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Abstract

Bariatric surgery is associated with changing food preferences, but it is not known whether these 

changes differ by type of operation or are associated with weight loss. The current study presents 

validation results for a new 27-item scale, Bariatric Surgical Alterations in Tolerability, Enjoyment 

and Cravings in the Diet (BSATED). This scale measured enjoyment, craving, and intolerance 

changes for nine food and beverage categories common to dietary habits in the Southern 

California region of the U.S. one year following bariatric surgery in the Bariatric Experience Long 

Term (BELONG) study. Validation of BSATED was done using exploratory factor analyses, 

construct validity with other conceptually related survey instruments, and criterion validity using 

hypothesized differences for operation type and percent total weight loss (%TWL) at 12 −18 

months after surgery. Participants (n = 999) were 86% female, 41% non-Hispanic White, with a 

mean age of 43.1 ± 11.3 years and a body mass index (BMI) of 43.4 ± 6.8 kg/m2 at the time of 

surgery. Participants reported less enjoyment and craving for high-fat meats (62%), grains (54%), 

candy and other desserts (e.g. candy bars, chocolate, ice cream) (52%), and sweet baked goods 

(48%) 12 months after surgery. These changes were more common among participants undergoing 

Roux-en-Y gastric bypass (RYGB) compared to those receiving sleeve gastrectomy (SG). 

Participants who reported decreased enjoyment and craving for foods and beverages that post-

bariatric patients are counseled to reduce or avoid had greater %TWL at 12–18 months following 

surgery (p < .001 and p = .003 respectively). The foods and beverages in BSATED that post-

bariatric patients are counseled to reduce or avoid could be used to understand how changes in 

enjoyment, craving and tolerability of these foods/beverages contribute to weight loss following 

surgery.

Keywords

hedonic eating; validation; self-report
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Introduction

Bariatric surgery is the most effective treatment for patients with severe obesity (Colquitt, 

Pickett, Loveman, & Frampton, 2014; Maciejewski et al., 2016); however the amount and 

durability of surgical weight loss varies considerably between individuals (Ahmed et al., 

2018; Arterburn et al., 2018; Maciejewski et al., 2016). For example, after the gold standard 

Roux-en-Y gastric bypass (RYGB) operation, percent total weight loss (%TWL) ranges 

from 15–40% (Courcoulas et al., 2013; Wolfe, Kvach, & Eckel, 2016), and up to 10% of 

patients having the most common restrictive operation, sleeve gastrectomy (SG), lose only 

5% TWL after five years (Arterburn et al., 2018).

Reasons for the variable weight response to bariatric surgery are poorly understood, but 

eating behaviors are believed to play a large role (Ghaferi, Woodruff, & Arnould, 2016; 

Jensen et al., 2014; Mitchell et al., 2016). Bariatric patients generally report lower dietary 

energy intakes early after surgery (Giusti et al., 2016; Kanerva, Larsson, Peltonen, Lindroos, 

& Carlsson, 2017), with energy intake increasing gradually after the immediate post-

operative period. The composition of the diet also changes after surgery, with less energy 

coming from simple sugars and more from lean proteins (Coupaye et al., 2014; Ernst, 

Thurnheer, Wilms, & Schultes, 2009; Sarwer et al., 2008). These changes may be due to 

dietary recommendations made by bariatric care providers (Dagan et al., 2017) and to the 

restrictive effects of all bariatric operations.

Changes in sensory and behavioral responsiveness to food may also influence post-operative 

dietary intake and weight loss (Ahmed, Penney, Darzi, & Purkayastha, 2018; Behary & 

Miras, 2015; Graham, Murty, & Bowrey, 2014; Nance, Acevedo, & Pepino, 2020). Studies 

of post-bariatric taste preference changes include animal models (Ahmed et al., 2018) and 

human fMRI studies (Behary & Miras, 2015; Holsen et al., 2018) of the brain’s response to 

various food stimuli. In addition, several different survey scales have been used to explore 

changes in dietary and taste preferences following bariatric surgery (Crowley et al., 2012; 

Hubert et al., 2019; Sudan, Sudan, Lyden, & Thompson, 2017). Despite the broad range in 

study methodology, a common finding was an initial heightened sensitivity to, decreased 

enjoyment and craving for, and increased intolerance for sweets and fatty foods which varied 

across bariatric operations (Boerlage, van de Laar, Westerlaken, Gerdes, & Brandjes, 2017; 

Goldenshluger et al., 2017; Kvehaugen & Farup, 2018; Ruiz-Tovar et al., 2018).

The mechanisms driving post-surgery sensory responsiveness to food are not completely 

understood. It is thought that changes in gastrointestinal anatomy following surgery may 

provoke unpleasant symptoms and side effects after the ingestion of certain foods and 

beverages (deAGodoy et al., 2018; Goldenshluger et al., 2017). These foods and beverages 

then become aversive and the hedonic response is reduced. The durability of changes in taste 

function and how people consume (Nance et al., 2020) and their association with surgical 

weight loss (Hubert et al., 2019; Kittrell et al., 2018; Papasavas, Rawal, Ng, Tishler, & 

Duffy, 2015) remain uncertain. Operations that bypass the small intestine (e.g. RYGB) may 

have more profound influence on taste function than operations that simply restrict the size 

of the stomach (e.g. SG). This hypothesis has not been studied extensively (Behary & Miras, 

2015). Finally, most studies in this area have consisted of relatively small (<100) 
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homogenous samples of patients (≥ 90% White), and older purely restrictive operations 

(laparoscopic banding) which are no longer being used in practice. It is unknown whether 

results would generalize to a larger population, typical of contemporary clinical practice, 

which is increasingly more racially and ethnically diverse and predominately SG operations.

To better understand changes in food and beverage taste and consumption after bariatric 

surgery, we developed and administered a 27-item instrument, Bariatric Surgical Alterations 

in Tolerability, Enjoyment and Cravings in the Diet (BSATED), designed to measure 

changes in enjoyment, craving and intolerance for nine food/beverage categories one year 

after bariatric surgery. This scale was part of a larger longitudinal survey study: The 

Bariatric Experience Long Term (BELONG)(Moore et al., 2020). We developed the 

BSATED instrument with the goal of maximizing its clinical relevance and face validity by 

working with BELONG study investigators who were also bariatric clinicians (KHL and 

SBM) and/or who had researched similar constructs in non-bariatric populations (AD). We 

also worked with a post-bariatric patient who was also a research scientist (CLC).

The instrument was designed to measure three constructs related to the experience of 

consuming foods/beverages after bariatric surgery. The first construct was change in a 

patient’s “enjoyment” of foods/beverages which was intended to be directly related to the 

hedonic experience (Berridge, Ho, Richard, & DiFeliceantonio, 2010; Gearhardt, Rizk, & 

Treat, 2014) of consuming these types of foods/beverages. Second, we wanted to measure a 

related construct of “craving” (Batra et al., 2013; Berridge et al., 2010; Gearhardt et al., 

2014) which describes how much a patient desires or wants to consume a food/beverage. 

Finally, we measured “tolerability” to different food/beverage categories, characterized as 

feeling physically ill after consuming a food/beverage.

The current study presents the validation results for the BSATED instrument using 

exploratory factor analyses, construct validity with other conceptually related survey 

instruments, and criterion validity using hypothesized differences for operation type and 

percent total weight loss (%TWL) at 12 −18 months after surgery. Based upon clinical 

experience and the literature in this area (reviewed above), we tested the following a priori 
hypotheses as part of the validation: 1) Participants would report increases in enjoyment and 

craving for types of foods/beverages recommended for post-bariatric patients (lean proteins 

and fruits and vegetables); while reporting decreases in enjoyment and craving for types of 

foods/beverages that post-bariatric patients are counseled to reduce or avoid (candy and 

other desserts [e.g. candy bars, chocolate, ice cream] and high-fat meats); 2) that these 

changes would be more pronounced in participants who had RYGB when compared to SG; 

and 3) that participants who reported less craving and enjoyment, and less tolerability for 

foods/beverages that post-bariatric patients are counseled to reduce or avoid would have 

higher %TWL 12–18 months after surgery compared to participants who did not experience 

these changes or reported the opposite pattern.
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2. Methods

2.1 Setting and Study Population

Participants were patients in a large integrated healthcare system in the Southern California 

region of the U.S. preparing to have bariatric surgery recruited as part of the larger parent 

BELONG study. Inclusion criteria for the BELONG study were: 1) being enrolled in a 12-

week (one hour per week) surgical preparation course; 2) planning a first bariatric operation 

within six months of the baseline survey; 3) being an adult ≥ 18 years old at the time of the 

baseline survey; and 4) meeting general eligibility criteria for weight loss surgery based on 

national recommendations (NIDDK., 2016). These criteria were having a body mass index 

(BMI) ≥ 40 kg/m2 or 35–39 kg/m2 with at least one major obesity-related comorbid 

condition such as diabetes or sleep apnea. Surgeons could still elect not to perform bariatric 

surgery if: 1) they determined that the patient had an excessively high risk for surgery, 

and/or 2) the patient had not lost at least 5% TWL during a required 12-week preparation 

course. In rare cases, patients could have surgery if their BMI was 32 kg/m2 with serious 

obesity-related comorbid conditions.

In addition to these pre-surgical criteria, eligible participants for the BELONG study could 

not have had surgery before the baseline survey and could not have had surgery more than 

12 months from the baseline survey. The healthcare system institutional review board for 

human subjects approved all study procedures and waived the requirement for signed 

informed consent (protocol #10865). Participants provided verbal consent at the time of 

recruitment for the baseline survey.

Figure 1 provides the details of the eligibility, recruitment, enrollment, and year 1 survey 

respondents in the BELONG study. The BSATED instrument was only administered in the 

year 1 survey. A total of 5,552 participants were approached during their bariatric 

preparation classes between March 1, 2015 and August 30, 2016 with a one-time in-class 

announcement and distribution of study flyers. This was followed by four outreach attempts 

over a period of eight weeks consisting of emails, postal mailed letters and phone calls. 

Participants were identified as enrolled in the pre-surgical classes using the electronic 

medical record (EMR) as well as information obtained from course instructors. Of the 5,552 

outreached, 890 were not eligible; over half of whom had already had surgery (56.0%; n = 

498). Of the 4,662 eligible outreached patients, 1,975 participants were consented and 

completed a baseline survey (42.4% response rate).

Of the 1,975 participants in the BELONG baseline cohort, 321 were not eligible for the year 

1 survey, did not respond (n = 411), refused (n = 18), or did not have current contact 

information (n = 22) (n = 451 non-responders). The remaining BELONG cohort participants 

(n = 1,203) completed a year 1 survey (73% response rate). From these 1,203 survey 

respondents, 204 were further eliminated because they had either had surgery more than six 

months after their baseline survey (n = 153) or had undergone surgery before their baseline 

survey (n = 51). From the n = 451 non-responders, 109 patients were further eliminated for 

the same reasons. The final sample with BSATED responses was n = 999 and n = 342 non-

responders.
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2.2 Survey Procedures

Year 1 surveys were administered using a Computer-Aided Telephone Interview (CATI) 

system or a self-directed website and took approximately 75 minutes to complete. 

Participants could stop and return to the web survey or stop and reschedule a separate phone 

call to complete the phone survey. If participants started the web survey but did not complete 

it, they were called to complete the survey by phone. Most of the participants in the analytic 

sample (63%; n = 630) completed the survey using the website. Participants were provided 

with a $25 gift certificate for their time.

2.3 Bariatric Surgical Alterations in Tolerability, Enjoyment and Cravings in the Diet 
(BSATED) Instrument Structure and Scoring

We asked participants about post-operative change in each of three constructs (enjoyment, 

craving, tolerability), for nine different food/beverage categories. Categories were chosen to 

align with post-bariatric dietary recommendations (Dagan et al., 2017), and were based on 

the typical American diet, which would be familiar to the participants having bariatric 

operations in the Southern California region of the U.S. These categories were (1) milk and 

dairy (milk, cheese, yogurt), (2) lean proteins (grilled chicken, baked, lean beef, fish, tofu), 

(3) higher-fat meats (burgers, hot dogs, fried chicken, bacon, sausages), (4) grains/cooked 

grains (breads/rolls, tortillas, pasta, rice, pizza crust), (5) sweet baked goods (cookies, cakes, 

brownies), (6) fresh fruits and vegetables (apples, bananas, salads, tomatoes, broccoli), (7) 

candy and other desserts (candy bars, chocolate, ice cream), (8) salty snacks (tortilla chips, 

potato chips, popcorn), and (9) non-alcoholic sweetened drinks (juice, soda, sweetened 

coffee/tea, sports drinks, penafiel, manzanita, refrescos).

The root question for the enjoyment and craving constructs was “For the following questions 

we would like you to tell us about your enjoyment and craving of certain kinds of foods now 

as compared to before surgery” and response options were “more”, “less”, “no change”, 

“never eat/ate”, and “not sure”. To measure the construct of tolerability, respondents were 

asked whether they “Sometimes now feel physically ill when [they] eat/drink even a small 

amount of” and response options were “yes”, “no”, “never eat/ate”, and “not sure”.

2.4 Measures Used for Scale Validation

All measures used for scale validation are shown in the Appendix.

2.4.1 Construct Validity

2.4.1.1 Self-Reported weight management strategies.: We used a version of the Weight 

Control Strategies Scale (WCSS) modified for bariatric patients to assess patient behaviors 

predictive of weight loss and maintenance (Mitchell et al., 2016; Pinto, Fava, Raynor, 

LaRose, & Wing, 2013). The overall modified WCSS assessed 27 behaviors/strategies for 

which participants endorsed a frequency over the past 30 days, ranging from “never” to 

“always” or “don’t know/remember”.

2.4.1.2 Emotional eating and loss of control of eating.: We used the 18 item three-factor 

eating questionnaire (Angle et al., 2009) to test if emotional eating and loss of control of 

eating were associated with enjoyment and craving. We expected that enjoyment and craving 
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could be related to behaviors involved in using foods/beverages as a coping strategy for 

stress and related to the loss of control of consuming foods/beverages that were particularly 

enjoyable or that a participant would crave.

2.4.1.3 Self-reported dietary recall and rating of diet quality.: A brief assessment of 

dietary intake was done using the short form of the Rapid Eating and Activity Assessment 

for Participants (REAP-S) scale (Segal-Isaacson, Wylie-Rosett, & Gans, 2004). This scale 

asked about how frequently participants engaged in certain dietary behaviors in a typical 

week using response options of “usually/often”, “sometimes”, “rarely/never” and “does not 

apply to me”. The behaviors were skipping breakfast, eating out, eating whole grains/high 

fiber foods, eating fruits, eating vegetables, eating/drinking dairy, eating lean meats, eating 

processed meats, eating chips, eating fried foods, adding butter/margarine to food, eating 

sweet baked goods, and drinking sweetened beverages.

In order to determine if participants were also following nutritional guidelines after bariatric 

surgery, we added eating meal replacements, drinking water, eating frozen foods, and 

drinking diet beverages. Self-rated dietary quality was assessed using a single question from 

the National Health and Nutrition Examination Survey (NHANES) that asks “In general 

how healthy is your overall diet?” and response categories are “excellent”, “very good”, 

“good”, “fair”, and “poor”(Woglom, Gray, Hill, & Wang, 2020).

2.4.2 Criterion Validity

2.4.2.1 Percent total weight loss (%TWL).: The main measure used to establish criterion 

validity of the BSATED instrument was percent total weight loss (%TWL) calculated using 

the following formula: [(weight at follow-up – weight at surgery)/weight at surgery]*100. 

Body weight and height were obtained from the EMR for one year before surgery and all 

years following surgery. Body weight was measured by clinical staff and height was 

primarily self-reported. Negative values indicated weight loss and positive values indicated 

weight gain. This is a standardized outcome measure for bariatric studies (Brethauer et al., 

2015). For the current study, %TWL was calculated for the period of 12 – 18 months 

following surgery, because the data were from clinical follow-up visits, which are typically 

spread across several months even if they are intended to represent a particular follow-up 

time (e.g. 12 months).

2.4.2.2 Control variables for %TWL models.: We used standard control variables 

collected in the baseline period of the BELONG study that were known to be related to 

%TWL and may have confounded the relationship between craving, enjoyment and 

tolerability and %TWL. These included %TWL in the 12 months before surgery from the 

EMR, and self-reported age, sex, and race/ethnicity using standardized instruments we have 

used in our previous work with bariatric patients (Coleman & Brookey, 2014; Coleman et 

al., 2017). We also included socioeconomic status (SES) calculated using the Hollingshead 

Index of Social Status (Hollingshead, 1975), which used categories of self-reported 

education and classification of the status of a person’s type of self-reported employment 

(including a category for nonworking) to create a weighted composite measure ([education 

level*3] + [work status*5]) of social status that ranged from 6 – 87. We have used this 
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instrument in our previous work with bariatric patients (Coleman & Brookey, 2014; 

Coleman et al., 2017).

Finally, we accounted for comorbidity burden at the time of surgery using the Charlson 

Comorbidity Index (Charlson, Pompei, Ales, & MacKenzie, 1987). The health conditions 

used for this score were abstracted from the EMR using diagnosis codes. A score of ≥ 6 

indicated that a patient had a very high probability of mortality in the following 12 months. 

We also used the type of surgical operation (RYGB vs. SG) from the EMR as a control 

variable in these analyses, however this was also used to determine construct validity by 

testing a hypothesis that enjoyment, craving, and tolerability were different between 

operations (see section 2.5).

2.5 Data Analysis

Descriptive statistics (mean ± standard deviation for continuous and frequencies for 

categorical variables) were used to describe the study sample. To determine if the 

participants who completed the BSATED instrument (n = 999) were different than those 

who did not (n = 342), t-tests for continuous variables and the Chi square statistic for 

categorical variables were used and presented in Table 1.

For BSATED scoring, each craving or enjoyment response of “more” was scored as “+1”, 

responses of “less” as “−1”, and “no change” as “0”. For the tolerability categories, each 

response of “yes” was scored as “+1”, “no” as “−1”, and “no change” as “0”. Responses of 

“never ate/eat” and “not sure” were included in descriptive statistics (see Table 2), however 

exploratory factor analysis loadings, inter-item correlations, and Cronbach’s alpha were 

calculated only using data from the participants who had responses other than “never ate/do 

not know” on all items (n = 534; see Table 3 for these results). Pearson bivariate correlations 

were generated to test construct validity between the BSATED instrument and behaviors 

measured by the modified WCSS and emotional and loss of control of eating.

Independent sample t-tests and the Chi square statistic were used to test the hypothesis that 

decreases in enjoyment and cravings for foods/beverages that bariatric patients are counseled 

to reduce or avoid (e.g. candy and other desserts [candy bars, chocolate, ice cream], higher-

fat meats) would be more pronounced in participants who had RYGB compared to those 

who had SG. The hypothesis that reductions in enjoyment and cravings for foods/beverages 

that bariatric patients are counseled to reduce or avoid would be associated with higher 
%TWL 12–18 months after surgery was tested using separate linear regressions. Each 

summary construct (enjoyment, craving, and tolerability) was treated as a predictor along 

with sex, age, race/ethnicity, surgical operation, BMI at the time of surgery, %TWL in the 12 

months before surgery, and comorbidity burden. Standardized estimates are presented in 

regression results.

3. Results

3.1 Descriptive Findings

Table 1 provides summary statistics for participants who completed a BSATED instrument 

(n = 999) and those who did not (n = 342). Participants who completed the BSATED 
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instrument were primarily women (86%), either Non-Hispanic Black or Hispanic (52%), and 

a majority underwent SG (69%). At the time of surgery, these participants were 43.8 ± 11.6 

years old, had a BMI of 42.9 ± 6.4 kg/m2, and were primarily upper-middle class SES (38 ± 

12 out of a scale of 8 – 67). They had an average %TWL of 6.6 ± 4.6% in the year before 

surgery and an average %TWL of 26.3 ± 8.7% at 12 – 18 months after surgery. Compared to 

participants who did not complete the BSATED instrument (n = 342), those who did (n = 

999) were older (p = 0.015) and had more %TWL 12– 18 months after surgery (p < .001).

Responses on all BSATED items are shown in Table 2 and Figure 2. There were clear 

patterns of decreased enjoyment for higher-fat meats (67% reported enjoying less), grains/

cooked grains (62%), sweet baked goods (53%), candy and other desserts (e.g. candy bars, 

chocolate, ice cream) (55%), salty snacks (43%), and non-alcoholic sweetened drinks (50%) 

one year after surgery. Just over half of participants (52%) reported more enjoyment of lean 

proteins as well as fresh fruits and vegetables (55%). Responses about enjoyment of milk 

and dairy were the most variable with 22%, 33%, and 43% reporting more, less, or no 

change in enjoyment respectively.

Many patients also reported decreased craving for higher-fat meats (62%), grains/cooked 

grains (54%), sweet baked goods (48%), candy and other desserts (e.g. candy bars, 

chocolate, ice cream) (52%), salty snacks (39%), and non-alcoholic sweetened drinks (52%) 

one year after surgery. Many participants (43%) also reported no change in craving for lean 

proteins. Cravings for fresh fruits and vegetables increased for 44% of participants, while 

40% reported no change. As with enjoyment, reports of cravings for milk and dairy were 

variable with 17%, 45%, and 34% reporting more, same, or less cravings. Participants only 

reported less tolerability (higher rates of intolerance) 12 months after surgery for higher-fat 

meats (49%). For all other food/beverage categories, participants mostly reported no changes 

for tolerability.

3.2 Factor Analysis

Summary results of the exploratory factor analysis are shown in Table 3. Exploratory factor 

analysis of participants who reported consuming all nine food/beverage categories (n = 534) 

indicated a two-factor solution for each of the scale constructs (enjoyment, craving, 

tolerability). The first factor (Factor 1) included milk and dairy, fresh fruits and vegetables, 

and lean proteins, which appeared to align closely with recommended foods/beverages for 

post-bariatric patients. The second factor (Factor 2) included the foods/beverages that post-

bariatric patients are counseled to reduce or avoid. Using this two factor solution, 

Cronbach’s alpha and inter-item correlations were examined (see Table 3 and Table A1). For 

the three BSATED constructs (enjoyment, craving, tolerability), Factor 1 had poor internal 

consistency (inter-item correlations ranged from .01 to .46) and reliability (Cronbach’s alpha 

ranged from .21 to .47). For the three BSATED constructs, Factor 2 had good internal 

consistency (inter-item correlations ranged from .32 to .66) and reliability (Cronbach’s alpha 

ranged from .71 to .80). In general, the Cronbach’s alpha did not change when items were 

removed from the factors (see Table A1 in the appendix). Based on these results, construct 

and criterion validity were only determined using the items from Factor 2 for each of the 

constructs (enjoyment, craving, tolerability).
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3.3 Construct Validity

Using the criterion of r = .20 as a minimum meaningful correlation (Wuensch, 2019), there 

were no meaningful relationships between BSATED food/beverage categories or between 

the enjoyment, craving, and tolerability constructs in Factor 2 and weight control strategies 

or emotional eating. More craving of sweet baked goods (r = −.21; p< .001) and candy and 

other desserts (e.g. candy bars, chocolate, ice cream) (r = −.20; p<.001) were related to 

lower self-rated diet quality. Increased craving of grains/cooked grains (r = .21; p<.001), 

sweet baked goods (r = .21; p<.001), candy and other desserts (r = .23; p<.001), and salty 

snacks (r = .23; p<.001) were all related to self-reported loss of control of eating. If a 

participant self-reported eating more chips they craved salty snacks more (r = .23; p<.001). 

If they reported eating more sweet baked goods, then they craved candy and other desserts (r 

= .22; p<.001) and sweet baked goods (r = .21; p<.001) more, and enjoyed sweet baked 

goods more (r = .21; p<.001).

3.4 Criterion Validity – Surgical Operation

When examining the hypothesized differences in reported changes for enjoyment, craving, 

and tolerability of foods/beverages that post-bariatric patients are counseled to reduce or 

avoid between RYGB and SG operations (see Table 4), participants who had RYGB reported 

enjoying (p = .03) and craving (p = .01) higher-fat meats less and having less tolerability 

(higher intolerance) for these foods (p = .001) one year after surgery when compared to SG 

patients. This was also true for candy and other desserts (e.g. candy bars, chocolate, ice 

cream) (p = .005, p = .04, p = .001 for enjoyment, craving, and tolerability respectively). For 

salty snacks, the pattern was reversed such that patients who had RYGB reported enjoying (p 

= .003) and craving (p = .001) salty snacks more one year after surgery compared to patients 

who had SG. They still reported less tolerability (higher intolerance) of salty snacks than 

participants who had SG (p = .001). Finally, there were no differences between participants 

who had RYGB or SG for reported enjoyment and craving of grains/cooked grains, sweet 

baked goods, and non-alcoholic sweetened drinks. However, participants who had RYGB 

did report less tolerability (more intolerance) for sweet baked goods (p = .001) and non-

alcoholic sweetened drinks (p = .008) than participants who had SG.

3.5 Criterion Validity – Percent Total Weight Loss (%TWL)

Across all foods/beverages that post-bariatric patients are counseled to reduce or avoid 

(Factor 2) enjoyment at one year after bariatric surgery was related to 13% higher TWL 12 – 

18 months after surgery (F(8,686) = 8.21; β = .13; p = .001). There were also effects for 

specific foods/beverages in Factor 2 and %TWL. Participants who reported enjoying higher-

fat meats less had 10% higher TWL than those with no change or who enjoyed them more 

(F(8,888) = 10.05; β= .10; p = .003). Participants who reported enjoying grains/cooked 

grains less had 15% higher TWL than those with no change or who enjoyed them more 

(F(8,914) = 11.24; β = .15; p < .001). Participants who reported enjoying sweet baked goods 

less had 7% higher TWL than those with no change or who enjoyed them more (F(8,903) = 

9.68; β = .07; p = .02). Participants who reported enjoying candy and other desserts (e.g. 

candy bars, chocolate, ice cream) less had 6% higher TWL than those with no change 

(F(8,891) = 9.56; β = .06; p = .047). There was no relationship between changes in 
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enjoyment of salty snacks or non-alcoholic sweetened beverages and %TWL 12 – 18 months 

after surgery.

Similar to enjoyment, decreased craving across all foods/beverages that post-bariatric 

patients are counseled to reduce or avoid (Factor 2) was related to 11% higher TWL 12 – 18 

months after surgery (F(8,734) = 9.28; β = .11; p = .002). Participants who reported less 
craving for higher-fat meats had 7% higher TWL than those with no change or who craved 

them more (F(8,905) = 10.16; β = .07; p = .03). Participants who reported craving grains/

cooked grains less had 10% higher TWL than those with no change or who craved them 

more (F(8,922) = 10.29; β = .10; p = .002). Participants who reported craving sweet baked 

goods less had 10% higher TWL than those with no change or who craved them more 

(F(8,916) = 10.40; β = .10; p = .003). Participants who reported craving salty snacks less had 

10% higher TWL than those with no change or who craved them more (F(8,929) = 11.69; β 
= .10; p = .002). There was no relationship between changes in craving of candy and other 

desserts (e.g. candy bars, chocolate, ice cream) or non-alcoholic sweetened beverages one 

year after surgery and %TWL 12 – 18 months after surgery.

In general, less tolerability (more intolerance) for Factor 2 foods/beverages was related to 

10% higher TWL 12 – 18 months after surgery (F(1,626) = 7.28; β = .10; p = .02). 

Participants who reported more intolerance of higher-fat meats had 9% higher TWL than 

those without intolerance (F(8,856) = 9.73; β = .09; p = .008). Participants who reported 

more intolerance of grains/cooked grains had 11% higher TWL than those without 

intolerance (F(8,884) = 9.25; β = .11; p = .001). Participants who reported more intolerance 

of candy and other desserts (e.g. candy bars, chocolate, ice cream) had 10% higher TWL 

than those without intolerance (F(8,871) = 9.73; β = .10; p = .003). There was no 

relationship between lower tolerability of sweet baked goods, salty snacks, and non-

alcoholic sweetened beverages one year after surgery and %TWL 12 – 18 months after 

surgery.

4. Discussion

In this development and validation study for the Bariatric Surgical Alterations in 

Tolerability, Enjoyment and Cravings in the Diet (BSATED) instrument, over half of 

bariatric patients in the BELONG study reported reduced enjoyment and cravings for food/

beverage categories that post-bariatric patients are counseled to reduce or avoid such as 

higher-fat meats, sweet baked goods, grains/cooked grains, and candy and other desserts 

(e.g. candy bars, chocolate, ice cream) one year after surgery. BSATED food/beverage 

categories that post-bariatric patients are counseled to reduce or avoid were associated in the 

expected direction with %TWL at 12–18 months (e.g. enjoy and crave less leads to more 
%TWL). Compared to patients undergoing SG, those who had RYGB were more likely to 

report decreased enjoyment and craving for foods/beverages post-bariatric patients are 

counseled to reduce or avoid and less tolerability of these same foods/beverages. Our 

findings align with the neuroscience findings in this area that there is a tendency toward 

decreased activation of the brain’s reward centers to highly energy-dense foods after 

bariatric surgery, as well as a decreased hedonic response or preference for sweets and fatty 

foods (Ahmed et al., 2018). In addition, other work has also shown that bariatric patients 
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reported decreased preference and/or craving for sweets and higher-fat meats in the first year 

after surgery and such changes varied by bariatric operation (Ahmed et al., 2018; Behary & 

Miras, 2015; Hansen et al., 2016; Nance et al., 2020; Primeaux, de Silva, Tzeng, Chiang, & 

Hsia, 2016).

The differences between operations could be explained by a reduced hedonic drive to eat 

highly palatable foods in patients who had RYGB (Hansen et al., 2016). In addition, biologic 

mechanisms for altered hedonic response to food may include surgically-induced changes in 

bile acid production and delivery to the distal ileum, with resulting direct and indirect (via 

hormones like GLP-1 and Peptide YY) impacts on satiety (Penney, Kinross, Newton, & 

Purkayastha, 2015; Wang et al., 2019). These bile acid-mediated changes in satiety appear 

more pronounced and enduring after RYGB compared to SG (Batterham & Cummings, 

2016; Miras & le Roux, 2013). Our findings address an area of identified need by prior 

reviews (Behary & Miras, 2015) with the largest, most diverse cohort of post-bariatric 

changes in food/beverage preference and tolerability following the SG operation. 

Differences between SG and RYGB in food preference (e.g. greater reduction in enjoyment 

of sweet baked goods for patients having RYGB) (Ahmed et al., 2018; Nielsen et al., 2019) 

are important to study because they may shed further light on the known differences in 

weight loss between these operations (Arterburn et al., 2018).

As was the case with a recent publication (Sudan et al., 2017), we were not able to reliably 

measure changes in enjoyment, craving, and tolerability for foods/beverages that are more 

often recommended as regular parts of the post-bariatric diet (Factor 1: milk and dairy, lean 

proteins, fresh fruits and vegetables). One possible reason for the poor performance of 

Factor 1 was the small number of items it included (n = 3). Also, the majority of participants 

may not have associated the constructs of enjoyment and craving with food categories like 

fresh fruits and vegetables and lean proteins (as compared to more highly-palatable foods 

like sweet baked goods) (Gearhardt et al., 2014).

Similarly, questions about enjoyment and craving for milk and dairy foods may have 

produced inconsistency in terms of grouping with the other Factor 1 items due to a high 

prevalence of lactose intolerance among adults, as well as heterogeneity of the types of 

foods/beverages in this broad category. For example, butter or cream could be perceived very 

differently from plain yogurt or cottage cheese. Our use of a single item asking about both 

fruits and vegetables could have also been problematic because participants may have 

viewed these two food types very differently both in terms of level of enjoyment (fruits as 

sweet, vegetables as primarily bitter), and perceived healthfulness (vegetables > fruits). 

Future research would need to address these distinctions more carefully to understand 

changes in enjoyment, craving, and tolerability for foods/beverages more often 

recommended as regular parts of the post-bariatric diet.

We observed low correlations between individual BSATED food/beverage items and broad 

constructs such as self-rated dietary quality and emotional eating. This did not support our 

hypotheses nor did these findings agree with previous research that found an association 

between liking of sweets and a greater degree of disinhibited/unrestrained eating 

(Lahteenmaki & Tuorila, 1995). The observed lack of strong correlation in our data could be 
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because BSATED examined post-surgical changes in enjoyment (not the absolute level of 

liking or enjoyment), or because individual food categories (e.g. higher-fat meats) 

represented only a small portion of the total dietary intake for an individual, thus not fully 

explaining broader constructs such as overall perceived dietary quality or emotional eating. 

Our results could also suggest that, despite enjoying and craving certain foods such as sweet 

baked goods or salty snacks, most bariatric patients are still able to adhere to dietary patterns 

that align with clinical guidelines.

There are several important limitations of our study that should be considered. First, the 

BSATED instrument was developed for use in a post-operative bariatric sample, rather than 

for administration before and after surgery, so it is not a true measure of change over time. A 

second limitation was that BSATED was developed using terminology and food categories 

familiar to people in the Southern California region of the U.S. which might have different 

meaning or relevance to respondents in other areas of the U.S. or throughout the world. A 

third limitation is the retrospective nature of the instrument (asking participants to compare a 

current state to a past state) which could result in recall bias. Participants may be more likely 

to have noticed changes in foods/beverages that they viewed as either particularly 

problematic or helpful with respect to weight regulation.

Finally, an important limitation is that our findings may not reflect the broader population of 

people having bariatric surgery. Compared to the BSATED respondents (n = 999), BELONG 

study participants who did not complete the instrument (n = 342) were younger and had less 

%TWL 12 – 18 months after surgery (see Table 1). There was also a further sample loss 

when conducting the factor analysis because we could only analyze responses from 

participants who endorsed ever eating all nine categories of foods/beverages (i.e. we did not 

use data from people with even a single response of “never ate/eat” out of 27 items). This 

requirement led to a loss of almost half of the 999 respondents. Future studies should be 

done with other bariatric populations with the BSATED instrument to improve 

generalizability.

5. Conclusions

In this large and diverse cohort of post-bariatric surgery patients, a majority reported 

changes in enjoyment, cravings and tolerability of specific food categories, which were 

consistent with prior literature. This study supported the emerging idea that RYGB may be 

associated with more pronounced changes in taste and liking of certain foods compared to 

SG, and that these changes may be associated with the greater weight loss seen with RYGB 

compared to SG at 12–18 months after surgery (Arterburn et al., 2018). The BSATED 

instrument may provide an efficient way to measure multiple related constructs for post-

bariatric patients with respect to their experience of consuming, particularly for foods/

beverages that they are counseled to reduce or avoid after surgery. Future studies, including 

later follow-up in our own cohort, could examine the durability of these changes after 

surgery, and the ongoing association between food/beverage enjoyment, craving, tolerability 

and weight loss and maintenance following bariatric surgery.
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Figure 1. 
Sample selection process for the Bariatric Experiences Long Term (BELONG) study and the 

sample used for the validation of the Bariatric Surgical Alterations in Tolerability, 

Enjoyment and Cravings in the Diet (BSATED) instrument.
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Figure 2. 
Descriptive frequencies for all responses used for the exploratory factor analysis of the 

Bariatric Surgical Alterations in Tolerability, Enjoyment and Cravings in the Diet (BSATED) 

instrument (n = 534) from the Bariatric Experience Long Term (BELONG) study.

Lewis et al. Page 19

Appetite. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lewis et al. Page 20

Table 1.

Comparison of baseline characteristics between participants who completed the Bariatric Surgical Alterations 

in Tolerability, Enjoyment and Cravings in the Diet (BSATED) instrument (n = 999) and those who did not (n 

= 342). Data are presented as frequencies (n [%]) or mean ± standard deviations.

Characteristic Non-Respondents (n = 342) Respondents (n = 999) p

Age (years) 42.1 ± 10.4 43.8 ± 11.6 .015

Baseline Body Mass Index (BMI) kg/m2 43.6 ± 6.6 42.9 ± 6.4 .07

% Total Weight Loss (%TWL) 12 months Before Baseline 6.4 ± 4.7 6.6 ± 4.6 .35

Gender (Female) 290 (85) 860 (86) .53

Race/Ethnicity .10

 Non-Hispanic Black 636 (18) 153 (15)

 Hispanic 141 (41) 368 (37)

 Non-Hispanic White 119 (35) 433 (43)

 Other/Mixed/Unknown 19 (6) 45 (5)

Baseline Socioeconomic Status 38 ± 13 38 ± 12 .40

Baseline Comorbidity Burden .10

 0 135 (40) 359 (36)

 1 126 (37) 347 (35)

≥ 2 81 (24) 293 (29)

Bariatric Operation .14

Roux-en-Y Gastric Bypass (RYGB) 95 (28) 305 (31)

Sleeve Gastrectomy (SG) 245 (72) 693 (69)

Other 2 (<1) 1 (<1)

% Total Weight Loss (%TWL) 12 – 18 months after Baseline 24.2 ± 9.6 26.3 ± 8.7 < .001
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Table 3.

Results from exploratory factor analysis of the Bariatric Surgical Alterations in Tolerability, Enjoyment and 

Cravings in the Diet (BSATED) instrument (n = 534) from the Bariatric Experience Long Term (BELONG) 

study. Participants were measured one year after bariatric surgery.

Scale Cronbach’s Alpha Inter-Item Correlations

All Items (n = 27) .77 −.03 to .42

Factor 1* Food/Beverage Categories (n = 9) .60 .20 to .37

Factor 2* Food/Beverage Categories (n = 18) .79 .25 to .52

Enjoyment Scale Items (n = 9) .54 −.19 to .50

Enjoyment Scale: Factor 1 Foods/Beverages Subscale (n = 3) .21 .01 to .20

Enjoyment Scale: Factor 2 Foods/Beverages Subscale (n = 6) .75 .42 to .60

Craving Scale Items (n = 9) .61 .01 to .48

Craving Scale: Factor 1 Foods/Beverages Subscale (n = 3) .28 .10 to .22

Craving Scale: Factor 2 Foods/Beverages Subscale (n = 6) .71 .32 to .53

Intolerance Scale Items (n = 9) .80 .32 to .62

Intolerance Scale: Factor 1 Foods/Beverages Subscale (n = 3) .47 .23 to .46

Intolerance Scale: Factor 2 Foods/Beverages Subscale (n = 6) .80 .51 to .66

*
Factor 1 Items: Milk and Dairy (milk, cheese, yogurt); Lean Proteins (grilled chicken, baked, lean beef, fish, fish, tofu); and Fresh Fruits and 

Vegetables (apples, bananas, salads, tomatoes, broccoli). Factor 2 Items: Higher-Fat Meats (burgers, hot dogs, fried chicken, bacon, sausages); 
Grains/Cooked Grains (breads/rolls, tortillas, pasta, rice, pizza crust); Sweet Baked Goods (cookies, cakes, brownies); Candy and Other Desserts 
(candy bars, chocolate, ice cream); Salty Snacks (tortilla chips, potato chips, popcorn); Non-Alcoholic Sweetened Drinks (juice, soda, sweetened 
coffee/tea, sports drinks, penafiel, manzanita, refrescos).

Appetite. Author manuscript; available in PMC 2022 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lewis et al. Page 23

Ta
b

le
 4

.

C
om

pa
ri

so
n 

of
 R

ou
x-

en
-Y

 g
as

tr
ic

 b
yp

as
s 

(R
Y

G
B

) 
an

d 
sl

ee
ve

 g
as

tr
ec

to
m

y 
(S

G
) 

w
ith

 r
es

pe
ct

 to
 c

ha
ng

es
 in

 e
nj

oy
m

en
t, 

cr
av

in
g,

 a
nd

 to
le

ra
bi

lit
y 

(n
 (

%
) 

ye
s)

 f
or

 F
ac

to
r 

2 
fo

od
/b

ev
er

ag
e 

ca
te

go
ri

es
 o

ne
 y

ea
r 

af
te

r 
ba

ri
at

ri
c 

su
rg

er
y 

fo
r 

pa
rt

ic
ip

an
ts

 in
 th

e 
B

ar
ia

tr
ic

 E
xp

er
ie

nc
es

 L
on

g 
Te

rm
 (

B
E

L
O

N
G

) 
st

ud
y 

(n
 =

 

99
9)

. S
ig

ni
fi

ca
nc

e 
le

ve
ls

 a
re

 p
re

se
nt

ed
 f

or
 th

e 
co

m
pa

ri
so

n 
of

 R
Y

G
B

 a
nd

 S
G

 w
ith

in
 e

nj
oy

m
en

t, 
cr

av
in

g,
 a

nd
 to

le
ra

bi
lit

y 
fo

r 
ea

ch
 ty

pe
 o

f 
fo

od
/b

ev
er

ag
e 

ca
te

go
ry

.

E
nj

oy
m

en
t

C
ra

vi
ng

To
le

ra
bi

lit
y

Su
rg

er
y 

ty
pe

Su
rg

er
y 

ty
pe

Su
rg

er
y 

ty
pe

R
Y

G
B

SG
R

Y
G

B
SG

R
Y

G
B

SG

M
or

e
L

es
s

M
or

e
L

es
s

M
or

e
L

es
s

M
or

e
L

es
s

Y
es

N
o

F
oo

d 
ca

te
go

ry
n 

(%
)

n 
(%

)
n 

(%
)

n 
(%

)
p

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

p
n 

(%
)

n 
(%

)
p

H
ig

he
r-

fa
t 

m
ea

ts
 (

bu
rg

er
s,

 h
ot

 d
og

s,
 f

ri
ed

 c
hi

ck
en

, 
ba

co
n,

 s
au

sa
ge

s)
22

 (
7)

20
5 

(6
7)

47
 (

7)
46

8 
(6

8)
0.

03
23

 (
8)

18
8 

(6
2)

51
 (

8)
43

3 
(6

3)
0.

01
16

9 
(5

6)
32

0 
(4

6)
0.

00
1

G
ra

in
s/

C
oo

ke
d 

gr
ai

ns
 (

br
ea

ds
/r

ol
ls

, t
or

til
la

s,
 p

as
ta

, 
ri

ce
, p

iz
za

 c
ru

st
)

30
 (

10
)

18
5 

(6
1)

60
 (

9)
43

0 
(6

2)
0.

17
37

 (
12

)
15

8 
(5

2)
95

 (
14

)
37

6 
(1

5)
0.

17
13

7 
(4

5)
26

1 
(3

8)
0.

08

Sw
ee

t 
ba

ke
d 

go
od

s 
(c

oo
ki

es
, c

ak
es

, b
ro

w
ni

es
)

35
 (

12
)

17
0 

(5
6)

96
 (

14
)

36
2 

(5
2)

0.
72

51
 (

17
)

14
9 

(4
9)

14
7 

(2
1)

33
8 

(4
8)

0.
34

16
5 

(5
5)

27
1 

(3
9)

0.
00

1

C
an

dy
 a

nd
 o

th
er

 d
es

se
rt

s 
(c

an
dy

 b
ar

s,
 c

ho
co

la
te

, i
ce

 
cr

ea
m

)
32

 (
11

)
18

3 
(6

0)
91

 (
13

)
36

5 
(5

3)
0.

00
5

44
 (

14
)

17
5 

(5
7)

12
3 

(1
8)

34
6 

(5
0)

0.
04

16
1 

(5
3)

24
7 

(3
6)

0.
00

1

Sa
lt

y 
sn

ac
ks

 (
to

rt
ill

a 
ch

ip
s,

 p
ot

at
o 

ch
ip

s,
 p

op
co

rn
)

69
 (

23
)

12
0 

(3
9)

12
5 

18
)

31
0 

(4
5)

0.
00

3
82

 (
27

)
11

9 
(3

9)
15

4 
(2

2)
27

1 
(3

9)
0.

00
1

76
 (

25
)

12
6 

(1
8)

0.
00

1

N
on

-a
lc

oh
ol

ic
 S

w
ee

te
ne

d 
dr

in
ks

 (
ju

ic
e,

 s
od

a,
 

sw
ee

te
ne

d 
co

ff
ee

/te
a,

 s
po

rt
s 

dr
in

ks
, p

en
af

ie
l, 

m
an

za
ni

ta
, r

ef
re

sc
os

)

39
 (

10
)

15
2 

(5
0)

67
 (

10
)

34
4 

(5
0)

0.
58

34
 (

11
)

15
1 

(5
0)

72
 (

10
)

36
6 

(5
3)

0.
22

10
2 

(3
4)

18
4 

(2
7)

0.
00

8

Appetite. Author manuscript; available in PMC 2022 July 01.


	Abstract
	Introduction
	Methods
	Setting and Study Population
	Survey Procedures
	Bariatric Surgical Alterations in Tolerability, Enjoyment and Cravings in the Diet (BSATED) Instrument Structure and Scoring
	Measures Used for Scale Validation
	Construct Validity
	Self-Reported weight management strategies.
	Emotional eating and loss of control of eating.
	Self-reported dietary recall and rating of diet quality.

	Criterion Validity
	Percent total weight loss (%TWL).
	Control variables for %TWL models.


	Data Analysis

	Results
	Descriptive Findings
	Factor Analysis
	Construct Validity
	Criterion Validity – Surgical Operation
	Criterion Validity – Percent Total Weight Loss (%TWL)

	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

