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ABSTRACT  36 

Background: Bariatric surgery may shift food preferences towards less energy-dense foods. Eating 37 

behavior is multifactorial, and the mechanisms driving changes in food preferences could be a 38 

combination of a physiological response to surgery and social and psychological factors. Using an 39 

exploratory cross-disciplinary approach, we aimed to identify factors explaining the variation in 40 

changes in food preferences after bariatric surgery.  41 

Methods: Sixty-one participants were recruited. Eighteen participants did not receive surgery, three 42 

dropped out, and one had missing data, leaving a total sample of 39 participants. Physiological, social, 43 

and psychological data were collected before and 6 weeks or 6 months after surgery. All variables 44 

were analyzed in combination using a LASSO regression to explain the variation in changes in energy 45 

density at an ad libitum buffet meal test 6 months after Roux-en-Y gastric bypass (n=29) and sleeve 46 

gastrectomy (n=10).   47 

Results: The following factors explained 69% of the variation in changes in food preferences after 48 

bariatric surgery: female gender, increased secretion of glicentin, a larger decrease in the hedonic 49 

rating of a fatty cocoa drink and sweet and fat, a lower degree of self-efficacy, a higher degree of 50 

depression, a lower number of recent life crises, a higher degree of nutritional regime competence, a 51 

low degree of social eating pressure, a higher psycho-social risk level, fulfilling the diagnostic criteria 52 

for binge eating disorder, an easier preoperative weight loss, and a smaller household composition.  53 

Conclusion: Factors explaining the variation in altered food preferences after bariatric surgery not 54 

only include a physiological response to surgery, but also social and psychological factors. To 55 

improve outcomes for patients undergoing bariatric surgery, cross-disciplinary approaches need to be 56 

a part of future research aiming to optimize clinical care for this group of patients.   57 
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INTRODUCTION 58 

Bariatric surgery leads to a substantial decrease in energy intake and subsequent weight loss (1–6). 59 

This decrease in energy intake may not only be a consequence of generally decreased food intake but 60 

may also depend on a shift in food preferences away from sweet and high-fat foods towards healthier, 61 

less energy-dense foods (1–3, 7–9). This hypothesis is, however, solely based on self-reported 62 

measures of food intake, and thus influenced by well-known limitations such as recall bias and 63 

underestimation of food intake (10–13).  64 

To address these limitations, we assessed changes in food preferences after Roux-en-Y gastric bypass 65 

(RYGB) and sleeve gastrectomy (SG) using an ad libitum buffet meal as an objective measure of 66 

food preferences (14, 15). The results from the buffet meal showed that at a group level the reduction 67 

in energy intake following RYGB and SG was not due to common changes in food preferences (14, 68 

15). However, individual changes in food preferences were associated with increased weight loss 18 69 

months after surgery (14), and changes in food preferences were also found to be strong predictors of 70 

weight loss after surgery when analyzed in combination with a broad variety of physiological, social, 71 

and psychological factors (16). These results indicate that some patients experience favorable changes 72 

in food preferences after surgery and that these changes may contribute to better weight loss.   73 

However, the underlying mechanisms contributing to the shift in food preferences following bariatric 74 

surgery are, despite substantial research efforts, not understood (17). Suggested mechanisms for the 75 

changes in food preferences include increased sweet taste sensitivity and decreased hedonic 76 

evaluation of sweet and fatty foods leading to an unconditioned shift in food preferences towards less 77 

sugary and fatty foods (17). Furthermore, experience of discomfort after ingestion of sweet and fatty 78 

foods can lead to conditioned avoidance of the triggering foods (17). So far, the focus has been on 79 

physiological factors in the search for mechanisms involved in the shift in food preferences. Food-80 
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related behavior is, however, multifactorial and influenced by cultural, and psycho-social factors (18). 81 

Thus, the shift in food preference after bariatric surgery in some individuals may not only be a direct 82 

physiological effect but a result of a physiological response to surgery in combination with social and 83 

psychological factors. These include patients’ social conditions, daily habits, and psychological 84 

profile (16). 85 

Food preferences do not change in all patients after RYGB and SG surgery, but there seems to be a 86 

group of patients who do experience shifts in food preferences, which may be associated with greater 87 

weight loss. Identifying potential factors determining this variation in food preferences after surgery 88 

could be useful to help set expectations of patients and healthcare professionals and potentially 89 

optimize surgical outcomes. Therefore, this exploratory study aimed to identify factors that might 90 

explain the individual variation in changes in food preferences after bariatric surgery. 91 

METHOD 92 

From March 2014 to July 2015, patients scheduled for RYGB or SG surgery at Bariatric Clinic, Køge 93 

Hospital, Denmark, were recruited. Eligibility for bariatric surgery in Denmark includes age ≥25y 94 

and BMI ≥50kg/m2 or BMI ≥35kg/m2 with complications of obesity. Furthermore, national guidelines 95 

require a weight loss of ≥8% of initial body weight before surgery. Exclusion criteria for the present 96 

study included pregnancy as well as inability, physically or mentally, to comply with the procedures 97 

required by the study protocol. 98 

The study included five visits: a baseline visit approximately 3 months before surgery and before 99 

initiation of the 8% weight loss, a visit 1-2 weeks before surgery, and a visit 6 weeks, and 6 and 18 100 

months after surgery. Each visit included two test days as well as questionnaires on 101 

sociodemographic, psychopathological, and psychological measures. On the first test day, semi-102 

structured qualitative interviews about daily lives, concerns, hopes, and experiences related to the 103 
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operation were performed in the homes of participants (a detailed description of the structure of the 104 

interview has previously been described (16)). At the second test day participants arrived at 9 a.m. at 105 

the Department of Nutrition, Exercise and Sports, University of Copenhagen. Anthropometric data 106 

were collected and a standardized liquid meal (Cambridge Weight Plan®, 954 kJ) was served at 10 107 

a.m. From 11 a.m. to 12 noon, sensitivity and hedonic rating tests were carried out at the sensory 108 

laboratory of the adjacent Department of Food Science. A standardized liquid test meal (Cambridge 109 

Weight Plan®, 1674 kJ) was served at 1.15 p.m. Blood samples were drawn and appetite sensation 110 

was assessed before the meal and 6 times postprandially. At the baseline visit, and 6 and 18 months 111 

after surgery, a buffet meal test assessing food preferences was served at 4.30 p.m. 112 

A full description of the study design and recruitment procedure has been published previously (19). 113 

The study was approved by the Scientific Ethics Committees of the Capital Region of Denmark (J.no 114 

H-3-2013-138) and registered in the database www.clinicaltrials.gov (ID no NCT02070081). All 115 

study participants gave written informed consent. 116 

Outcomes 117 

Anthropometric measures: Body weight and height were measured after an overnight fast.  118 

Food preferences and energy density: Twenty food items with high or low-fat content, respectively, 119 

combined with high or low sugar content and representing ordinary foods and sweets were served at 120 

an ad libitum buffet meal. Participants were instructed to eat according to their preferences for as long 121 

as they wanted. The amount consumed (g) and total energy intake were registered, and the energy 122 

density of the meal was calculated. The participants were unaware of this registration (14, 15). The 123 

energy density of food chosen at the buffet meal was used as a measure of food preferences. This was 124 

based on the assumption that a decrease in energy density following surgery would reflect a shift in 125 
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food choice towards healthier and more low-fat food. Furthermore, changes in the energy density of 126 

food consumed were previously found to be a strong predictor of postoperative weight loss (14).  127 

Biochemical measures: Blood samples were collected before the test meal and 15, 30, 60, 90, 120, 128 

and 180 min postprandially and were analyzed for glucagon-like peptide-1 (GLP-1), peptide YY 129 

(PYY), ghrelin, glicentin, and oxyntomodulin (for details see (16)).  130 

Hedonic rating of sweet and fatty foods: Hedonic rating of sweet taste was assessed using an apple 131 

juice (10°C, Organic, Rynkeby, Denmark) with 20g/L added sucrose. The fat perception was assessed 132 

using a cocoa drink (10°C) prepared by adding 50g/L Nesquik (Nestlé, Switzerland) to fresh whipping 133 

cream (38% fat; Arla, Denmark). Each sample was rated on a Danish translation of the 9-point (-4 to 134 

4) hedonic scale (20, 21). Furthermore, visual analog scales (VAS) (10 cm) before the test meal, and 135 

15, 30, 60, 90, 120, and 180 min after the meal estimated liking for sweet and fatty foods. The scale 136 

ranged from 0 cm (“I do not want to eat something sweet/fat”) to 10 cm (“I do want to eat something 137 

sweet/fat”).      138 

Sensitivity for sweet taste: Detection threshold for sweet taste was carried out according to ISO 3972 139 

(22), which is based on the ascending method of limits. Nine aqueous solutions with increasing 140 

concentration of sucrose (99.5%, Sigma-Aldrich, USA; 0g/L, 0.34g/L, 0.55g/L, 0.94g/L, 1.56g/L, 141 

2.59g/L, 4.32g/L, 7.2g/L, 12g/L) were presented to the participants. 142 

Dumping: As an estimate for the degree of dumping, we used VAS to assess nausea before the test 143 

meal and 15, 30, 60, 90, 120, and 180 min after the meal. We, furthermore, assessed heart rate before 144 

the meal and 30 min after the meal and calculated the percentage increase or decrease in heart rate 145 

after surgery as  146 

((heart ratet=30 - heart ratet=0)6 weeks post-surgery/(heart ratet=30 - heart ratet=0)baseline)*100. 147 



8 
 

Impulsivity: Impulsivity was measured using the Barratt Impulsiveness Scale version 11 (BIS-11) 148 

that includes 30 items with a total score from 36-180 (23). 149 

Emotion regulation: This variable was measured with the Difficulties in Emotion Regulation Scale 150 

(DERS) (24). The scale has a total score of 36-180.  151 

Self-efficacy: The General Self-Efficacy Scale (GSES) was used to assess global self-beliefs in one's 152 

competence to deal with stressful and challenging events (25). 153 

Drive for thinness: Drive for thinness is an independent variable within EDI-II (26) with a total score 154 

from 0-28. 155 

Binge-eating disorder: Eating disorder status, current and past, was assessed with the Structured 156 

Clinical Interview for Diagnostic Statistical Manual (DSM), the DSM-5 version, module H (27). 157 

Depression: Beck Depression Inventory II (BDI) was used to measure depression (28). The BDI 158 

consists of 21 items with a total score from 0-63. The scores are divided into four categories: minimal, 159 

mild, moderate, and severe depression. 160 

Psycho-social risk level: Psycho-social risk level is a composite measure based on a psycho-social 161 

assessment interview integrating guidelines for the assessment of presurgery patients (29). Based on 162 

the assessment, participants were allocated to one of three risk-groups: A high-, a medium-, and a 163 

low-risk group. 164 

Self-care foods: Self-care foods encompass practices of eating to give the feeling of calm, comfort, 165 

or indulgence. The degree to which participants ate such foods either alone or in the family, was 166 

assessed based on interview data. 167 

Meal patterns: Meal patterns mapped the number and frequency of meals during the day and was 168 

assessed from interview data. 169 
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Former life crises: Former life crises were assessed from interview data and included divorce, loss 170 

of a job, life-threatening illness (own or among significant others), bereavement, loss of home, 171 

violence, assault, and other traumatic experiences from before the study started. 172 

Recent life crises: Recent life crises included the same parameters as former life crises but only 173 

included life crises experienced in the period between preceding and current visit.  174 

Nutritional regime competence: The degree, to which the patient understands and follows the 175 

nutritional advice and dietary guidelines received from the bariatric team at the hospital, e.g. to eat a 176 

low-fat diet high in protein and fiber, and avoid added sugars, was assessed from interview data. 177 

Flexible restraint: Flexible restraint measures an eating strategy according to which participants 178 

generally restrain portion size and food choice, but relax discipline at special events or specific pre-179 

defined situations (30). This was assessed from interview data. 180 

Instrumentalization: Instrumentalization measures the degree to which participants have changed 181 

their eating behavior into an instrument to maintain their weight loss. Evaluation was done on three 182 

dimensions: calorie counting, food choice based on nutrient content, and using tools, such as apps, 183 

schedules or other tools to monitor food intake and/or energy expenditure (a detailed description of 184 

the eating strategy instrumentalization has been published elsewhere (31)). 185 

Emotional eating: Emotional eating was assessed from interview data and measures the degree, to 186 

which participants consume food in response to positive and negative feelings, but in the absence of 187 

hunger.  188 

Social eating pressure: Social eating pressure was assessed from interview data and measures the 189 

degree to which participants experience that eating and drinking is a central element in interactions 190 

with social relations and significant others which leaves little choice but to comply. 191 
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Preoperative weight loss effort: The degree to which participants experienced the mandatory 8% 192 

preoperative weight loss as hard or easy to obtain, was assessed from interview data.  193 

Household type: Household type was ordered from small (i.e. single person) to large (i.e. two adults 194 

with children) households and was categorized based on interview data. 195 

Economic resources: Financial resources were estimated based on two standard indicators of 196 

economic wealth (disposable household income and house ownership) and one indicator of 197 

experienced economic anxiety, derived from a written survey carried out at baseline (16).  198 

Statistical analysis  199 

Missing values were imputed using mean imputation from regression models based on available data 200 

(GLP-1, PYY, Ghrelin, physical activity, VAS scores, and emotion regulation). In case of missing 201 

values for the anthropological and remaining psychological variables, we used the value from the last 202 

visit 18 months after surgery (32).  203 

Area under the curve (AUC) and area over the curve (AOC) were calculated as total area using the 204 

trapezoidal rule (all blood parameters and VAS scores).  205 

Study characteristics at baseline and 6 weeks or 6 months after surgery were summarized as mean ± 206 

standard deviation (SD) or proportions. Changes from baseline to 6 weeks or 6 months were reported 207 

as mean ± standard error of mean (SEM) and obtained using linear mixed models with visit as fixed 208 

effect and participant as random effect.  209 

Changes in anthropometric measures, from pre-surgery to 18 months after surgery within participants 210 

that had favorable as well as less favorable changes in energy density of the meal and between-group 211 

differences were assessed using linear mixed models with the visit-group interaction as fixed effect 212 

and participant as random effect. 213 
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We used least absolute shrinkage and selection operator (LASSO) regression analysis to identify the 214 

important predictors for favorable changes in food preferences (i.e., towards lower energy density of 215 

food consumed) assessed at the buffet meal test while only retaining predictors with minimal 216 

overlapping predictive capabilities, e.g., due to collinearities (33). Optimal tuning parameters were 217 

found in a cross-validation step, which was repeated 1000 times to ensure stable results. LASSO 218 

analysis will result in few identified predictors and their corresponding slope coefficients indicate if 219 

the association is positive or negative. 220 

The LASSO analysis was applied to a model including variables that potentially could explain the 221 

individual variation in food preferences. The following preoperative variables were included:  gender, 222 

surgery type, binge eating disorder, psycho-social risk level, former life crises, preoperative weight 223 

loss effort, household type, and economic resources. The following postoperative variables or 224 

changes in variables from before to after surgery were included: changes in AUC for GLP-1, PYY, 225 

ghrelin, oxyntomodulin, and glicentin, changes in AUC for the hedonic rating of sweet and fat, 226 

changes in AUC for nausea, changes in heart rate, changes in sensitivity for sweet taste, changes in 227 

the hedonic rating of high-fat and high-sweet food stimuli, impulsivity, emotion regulation, self-228 

efficacy, drive for thinness, depression, self-care foods, meal patterns, recent life crises, nutritional 229 

regime competence, flexible restraint, instrumentalization, emotional eating, and social eating 230 

pressure. To quantify the predictive capability in terms of explained variation, multiple linear 231 

regression models including the identified predictors were fitted. 232 

Reported P-values were unadjusted due to the exploratory nature of the study. All statistical analyses 233 

were carried out using R version 1.3.959 (34). 234 

RESULTS 235 
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In total, 61 participants were recruited. Eighteen participants did not receive surgery, and three 236 

participants dropped out before the last visit due to pregnancy. One participant did not complete the 237 

buffet meal test before surgery due to illness, leaving a total sample of 39 participants (33 females). 238 

Ten participants underwent SG surgery and the remaining underwent RYGB. Mean weight, BMI and 239 

age were 130.5±22.0 kg, 45.0±6.8 kg/m2, and 40.3±9.2 years respectively. Ten participants were 240 

diagnosed with type 2 diabetes at baseline. The majority of participants lived in multiperson 241 

households and belonged to the lower-income strata of the Danish population. Participant 242 

characteristics are shown in Table 1.  243 

Mean weight loss 18 months after surgery was 41.2±2.9 kg with an overall mean percentage weight 244 

loss of 32%. We have previously shown that a larger decrease in energy density 6 months after surgery 245 

was associated with a more successful weight loss 18 months after surgery (14). To further assess this 246 

association we stratified changes in energy density 6 months after surgery by tertiles (n=13 in each 247 

tertile). Participant in the first tertile (participants with favorable changes in energy density) decreased 248 

energy density of the meal with 1.5±0.3 kJ/g, and participants in the third tertile (participants with 249 

less favorable changes in energy density) increased energy density of the meal with 1.7±0.2 kJ/g. 250 

Compared to participants with less favorable changes in energy density, the participants with the most 251 

favorable changes in energy density obtained a 23.9±6.0 kg larger weight loss, a 20.5±3.8 cm larger 252 

decrease in waist circumference, and a 7.7±2.7 percent units larger decrease in relative fat mass (all 253 

P<0.01) (Table 2).      254 

Preoperative factors associated with favorable changes in food preferences after surgery (i.e. a larger 255 

decrease in energy density) included female gender, a smaller household composition, an easier 256 

preoperative weight loss, fulfilling the diagnostic criteria for BED, and a higher psycho-social risk 257 

level. Postoperative factors associated with favorable changes in food preferences after surgery 258 

included a larger decrease in the hedonic rating of sweet, fat, and a fatty cocoa drink assessed 6 weeks 259 
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after surgery, as well as a larger increase in glicentin, lower degree of self-efficacy, a higher degree 260 

of depression, a lower number of recent life crises, a higher degree of nutritional regime competence, 261 

and a low degree of social eating pressure all assessed 6 months after surgery.  262 

These factors combined explained 69% of the variation in changes in food preferences. Household 263 

type explained 13% points, changes in the glicentin response 11% points, gender 8% points, degree 264 

of depression after surgery 7% points, changes in the hedonic rating of fat assessed using VAS 7% 265 

points, preoperative weight loss effort 6% points, changes in the hedonic rating of a fatty cocoa drink 266 

4% points, presence of binge eating disorder before surgery 3% points, changes in the hedonic rating 267 

of sweet assessed using VAS 3% points, degree of self-efficacy after surgery 3% points, nutritional 268 

regime competence after surgery 2% points, psycho-social risk level 1% points, degree of social 269 

eating pressure after surgery 1% points, and the number of recent life crises 1% point of the variation 270 

in change in food preferences.    271 

DISCUSSION  272 

We have previously shown that the degree to which patients change their food preferences following 273 

bariatric surgery is a strong predictor of future weight loss (14). Understanding the mechanisms and 274 

factors driving favorable changes in food preferences could, therefore, help to improve pre- and 275 

postoperative counseling as well as postoperative weight loss. Using a cross-disciplinary approach, 276 

we found that the physiological effects of surgery, as well as social and psychological factors in 277 

combination, explained the variation in altered food preferences. Female gender, a larger increase in 278 

glicentin, a larger decrease in the hedonic rating of sweet and high-fat foods, a lower degree of self-279 

efficacy, fulfilling the diagnostic criteria for BED, a higher degree of depression, a higher psycho-280 

social risk level, a lower number of recent life crises, a higher degree of nutritional regime 281 

competence, a low degree of social eating pressure, an easier preoperative weight loss, and a smaller 282 
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household composition were all associated with favorable changes in food preferences 6 months after 283 

surgery. Combining these factors explained 69% of the variation in changes in food preferences after 284 

bariatric surgery.  285 

The underlying physiological mechanisms driving changes in food preferences after bariatric surgery 286 

have been proposed to include changes within the sensory and reward domain of taste and the 287 

experience of postprandial discomfort (17, 35, 36). Altered gut hormone responses are suggested as 288 

mediators implicated in these changes (36). Our results support that postoperative changes in the 289 

reward domain of taste and gut hormones may be driving changes in food preferences. A more 290 

pronounced increase in glicentin explained a relatively large part of the variation in changes in food 291 

preferences. We have previously shown, that enhanced responses of glicentin predicted a better 292 

weight loss and was associated with a decrease in preference for energy-dense foods (37). We do not 293 

believe that these results indicate a regulatory role for glicentin on food preferences but merely that 294 

glicentin, because of its longer half-life, is the best marker for the secretion of proglucagon-derived 295 

hormones, including GLP-1 (37). A decrease in the hedonic rating of high-fat and sweet foods, 296 

furthermore, explained the variation in changes in food preferences. Bariatric surgery affects the 297 

reward domain of taste leading to a reduced reward value of energy-dense palatable foods (38–41). 298 

This effect of surgery may then drive the shift in food preferences towards decreased consumption of 299 

energy-dense foods.  300 

However, changes in food preferences are not solely driven by a physiological response to surgery.  301 

Psychological and social variables collectively explain 36% of the variation in changes in food 302 

preferences. The social response to surgery includes social learning in the formation of food 303 

preferences, partly driven by cultural values and meanings. This social learning becomes evident in 304 

patients’ interviews when they, describe how they, after surgery, strive to adopt the postoperative 305 

dietary regime recommended by clinical staff and dieticians. This process may be supported or 306 
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inhibited by social structures and dynamics (42, 43). Our analysis confirms this by showing that 307 

beneficial change in food preferences is associated with social relations and conditions (e.g. small 308 

households), that gives patients the freedom to make their own food choices, (44), and with low social 309 

pressure to eat when in company (45). Further, a positive experience with the initial preoperative 310 

weight loss and a good understanding of dietary recommendations (46) plus a stable daily life (47) 311 

with no recent crises (48, 49) provide a life situation with resources which are associated with changes 312 

in food preferences. Finally, women have a higher chance of experiencing favorable shifts in food 313 

preferences, which is supported by research showing that healthy dietary recommendations align with 314 

feminine identity (50, 51).   315 

In contrast to the social variables, the psychological variables are more difficult to explain. It seems 316 

counter-intuitive that fulfilling the diagnostic criteria for BED before surgery, having a lower degree 317 

of self-efficacy and a higher degree of depression after surgery and a higher psycho-social risk level, 318 

are associated with favorable changes in food preferences after surgery. However, knowledge about 319 

the psychopathology of eating disorders may help interpreting the results.  320 

Across eating disorder diagnoses, individuals are characterized by a persistent over-involvement in 321 

body weight and shape, in food, and in restraining their eating. The specific eating disorder diagnosis 322 

concern how individuals act upon this over-involvement and whether they succeed in restraining and 323 

handling their urge for easily ingestible food. The eating behavior associated with eating disorders 324 

are not static, and over time,  individuals with eating disorders often change from one category to 325 

another (52). In line with this, one may speculate whether the association between a BED diagnosis 326 

and a favorable change in food preference could be explained by a change in eating disorder behavior 327 

supported by the bariatric operation, i.e. a change from BED to more restrained eating as seen in 328 

patients with an anorectic eating pattern. 329 
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The finding that a higher degree of depression after surgery is related to favorable changes in food 330 

preferences may reflect the changed somatic conditions for eating. The operation inhibits the 331 

comforting effect of eating for those who use food as a means to regulate negative emotions and may 332 

thus increase the degree of depression. The results concerning the psycho-social risk level could be 333 

explained along the same lines as BED as the participants with the most chronic BED symptoms are 334 

among those with the highest level of psycho-social risk. It seems plausible that it is the restriction 335 

side of the eating disorder pathology that is active when emotions can not be regulated by bulimic 336 

episodes. An alternative emotional regulation strategy could e.g. be cutting (54). 337 

All in all the psychological results indicate, that for some patients, the positive effects of bariatric 338 

surgery are restricted to weight loss and do not seem to alleviate psychic symptoms. The results 339 

concerning the degree of self-efficacy support this. 340 

Conclusion 341 

Using an exploratory, cross-disciplinary approach, we found that patients that change their food 342 

preferences so they consume less energy-dense foods are characterized by a more pronounced 343 

physiological response to surgery. The variations in social conditions and relations and the different 344 

psychological profiles involved in the pursuit of such ambitions likewise influence the degree to 345 

which patients succeed in changing their food preferences in a beneficial way. However, since higher 346 

psychopathology seems to be associated with healthier food preferences and thereby a larger weight 347 

loss, it is important to investigate whether the changed eating preferences de facto are healthy or 348 

indicate an activation of the restricting side of an eating pathology. This underlines the importance of 349 

a cross-disciplinary approach that does not restrict outcome criteria to weight loss. To improve 350 

clinical practice, it will be necessary to investigate how different support programs may optimize 351 
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long-term outcomes in patients who have less pronounced physiological responses and/or 352 

unfavorable social and psychological conditions.   353 
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FIGURES AND TABLES 498 

Table 1. Estimates at preoperative, 6 weeks and 6 months postoperative, and changes from preoperative 
to postoperative in RYGB and SG patients (n=39).  
 Preoperative 6 weeks 

postoperative 
6 months 
postoperative 

Δ6 weeks or 6 
months 
postoperative-
preoperative 

Gender (female/male)1 33/6 - -  
Surgery type (RYGB/SG)1 29/10 - -  
GLP-1 AUC (ρmol/l*min)2 1120.3±573.4 - 2509.9±1283.0 1389.6±179.3* 
PYY AUC (ρg/ml*min)2 3153.2±1937.3 - 3780.8±2353.7 627.5±290.5* 
Ghrelin AUC (ng/l*min)2 101238.4±46194.0 - 94075.5±55441.9 -7670.6±7351.0 
Glicentin AUC 
(ρmol/l*min)2 

8831.1±4161.8 - 19951.3±9821.3 11120.3±1659.8* 

Oxyntomodulin AUC 
(ρmol/l*min)2 

2966.1±1404.5 - 6442.7±3085.3 3476.5±535.5* 

Hedonic rating of sweet 
(VAS) AUC (cm*min)3 

1396.4±487.5 1719.5±117.0 - 323.1±72.8* 

Hedonic rating of a sweet 
food stimuli   

0.8±2.2 0.5±2.4 - -0.3±0.4 

Hedonic rating of fat (VAS) 
AUC (cm*min)3 

1422.1±466.8 1684.8±291.7 - 262.7±64.6* 

Hedonic rating of a fatty 
food stimuli  

1.3±2.6 0.0±2.6 - -1.3±0.3* 

Detection threshold for 
sweet taste 

3.3±3.4 2.9±3.5 - -0.4±0.7 

Nausea AOC (cm*min) 291.1±395.5 400.2±478.8 - 109.1±66.7 
Heart rate (increase or 
decrease in bpm 30 min 
postprandial) 

2.1±7.6 9.3±5.1 - 7.2±1.4* 

Impulsivity - - 59.2±10.6  
Emotion regulation  - - 67.6±24.4  
Self-efficacy  - - 31.2±6.4  
Drive for thinness - - 12.7±6.4  
Binge eating disorder 
(no/yes)1 

32/7 - -  

Depression  - - 6.8±7.4  
Psycho-social risk level 
(low risk/medium risk/high 
risk)1 

21/13/5 - -  



26 
 

Self-care foods (high degree 
but without eating 
episodes/low degree/some 
degree/high degree) 

- - 5/12/21/1  

Meal patterns (1 to 2 meals 
per day/3-5/6 or above/in 
varying degrees) 

- - 0/7/26/6  

Former life crises (none/one 
crisis/several crises)1 

13/18/6 - -  

Recent life crises (none/one 
crisis/several crises) 

- - 21/15/3  

Nutritional regime 
competence (low 
degree/some degree/high 
degree) 

- - 5/26/8  

Flexible restraint (yes/no) - - 17/22  
Instrumentalization (zero 
dimension/one 
dimension/two 
dimensions/three 
dimensions) 

- - 6/19/7/7  

Emotional eating (high 
degree but without eating 
episodes/low degree/some 
degree/high degree) 

- - 14/21/2/2  

Social eating pressure (none 
or low degree/some 
degree/high degree) 

- - 27/12/0  

Preoperative weight loss 
effort (very 
difficult/difficult/easy/very 
easy)1 

1/14/20/3 - -  

Household type (single 
person/living with partner 
or family/single parent with 
min two children/couple 
with children)1 

5/16/4/14 - -  

Household disposable 
income per month 
(<530euro/531-800 
euro/>800 euro/missing)1 

14/8/16/1 - -  
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Data are raw data and are presented as mean ± standard deviation or proportions. Changes are reported as mean 
± standard error of mean. *P<0.05 when analyzed using linear mixed models with visit as fixed effect and subject 
as random effect. The most relevant time point was chosen for each variable.  
AUC: area under the curve, AOC: area over the curve, RYGB: roux-en-y gastric bypass, SG: sleeve gastrectomy, 
VAS: visual analog scales. 
1Only assessed preoperative.  
2Only measured preoperative and 6 months postoperative.  
3VAS ranged from 0 cm (“I do not want to eat something sweet/fat”) to 10 cm (“I do want to eat something 
sweet/fat”).      

499 
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Table 2. Changes in anthropometric measures from pre- to 18 months after surgery in participants that have favorable changes in energy density and participants 
that have less favorable changes in energy density after Roux-en-Y gastric bypass and sleeve gastrectomy surgery.  
 Participants with the most favorable changes in energy 

density  (n=13) 
Participants with less favorable changes in energy 
density (n=13) 

P-value, 
Time-group 
interaction1  Preoperative 

(before 8% 
weight loss) 

18 mo 
postoperative 

Δ(Post-Pre) 
 

Preoperative 
(before 8% 
weight loss) 

18 mo 
postoperative 

Δ(Post-Pre) 
 

Weight (kg) 132.9±5.1 79.4±5.1 -53.6±4.3 122.8±5.1 93.1±5.1 -29.7±4.3 <0.001 
BMI (kg/m2) 47.0±1.4 28.1±1.4 -18.9±1.4 42.0±1.4 32.3±1.4 -9.7±1.4 <0.001 
Total weight loss (%) - 39.9±2.4 - - 23.5±2.4 - <0.001 
Waist circumference (cm) 131.8±3.4 91.6±3.4 -40.2±2.7 121.9±3.4 102.2±3.4 -19.7±2.7 <0.001 
Fat mass (%) 52.3±2.1 34.3±2.1 -18.1±1.9 48.2±2.1 37.8±2.1 -10.4±1.9 <0.01 
Fat free mass (kg)  62.0±2.7 51.8±2.7 -10.2±1.0 63.0±2.7 57.6±2.7 -5.4±1.0 <0.01 
Relative FFM loss - 20.0±2.0 - - 17.7±2.0 - 0.42 
Data are shown as mean± standard error of the mean.  
Abbreviations: BMI, body mass index.  
1Based on a post hoc t-test using a linear mixed model including visit-group interaction as fixed effect and participant as random effects. 
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Table 3. Factors associated with changes in energy density 6 months after RYGB and SG 
surgery (n=39) 
 Explained variation  

(%)1 

Slope, β 

Gender2 8.1 0.61 
Surgery type3 - - 
ΔGLP-1 AUC4  - - 
ΔPYY AUC4 - - 
ΔGhrelin AUC4 - - 
ΔGlicentin AUC4  11.0 -0.00003 
ΔOxyntomodulin AUC4  - - 
ΔHedonic rating of sweet (VAS) AUC5  2.7 -0.0002 
ΔHedonic rating of an apple juice with 20g sucrose5  - - 
ΔHedonic rating of fat (VAS) AUC5  7.1 -0.001 
ΔHedonic rating of a cocoa drink with cream5  4.1 0.05 
ΔDetection threshold for sweet taste5 - - 
ΔNausea AOC5  - - 
ΔHeart rate5  - - 
Impulsivity 6 months after surgery - - 
Emotion regulation 6 months after surgery  - - 
Self-efficacy 6 months after surgery  2.6 0.01 
Drive for thinness 6 months after surgery  - - 
Binge eating disorder 3 months before surgery6  3.1 -0.25 
Depression 6 months after surgery  7.2 -0.03 
Psycho-social risk level before surgery7  1.3 -0.06 
Self-care foods 6 months after surgery8  - - 
Meal patterns 6 months after surgery9 - - 
Former life crises 3 months before surgery10 - - 
Recent life crises 6 months after surgery11  0.7 -0.03 
Nutritional regime competence 6 months after surgery12 1.5 -0.06 
Flexible restraint 6 months after surgery13  - - 
Instrumentalization 6 months after surgery14  - - 
Emotional eating 6 months after surgery15  - - 
Social eating pressure 6 months after surgery16  0.9 0.04 
Preoperative weight loss effort 2 weeks before surgery17  5.7 -0.21 
Household type 3 months before surgery18  12.7 0.36 
Economic resources 3 months before surgery  - - 
In total (%)  68.6  
Slope coefficients in the LASSO model were only shown if they were non-zero and had explained 
variation >0.1%. 1R2 stated as percentages. 2Sex dichotomized as 0 (female) and 1 (male). 3Surgery 
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type dichotomized as 0 (roux-en-Y gastric bypass) and 1 (sleeve gastrectomy). 4Calculated as the 
value 6 months after surgery – the value 3 months before surgery. 5Calculated as the value 6 weeks 
after surgery – the value 3 months before surgery. 6Binge eating disorder dichotomized as 0: no 
and 1: yes. 7Psycho-social risk level dichotomized as 1: low risk to 2: medium risk to 3: high risk. 
8Self-care food ordered from 1: to a low degree to 2: to some degree to 3: to a high degree to 4: to 
a high degree but without eating episodes. 9Meal patterns ordered in 1: 1 to 2 meals per day to 2: 
3-5 meals per day to 3: 6 meals per day or above to 4: varying number of meals per day. 10Former 
life crises ordered in three categories from 1: none to 2: one crisis to 3: several crises. 11Recent life 
crises ordered in three categories from 1: none to 2: one crisis to 3: several crises. 12Nutritionl 
regime competence ordered from 1: to a low degree to 2: to some degree to 3: a high degree. 
13Flexible restraint dichotomized as 1: yes to 2: no. 14Instrumentalization ordered from 1: zero 
dimension to 2: one dimension to 3: two dimensions to 4: three dimensions. 15Emotional eating 
ordered from 1: to a low degree to 2: to some degree to 3: to a high degree to 4: to a high degree 
but without eating episodes. 16Social eating pressure ordered from 1: not at all or to a low degree 
to 2: to some degree to 3: to a high degree. 17Preoperative weight loss effort ordered from 1: very 
difficult to lose weight to 2: difficult to lose weight to 3: easy to lose weight to 4: very easy to lose 
weight. 18Household type ordered in four categories from 1. single person to 2. living with partner 
or family to 3. single parent with min two children to 4. couple with children. 
AOC: area over the curve, AUC: area under the curve, VAS: visual analog scale. 

  503 


