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Abstract

To evaluate the consumption of ultra-processed foods (UPFs), culinary abilities, and food
addiction (FA) in adults after different periods since bariatric and metabolic surgery, this
cross-sectional study recruited and collected data via social media from adults who un-
derwent metabolic and bariatric surgery. The Brazil Food and Nutritional Surveillance
System markers of dietary consumption and the NOVA-UPF screener assessed dietary
patterns and UPF consumption, the modified Yale Food Addiction Scale 2.0 assessed FA,
and the Cooking Skills Index (CSI) assessed culinary abilities. 1525 participants were
included, with a mean age of 38 & 8 years and a mean time since surgery of 37 £ 54 months.
Individuals with longer postoperative time showed a higher NOVA-UPF score and higher
consumption of hamburgers/sausages, sweetened beverages, and instant noodles (p < 0.01
for all), without a corresponding decrease in fresh fruit and vegetable consumption. Each
year since surgery increased NOVA-UPF score by 0.67 [CI95%: 0.57; 0.76] points. CSI
showed no association with time (—0.41; [CI95%: —1.33; 0.50]), while FA prevalence was
lowest at 48 months and increased thereafter (p < 0.01). FA prevalence initially decreased
up to 4 years post-surgery, followed by a partial increase beyond 4 years, although re-
maining below levels observed within the first 6 months. Time since surgery is associated
with higher UPF consumption and a non-linear trajectory of FA prevalence, but not with
culinary abilities.

Keywords: bariatric surgery; ultra-processed foods; food addiction; culinary abilities

1. Introduction

Over the years, the prevalence of obesity has increased dramatically worldwide, and
it was estimated that in 2022, it affected 890 million people [1]. In Brazil, data from the
Surveillance of Risk and Protective Factors for Chronic Diseases via Telephone Survey
(VIGITEL) indicate that the obesity rate among adults residing in the country’s capitals is
24.3%, with a higher prevalence among women (24.8%) [2]. It is well known that obesity
is associated with a range of clinical conditions such as type 2 diabetes, cardiovascu-
lar diseases, and various types of cancer [3]. Moreover, the economic and social costs
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linked to obesity—including premature death, reduced productivity, high direct and indi-
rect costs, and increased healthcare expenditures—have already been documented [4-7].
Consequently, the treatment of this condition becomes indispensable for improving an
individual’s quality of life and reducing its associated consequences [8].

Bariatric and metabolic surgery (BMS) is an alternative treatment for obesity. It is
recognized for providing significant, sustained weight loss, and for contributing to the
control of associated comorbidities through modifications to the gastrointestinal tract,
potentially altering the stomach’s anatomy and/or modifying the passage of food through
the digestive system [9,10]. This direct intervention on the gastrointestinal tract can induce
metabolic changes as well as alterations in appetite and satiety, which result in weight loss
and improved management of the patient’s comorbidities [10-13]. Despite the impact of
BMS and its satisfactory outcomes in weight loss and comorbidity control, maintaining
the lost weight remains one of the greatest challenges for patients. Several factors may
be associated with weight regain, one of which is related to these individuals’ dietary
intake [14].

The population’s dietary pattern has been changing in recent years, with a signifi-
cant increase in the consumption of ultra-processed foods (UPFs), which raises concerns
about the health impacts of this habit [15-17]. UPFs are foods that generally have a high
energy density and are poor in nutrients, and their consumption is associated with weight
gain [18]. Pinto, Silva, and Bressan (2019) observed a reduction in UPF consumption at
3 and 12 months after bariatric and metabolic surgery (BMS), as was demonstrated by
another subsequent study [19,20]. However, this reduction in UPF consumption does
not appear to be maintained in the long term, with intake levels potentially reverting to
those observed prior to the procedure at 2 and 5 years post-BMS, contributing to weight
regain [21,22]. Therefore, it is essential to understand how this dietary change influences
individuals undergoing BMS, given that the procedure has various metabolic and lifestyle
repercussions for patients [23].

In this context, it is important to investigate which individual characteristics may
be associated with the increased consumption of UPFs. Among these characteristics,
food addiction (FA) appears to be a possible explanation. FA is characterized by the
excessive consumption of UPFs, accompanied by symptoms similar to those of substance
use disorders [24]. Its assessment is carried out using the Yale Food Addiction Scale (YFAS)
and its adaptations, which modify the diagnostic criteria for substance use disorders to
evaluate FA specifically. This instrument evaluates self-reported symptoms related to
the intake of foods high in simple carbohydrates or added fats, such as sweets and salty
snacks, features that are common in UPFs, and associations between UPFs and FA have been
observed [25-27]. Individuals with FA are more likely to compulsively consume these foods,
with prolonged adherence to caloric restriction being a likely interfering factor [28]. The
prevalence of FA in the general adult population is around 14.0%. A systematic review with
meta-analysis demonstrated a prevalence of 32.0% in individuals in the preoperative phase
of BMS (a prevalence considerably higher than that of the general adult population) and
15.0% in the postoperative phase, indicating a significant reduction after the procedure [29].

Furthermore, another possible factor that may explain the variation in UPF consump-
tion is the culinary skills of individuals after BMS. Culinary skills are competencies related
to the selection, combination, and preparation of fresh and minimally processed foods [30].
In turn, Brazilian culture is built around food traditions, in which the handling and prepa-
ration of fresh and minimally processed foods create memories and play a significant role
in refining culinary practices [31]. In this regard, it is evident that the presence of culinary
skills in adults can improve food choices and promote weight loss, aiding in the mitiga-
tion of non-communicable chronic diseases [32]. Considering the positive associations
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previously reported between culinary skills and the consumption of fresh and minimally
processed foods, the presence of culinary skills in individuals undergoing BMS could
contribute to adherence to dietary recommendations and guidelines for this population,
thereby preventing weight regain. However, few studies explore the association of time
since BMS with UPF intake, food addiction and culinary skills. Therefore, the objective of
this study was to evaluate the UPF consumption, culinary skills and FA prevalence in adult
individuals in different windows of time since BMS.

2. Materials and Methods
2.1. Ethical Aspects

The protocol for this study was approved by the Research Ethics Committee of the
Federal University of Alagoas (CAAE number: 60233722.7.0000.5013). All participants
were presented with the free and informed consent form on the first page of the online
questionnaire. This page contained information about the research, the informed consent
document, details regarding the Ethics Committee approval (including the CAAE number),
as well as the contact information of the project coordinator. Consent to participate was
required to access the questionnaire and begin data collection; if a participant did not wish
to participate, the subsequent page displayed the following message: “Thank you! You
may close this page.” No personal information was collected from the participants.

2.2. Study Design

This is a cross-sectional study. The study is reported in accordance with the guidelines
of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
(see Table S1) [33] and Checklist for Reporting Results of Internet E-Surveys (CHERRIES)
(see Table S2) [34].

2.3. Sample Size Calculation

For the sample size calculation, a 95% confidence level and an acceptable margin of
error of 2% were assumed. Since there is no estimate of the population of patients who
have undergone BMS in Brazil, the population was considered infinite. The expected
frequency of FA is 15%, based on the post-BMS prevalence resulting from a systematic
review with meta-analysis conducted by our research group [29]. With these settings, a
total of 1224 individuals were required to form the sample.

2.4. Procedures

The survey was developed on the Google Forms® platform to serve as the primary
data collection instrument. The research team compiled a questionnaire with all data of
interest and transferred it to the Google Forms® platform. A pilot study was conducted
with 20 individuals to prevent potential issues during questionnaire completion. This step
ensured the identification and correction of any inconsistencies in the questionnaire, thereby
confirming the form'’s suitability for data collection. On some pages of the questionnaire,
participants were required to select a specific option in order to demonstrate that they were
carefully responding to the questions. The questionnaire had a total of 11 screen pages,
each with a range of 6 to 10 questionnaire items. The items of the questionnaire were not
randomized, and there was no conditional display to items, hence, all individuals answered
all items. Respondents were able to review answers before finishing their questionnaire,

with the aid of a “back” button in the form. Google Forms®

compile all data answered
through the link into an online spreadsheet, which only the research team had access. Due to
the nature of the Google Forms® platform, we do not have access to view rates, participation

rates and completion rates of the forms. The uniqueness of each respondent was verified by
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the email address used to fill out the form, ensuring that repeated email addresses would
be considered only the last answer. Only complete questionnaires were analyzed.

2.5. Recruitment and Sample

Following the approval by the Ethics Committee and the development of the ques-
tionnaire, social media profiles on Instagram® and Facebook®, related to MBS (either from
scientific societies or from health professionals that treat patients of MBS) were used to
disseminate study information along with the link to the questionnaire, in a “open-survey”
fashion. Participant recruitment took place from August 2022 to January 2023. Additionally,
participants were encouraged to invite individuals from their social circles to take part
in the study. Both male and female individuals aged between 18 and 59 years who had
undergone any type of BMS were included. Pregnant women, lactating women, and those
who did not complete the questionnaires in full were excluded. Answering the survey was
completely voluntary and no incentives or compensations were given to the respondents.

2.6. Variables
2.6.1. Exposure

Time since bariatric and metabolic surgery: Participants were asked to provide the
date of their surgical procedure, which allowed the calculation of the elapsed time between
the surgery and the data collection. Participants were also queried about the specific
surgical technique used. The time since surgery was categorized as follows: 0—6 months,
6-12 months, 12-48 months, and more than 48 months.

2.6.2. Outcomes
Food Consumption

To assess dietary patterns and healthy versus unhealthy eating behaviors, as rec-
ommended by the Brazilian Food Guide [31], consumption markers from the Food and
Nutrition Surveillance System (SISVAN) were utilized. This instrument, which is divided
into sets of questions tailored for different groups (e.g., children aged 2 or older, adolescents,
adults, the elderly, and pregnant women), consists of 9 items. It evaluates the frequency of
daily meals, the habit of eating while watching screens, and the consumption frequency
of specific foods on the previous day. The answers for each of the markers could be “yes”
or “no”. The healthy markers include the consumption of fruits, vegetables, and beans.
In contrast, the unhealthy markers comprise the consumption of processed meats, sweet-
ened beverages, instant noodles, and salty biscuits, as well as sweets, snacks, and filled
cookies [35].

Ultra-Processed Food Consumption

The NOVA-UPF screener [36] was used to assess the consumption of 23 groups of
UPFs on the day preceding the questionnaire. These groups were developed to include
the UPF subgroups that contribute most significantly to daily energy intake, as estimated
by the national food consumption survey conducted in the Family Budget Survey by the
Brazilian Institute of Health and Geography in 2008-2009, along with some subdivisions
of several of the original 13 subgroups. Each participant’'s NOVA-UPF consumption
score was calculated by summing the number of UPF subgroups reported among the
23 listed, thus ranging from 0 to 23. The 23 UPF groups listed are: margarine; sliced bread,
hot dogs, or hamburgers; regular or diet sodas; sweet biscuits with or without filling;
packaged snacks, potato chips, or savory biscuits; chocolate bars or bonbons; ham, salami,
or bologna; sausages, hamburgers, or nuggets; fruit or chocolate-flavored yogurt; boxed or
canned fruit juices (e.g., Del Valle); powdered refreshment drinks (e.g., Tang); mayonnaise,
ketchup, or mustard; branded ice cream or popsicles; chocolate-flavored beverages (e.g.,
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Nescau); frozen French fries or those from chains such as McDonald’s; instant noodles
(e.g., Miojo) or packaged soups; tea-based beverages (e.g., iced tea); frozen pizza or those
from chains like Pizza Hut or Domino’s; frozen lasagna or other ready-made frozen meals;
ready-to-use salad dressings; packaged cakes; cereal bars; and sweetened breakfast cereals
(e.g., Sucrilhos).

Culinary Skills

Culinary skills were assessed using the Cooking Skills Index (CSI) [37]. This instru-
ment consists of ten brief, closed-ended items that evaluate the level of confidence in
performing ten distinct culinary skills. These skills involve preparing home-cooked meals
based on fresh and minimally processed foods, seasoned exclusively with culinary in-
gredients. Each item is scored on a four-point scale: (0) not confident at all, (1) slightly
confident, (2) confident, and (3) very confident. The total score, which ranges from 0 to 30,
is multiplied by 3.33 to convert it to a 0-100 scale, thus summarizing each participant’s
culinary skills, with higher scores indicating greater culinary ability.

Food Addiction

Measured by the modified Yale Food Addiction Scale 2.0 (mYFAS 2.0) [38]. This scale
was translated and cross-culturally validated for Portuguese, demonstrating adequate
internal consistency and factor structure [39]. It comprises 13 items, 11 of which represent
symptoms related to the individual’s eating behavior mirroring aspects of substance use
disorders as defined in the DSM-5, while the remaining two items address clinical impair-
ment/distress. Before beginning the questionnaire, participants were instructed to reflect
on their relationship with hyperpalatable foods over the past twelve months. Each item
was answered according to the frequency of occurrence, ranging from “never” to “every
day,” with a specific threshold established for each to determine whether the symptom
criteria were met. Ultimately, the 11 symptoms were summed to create a symptom count
score. Participants exhibiting two or more symptoms and reaching the threshold for any
of the clinical impairment/distress items were classified as having FA. Furthermore, they
were categorized as either not having FA or having mild, moderate, or severe FA [38,40].

2.6.3. Additional and Adjustment Data
Social, Demographic, and Clinical Variables

Data were collected on age (in years), date of birth, education level, state, marital
status, sex, race/skin color, alcohol consumption habits, smoking status, and exercise
practices. Additionally, information on previous medical diagnoses of hypertension, type 2
diabetes mellitus, and depression was obtained.

Economic Class

The Brazilian Economic Classification Criteria (CCEB) was used to determine the
participants” economic class. The CCEB consists of several questions regarding asset
ownership, the number of bathrooms in the residence, the number of monthly employees,
the education level of the head of the household (the person who contributes the most to the
family income), and access to public services such as piped water and paved streets. The
scores from these questions are summed, yielding a total score ranging from 0 to 100 points,
with higher scores indicating a higher estimated monthly household income. Individuals
are then classified into one of six possible economic classes: “A” (45-100 points), “B1”
(38—44 points), “B2” (29-37 points), “C1” (23-28 points), “C2” (17-22 points), and “D-E”
(0-16) [41].
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Anthropometry

Anthropometric data were self-reported, including pre-surgical weight (kg), lowest
weight achieved after surgery (kg), current weight (kg), and height (m). The Body Mass
Index (BMI) was calculated and classified according to the World Health Organization as fol-
lows: underweight (BMI < 18.5 kg/m?), normal weight (BMI between 18.5 and 24.9 kg/m?),
overweight (BMI between 25.0 and 29.9 kg/m?), and obesity (BMI > 30 kg/m?) [42].

2.7. Statistical Analysis

For data analysis, continuous variables are presented as mean and standard devia-
tion, while categorical variables are expressed in frequencies. In the univariable analysis,
comparisons of continuous variables across the different intervals of time since surgery
were performed using Analysis of Variance (ANOVA) with the Tukey-HSD post hoc test.
In contrast, categorical variables were compared using the chi-square test followed by
Bonferroni’s multiple comparison test. Multivariable linear models were used to assess
the influence of time since surgery on the cooking skills index, the number of FA symp-
toms, and the NOVA-UPF score, adjusted for age, sex, BMI, economic class, and surgical
technique. In order to investigate the influence of time since surgery on the categorical
outcomes related to food consumption markers and FA prevalence, multivariable Poisson
models were constructed—also adjusted for the same variables—to estimate prevalence
ratios in different timeframes. A significance level of 5% was adopted for all analyses.

3. Results

A total of 1924 questionnaires were registered on the online platform. Of these,
399 were excluded, and the participant inclusion flowchart is presented in Figure 1. There-
fore, 1525 participants were included in this study.

Registered questionnaires
(n=1924)

Excluded questionnaires (n = 399)

Did not meet the inclusion criteria (n = 173)

Did not accept to participate (n = 127)

Duplicate questionnaires (n = 57)

Unlikely data (n = 23)

Did not answer the verification question correctly (n = 19)

Included in this analysis
(n=1525)

Figure 1. Flow diagram of participant inclusion.

The mean age of the sample was 38 =+ 8 years, with the majority being female (n = 1458;
95.6%), and 814 (53.4%) residing in the Southeast region of the country. Regarding the
surgical technique, 1206 (79.1%) underwent Roux-en-Y gastric bypass and 319 (20.9%)
underwent sleeve gastrectomy. The mean pre-surgical BMI was 42.1 &+ 5.4, while the
current BMI averaged 29.9 £ 5.8. In addition, the majority of the sample belonged to
economic class B2 (n = 633; 41.5%). Participants had an average CSI score of 78.40 & 19.33,
and the prevalence of FA in the sample was 25.7% (n = 392). The mean time since surgery
was 37 £ 54 months for the overall sample, with 452 (29.7%) individuals having undergone
surgery 0—6 months ago, 275 (18.0%) 6—12 months ago, 414 (27.2%) 12-48 months ago, and
384 (25.1%) more than 48 months ago. The sample characteristics, stratified by time since
surgery, are presented in Table 1.
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Table 1. Sample characteristics divided by time after metabolic and bariatric surgery (n = 1525).

Total Sample 0-6 Months 6-12 Months 12-48 Months >48 Months Value
(n = 1525) (n = 452) (n = 275) (n = 414) (n = 384) P
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 38.53 (8.02) 35.90 (7.18) 2 38.20 (7.85) P 38.54 (7.56) © 41.86 (8.40) 4 <0.01
Weight (kg) 80.85 (17.22) 9245 (16.81)@  77.07(13.93)®  70.40 (13.18) ¢ 81.16 (15.31) d <0.01
Height (m) 1.64 (0.07) 1.64 (0.07) 2 1.64 (0.06) @ 1.63 (0.07) 2 1.64 (0.07) @ 0.41
3(?};2;‘55 index 29.97 (5.82) 34.19 (5.26) @ 28.37 (4.34) P 26.21 (4.30) © 30.19 (5.52) 4 <0.01
Post BMS time a b c d
(months) 37.90 (54.12) 2.24 (1.63) 8.38 (1.72) 23.66 (10.22) 116.36 (54.97) <0.01
((E)‘_"l’lgg)‘g skillsindex 76 1) (19 33 7791(19.32)2  79.55(19.24)2 7827 (19.15) 2 78.29 (19.62) @ 0.73
Number of FA 2.42 (2.98) 3.65 (3.27) @ 2.23 (2.81)° 1.40 (2.30) © 2.22 (2.91)° <0.01
symptoms
Nova-UPF Score 2.75 (2.19) 1.51 (1.56) 2 2.75 (1.78) b 3.41(2.28)¢ 3.48 (2.34) ¢ <0.01
n (%) n (%) n (%) n (%) n (%)

Sex (Female) 1458 (95.6) 430 (95.1)2 265 (96.4) 2 391 (94.4) 2 372 (96.9) 2 0.33
Economic class 0.27

A 138 (9.0) 48 (10.6) 2 22(8.0)2 31(7.5)2 37(9.6)2

Bl 282 (18.5) 69 (15.3) 2 46 (16.7) @b 79 (19.1) &P 88 (22.9) b

B2 633 (41.5) 185 (40.9) &b 128 (46.5) P 181 (43.7) b 139 (36.2) 2

C1 340 (22.3) 108 (23.9) @ 57 (20.7) 2 91 (22.0)2 84 (21.9)2

C2 117 (7.7) 39 (8.6) 2 19 (6.9) 2 28 (6.8) 2 31(8.1)2

D-E 15 (1.0) 3(0.7)2 3(1.1)2 4(1.0)2 5(1.3)2
Surgical technique <0.01

Sleeve gastrectomy 319 (20.9) 111 (24.6) 2 78 (28.4) 2 93 (22.5)2 37 (9.6) P

RYGB 1206 (79.1) 341 (75.4) 2 197 (71.6) 2 321 (77.5)2 347 (90.4) P
FA diagnosis 392 (25.7) 189 (41.8)2 64 (23.3)P 51 (12.3) 88 (22.9) P <0.01
Fresh fruits 1001 (65.6) 313 (69.2) @ 198 (72.0) @ 270 (65.2) &P 220 (57.3) <0.01
Vegetables 1123 (73.6) 329 (72.8) 2 211 (76.7) 2 314 (75.8) 269 (70.1) 2 0.16
Beans 823 (54.0) 218 (48.2) 2 161 (58.5) P 228 (55.1) ab 216 (56.3) &P 0.02
Hamburger and/or 358 (23.5) 45 (10.0) 2 66 (24.0) ® 124 (30.0) 123 (32.0)® <0.01
sausages
Sweetened beverages 423 (27.7) 39 (8.6)2 80 (29.1) P 150 (36.2) b 154 (40.1) © <0.01
Instant noodles,
packaged snacks, 228 (15.0) 37 (8.2)2 45 (16.4) P 77 (18.6) P 69 (18.0) P <0.01
and/or salty cookies
Sandwich cookies, 438 (28.7) 49 (10.8) 2 73 (26.5) b 175 (42.3) © 141 (36.7) © <0.01

sweets, and/or treats

Different superscript letters indicate statistically significant differences between time groups (Tukey’s post hoc,
p < 0.05). FA: food addiction; BMS: bariatric and metabolic surgery; RYGB: Roux-en-Y gastric bypass; UPF:
Ultra-processed food.

The CSI did not show differences according to the individuals” time since surgery

(p = 0.73). In contrast, both the prevalence and the number of symptoms of FA varied

according to the individuals’ time since surgery. The prevalence of FA in individuals within
the first 6 months since surgery was 41.8%, while it was lower (12.3%) in those in the
period between 12 and 48 months, and intermediate in those with periods longer than
48 months since surgery (22.9%). A U-shaped pattern was observed, with the lowest FA
prevalence between 24 and 48 years post-surgery and a partial increase after 4 years. A sim-
ilar scenario was noted for the mean number of FA symptoms (0—6 months: 3.65 + 3.27;
6—12 months: 2.23 + 2.81; 12-48 months: 1.40 + 2.30; and >48 months: 2.22 + 2.91). The
consumption of vegetables and beans did not show significant differences among the indi-

viduals with different times since surgery (p = 0.16 and p = 0.02, respectively). In contrast,

the consumption of fresh fruits varied according postoperative time intervals, being higher
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in individuals with up to 12 months post-surgery (0—6 months: 69.2% and 612 months:
72.0%) and lower in individuals with more than 48 months post-surgery (12—48 months:
65.2% and >48 months: 57.3%), showing a statistically significant difference across groups
(p <0.01).

For the markers of unhealthy food consumption, the intake of processed meats
(0—6 months: 10.0%; 6-12 months: 24.0%; 12—48 months: 30.0%; and >48 months: 32.0%;
p <0.01) and sweetened beverages (0—6 months: 8.6%; 612 months: 29.1%; 12-48 months:
36.2%; and >48 months: 40.1%; p < 0.01) showed differences across the different time-since-
surgery groups, being higher in the individuals with longer time since surgery On the
other hand, the consumption of instant noodles (0—6 months: 8.2%; 6-12 months: 16.4%;
12-48 months: 18.6%; and >48 months: 18.0%; p < 0.01) and savory biscuits (0—6 months:
10.8%; 6-12 months: 26.5%; 12—-48 months: 42.3%; and >48 months: 36.7%; p < 0.01) also
differed among groups, but with a less consistent pattern.

Table 2 presents the results of the linear regression used to associate the CSI, the num-
ber of FA symptoms, and the NOVA-UPF score with the time since BMS. It can be found
that the time elapsed since surgery was not significantly associated with the participants’
cooking skills index in the univariable analysis ((3: 0.04; 95% CI: —0.79, 0.87) or the multi-
variable analysis (3: —0.41; 95% CI: —1.33, 0.50). In contrast, FA symptoms demonstrated a
significant negative association with time since surgery in both the univariable analysis
(B: —0.55;95% CI: —0.68, —0.42) and the multivariable analysis (3: —0.31; 95% CI: —0.45,
—0.17). On the other hand, the consumption of UPFs, measured by the NOVA-UPF Score,
showed a significant positive association with the participants’ time since surgery in both
the univariable analysis (3: 0.68; 95% CI: 0.59, 0.76) and the multivariable analysis (3: 0.67;
1C95%: 0.57; 0.76).

Table 2. Linear regressions between culinary skills index, number of food addiction symptoms, and
NOVA-UPF Score in relation to time (in months) after metabolic and bariatric surgery (n = 1525).

.. . Multivariable
Univariable Analysis Analysis 1
B CI95% B CI95%
Cooking skills index 0.04 —0.79; 0.87 —0.41 —1.33; 0.50
Number of FA —0.55 —0.68; —0.42 —0.31 —0.45; —0.17
symptoms
Nova-UPF Score 0.68 0.59;0.76 0.67 0.57;0.76

1 Multivariable analyses using adjustments for age (years), sex (female and male), current body mass index
(kg/ m?), economic class (A1, B1, B2, C1, C2, and D-E) and surgical technique (sleeve gastrectomy and Roux-en-Y
gastric bypass). FA: Food addiction; UPF: Ultra-processed food.

Table 3 presents the prevalence ratios obtained from the univariable and multivari-
able analyses for dietary consumption markers according to different categories of time
since surgery. In multivariable analysis, the 12—-48-month post-op group had the lowest
FA prevalence (PR = 0.39 vs. the <6-month group). Those >48 months post-op showed
an increase in FA (PR = 0.63), similar to the 6-12-month group, but prevalence was still
significantly lower than in the immediate post-op (<6 m) group. Conversely, the consump-
tion of UPFs showed significant differences between the categories of time since surgery.
Foods such as hamburgers and/or sausages (>48 months: PR = 3.42; 95% CI: [2.44, 4.81]),
sweetened beverages (>48 months: PR = 5.00; 95% CI: [3.55, 7.04]), instant noodles and
snacks (12—48 months: PR = 2.46; 95% CI: [1.58, 3.84]), and sweets (12-48 months: PR =4.01;
95% CI: [2.88, 5.57]) were significantly more consumed by those individuals with longer
time since surgery. On the other hand, the intake of healthier foods such as beans was also
higher in those individuals with longer time since surgery (6-12 months: PR = 1.19; 95% CI:
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[1.02, 1.38]; and >48 months: PR = 1.15; 95% CI: [1.00, 1.32]), although this difference was
less pronounced compared to that of UPF consumption.

Table 3. Prevalence ratio of univariable and multivariable analyses for food consumption and eating
patterns markers in relation to time (in months) after metabolic and bariatric surgery.

Univariable Analysis Multivariable Analysis !
6-12 Months 12-48 Months >48 Months 6-12 Months 12-48 Months >48 Months
(n =275) (n =414) (n =384) (n =275) (n =414) (n =384)
PR ? PR 2 PR ? PR 2 PR ? PR 2
[CI95%] [CI95%] [CI95%] [CI95%] [CI95%] [CI95%]

FA diaenosis 0.55 0.29 0.54 0.69 0.39 0.63
& [0.43; 0.70] [0.22; 0.38] [0.44; 0.67] [0.53; 0.90] [0.29; 0.54] [0.50; 0.80]

Frosh fruits 1.04 0.94 0.82 0.93 0.81 0.74
[0.94; 1.14] [0.85; 1.03] [0.74; 0.92] [0.84; 1.04] [0.73; 0.91] [0.66; 0.83]

Vesetables 1.05 1.04 0.96 1.03 1.00 0.92
8 [0.96; 1.14] [0.96; 1.12] [0.88; 1.04] [0.94; 1.13] [0.91;1.10] [0.84;1.01]

Beans 1.21 1.14 1.16 1.19 1.09 1.15
[1.05; 1.39] [1.00; 1.29] [1.02;1.32] [1.02; 1.38] [0.94; 1.27] [1.00; 1.32]

Hamburger and/or 2.41 3.00 3.21 2.54 3.14 3.42
sausages [1.70; 3.41] [2.19; 4.11] [2.35; 4.40] [1.74; 3.71] [2.18; 4.52] [2.44; 4.81]

Sweetened beverages 3.37 4.19 4.64 3.67 4.64 5.00
& [2.37;4.79] [3.03; 5.81] [3.36; 6.42] [2.52; 5.33] [3.22; 6.69] [3.55;7.04]

;‘;sci‘:gt;‘(f;’gﬁis 1.99 227 2.19 215 2.46 231
and /or salty cookies [1.32;3.00] [1.57;3.28] [1.50; 3.19] [1.37; 3.35] [1.58; 3.84] [1.54; 3.48]

Sandwich cookies, 2.44 3.89 3.38 2.53 4.01 3.58
sweets, and /or treats [1.76; 3.40] [2.92; 5.19] [2.52; 4.55] [1.78; 3.60] [2.88; 5.57] [2.62; 4.90]

! Multivariable analyses using adjustments for age (years), sex (female and male), current body mass index (kg/m?),
economic class (A1, B, B2, C1, C2 and D-E) and surgical technique (sleeve gastrectomy and Roux-en-Y gastric
bypass). In all these models, the 0-6 months category was used as reference. 2 Prevalence Ratio. FA: Food addiction.

4. Discussion

In this cross-sectional study of individuals undergoing BMS, a higher UPF consump-
tion in those individuals with longer time since surgery was observed, with higher intakes
of hamburgers and/or sausages, sweetened beverages, instant noodles, packaged snacks,
and/or salty cookies; as well as sandwich cookies, sweets, and/or treats. We noted that
individuals longer post-surgery consumed fewer fresh fruits. We also observed a lower
number of FA symptoms and prevalence of FA in individuals up to 48 months post-surgery,
while FA symptoms increased only in the group of individuals more than 48 months post-
surgery. Finally, contrary to our hypothesis, no significant association was found between
the Cooking Skills Index and the time since surgery, which was stable in all categories.

The observed U-shaped pattern in FA prevalence may be explained by a combination
of physiological, behavioral, and psychological factors. In the first years post-surgery,
metabolic changes, reduced gastric capacity, and structured clinical follow-up likely sup-
press addictive eating behaviors [43—45]. Over time, however, diminished supervision,
increased availability of UPFs, and psychological vulnerabilities—such as stress, anxiety, or
prior disordered eating tendencies—may contribute to a resurgence of FA symptoms [43,46].
This pattern suggests that initial protection conferred by surgery may wane, highlighting
the need for long-term behavioral and nutritional support.

The consumption of UPFs after BMS has been frequently studied, but the correlates as-
sociated with it are less well-known. For instance, Farias et al. [21] observed that UPFs made
up ~50% of energy intake even at 6 and 12 months post-surgery, essentially unchanged from
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baseline. This suggests that UPF intake remains high and does not continuously increase
during the first year, aligning with our finding that the major increase happens later [21].
In contrast, Pinto et al. [19] demonstrated a reduction in UPF consumption 3 months after
the surgical procedure, likely due to the direct physiological and metabolic effects of the
surgery, which lead to intolerance to foods rich in carbohydrates and fats, such as UPFs,
associated with dumping syndrome [47]. However, other studies reinforced that after 60
months postoperatively, there is a tendency for individuals to revert to their preoperative
eating habits, particularly with respect to UPF consumption, which may ultimately lead to
weight regain after 5 years post-surgery [22].

The markedly lower UPF consumption during the first 0-6 months post-surgery likely
reflects strict dietary modifications in the immediate postoperative period, including liquid
and pureed diets, as well as surgery-induced physiological effects such as intolerance to
high-fat and high-sugar foods and dumping syndrome. Clinical guidelines recommend
adopting healthy eating patterns, gradually progressing food textures, and ensuring ade-
quate intake of protein, vitamins, and minerals. These factors likely explain why this group
represents the lowest consumption in our study. As restrictions are relaxed and tolerance
improves over time, UPF intake tends to rise and FA symptoms may partially return, un-
derscoring the need for ongoing nutritional monitoring and long-term behavioral support.

Additionally, in the present study, a reduction in fruit consumption was found in the
different time categories following BMS. According to Moslehi et al. (2024), the adoption of
healthy eating habits is essential for achieving better outcomes after this procedure [48].
Regular consumption of foods such as fruits, vegetables, and legumes positively impacts
adherence to dietary plans, promoting more effective and sustainable weight loss. Fruit
consumption is also associated with higher levels of physical activity, as evidenced by
Sundgot-Borgen (2024), a relevant factor in the weight loss process [49]. In this context, it is
essential to assess fruit intake and its impact on weight reduction.

We also observed a significant reduction in both the symptomatology and the preva-
lence of FA among the participants in different time categories, which may be attributed to
the metabolic effects of bariatric surgery. These effects directly impact gastric capacity and
promote metabolic changes that influence dietary intake over time [50]. Furthermore, we
investigated whether individuals’ culinary skills varied across the different time categories
since surgery. We expected that culinary skills would increase after BMS as individuals
would probably need to change their dietary habits and avoid meals outside home [51].
However, the mean CSI score of the participants in the present study indicated a medium-
high culinary skills in all time categories since BMS, indicating that time since surgery was
not a factor in the culinary skills of the participants.

The present study has some limitations that should be considered. The generalizability
of our findings is limited. Because recruitment occurred through social media platforms,
the sample likely overrepresents individuals who are younger, digitally active, and more
engaged with postoperative care. Additionally, 95.6% of participants were women, and
more than half resided in the Southeast region of Brazil, predominantly within economic
class B2. Therefore, the results may primarily reflect the experiences of middle-income
women living in more urbanized regions, and dietary behaviors may differ among men
or individuals from other geographic or socioeconomic contexts. Another important
limitation is that all data—including dietary intake, food addiction symptoms, culinary
skills, and anthropometric measures—were self-reported through an online questionnaire.
This approach is inherently susceptible to recall and reporting biases. Individuals further
from surgery may underreport the consumption of UPFs due to social desirability or
difficulty recalling habitual intake, whereas those in the early postoperative period—who
are still under structured clinical monitoring—may report their behaviors more rigidly
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and accurately. Although anonymity and attention-check items were used to improve
data quality, these measures cannot fully eliminate the risk. The reliance on subjective
information underscores the need for future studies incorporating objective assessments,
such as food records, clinical evaluations, or biochemical markers. Finally, this is a cross-
sectional study and, thus, we do not have longitudinal data on the same participants, but
rather we compared different individuals in different time categories since surgery, which
makes it impossible to infer any causality in our findings. Therefore, the findings in this
study should be interpreted with caution, and it is suggested that cohorts be conducted
to evaluate the same individuals over time for the outcomes of interest at different post-
surgery time points.

5. Conclusions

In conclusion, time since surgery is strongly associated with both the UPF intake and
prevalence of FA in adults after BMS. UPF consumption is lowest in the early postoperative
period and increases over time, whereas FA shows a marked decrease up to 48 months
post-surgery, followed by a partial increase after 48 months, resulting in a U-shaped pattern.
In contrast, the CSI did not show an association with the time since BMS. These findings
highlight the need for continuous nutritional monitoring in the postoperative period to
minimize the negative impacts of these dietary changes and to prevent weight regain.
Furthermore, they highlight the necessity for further research to understand the reasons
behind the lack of long-term adherence to healthy eating habits.
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