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ABSTRACT 

Background: Binge eating and loss-of-control (LOC) eating behaviors may 
persist or recur after bariatric surgery, but the underlying biological 
mechanisms remain unclear. This pilot study aimed to (1) examine 
changes in binge eating, LOC eating, appetite hormones, and appetite-
related gene expression before (T1) and 3 months after bariatric surgery 
(T2) and (2) test whether these biological markers were associated with 
post-surgical binge or LOC eating. Methods: Binge eating and LOC eating 
were assessed using the Binge Eating Scale and the Loss of Control Over 
Eating Scale. Fasting blood samples were analyzed for leptin, ghrelin, and 
glucagon-like peptide-1 (GLP-1) levels, as well as the expression levels of 
the LEP, LEPR, GHRL, GLP1R, and GCG genes. Pre- to post-surgery changes 
were examined using Wilcoxon signed-rank tests. Generalized linear 
regression was used to test associations with post-surgical disordered 
eating. Results: Participants (total n = 21) showed significant decreases in 
BMI, binge eating, and LOC eating from T1 to T2. Leptin and GLP-1 levels 
significantly decreased at T2. No biomarkers were significantly associated 
with disordered eating. Conclusions: The findings highlight significant 
reductions in BMI, disordered eating behaviors, and leptin and GLP-1 
levels following bariatric surgery. These preliminary results warrant 
further investigation into the biological mechanisms underlying post-
surgical disordered eating in larger, more diverse cohorts with longer 
follow-up. 
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ABBREVIATIONS 
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range; LOC, loss of control; mRNA, messenger RNA; RYGB, Roux-en-Y 
gastric bypass 

INTRODUCTION 

Binge eating and loss of control (LOC) eating frequently occur or persist 
following bariatric surgery, with post-surgical prevalence estimates 
ranging from 3% to 37% for binge eating and 8% to 50% for LOC eating [1]. 
Longitudinal studies have shown that although the severity of these 
behaviors might decrease initially after surgery, their severity often 
increases significantly after the first postoperative year [2–4]. These 
disordered eating behaviors are clinically significant, as they are 
associated with poorer weight loss outcomes and an elevated risk of 
weight regain [1]. Despite their clinical relevance, the biological 
mechanisms contributing to disordered eating following bariatric surgery 
remain poorly understood. 

Appetite-related hormones, such as leptin (a satiety-promoting 
hormone primarily produced by adipocytes), ghrelin (a hunger-
stimulating hormone primarily produced by the stomach), and glucagon-
like peptide-1 (GLP-1; a satiety-promoting hormone primarily produced by 
intestinal L cells), are key regulators of food intake and have been 
implicated in the pathophysiology of eating disorders [5–7]. Hormonal 
changes following bariatric surgery have been documented, such as 
decreased ghrelin levels, increased GLP-1 levels, and mixed findings for 
leptin levels [8–10], yet the association between these hormone profiles 
and post-surgical disordered eating behaviors remains poorly understood. 
In addition to the circulating levels of appetite-related hormones, the 
expression of their corresponding genes, including leptin (LEP), leptin 
receptor (LEPR), ghrelin (GHRL), glucagon-like peptide-1 receptor (GLP1R), 
and glucagon (GCG), may also contribute to the development or 
persistence of disordered eating behaviors following bariatric surgery. 
Changes in gene expression are typically assessed by measuring changes 
in messenger RNA (mRNA) levels, which may result in altered protein 
production (upregulation = increased mRNA/protein; downregulation = 
decreased mRNA/protein) [11]. For example, although circulating ghrelin 
levels are initially reduced after Roux-en-Y gastric bypass (RYGB) because 
the surgery bypasses the distal stomach (where most ghrelin-producing 
cells are located) [8], increased expression of ghrelin-related genes has 
been observed within 3 months post-surgery [12], suggesting a potential 
compensatory increase in ghrelin production capacity. Upregulated 
ghrelin-related gene expression after surgery may increase ghrelin release 
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and enhance signaling to brain regions that regulate appetite and reward, 
thereby heightening vulnerability to binge or LOC eating post-surgery [13]. 

While these findings support a plausible biological mechanism, it 
remains unknown whether post-surgical changes in appetite hormone 
levels and their gene expression directly contribute to the development or 
recurrence of binge eating and LOC eating. To address this gap, this pilot 
study aimed to 1) evaluate changes in binge eating, LOC eating, appetite 
hormone levels (i.e., leptin, ghrelin, and GLP-1), and gene expression of 
appetite-related genes (i.e., LEP, LEPR, GHRL, GLP1R, and GCG) before and 
3 months after bariatric surgery; and 2) examine whether pre- or post-
surgical biological markers, as well as the change between two time points, 
are associated with binge or LOC eating following surgery. The rationale 
for the 3-month post-surgery follow-up was based on prior evidence 
indicating increased expression of appetite-related genes during the early 
postoperative period [12]. Findings from this study will provide 
preliminary evidence on the potential biological mechanisms of 
disordered eating after bariatric surgery, which will inform future larger-
scale research exploring the metabolic pathways that influence 
disordered eating behaviors following bariatric procedures. 

MATERIALS AND METHODS 

Participants and Procedures 

Participants were recruited using social media and the University of 
North Carolina at Chapel Hill (UNC-Chapel Hill) Research for Me website. 
Flyers were provided to participants with an interest in sharing the study 
information. Eligible individuals were at least 18 years old, resided in 
North Carolina, could read and write English at a sixth-grade level or 
higher, were candidates for any bariatric surgery scheduled within 12 
months, had no current or past use of weight loss medications, and had no 
history of coagulation disorders due to the blood sample collection 
required for this study. Eligibility screening was conducted online via 
REDCap and followed by informed consent and self-report questionnaires. 
Eligible participants completed two in-person visits at home or in the 
laboratory at baseline (T1, pre-surgery) and 3-month follow-up (T2, post-
surgery), during which a trained research assistant and the principal 
investigator collected anthropometric data and obtained fasting blood 
samples. At 3 months, participants were emailed a post-surgery online 
survey to complete and were scheduled for a second in-person visit. 
Progressive incentives and free parking were provided to encourage 
retention. This study was approved by the Institutional Review Board (IRB) 
at UNC-Chapel Hill (IRB number: 22-3176). In total, 21 participants 
completed the pre-surgery survey, and 11 also underwent in-person 
anthropometric measurements and blood sampling. At the 3-month 
follow-up, 10 participants completed the post-surgery survey, and 9 
provided anthropometric measurements and blood samples. 
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Measurements 

Demographic Variables 

The participants self-reported their age, sex, race, and ethnicity when 
completing online surveys. 

Clinical Outcomes 

At both time points, weight and height were each measured twice and 
averaged. BMI was then calculated as weight in kilograms divided by 
height in meters squared (kg/m2). Binge eating at T1 and T2 was assessed 
with the Binge Eating Scale (BES), a 16-item self-report questionnaire [14]. 
Each item was rated on a Likert scale ranging from 0 to 3 or from 0 to 4, 
with the total score ranging from 0 to 46. Higher scores reflect more severe 
binge eating. Scores below 17 indicate non-binge eating, scores from 18 to 
26 indicate moderate binge eating, and scores above 27 indicate severe 
binge eating; these cutoffs have been validated in a bariatric surgery-
seeking population [15]. In the current study, the BES had a Cronbach’s 
alpha of 0.96 at T1 and 0.83 at T2. LOC eating at T1 and T2 was assessed 
using the Loss of Control Over Eating Scale (LCOES) [16], a 24-item self-
reported questionnaire. Each item was rated on a Likert scale ranging 
from 1 to 5, with the total score ranging from 24 to 120. Higher scores 
reflect more severe LOC eating. In the current study, the Cronbach’s alpha 
of the LCOES was 0.86 at both time points. 

Hormone Measures 

Fasting whole blood samples (5 mL) were collected at T1 and T2 to 
quantify circulating levels of appetite-related hormones, including leptin, 
ghrelin, and GLP-1. Hormone concentrations were analyzed at the UNC-
Chapel Hill Biobehavioral Laboratory using the Luminex FLEXMAP 3D 
multiplexing platform (Thermo Fisher Scientific; Waltham, MA, USA) and 
a human metabolic hormone magnetic bead panel kit (MilliporeSigma; 
Burlington, MA, USA) following the manufacturer’s instructions. Briefly, 
samples, standards, and controls were incubated overnight at 4 °C with 
primary antibody-conjugated beads. After washing, beads were incubated 
with detection antibodies for 1 hour at room temperature, followed by 
incubation with the fluorescent conjugated streptavidin-phycoerythrin 
for 30 min at room temperature. After a final wash, fluorescent signals 
were detected using the Luminex platform. Hormone concentrations were 
calculated from standard curves generated by the instrument’s built-in 
software. 

Gene Expression 

Fasting whole blood samples (5 mL) were collected at T1 and T2 to 
assess gene expression. Gene expression assays were conducted at the 
UNC-Chapel Hill Biobehavioral Laboratory using QuantStudio 12K Flex. 
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Total RNA was extracted from blood using a Tempus Spin RNA Isolation 
Reagent Kit (Applied Biosystems; Waltham, MA, USA). RNA concentration 
and purity were assessed with a NanoDrop spectrophotometer. cDNA was 
synthesized using a high-capacity cDNA reverse transcription kit (Applied 
Biosystems), using 45 ng/sample total RNA. The cDNA concentration was 
determined with a NanoDrop spectrophotometer. TaqMan probes and 
master mix (Applied Biosystems) were used for RT-PCR with a total 
reaction volume of 10 µL (5 µL master mix, 2 µL cDNA, 0.5 µL probe, 2.5 µL 
H2O). Triplicates were performed, and the mean cycle threshold (Ct) value 
across technical replicates was used for analysis. For each sample, target 
gene expression was normalized to the expression of the internal control, 
actin, by calculating ΔCt as the target gene Ct minus the actin Ct. Lower ΔCt 
values indicate higher relative target gene expression, whereas higher ΔCt 
values indicate lower relative expression. Changes in relative gene 
expression from pre- to post-surgery were assessed using ΔΔCt, calculated 
as post-surgery ΔCt minus pre-surgery ΔCt. 

Statistical Analysis 

Descriptive statistics were calculated for demographic, clinical, 
hormonal, and gene expression variables, with medians and interquartile 
ranges (IQRs) reported for continuous variables and frequencies and 
percentages reported for categorical variables. Changes from pre- to post-
surgery in clinical outcomes (BMI, binge eating, and LOC eating), hormone 
levels (leptin, ghrelin, and GLP-1), and gene expression (ΔCt for LEP, LEPR, 
GHRL, GLP1R, and GCG) were examined using the Wilcoxon signed-rank 
test. 

Generalized linear regression models were used to examine the 
associations of appetite-related hormone concentrations and gene 
expression levels with post-surgical binge eating and LOC eating. Separate 
models were conducted for each biomarker at three time points: pre-
surgery, post-surgery, and change from pre- to post-surgery. For 
regression analyses of gene expression at the pre- and post-surgery time 
points, −ΔCt was used, with higher values indicating higher relative gene 
expression. Change in gene expression was represented as −ΔΔCt, with 
positive values indicating increased expression and negative values 
indicating decreased expression from pre- to post-surgery. Models for 
post-surgical binge eating were adjusted for pre-surgical BMI and pre-
surgical binge eating, while models for post-surgical LOC eating were 
adjusted for pre-surgical BMI and pre-surgical LOC eating. No corrections 
were applied for multiple comparisons due to the exploratory nature of 
this pilot study. Because most ghrelin values were below the lower limit of 
detection, only a small number of complete observations were available 
for pre-surgery, post-surgery, and change analyses, respectively (n = 5, 4, 
and 1); therefore, paired tests and adjusted regression models could not be 
conducted for ghrelin concentrations. 
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RESULTS 

Table 1 presents the demographic, clinical, and laboratory 
characteristics of the study sample. Participants had a median age of 46 
years (IQR: 41–53), and the majority were female, Caucasian, and non-
Hispanic. Following bariatric surgery, participants showed a significant 
reduction in BMI (p < 0.01), as well as decreased median scores for binge 
eating (p = 0.03) and LOC eating (p = 0.02) compared to pre-surgery levels. 
Among the appetite hormones, leptin (p = 0.04) and GLP-1 (p = 0.01) levels 
significantly decreased after surgery. No statistically significant change 
was observed in the expression levels of appetite-related genes. 

Table 2 presents the results of the generalized linear regression 
analyses. No significant associations were observed between hormone or 
gene expression levels and disordered eating outcomes following surgery. 
Figure 1 summarizes the study design and changes in key behavioral and 
physiological outcomes. 

 

Figure 1. Study design and key findings. 
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Table 1. Demographic, clinical, hormonal, and genetic variables before and after bariatric surgery. 

 Before surgery After surgery  
 n Median (IQR) n Median (IQR) p 

Demographic      
Age (years) 19 46 (41–53) - - - 
Sex assigned at birth-Female 20 (95%) - - - - 
Gender-Female 20 (95%) - - - - 
Race*      

Caucasian 10 (48%) - - - - 
African American 8 (38%) - - - - 

Ethnicity–non-Hispanic 19 (90%) - - - - 
Clinical      

Body mass index (kg/m2) 10 48.40 (44.43–56.24) 9 39.16 (38.15–40.67) <0.01 
Binge eating total score 21 16 (10–19) 10 5.5 (1–8) 0.03 
No binge eating (≤17) 13 (62%) - 10 (100%) - - 
Moderate binge eating (18–26) 6 (29%) - 0 - - 
Severe binge eating (≥27) 2 (10%) - 0 - - 

Loss of control eating total score 20 45.5 (35.5–75.5) 10 31.5 (27–44) 0.02 
Blood hormone level      

Leptin (plasma, pg/mL) 11 24193.83 (22291.02–30626.33) 9 12588.13 (10275.57–18960.47) 0.04 
Ghrelin (plasma, pg/mL) ** 5 33.14 (31.83–54.15) 4 30.49 (29.14–45.92) - 
GLP-1 (plasma, pg/mL) 11 219.37 (151.24–349.63) 9 149.84 (112.59–237.32) 0.01 

Gene expression level (ΔCt) ***      
LEP 11 16.00 (15.75–16.55) 9 16.18 (15.41–16.44) 1.00 
LEPR 11 9.74 (9.17–10.06) 9 10.07 (9.82–10.34) 0.06 
GHRL 11 10.90 (10.77–11.17) 9 11.11 (10.74–11.36) 0.12 
GLP1R 11 18.35 (17.32–19.86) 9 17.71 (17.45–19.62) 0.81 
GCG 8 19.94 (19.59–20.08) 5 20.22 (19.96–20.34) 0.86 

Note: * Other races (n < 5) include American Indian/Native Alaskan, Asian, Mixed and Other. ** The lower limit of detection for ghrelin was 14 pg/mL, and most ghrelin values in 
this sample were below this threshold. As a result, ghrelin had a smaller analytic sample, and the Wilcoxon signed-rank test was not conducted because only one participant had 
detectable values at both pre- and post-surgery time points. *** Lower ΔCt values indicate higher relative target gene expression, and higher ΔCt values indicate lower relative 
expression. GLP-1 = glucagon-like peptide-1; LEP = leptin gene; LEPR = leptin receptor gene; GHRL = ghrelin and obestatin prepropeptide gene; GLP1R = glucagon-like peptide-1 
receptor gene; GCG = glucagon gene.
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Table 2. Associations between appetite hormone levels and gene expression levels before and after bariatric 
surgery and changes between two time points, with binge eating and loss-of-control eating. 

 Post-surgical binge eating a Post-surgical LOC eating b 
 β (SE) p β (SE) p 

Before surgery 
Leptin (n = 11) −0.0003 (0.0002) 0.20 0.0002 (0.0004) 0.68 
Ghrelin (n = 5) - - - - 
GLP-1 (n = 11) −0.01 (0.01) 0.36 −0.003 (0.02) 0.88 
Expression of LEP (−ΔCt; n = 10) 2.62 (3.37) 0.47 4.54 (4.48) 0.35 
Expression of LEPR (−ΔCt; n = 10) −0.74 (3.71) 0.85 3.49 (5.22) 0.53 
Expression of GHRL (−ΔCt; n = 10) −0.07 (3.20) 0.98 −5.82 (3.83) 0.18 
Expression of GLP1R (−ΔCt; n = 10) −1.20 (1.26) 0.38 2.09 (1.50) 0.21 
Expression of GCG (−ΔCt; n = 7) −0.85 (1.68) 0.65 1.03 (2.84) 0.74 

After surgery 
Leptin (n = 9) −0.0001 (0.0001) 0.27 <0.0001 (0.0002) 0.85 
Ghrelin (n = 4) - - - - 
GLP-1 (n = 9) −0.01 (0.02) 0.75 −0.05 (0.04) 0.26 
Expression of LEP (−ΔCt; n = 9) 2.34 (0.91) 0.05 0.36 (2.38) 0.89 
Expression of LEPR (−ΔCt; n = 9) 1.28 (2.47) 0.63 0.51 (4.80) 0.92 
Expression of GHRL (−ΔCt; n = 9) 1.41 (2.19) 0.55 −16.56 (8.92) 0.12 
Expression of GLP1R (−ΔCt; n = 9) −0.27 (1.09) 0.82 3.10 (1.30) 0.06 
Expression of GCG (−ΔCt; n = 5) −1.89 (2.64) 0.60 −6.65 (5.16) 0.42 

Change between before and after surgery 
Leptin (n = 9) −0.0001 (0.0002) 0.49 <0.0001 (0.0004) 0.97 
Ghrelin (n = 1) - - - - 
GLP-1 (n = 9) 0.01 (0.01) 0.18 0.02 (0.02) 0.47 
Expression of LEP (−ΔΔCt; n = 9) 2.05 (1.26) 0.17 −0.41 (2.75) 0.89 
Expression of LEPR (−ΔΔCt; n = 9) 0.05 (2.73) 0.99 −4.18 (5.17) 0.46 
Expression of GHRL (−ΔΔCt; n = 9) −2.53 (4.90) 0.63 −11.55 (7.57) 0.19 
Expression of GLP1R (−ΔΔCt; n = 9) 1.63 (2.41) 0.53 −2.57 (3.42) 0.49 
Expression of GCG (−ΔΔCt; n = 4) - - - - 

Note: a Models were adjusted for BMI and binge-eating level before surgery; b models were adjusted for BMI and loss-
of-control eating level before surgery. −ΔCt values were used so that higher values represented higher relative gene 
expression; the change in gene expression was represented as −ΔΔCt, such that positive values indicated increased 
expression and negative values indicated decreased expression from pre- to post-surgery. Estimates from all three 
ghrelin models and from the GCG expression-change model were not reported because too few complete cases were 
available to estimate adjusted regression models, resulting in insufficient residual degrees of freedom. LOC = loss of 
control; β = regression coefficient estimate; GLP-1 = glucagon-like peptide-1; LEP = leptin gene; LEPR = leptin receptor 
gene; GHRL = ghrelin and obestatin prepropeptide gene; GLP1R = glucagon-like peptide-1 receptor gene; GCG = glucagon 
gene. 

DISCUSSION 

The current pilot study examined pre- to post-surgical changes in 
disordered eating behaviors, appetite-related hormones, and gene 
expression in a sample of adults undergoing bariatric surgery. 
Participants exhibited significant reductions in BMI, binge eating, and LOC 
eating following surgery, which is consistent with previous research 
demonstrating short-term improvements in disordered eating behaviors 
post-surgery [2]. Leptin and GLP-1 levels significantly decreased from 
baseline to follow-up. The decrease in leptin is consistent with previous 
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studies [8,9]. For GLP-1, prior studies following bariatric surgery have 
shown different patterns depending on the timing of measurement, with 
postprandial GLP-1 responses consistently increasing after surgery, 
whereas fasting GLP-1 levels are more variable [8–10]. In contrast, no 
significant pre- to post-surgical changes were observed in the expression 
of the appetite-related genes examined. However, given the small number 
of participants with available gene expression data, these findings should 
be considered preliminary and interpreted with caution. 

Although GLP-1 signaling is known to promote satiety and reduce the 
hedonic drive for food, and pharmacologic GLP-1 receptor agonists have 
shown promise in reducing binge eating [17], we did not observe a 
statistically significant association between GLP1R expression and post-
surgical disordered eating. Given the small sample size and exploratory 
nature of this pilot study, these findings should be interpreted cautiously. 
Furthermore, GLP1R expression and LOC eating were assessed at the same 
postoperative time point in our study. Future longitudinal studies with 
larger samples and extended follow-up are needed to determine whether 
GLP1R expression is associated with LOC eating post-surgery. 

Our findings are consistent with previous research showing 
improvements in disordered eating behaviors and changes in appetite-
related hormone levels following bariatric surgery. Several limitations 
should be noted. First, the sample size was small, which may have limited 
power to detect associations between biological markers and disordered 
eating behaviors. The follow-up duration was relatively short. Although 
persistent changes in appetite-related hormone levels after weight loss 
have been documented over longer follow-up periods [18–20], the long-
term trajectories of gene expression after bariatric surgery remain 
unclear. Furthermore, leptin, ghrelin, and GLP-1 are primarily adiposity- 
and gut-derived metabolic hormones released from tissue-specific cells. 
Ideally, assessment of their gene expression would be performed in the 
relevant tissues, such as subcutaneous adipose tissue or gastric cells, to 
best reflect local transcriptional activity. However, owing to funding 
constraints, we were only able to measure gene expression from whole 
blood samples, which may not fully capture tissue-specific regulation and 
could limit the interpretability of our findings regarding the relationship 
between hormone gene expression and eating behaviors. In particular, 
given the potential relevance of GLP-1 signaling to eating behaviors, future 
studies in animal models could compare GLP1R mRNA expression in 
peripheral blood with expression in GLP-1-responsive tissues, including 
pancreatic β-cells, the stomach, and the hypothalamus, to determine 
whether whole-blood GLP1R expression reflects receptor expression in 
metabolically relevant tissues. Finally, the participants were primarily 
female, non-Hispanic, and Caucasian, limiting the generalizability of the 
results to more diverse populations. 
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CONCLUSIONS 

This study highlights the importance of integrating hormonal and gene 
expression data to better understand the biological mechanisms 
underlying disordered eating in patients undergoing bariatric surgery. 
Future studies with larger and more diverse samples and longer follow-up 
periods are warranted to validate and expand upon these findings. 
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