/A	= (59 * ,87)
	Fruits	-(58)	= (58)	-(10)	= (66 $ ,81)	= (62 * ,88)	+ (7)
	Fresh fruits	N/A	N/A	N/A		N/A	= (59 * ,87)
	Bananas (baked, fried)	N/A	N/A	-(10)		N/A	N/A
	Fruit salad	N/A	N/A	-(10)		N/A	N/A
	Vegetables	-(58,97) = (58,75) = (10,61,74) -(66 $ )	= (61,75)	+ (92)	= (62 * ,64,88)
	Cooked vegetables	N/A	N/A	N/A		N/A	+ (59 * ,87)

$ ,81) = (75,99) + (59 * ,87) * ,67 # ) *
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shows the results of the changes in the hedonics of foods after bariatric surgery. A detailed table of the results for each study is provided in Appendix 2.C. Overall, studies examined some food categories with certain nutritional (e.g., high in protein, high in fat, etc.) or sensory (e.g., sweet, salty, etc.) properties. They used food preference questionnaires, hedonic scales, the Power of Food Scale and progressive ratio task.
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 23 Hedonic ratings for foods or food categories in comparison with preoperative measures (prospective studies, N=10) or with measures on control groups of patients with obesity (cross-sectional studies, N=6).

		Time points
	Items	0-2 months (8 studies)
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 31 Characteristics of the patients. Data are presented as median (range) unless noted otherwise. p values are for the differences between patients with RYGB, SG and other types of bariatric surgery on the basis of Kruskal-Wallis H test, Pearson's χ² test or Fisher's exact test.

		All	RYGB	SG	Other	P
					procedure	
		n = 220	n = 71	n = 122	n = 27	
	Women (%)	89.6	93.0	88.5	85.2	0.33
	Age (y)	41.0 (19.0-	44.0 (25.0-	39.0 (19.0-	46.5 (20.0-	0.021
		68.0)	64.0)	67.0)	68.0)	
	Household (%)					0.27
	Alone without a	13.6	21.1	10.7	7.4	
	child					
	Alone with	5.5	5.6	5.7	3.7	
	child(ren)					
	Living with a	26.4	24.0	27.0	29.6	
	partner without a					
	child					
	Living with a	49.1	47.9	48.4	55.6	
	partner with					
	child(ren)					
	Other	5.0	1.4	8.2	0.0	
	Education level (%)					0.65
	Postgraduate	62.7	66.2	61.5	59.3	
	Undergraduate	30.0	24.0	32.8	33.3	
	Secondary	5.0	7.0	4.1	3.7	
	Employment (%)					0.55
	Higher intellectual	19.1	21.1	17.2	22.2	
	profession,					
	manager, artisan,					
	shopkeeper					
	Employee, worker	60.5	57.8	64.7	48.2	
	and intermediate					
	occupation					
	Unemployed,	17.7	18.3	15.6	25.9	
	student or retiree					

Abbreviations: BMI: Body mass index; SG: sleeve gastrectomy: RYGB: Roux-en-Y gastric bypass.
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 41 Dichotomous food categories tested with the LFPQ.

	Task	Studied dimensions	Combined food categories
			HC-SO
	1	High carbohydrates (HC) / Low carbohydrates (LC) Solid (SO) / Fluid (FL)	HC-FL LC-SO
			LC-FL
			DA-CO
	2	Dairy (DA) / Nondairy (ND) Color (CO) / No color (NC)	DA-NC ND-CO
			ND-NC
			HF-SA
	3	High fat (HF) / Low fat (LF) Savory (SA) / Sweet (SW)	HF-SW LF-SA
			LF-SW
			FI-SC
	4	Fiber (FI) / No fiber (NF) Sauce (SC) / No sauce (NS)	FI-NS NF-SC
			NF-NS
			ME-HF
	5	Meat (ME) / No meat (NM) High fat (HF) / Low fat (LF)	ME-LF NM-HF
			NM-LF
	6	High protein (HP) / Low protein (LP) Variation (VA) / No variation (NV)	
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 42 Socioeconomic and behavioral characteristics of the 86 included patients according to their operative status.

		All	OB	SG	RYGB	P
		n = 86	n = 30	n = 30	n = 26	
	Sociodemographic					
	data					
	Women (%)	68.6	56.7	76.7	73.1	0.21
	Age (yr)	41.8 (1.3) 37.9 (2.6) a	38.3	50.5 (1.8) b	<.0001
				(1.7) a		
	Smoking status (%)	17.4	13.3	20.0	19.2	0.82
	Food budget	12.8	10.0	10.0	19.23	0.56
	constraint (%)					

Abbreviations: OB: non-operative patients with obesity; SG: group with a sleeve gastrectomy; RYGB: group of patients with a Roux-en-Y gastric bypass. Data are presented as mean (SEM), or median (interquartile range). p values are for the differences between patients with OB, SG and RYGB on the basis of Student's t-test, ANOVAs, Pearson's χ² test, Fisher's exact test or Mann-Whitney U test, as appropriate. a,b mean values within a row with different superscript letters were significantly different (P<0.05) followed by Tukey's post-hoc test. * indicates that for the 20 patients at 6 months of bariatric surgery follow-up, this also reflects 6 months before surgery.
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 43 Comparison of food choices between patients with OB, SG and RYGB.

	All	OB	SG	RYGB	p-value
	n=86	n=30	n=30	n=26	
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 44 Comparison of fat and sweat appeal bias between OB, SG and RYGB patients.

		All	OB	SG	RYGB	p-value
		n=86	n=30	n=30	n=26	
	Fat appeal bias					
	Explicit liking	7.0 (1.7)	15.8 (3.3) a	2.5 (2.2) b	1.9 (2.2) b	0.0003
	Explicit	6.2 (1.7)	16.1 (3.4) a	1.7 (2.0) b	-0.1 (1.8) b	<.0001
	wanting					
	Implicit	13.5 (4.7)	29.9 (7.2) a	6.9 (5.4) ab	2.2 (10.8) b	0.032
	wanting					
	Sweet appeal bias					
	Explicit liking	7.1 (2.0)	13.4 (3.5)	2.6 (4.0)	4.9 (2.3)	0.062
	Explicit	6.8 (2.0)	13.5 (3.4) a	2.4 (4.0) b	4.0 (1.7) ab	0.040
	wanting					
	Implicit	0.5 (8.1)	5.3 (16.8)	8.2 (6.9)	-14.0 (17.1)	0.51
	wanting					

Table 4 . 5 .

 45 Correlations between food reward and behavioral traits of bariatric surgery patients.

	All	OB	SG	RYGB
	n=86	n=30	n=30	n=26

Abbreviations: OB: non-operative patients with obesity; SG: group with a sleeve gastrectomy; RYGB: group of patients with a Roux-en-Y gastric bypass; EL: explicit liking; EW: explicit wanting; IW: implicit wanting. Data correspond to Pearson's coefficient of correlation and their p-value. Color coding vary from dark red (high positive correlation) to dark green (high negative correlation).
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 51 Steps of the study.Method of assessment, which will be used: 1 Interview and Case Report Form; 2 Anthropometric measurements; 2 ETOC, Taste Strips; 3 TFEQ; 4 Appetite ratings, food weighing's, video recording; 5 Video recording. M: month

	Steps		Pre-screening (online questionnaire)	Study day
	Actions	Moment	M3 to M12 after bariatric surgery	M3 à M12 after bariatric surgery
	Verification of pre-screening criteria	X	
	Information and recording of non-opposition 1		X
	Request of the image rights 1		X
	Medical history 1			X
	Verification of inclusion / non-inclusion criteria 1		X
	Paraclinical examination 1,2		X
	Sensory evaluation 2			X
	Evaluation of eating behavior 3		X
	Evaluation of food preferences 4		X
	Evaluation of the microstructure of the meal 5		X

Table 5 . 2 .

 52 Composition of the Taste Strips.

	Taste	Chemical	Concentration 1 (g/ml)	Concentration 2 (g/ml)	Concentration 3 (g/ml)	Concentration 4 (g/ml)
	Sweet	Sucrose	0.4	0.2	0.1	0.05
	Sour	Citric acid	0.3	0.165	0.09	0.05
	Salty	Sodium chloride	0.25	0.1	0.04	0.016
	Bitter	Quinine hydrochloride	0.006	0.0024	0.0009	0.0004
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 53 Randomization of the administration of the Taste Strips.

	Taste	Lowest concentration	à		Highest concentration
	Sweet	1	6	11	13
	Sour	3	5	10	14
	Salty	4	8	9	15
	Bitter	2	7	12	16
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 54 Studied food items and composition of the buffet meal.

		HF	LF
		> 15%	≤ 5%
	HC	Chocolate cake	Compote
	≥ 15%	Dauphine potatoes	Ketchup
	Rice salad with tuna *	Bread *
	Breaded chicken fries *	Pasta
	LC	Comté cheese *	Cottage cheese *
	< 5%	Country terrine *	Tomato basil
		Minced steak *	Parsley green beans
		Mayonnaise	Pollock with sorrel *
	*Foods with the highest content of proteins		
	ð Choice of the food items		

Table 5 . 5 .

 55 Calculation of the evaporation coefficient.

		Weight after cooking	Weight before	Evaporation
		(g)	consumption (g)	coefficient (%)
	Parsley green beans	805	798	0.87
	Pasta	968	968	0.00
	Dauphine potatoes	930	921	0.97
	Minced steak	1008	995	1.29
	Pollock with sorrel	1059	1041	1.70
	Breaded chicken fries	982	959	2.34
	5.2.1.	Summary of the course of the experiment (see Figure 5.8)

Time points Post-operative decrease OR Less in operative group than others No modification OR No difference between the groups Post-operative increase OR Greater in operative group than others

  Relative choices between foods or food categories in comparison with preoperative measures (prospective studies, N=19) or measures on control groups of subjects with obesity (cross-sectional studies, N=3).

			Lipids -6 months 6 mo, 12	Starchy food Other dairy (at 3, 6 Finger foods (deep	Dairy products Fresh fruits	N/A
	Aron-Wisnewsky 2016	Food record -24h (serving / d) Liking survey -100	mo, 36 mo Preop, 1 mo, 3 mo		Meat and fish and 12 mo) fried pastry) Fruits and Vegetal (at 1mo) Banana (breaded, vegetables (at 1 N/A fried) Potato chips	Sweets (candies...) Salted snacks N/A (potato chips,	Dietary quality
	Brolin 1994 Hubert 2019 Johnson 2013	Food recall -24h (percentage of energy intake) items and dietary quality index (scale from -100 to 100) Food frequency questionnaire -180 items (intake per day)	12 mo Preop, 6 mo, 12 mo, 18 mo, 24 mo, 36 mo Preop, 12 mo	mo) Sweets/soda (at 6, 12, 18 and 24 mo) (i.e., crips), French, cassava Dulche de leche Milk and ice cream Guava jam products High calorie liquids (at 12, 18 and 24 mo) Non-liquid sweets Vegetables (vs. Chocolates, truffles ILI) Ice cream, sundae Whole grain (vs. Mayonnaise ILI) Soft drinks Yogurt (vs. ILI) Hot chocolate	N/A peanuts...) Bread (white, rye-wheat), toast Bread (whole grain, N/A dark-rye, crisp) Cereals Curd cheese, yogurt, soured milk Cheese -milk,	N/A index N/A
						Smoked meat Sweets and high-Sausage	N/A N/A buttermilk	Fish (at 6 mo) N/A
	Buzga 2014 Kenler 1990	Lipids -12 months Food frequency questionnaire -24 items (frequency of products with high fat contents Fatty meat (at 6 mo) Preop, 6 calorie beverages Lean beef (breaded, Food recall -24h mo, 12 Milk and ice cream roasted) barbecue (percentage of mo, 18 High calorie liquids Chicken breast energy intake) mo, 24 mo Non liquid sweets (cooked, shredded) Preop, 6 (at 6 mo) Food frequency Sugar (%EI) lentils (cooked) Fruits and mo, 12 mo Bread dumplings (at 12 and 18 mo) Beans, green peas, Starchy foods	Soda Diet soft drinks, other diet beverages N/A Dairy products	N/A N/A
	Kvehaugen 2018 Verger 2016 ProQuest Delin 1997 2013 Laurenius Nielsen 2017 Murphy 2015 2018 Zaparolli	5 6 7 consumption) Food preferences/ 4 OR 5 questionnaire (percentage of energy intake or Food record -3d Preop, 3 Preop, 6 (serving / d) mo, 12 mo mo 3 AND 6 S1 intake) diskw.Exact("Bariatric surgery" OR "Gastric bypass" OR White flour baked goods (at 6 mo) Distillates (at 12 Fibers Whole milk vegetables (at 3 Water Ricotta cheese mo) Fruits Meat and fish (at mo) Fruit salad 3mo) "Gastrectomy") S2 noft("bariatric surgerS3 S1 or S2 S4 diskw.Exact("Food preferences") Food frequency cookies energy intake) and 12 mo) Processed foods Eggs Lipids -24 months Food frequency (frequency of consumption) mo Steak Chips (vs. OB) Fizzy drinks (vs. OB) Chocolate Cake biscuits and N/A (percentage of mo, 24 mo chocolate (at 6 wk Low fat questions wk, 12 Candies and energy density High fat SOS study dietary questionnaire -51 Preop, 6 Fast foods (at 6 wk and 12 mo) Cakes and cookies (at 6 wk) Ham and cheese -Sum of low and medium dietary Savory energy intake) mo, 18 mo Sweet meal (percentage of Preop, 6 Low fat savory Ad libitum buffet Low fat sweet items 32 ± 11 Milk Desserts (at 24 mo) Sandwiches High fat savory questionnaire -37 Cereals Fruit juice Ice-cream N/A Nonalcoholic drinks (at 12 mo) Cooked meals Light meals Egg Cereals Food record -3d (intake) Preop, 12 mo N/A Saturated fat* Fiber* N/A High fat sweet consumption, %) 12 mo beverages (prevalence of mo, 6 mo, Alcoholic Food recall -24h Preop, 3 Soft drinks N/A	Eggs Vegetables and Poultry Cooked vegetables Sum of very low dietary energy density (at 6 wk and 12 mo) -Chips (vs. NW) Fizzy drinks (vs. NW) Milk (at 6 wk) Fruits N/A N/A N/A
		S5 questionnaire -24 noft("food preferenc") OR noft("food choic*") OR noft("food Soda (vs. OB) Snacks (at 6 wk) Fried fish White meat	Fish (vs. OB) legumes
	Ernst 2009	items	reward") OR noft("reward system") OR noft("liking") OR > 12 mo White bread and Alcohol (at 6 wk) Sweets Fish	Meat (vs. NO)
		noft("wanting") OR noft("food intake") OR noft("diet* record*") (frequency of toast (vs. OB) Diet soft (vs. NO) -Alimentary Fried potatos Fruits
		OR noft("diet* assessment*") OR noft("diet* survey*") OR consumption) Whole-grain bread Sum of high dietary Frequency Rice and pasta Bread	Drinks (vs. NO)
	Ruiz-Tovar	noft("nutrition* record*") OR noft("nutrition* assessment*") OR (vs. OB energy density (at 6 Questionnaire Preop, 12 Dairy products Wine
	Cereals (vs. NO) wk) Red meat noft("nutrition* survey*") 1991-2002 mo S6 Food frequency Processed + Unprocessed or (frequency of Deli meat products S4 OR S5 S7 S3 AND S6 S1 "Bariatric surger*" OR "Weight loss surger*" OR "Obesity surger*" N/A Unprocessed or N/A N/A OR "Metabolic surger*" OR "Bariatric surgical procedure*" OR "Bariatric procedure*" OR "Bariatric operation*" OR "Gastric bypass" OR "Stomach bypass" OR RYGB OR RYGBP OR "Sleeve gastrectomy" OR "Gastric sleeve" OR LSG S2 "Food preferenc*" OR "Food choic*" OR "Food reward" OR "Reward system" OR Liking OR Wanting OR "Food intake" OR "Diet* record*" OR "Diet* assessment*" OR "Diet* survey*" OR "Nutrition* record*" OR "Nutrition* assessment*" OR "Nutrition* survey*" S3 S1 AND S2 S4 Filter : English Appendix 2.C. First 2018 OpenGrey author, year Method of assessment (unit) Farias 2020 £ questionnaire and NOVA classification (percentage of energy intake) Preop, 6 mo, 24 mo ultraprocessed foods minimally consumption) Shellfish minimaly processed foods Freeman 2014 Food recall -24h Qualitative Dietary Assessment form (serving sizes) RYGB: 34.0 ± 12 mo SG: 26.5 ± 10 mo Extras Breads and cereals (SG vs. OB) Fruits Vegetables Meat and meat alternatives Dairy foods N/A Garla 2019 Food record -7d and food frequency questionnaire (intake per day or week) Polyunsaturated fatty acids N/A N/A Lopes Pinto 2019 processed foods Nuts Food record -3d and NOVA classification (intake per day) Processed foods Soft drinks Preop, 3 Ultra-processed Beer mo, 12 mo foods Processed culinary ingredients (at 3 mo) Moizé Food record -3d and Food recall -24h Preop, 6 mo, 12 mo, 24 Saturated fat Monoinsaturated fat N/A Trostler 1995 Preop, 1 Starches (at 1 to 5 N/A Eggs (at 1 to 6 mo) Food record -7d, mo, 2 mo, mo) Low fat milk food recall -24h, 3 mo, 4 Red meat products (1 to 3 Food Frequency mo, 5 mo, mo) Questionnaire 6 mo, 9 (proportion of mo, 12 energy intake) mo, 15 mo 2013 $ (percentage of mo, 48 Polyinsaturated fat Chocolate Meat Poultry Preop, 3 Fish energy intake) mo, 60 mo Food frequency Cake, biscuits, Sausage product, Fish mo, 12 mo Soybean oil Giusti 2016 Food records -4 and 7d (intake per d) Preop, 1 mo) ≥ 4 d/wk) Hamburger orange juice vegetables mo, 3 mo, Meat (at 1mo) Cheese (at 1 and 3 Fish N/A Molin Netto 2017 Food frequency questionnaire (percentage of patients consuming Preop, 6 Hot dog Yogurt, fruit Fresh consumption) Salad or raw mo Chicken or beef fried pastry Pizza N/A Fish (grilled or cooked) Yogurt, plain Ullrich 2013 questionnaire -24 items (frequency of cookies ham Eggs Preop, 16 Fruit juice, soft Pasta Potatos mo drinks Rice Cooked vegetables
							XI

*") OR noft("weight loss surger*") OR noft("obesity surger*") OR noft("metabolic surger*") OR noft("bariatric surgical procedure*") OR noft("bariatric procedure*") OR noft("bariatric operation*") OR noft("gastric bypass") OR noft("stomach bypass") OR noft(RYGB) OR noft(RYGBP) OR noft("sleeve gastrectomy") OR noft("gastric sleeve") OR noft(LSG) OR noft("") OR noft("")

  NO: patients without obesity; OB: patients with obesity; PFS: Power of Food Scale; RYGB: rouxen-Y gastric bypass; SG: sleeve gastrectomy. N/A indicates that the results were either not assessed by the authors or not reported in the papers. HC: high calorie; HF: high fat; HFHS: high fat -high sugar; HFLS: high fatlow sugar; L: lipid; LF: low fat; LFHS: low fat -high sugar; LFLS: low fat -low sugar; LS: low sugar; P: protein; RYGB: Roux-en-Y gastric bypass; SG: sleeve gastrectomy. *Correspond to the following references: Liking scores according to the operative status of the 86 included patients (2018-2019).

	Scholtz 2014 Schultes 2010 Thirlby 2006 Ullrich 2013 Zheng, 2009 (18) Abbreviations: C: carbohydrates; p-value $ for pairwise comparison Food appeal -6 items (visual analog scale 0-10 cm) 8.1 (2.6-26.2) mo Food High calorie (chocolate, other sweet and non-sweet) Low calorie Desire to eat -Power of Food Scale 22.5 ± 17.2 mo Food available (RYGB vs. OB) Food present (RYGB vs. OB) Food tasted (RYGB vs. OB and NO) Aggregated PFS score (RYGB vs. OB) Liking -high fat vs. low-fat potato chips (9-point Likert scale) Preop, 32 mo High fat potato chips (high obesity risk index patients) Desire to eat -Power of food scale Preop, 16 mo Food available Food present Food tasted Aggregated PFS score task (sucrose and peanut oil) ---Taste aversion paradigm (corn oil) RYGB Sham operation Food preference Two-choice diet (HF and LF) Increased preference for LF over HF OB vs. SG vs. All (N=86) OB (N=30) SG (N=30) RYGB (N=26) p-value * SG RYGB RYGB Unadjusted explicit liking scores HC-SO 34.0 (2.7) 48.5 (4.2) 27.4 (4.2) 24.9 (4.6) 0.0003 0.0021 0.0009 0.92 HC-FL 31.0 (2.4) 41.7 (3.9) 28.2 (3.9) 21.9 (4.2) 0.0026 0.423 0.024 0.52 LC-SO 40.1 (3.1) 57.8 (4.6) 34.5 (4.6) 26.0 (5.0) <.0001 0.0018 <.0001 0.43 LC-FL 29.2 (2.6) 38.2 (4.3) 22.9 (4.3) 26.2 (4.6) 0.035 0.035 0.14 0.85 DA-CO 31.1 (2.8) 46.3 (4.4) 23.9 (4.4) 21.8 (4.8) 0.0002 0.0015 0.0007 0.92 DA-NC 33.7 (2.6) 44.0 (4.2) 29.8 (4.2) 26.0 (4.6) 0.011 0.051 0.014 0.82 ND-CO 26.7 (2.5) 36.9 (3.9) 26.5 (3.9) 14.8 (4.3) 0.0012 0.15 0.0007 0.11 ND-NC 32.1 (2.6) 47.4 (3.8) 28.3 (3.8) 18.5 (4.1) <.0001 0.0017 <.0001 0.20 HF-SW 36.1 (3.2) 57.1 (4.7) 26.4 (4.7) 23.2 (5.0) <.0001 <.0001 <.0001 0.89 LF-SA 22.1 (2.0) 27.9 (3.3) 21.3 (3.3) 16.4 (3.5) 0.064 NA NA NA LF-SW 34.6 (2.5) 46.2 (4.0) 31.7 (4.0) 24.5 (4.3) 0.0014 0.034 0.0012 0.45 FI-SC 34.8 (2.6) 45.2 (4.2) 32.5 (4.2) 25.3 (4.5) 0.0056 0.084 0.0047 0.48 FI-NS 29.5 (2.4) 36.4 (4.1) 27.1 (4.1) 24.5 (4.4) 0.11 NA NA NA NF-SC 37.3 (2.9) 54.8 (4.4) 29.8 (4.4) 25.9 (4.7) <.0001 0.0004 <.0001 0.82 NF-NS 39.5 (2.8) 54.4 (4.4) 32.9 (4.4) 29.7 (4.7) 0.0003 0.0024 0.0007 0.87 ME-HF 38.2 (3.3) 55.6 (5.1) 30.7 (5.1) 26.8 (5.4) 0.0002 0.0023 0.0006 0.86 ME-LF 38.5 (3.3) 51.9 (5.4) 31.1 (5.4) 31.5 (5.8) 0.012 0.022 0.032 1.00 NM-HF 35.5 (3.0) 49.7 (4.7) 30.4 (4.7) 25.1 (5.1) 0.0012 0.013 0.0017 0.72 NM-LF 29.4 (2.4) 40.2 (3.8) 24.8 (3.8) 22.2 (4.1) 0.0030 0.016 0.054 0.88 DA-CO 30.9 (8.4) 48.5 (4.9) 22.6 (7.4) 8.7 (12.3) 0.0013 0.0048 0.0036 0.34 DA-NC 33.5 (7.8) 43.4 (4.6) 33.1 (7.0) 24.5 (11.5) 0.21 NA NA NA ND-CO 26.5 (7.4) 38.6 (4.3) 21.8 (6.5) 8.7 (10.8) 0.013 0.035 0.012 0.30 ND-NC 31.9 (6.3) 49.5 (3.7) 22.9 (5.6) 6.0 (9.2) 0.012 0.0002 <.0001 0.12 HF-SA 34.5 (6.8) 49.8 (4.0) 25.1 (6.1) 8.1 (10.0) <.0001 0.0012 0.0002 0.15 HF-SW 36.1 (8.7) 58.9 (5.1) 30.1 (7.8) 8.6 (12.7) <.0001 0.0027 0.0005 0.15 LF-SA 22.1 (5.5) 28.7 (3.2) 14.1 (4.9) 11.8 (8.1) 0.019 0.015 0.055 0.81 LF-SW 34.6 (6.9) 48.3 (4.0) 41.7 (6.1) 8.9 (10.1) 0.0024 0.37 0.0005 0.0071 FI-SC 34.8 (6.6) 46.3 (3.9) 28.4 (5.9) 28.6 (9.7) 0.023 0.013 0.094 0.99 FI-NS 29.5 (6.9) 37.6 (4.0) 31.8 (6.1) 13.4 (10.1) 0.084 0.43 0.028 0.12 NF-SC 37.3 (7.0) 57.0 (4.1) 29.3 (6.3) 18.2 (10.3) <.0001 0.0004 0.0008 0.36 NF-NS 39.5 (7.1) 56.1 (4.2) 37.4 (6.3) 32.0 (10.4) 0.015 0.016 0.036 0.66 ME-HF 38.2 (8.2) 56.5 (4.8) 24.1 (7.3) 37.0 (12.1) 0.0015 0.0004 0.14 0.36 ME-LF 38.5 (8.8) 53.5 (5.2) 24.2 (7.9) 36.2 (13.0) 0.0093 0.0028 0.22 0.43 NM-LF 29.4 (6.6) 42.1 (3.8) 19.3 (5.8) 27.6 (9.6) 0.0056 0.0017 0.17 0.46 HP-VA 36.2 (7.6) 46.8 (4.5) 28.8 (6.8) 15.6 (11.2) 0.011 0.031 0.012 0.32 HP-NV 39.3 (8.7) 51.7 (5.1) 26.8 (7.7) 36.4 (12.7) 0.027 0.0089 0.27 0.52 LP-VA 34.8 (6.2) 44.8 (3.6) 25.0 (5.5) 23.5 (9.1) 0.0048 0.0038 0.033 0.89 LP-NV 36.4 (6.6) 47.5 (3.9) 32.1 (5.9) 26.9 (9.6) 0.031 0.031 0.051 0.65 Unadjusted explicit wanting scores HC-SO 32.8 (2.7) 48.5 (3.9) 25.4 (4.2) 23.2 (4.6) <.0001 0.0005 0.0002 0.93 HC-FL 30.0 (2.5) 43.9 (4.2) 25.5 (3.5) 19.2 (4.0) <.0001 0.0031 0.0001 0.51 LC-SO 38.0 (3.1) 56.2 (4.2) 32.3 (5.2) 23.6 (4.6) <.0001 0.0012 <.0001 0.40 LC-FL 28.0 (2.6) 36.8 (3.7) 22.6 (4.2) 24.1 (5.1) 0.039 0.050 0.11 0.97 DA-CO 29.3 (2.8) 44.1 (4.7) 21.9 (3.7) 20.4 (5.1) 0.0003 0.0015 0.0012 0.97 NF-SC 36.4 (2.9) 54.1 (4.4) 28.1 (4.5) 25.5 (4.5) <.0001 0.0002 <.0001 0.92 NF-NS 38.7 (2.8) 53.1 (3.9) 32.3 (4.6) 29.6 (5.2) 0.0006 0.0040 0.0016 0.91 ME-HF 37.2 (3.3) 56.3 (5.1) 27.6 (5.2) 26.4 (4.9) <.0001 0.0003 0.0003 0.98 ME-LF 37.0 (3.4) 49.7 (5.5) 29.1 (5.4) 31.6 (6.3) 0.022 0.028 0.074 0.95 NM-HF 34.6 (2.9) 49.4 (4.8) 30.0 (5.0) 22.6 (4.0) 0.0004 0.010 0.0004 0.52 NM-LF 27.9 (2.4) 39.2 (3.8) 23.2 (4.0) 20.4 (3.7) 0.0017 0.010 0.0032 0.87 HP-VA 35.7 (3.0) 47.6 (4.6) 31.6 (5.2) 26.8 (5.2) 0.012 0.060 0.014 0.79 HP-NV 38.9 (3.3) 51.5 (4.8) 33.5 (5.6) 30.5 (6.1) 0.016 0.049 0.024 0.93 LP-VA 32.8 (2.3) 40.4 (2.9) 32.3 (4.7) 24.5 (3.9) 0.021 0.30 0.016 0.35 LP-NV 32.8 (2.7) 46.4 (3.2) 33.0 (4.6) 29.1 (5.1) 0.014 0.068 0.017 0.80 Adjusted explicit wanting scores HC-SO 32.8 (7.8) 49.4 (4.5) 22.9 (6.9) 16.2 (11.3) 0.0011 0.0019 0.0079 0.62 HC-FL 30.0 (7.6) 43.2 (4.4) 24.0 (6.8) 11.3 (11.1) 0.0070 0.020 0.0094 0.33 LC-SO 38.0 (7.4) 54.4 (4.3) 27.9 (6.6) 29.6 (10.8) 0.0021 0.0013 0.037 0.90 DA-CO 29.1 (8.5) 43.6 (5.0) 22.2 (7.5) 7.4 (12.4) 0.0065 0.020 0.0084 0.31 DA-NC 32.3 (7.6) 42.1 (4.4) 31.3 (6.7) 16.7 (11.1) 0.075 NA NA NA ND-CO 25.5 (7.5) 37.5 (4.4) 17.4 (6.7) 9.2 (11.0) 0.0092 0.014 0.019 0.52 ND-NC 30.6 (6.4) 45.8 (3.8) 19.5 (5.7) 5.6 (9.4) <.0001 0.0003 0.0002 0.21 HF-SA 33.1 (6.7) 49.9 (3.9) 21.2 (6.0) 8.2 (9.8) <.0001 0.0001 0.0002 0.26 HF-SW 34.1 (8.7) 58.8 (5.1) 23.8 (7.8) 9.4 (12.7) <.0001 0.0003 0.0006 0.34 LF-SA 21.2 (5.4) 27.7 (3.2) 13.1 (4.8) 11.9 (7.9) 0.019 0.13 0.067 0.90 LF-SW 33.7 (6.8) 47.3 (4.0) 37.4 (6.1) 9.5 (10.0) 0.0026 0.18 0.0007 0.019 FI-SC 35.0 (6.8) 45.6 (4.0) 26.3 (6.1) 26.1 (9.9) 0.016 0.0098 0.073 0.98 FI-NS 28.9 (7.2) 38.8 (4.2) 28.9 (6.4) 18.9 (10.5) 0.15 NA NA NA NF-SC 36.4 (7.0) 56.1 (4.1) 25.7 (6.2) 27.1 (10.2) 0.0001 0.0001 0.011 0.90 Unadjusted implicit wanting scores HC-SO 1.0 (3.1) 7.4 (5.2) -0.4 (5.2) -4.9 (5.6) 0.26 NA NA NA HC-FL -6.6 (2.2) -7.5 (3.8) -4.5 (3.8) -8.1 (4.1) 0.78 NA NA NA LC-SO 20.9 (2.8) 22.3 (4.7) 24.4 (4.7) 15.3 (5.0) 0.39 NA NA NA LC-FL -15.3 (3.5) -22.3 (5.7) -19.5 (5.7) -2.3 (6.1) 0.044 0.94 0.051 0.11 DA-CO -1.8 (2.9) 3.6 (5.1) -5.1 (5.0) -4.0 (5.3) 0.42 NA NA NA DA-NC 15.5 (2.9) -1.2 (4.4) 20.4 (4.4) 28.3 (4.7) <.0001 0.0024 <.0001 0.44 ND-CO -18.8 (2.8) -12.6 (4.7) -17.0 (4.6) -27.6 (5.0) 0.087 NA NA NA ND-NC 5.1 (3.0) 10.2 (5.1) 1.6 (5.1) 3.3 (5.4) 0.46 NA NA NA HF-SA 8.4 (2.8) 8.1 (4.7) 10.0 (4.6) 6.8 (5.3) 0.90 NA NA NA HF-SW 3.2 (3.0) 17.1 (4.8) -3.1 (4.7) -5.9 (5.2) 0.0022 0.0095 0.0049 0.92 LF-SA -19.4 (3.2) -26.5 (5.3) -18.2 (5.3) -12.6 (5.7) 0.21 NA NA NA LF-SW 7.3 (2.4) 4.2 (4.1) 11.2 (4.0) 6.0 (4.4) 0.45 NA NA NA FI-SC 2.1 (2.4) 4.7 (4.1) 0.3 (4.1) 1.1 (4.3) 0.72 NA NA NA NF-SC -0.1 (2.2) 5.9 (3.7) -1.9 (3.6) -4.6 (3.9) 0.13 NA NA NA NF-NS 11.7 (2.4) 7.6 (4.1) 12.7 (4.1) 15.1 (4.3) 0.44 NA NA NA ME-HF 10.4 (2.1) 15.6 (3.6) 10.5 (3.6) 4.1 (3.9) 0.099 NA NA NA ME-LF 7.8 (2.1) 7.2 (3.6) 5.8 (3.6) 11.0 (3.9) 0.60 NA NA NA NM-HF -0.6 (2.5) -1.4 (4.2) 2.1 (4.2) -2.9 (4.6) 0.71 NA NA NA NM-LF -16.4 (3.0) -21.4 (5.1) -18.4 (5.1) -8.1 (5.4) 0.18 NA NA NA HP-VA -0.7 (2.4) 2.1 (4.2) -2.9 (4.2) -1.3 (4.5) 0.69 NA NA NA HP-NV 9.8 (2.4) 6.6 (4.0) 14.6 (4.0) 7.9 (4.3) 0.33 NA NA NA LP-VA -8.3 (2.1) -9.9 (3.5) -9.5 (3.5) -5.0 (3.8) 0.59 NA NA NA LP-NV -0.8 (2.3) 1.2 (4.0) -2.2 (4.0) -1.6 (4.2) 0.82 NA NA NA Adjusted implicit wanting scores HF-SW 3.2 (9.1) 16.9 (5.2) -3.0 (7.9) -7.1 (13.0) 0.052 NA NA NA LF-SA -19.4 (9.9) -29.0 (5.8) -24.6 (8.8) 7.5 (14.5) 0.071 NA NA NA LF-SW 7.3 (7.7) 2.4 (4.5) 24.2 (6.8) -6.3 (11.1) 0.015 0.0092 0.47 0.022 FI-SC 2.4 (7.6) 4.1 (4.7) -9.2 (6.7) -2.7 (11.0) 0.27 NA NA NA FI-NS -15.0 (8.2) -20.3 (5.0) -3.5 (7.2) -20.7 (11.7) 0.15 NA NA NA NF-SC -0.1 (7.1) 7.5 (4.4) -8.0 (6.2) 0.9 (10.3) 0.13 NA NA NA NF-NS 11.5 (7.8) 7.6 (4.7) 20.4 (6.8) 22.5 (11.1) 0.21 NA NA NA ME-HF 10.5 (6.9) 15.0 (4.0) 5.9 (6.1) 2.6 (10.0) 0.31 NA NA NA ME-LF 7.8 (7.3) 7.0 (4.3) 4.2 (6.5) 6.8 (10.6) 0.94 NA NA NA NM-HF -0.6 (8.3) 0.2 (4.9) 7.1 (7.4) -7.2 (12.2) 0.57 NA NA NA NM-LF -16.4 (10.0) -22.1 (5.8) -17.2 (8.9) 0.3 (14.6) 0.36 NA NA NA HP-VA -0.7 (7.5) 0.2 (4.4) 0.7 (6.7) -7.2 (11.0) 0.80 NA NA NA HP-NV 9.8 (8.0) 6.3 (4.7) 7.0 (7.2) 2.6 (11.8) 0.95 NA NA NA LP-VA -8.3 (6.8) -7.4 (4.0) -11.1 (6.1) 1.6 (10.0) 0.55 NA NA NA Abbreviations: Progressive ratio HF-SA 34.5 (2.9) 48.5 (4.5) 31.6 (4.5) 21.6 (4.8) 0.0004 0.025 0.0003 0.28 NM-HF 35.5 (7.6) 50.9 (4.5) 27.4 (6.8) 28.0 (11.1) 0.0086 0.0050 0.061 0.96 LC-FL 28.0 (8.1) 37.1 (4.7) 18.7 (7.2) 36.1 (11.9) 0.11 NA NA NA FI-NS -15.2 (2.6) -21.8 (4.4) -11.6 (4.5) -11.6 (4.7) 0.19 NA NA NA LP-NV -0.8 (7.6) 0.8 (4.4) 3.4 (6.8) 3.1 (11.1) 0.94 NA NA NA
	HP-VA DA-NC NF-NS HC-SO	36.2 (2.9) 32.5 (2.6) 38.7 (7.1) 1.0 (9.8)	48.5 (4.7) 42.7 (3.8) 55.6 (4.2) 10.3 (5.8)	32.8 (4.7) 28.6 (4.0) 38.3 (6.4) 1.2 (8.8)	25.9 (5.0) 25.1 (5.1) 32.2 (10.4) -21.7 (14.4)	0.0040 0.011 0.024 0.12	0.049 0.047 0.026 NA	0.0039 0.015 0.041 NA	0.57 0.84 0.62 NA
	HP-NV ND-CO ME-HF HC-FL	39.3 (3.2) 25.7 (2.5) 37.2 (7.6) -6.6 (7.3)	51.3 (5.2) 36.5 (4.0) 57.4 (4.5) -11.5 (7.9)	34.7 (5.2) 23.2 (4.3) 20.2 (6.8) 10.9 (11.6)	30.6 (5.5) 15.7 (3.8) 33.2 (11.2) 22.4 (12.6)	0.016 0.0022 <.0001 0.16	0.065 0.051 <.0001 NA	0.021 0.0018 0.048 NA	0.85 0.41 0.33 NA
	LP-VA ND-NC ME-LF LC-SO	34.8 (2.3) 30.9 (2.6) 37.0 (9.0) 20.9 (9.1)	43.7 (3.8) 46.3 (3.6) 50.8 (5.3) 21.1 (5.3)	32.4 (3.8) 26.7 (4.5) 23.9 (8.1) 22.4 (8.2)	27.3 (4.1) 17.5 (3.3) 44.6 (13.2) 19.3 (13.4)	0.012 <.0001 0.025 0.98	0.093 0.0013 0.0068 NA	0.011 <.0001 0.67 NA	0.64 0.24 0.19 NA
	LP-NV HF-SA NM-HF LC-FL	36.4 (2.4) 33.1 (2.9) 34.6 (7.4) -15.3 (10.7)	46.2 (3.9) 47.4 (4.1) 50.8 (4.3) -23.0 (6.3)	31.0 (3.9) 29.8 (5.3) 28.9 (6.6) -26.5 (9.6)	31.4 (4.2) 20.4 (4.1) 24.0 (10.8) 21.7 (15.7)	0.011 0.0003 0.0064 0.025	0.020 0.019 0.0071 0.76	0.031 0.0003 0.024 0.010	1.00 0.33 0.70 0.011
	Adjusted explicit liking scores HF-SW 34.1 (3.2) NM-LF 27.9 (6.3) DA-CO -1.8 (9.6)	56.8 (5.0) 41.3 (3.7) 6.8 (5.6)	23.5 (4.5) 20.2 (5.6) -3.5 (8.5)	20.4 (4.6) 25.6 (9.2) -11.6 (13.9)	<.0001 0.0067 0.35	<.0001 <.0001 NA	<.0001 0.0006 NA	0.89 0.0070 NA
	HC-SO LF-SA HP-VA DA-NC	34.0 (7.8) 21.2 (2.0) 35.7 (8.1) 15.3 (8.6)	48.5 (4.6) 27.2 (2.7) 44.9 (4.8) -2.9 (5.0)	27.1 (6.9) 19.4 (3.8) 25.8 (7.3) 32.8 (7.6)	13.2 (11.4) 16.5 (3.4) 19.4 (11.9) 38.8 (12.5)	0.0032 0.067 0.031 0.0001	0.012 NA 0.031 0.0002	0.0052 NA 0.051 0.0028	0.30 NA 0.65 0.68
	HC-FL LF-SW HP-NV ND-CO	31.0 (7.5) 33.7 (2.5) 38.9 (9.2) -18.6 (9.3)	41.0 (4.4) 44.7 (3.2) 50.6 (5.4) -14.3 (5.5)	29.7 (6.7) 30.6 (4.5) 25.1 (8.2) -20.0 (8.3)	13.5 (11.0) 24.5 (4.5) 29.0 (13.5) -31.3 (13.6)	0.050 0.0026 0.027 0.49	0.17 0.038 0.0012 NA	0.023 0.0026 0.14 NA	0.21 0.56 0.81 NA
	LC-SO FI-SC LP-VA ND-NC	40.1 (7.2) 35.0 (2.7) 32.8 (6.1) 5.1 (9.9)	55.4 (4.2) 45.8 (3.9) 40.2 (3.6) 10.5 (5.8)	30.7 (6.5) 32.4 (5.0) 22.3 (5.4) -9.3 (8.8)	31.2 (10.6) 25.6 (4.4) 17.3 (8.9) 4.2 (14.4)	0.0031 0.0071 0.0061 0.18	0.0020 0.081 0.0076 NA	0.037 0.0063 0.020 NA	0.97 0.55 0.63 NA
	LC-FL FI-NS LP-NV HF-SA	29.2 (8.2) 28.9 (2.5) 36.5 (7.0) 8.1 (8.6)	37.8 (4.8) 37.8 (4.0) 46.7 (4.1) 11.6 (4.9)	19.1 (7.3) 25.9 (4.5) 30.7 (6.3) 3.5 (7.4)	36.1 (12.0) 22.0 (3.8) 26.3 (10.3) 3.5 (12.2)	0.11 0.024 0.042 0.60	NA 0.10 0.036 NA	NA 0.026 0.070 NA	NA 0.80 0.72 NA
	XXXVI XXXVIII								XXXV XXXVII

XXXIV Appendix 4.B.

Abbreviations: CO, color; DA, dairy; FI, fiber; FL, fluid; HC, high carbohydrate; HF, high fat; HP, high protein; LC, low carbohydrate; LF, low fat; LP, low protein; ME, meat; NC, no color; ND, nondairy; NF, no fiber; NM, no meat; NS, no sauce; NV, no variation; OB: non-operative patients with obesity; SA, savory; SC, sauce; SG: group of patients with a sleeve gastrectomy; RYGB: group of patients with a Roux-en-Y gastric bypass; SO, solid; SW, sweet; VA, variation. Data are presented as mean (SEM) or least squares mean (SEM)
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Abstract

Introduction: Changes in food preferences, taste, and smell following bariatric surgery have been previously described but with inconsistent results. We aimed to describe current food preferences and their perceived changes before and after the surgery. We further compared food preferences based on the presence or absence of taste and smell alterations, to the duration of the follow-up (< 2 or ≥ 2 y) and to the success or failure of the procedure.

Materials and methods:

This cross-sectional study was conducted with a selfadministered online questionnaire. Two years was the cut-off between short and long-term follow-up. Success was defined as an Excess Weight Loss (EWL) greater or equal to 50%.

Results:

In total 220 post-operative patients answered the questionnaire. Patients with taste alterations (64%) had significantly lower preferences for red meat, milk, cheese, desserts, fried foods and water (all p<0.05) relative to the non-taste alteration group, while those with smell alterations (38%) had significantly lower preference for cheese only (p<0.05) relative to the non-smell alteration group. Patients with a ≥ 2 y follow-up had a higher liking for desserts, fried foods, fat, bread, hot drinks and alcohol compared to patients with a < 2 y follow-up (all p < 0.05). Patients having success in surgery had higher liking scores for green vegetables and lower liking scores for starchy foods, milk, and sweet dairy products (all p < 0.05).

Conclusions:

Our study suggests that patients who underwent bariatric surgery have different food preference patterns according to their sensory perceptions, the duration of their follow-up, and the success of bariatric surgery. Keywords: Food preference; Olfaction; Gustation; Weight loss; Bariatric surgery.

Abstract Introduction:

The role of food reward (liking and wanting) in preferences of various and diverse food categories in relation to the type of bariatric surgery remains unexplored. In a cross-sectional design, we aimed to use a behavioral computerized task in a clinical setting to compare food reward between patients with a sleeve gastrectomy (SG) or a Roux-en-Y gastric bypass (RYGB) and non-operative patients with obesity (OB).

Materials and methods:

We assessed food reward using an extensive and adapted version of the Leeds Food Preference Questionnaire (LFPQ). Binge eating, impulsivity and food addiction were assessed with self-report questionnaires. Statistical analysis of food preferences included ANOVAs.

Results: Eighty-six patients (30 OB, 30 SG and 26 RYGB) were included (women: 69%; age: 41.8 (1.3) y). The body mass index was 41.2 (4.0); 31.5 (3.7) and 31.3 (2.9) kg.m -2 for patients with OB, SG and RYGB, respectively and the median post-operative follow up was 12 months. Liking score for 'high fat -sweet foods' was significantly different between nonand post-operative patients (p<0.001). Overall, liking scores were significantly different between patients with obesity with or without bariatric surgery among all the studied food categories (all p<0.05), except for foods low in fat -savory and foods with fibers -without sauce. The wanting scores were significantly different between groups of patients for 'foods high in carbohydrates -fluid', 'dairy products -without color' and 'high fat -sweet foods' (all p<0.05).

Conclusion:

In conclusion, there were no major differences in liking and wanting between SG and RYGB. Overall, the liking for a large range of food categories was lower among post-operative patients compared to non-operative patients with obesity, while wanting was lower among post-operative patients for 3 foods groups only, including palatable foods.

The LFPQ could be clinically relevant to identify postoperative alterations in food reward and to guide caregivers to provide personalized advice to patients in the context of precision bariatric medicine. Keywords: Food reward; Liking; Wanting; Food preferences; Bariatric surgery; Eating behavior.

Relationship between food choices and bariatric surgery

The results are displayed in Table 4.3. There were no significant differences in food choices between OB, SG and RYGB patients, except for 'dairy products -without color', 'high fat -sweet foods' and 'low fat -savory foods'. Post-hoc tests indicated that patients with OB chose less 'dairy products -without color' compared to operated patients. It was the opposite for 'high fat -sweet foods'. Finally, patients with RYGB chose more the 'low-fat -savory foods' compared to Ob and SG patients.

Abstract

Introduction: There is a consensus among most studies of a postoperative decrease in preferences for high-energy, high-fat and high-carbohydrate foods, that could contribute to the weight loss success of bariatric surgery. However, these findings have been based on selfreported surveys, which raises the question of their ecological relevance. Our goal was to adapt an ad-libitum buffet meal previously used by Allirot and al. (1), for a study aiming to compare food preferences and choices between adult women with a severe complicated or morbid obesity and adult women, who have had a bariatric surgery in the past 12 months, in an ecological environment.

Material and methods:

To adapt the buffet-meal, we considered several methodological aspects including the specific nutritional requirement of our studied population, the French eating habits and nutritional guidelines, sensory aspects, appearance and texture of foods, seasonality and practicality, standardization and replicability of the dishes. A twodimensional categorization paradigm based on lipid and carbohydrate content (high/low) was used for the ad-lib buffet. Food's high in lipids or carbohydrates contained at least 15g/100g of these nutrients. The low cut-off was fixed at 5g/100g. Seventeen food items meeting the requirements were selected. Two additional dimensions could also be considered: protein content (high/low) and energy density (high/low), based on the calculated median of the food items, 6.2g/100 g and 2.3kcal/g, respectively. The buffet meal will be recorded to assess the microstructure of the meal (e.g., number of bites per minute, time spent choosing, type of food).

Expected results: This buffet will allow us to assess food choices, total energy and specific macronutrient intake. We hope to confirm the results of previous studies in showing a significant difference in terms of food preferences between patients with obesity with or without bariatric surgery. The use of a real eating situation will give to the findings a high ecological relevance, which is important to generalize results to the real world. Furthermore, the study of the microstructure of the meal will give us clues on the underlying mechanisms of postoperative changes in food preferences.

Subjects

The inclusion criteria are as follows: women between 18 to 65 years old, BMI ≥ 35 kg.m -2 for the control group and a history of bariatric surgery (SG or RYGB only as they are the most commonly performed worldwide ( 55)). Chapter IV indicated that there was no major difference in food choices and food reward between SG and RYGB, which was consistent with findings showing that SG and RYGB similarly impact the diet quality (56) and dietary intake (57). We decided to include only patients who had a surgery in the past 12 months as this is a phase of early weight loss among bariatric patients. That was further supported by data from

Chapter III pointing out that the duration of the follow-up might influence food preferences.

Furthermore, although there was no difference in food reward outcomes comparing bariatric surgery patients at 6, 12 and 24 months, in Chapter IV, a systematic review found that food reward decreases during weight management (58).

Patients are excluded: if they suffer from a food allergy or food intolerance to at least one of the studied food items; or if they exclude the studied foods for religious or personal beliefs; with a history of pathology that may interfere with food preference or sensory measurements (neurological, digestive disorders, dysphagia, abdominal pain, etc.); habitual smokers; pregnant or breastfeeding women or women who do not take an effective contraception (declared to the investigator during the interview). Patients with revisional bariatric procedure will not be included.

Written informed consent for their participation and being video recorded will be obtained from all subjects before commencing the study. This study was approved by a national ethic Committee (2020-A00588-31, on July 2 nd , 2020) and was registered in Clinical Trials.gov (NCT04511442).

Recruitment

Female volunteers will be recruited through information leaflets delivered by medical doctors during their consultations, and advertising at hospital departments and patient associations via posters and announcements in newspapers or on the websites and social networks of the CRNH Rhône-Alpes and the Institut Paul Bocuse Research Center (IPBR).

Volunteers could complete an online pre-screening questionnaire hosted by the CRNH Rhône-Alpes to indicate their weight, height, and surgery status (operated or not). People will be Chapter V.

5.5.

A consumer study to improve acceptance of healthy products

Chapter III also suggests a role of sensory perception in food preferences among patients with bariatric surgery and Chapter IV suggests that specific properties of the foods would impact the wanting for these foods. Interestingly, a systematic review demonstrated that nudging is a good strategy to promote healthy food choices in the context of take away, including when it comes to increase the salience of a healthy food (60) 

Recommendations for clinical practice and public health

Prevent protein energy malnutrition after bariatric surgery

Most of the patients do not eat enough proteins to reach the daily recommendations of 60 g of proteins per day (61). Chapter II demonstrated that there is an increased proportion of proteins in the total energy intake of the patients after bariatric surgery, which is not necessarily contradictory with the data of the literature as it might not be enough in terms of quantities to cover patients' needs. Chapter III showed that the increased preference for proteins is however accompanied by a low preference, and even an aversion towards red meat. Interestingly, other high protein foods are well appreciated by the patients after the surgery, for instance white meat, fish and seafoods (Chapter III). Also, while milk seems to be least preferred after the surgery, other dairy products seem to be appreciated and should be considered as a great source of proteins. Importantly, proteins were proposed as a good strategy in reducing appetite as it is the most satiating macronutrient (62). In bariatric population, it would then be important to split protein intake into several small portions to cover the nutritional needs of the patients, without promoting the satietogenic effect of proteins. Overall, our research supports that preventing protein-energy malnutrition is still an important issue after weight loss surgery. This could be Database Set Search string Results MEDLINE 1 ("Bariatric surger*" or "Weight loss surger*" or "Obesity surger*" or "Metabolic surger*" or "Bariatric surgical procedure*" or "Bariatric procedure*" or "Bariatric operation*" or "Gastric bypass" or "Stomach bypass" or RYGB or RYGBP or "Sleeve gastrectomy" or "Gastric sleeve" or LSG).ab,hw,kf,ti.

List of appendices

2 "Bariatric Surgery"/ or "Gastric Bypass"/ or Gastrectomy/ 3 1 OR 2 4

("Food preferenc*" or "Food choic*" or "Food reward" or "Reward system" or Liking or Wanting or "Food intake" or "Diet* record*" or "Diet* assessment*" or "Diet* survey*" or "Nutrition* record*" or "Nutrition* assessment*" or "Nutrition* survey*").ab,hw,kf,ti. XX Appendix 2.F. Funnel plots for means weighted differences in total energy intake coming from proteins, carbohydrates and lipids between preoperative and postoperative measure (1, 3, 6, 12, and 24 mo) using random effect models.

Egger's regression test did not detect a significant bias, but there were a lack of power (N<10 studies) for the meta-analyses performed at 1, 3 and 24 mo. • Currently, I like □ A lot □ Slightly □ Not really □ Not at all • Compared to before my surgery, I like □ Less than before □ As before □ More than before □ Not applicable Sweet drinks (e.g., soda, syrups, …)

• Currently, I like □ A lot □ Slightly □ Not really □ Not at all • Compared to before my surgery, I like □ Less than before □ As before □ More than before □ Not applicable Alcohol (e.g., wine, beer, ...)

• Currently, I like □ A lot □ Slightly □ Not really □ Not at all • Compared to before my surgery, I like □ Less than before □ As before □ More than before □ Not applicable Following your bariatric surgery, do you think that your changes in food preferences have contributed to your weight loss? □ Yes □ No □ I don't know XXIX Did you notice that your food preferences changed after surgery and then returned to the same as before surgery? □ Yes □ No □ I don't know V. Taste alterations Since my surgery, food / drink tastes have changed … □ Strongly agree □ Agree □ Disagree □ Strongly disagree If I strongly agree or disagree, since my surgery I find the tastes of food / drink are … □ Less intense □ More intense □ Different □ I don't feel anything anymore Specify which foods / drinks are affected by these changes in taste: _____________________ Did you notice that the tastes of the food / drink changed after the surgery and then returned to the same as before the surgery? □ Yes □ No Have you noticed any other changes in taste? (e.g., metallic taste in the mouth) □ Yes □ No If yes, specify: _______________________________________

VI. Smell alterations

Since my surgery, the smells of food / drink have changed … □ Strongly agree □ Agree □ Disagree □ Strongly disagree If I strongly agree or agree, since my surgery I find that food / drink smells are … □ Less intense □ More intense □ Different □ I don't feel anything anymore Specify which foods / drinks are affected by these odor changes: _______________________ Did you notice that food / drink smells changed after surgery and then returned to the same as before surgery? □ Yes □ No Have you noticed any other changes in the smells? (e.g., laundry odors, body odors, floral odors, etc.) □ Yes □ No If yes, specify: _______________________________________

VII. Food rejections

At the moment, these foods / drinks are not appetizing ... (e.g., It doesn't please me, I don't want to, ...): ___________________________________________________________________________ At the moment, these foods / drinks disgust me… (e.g., I find them repulsive, I am disgusted, ...): ___________________________________________________________________________ At the moment, I cannot stand these foods / drinks (e.g., I have pain, nausea, blockage, ...): ___________________________________________________________________________ 

VIII. Socioeconomic background