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Background and Aims: Hunger, satiation, postprandial satiety, and hedonic eating
constitute key food intake parameters. We aim to study whether these symptoms are
associated with gastrointestinal symptoms (GIS) in patients with obesity. Methods: This
is a cross-sectional study of patients with obesity. Patients completed the following
validated biomarkers and questionnaires: Hunger was measured via visual analog
scale (100mm) following a standard meal, satiation via ad-libitum meal (calories to
fullness; kcal), postprandial satiety via gastric emptying scintigraphy (T 1/2 ;mins) and
hedonic eating via the Hospital Anxiety and Depression Scale questionnaire.
Participants completed the abridged Bowel-Disease-Questionnaire to evaluate their
GIS. We calculated the odds ratios adjusted for sex, weight, and age between food
intake parameters <25 th or >75 th percentile observed in a prior cohort of 450-
participants with obesity and GIS. Results: A total of 274 participants (41+10 [SD]
years, 75%females, body-mass index 39+8kg/m 2 ) were included in the analysis.
Increased hunger was associated with a lower prevalence of lumpy stools (OR=0.18,
p=0.02). Satiation was associated with abdominal pain/discomfort [relieved by
defecation (OR=2.4, p=0.02) or associated with change in stool consistency (OR=2.92,
p<0.01)], loose/watery stools (OR=2.09, p=0.02) and bloating (OR=2.49, p<0.01).
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Abnormal postprandial satiety was associated with bloating (OR=2.26, p<0.01) and
loose/watery stools (OR=1.84, p=0.04). Hedonic eating was associated with abdominal
pain/discomfort with stool frequency change (OR=2.4, p=0.02), >3 bowel
movements/day (OR=1.93, p=0.048), bloating (OR=2.49, p=0.01), abdominal pain after
meals >1/month (OR=4.24, p<0.01), and nausea >1/week (OR=4.51, p<0.01).
Conclusion: Alterations in hunger, satiation, postprandial satiety, and hedonic eating
are associated with GIS in patients with obesity.
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July 1%, 2022

Samantha Curtin
Editorial Staff
Gastro Hep Advances

Dear Dr. Samantha Curtin,

On behalf of my co-authors, | wish to submit the enclosed manuscript entitled “Association between Food
Intake and Gastrointestinal Symptoms in Patients with Obesity” for consideration of publication in Gastro Hep
Advances in the “Alimentary Tract” group.

Food intake regulation is a complex essential process that is closely associated weight gain. Several
functional gastrointestinal symptoms appear to be more prevalent in patient with obesity. Although food intake
parameters including hunger, satiation, postprandial satiety, and hedonic eating control weight change, little is known
about their relationship with chronic gastrointestinal symptoms. Exploring this association can help better understand
the higher prevalence of such symptoms in this increasing group of patients. By targeting food intake regulators, new
fields of research for the treatment of functional symptoms may also become more reachable.

In our original article, we conducted a cross-sectional study at Mayo Clinic Hospital to study the association
between food intake and functional gastrointestinal symptoms in patients with obesity. Functional gastrointestinal
symptoms have always been a challenge for physicians. We aim to contribute to this field by providing a new
perspective to tackle such an important and demanding topic. Hence, and based on previous publications in your
journal, we believe that our manuscript align with Clinical Gastroenterology and Hepatology’s scientific aims.

This manuscript has not been published elsewhere and is not under consideration by another journal. There
are no previous submissions or reports that may be regarded as redundant publication of this work. All authors have
approved the manuscript and agree with its submission to this journal. We are not using any copyrighted information,
patient photographs, identifiers, or other protected health information in this paper. No text, text boxes, figures, or
tables in this article have been previously published or owned by another party.

Please do not hesitate to contact me if you have any questions.

Sincerely,

/49(/.:/‘01\'-» C.

Andres Acosta, M.D, Ph.D.

Assistant Professor of Medicine

Division of Gastroenterology and Hepatology
Mayo Clinic



Point by Point Response

Detailed Response to reviewers:

Editor and Reviewer comments:

1. The study would be strengthened with a comparison to a non-obese group of participants which
would have confirmed that these associations are unique to obesity.

Response: In this manuscript, we are showing that these gastrointestinal symptoms are associated with
a subset of patients with obesity. Although previous publications associate these symptoms with obesity
which we have cited in the manuscript, we are showing an association of these symptoms with specific
phenotypes/characteristics in patients with obesity: Altered satiation, postprandial satiety, and hedonic
eating. Hence, the aim is to compare these two groups of normal vs altered food intake parameters in
patients with obesity.

2. Page 10. Postprandial satiety and Gl symptoms. Was postprandial satiety associated with rapid GE as
stated in the paper? The data is not clearly shown. This seems assumed in the discussion.

Response: We have made it clearer in the methods section that postprandial satiety is associated with
rapid GE in a previous publication by Gonzalez-Inzudegui et al.:

“Postprandial satiety was studied via measuring the gastric emptying (GE T1/,) by scintigraphy for a total
of 240 mins after radiolabeled solid (320-kcal, 30% fat) standard breakfast. Postprandial satiety has been
previously associated with rapid GE by Gonzalez-lzundegui et al.®”

Reviewer #1: CGH-D-22-01104

Introduction:

The introduction is very well written. The authors highlight that alterations in hunger, satiation,
postprandial satiety and hedonic eating contribute to food intake symptoms. These symptoms led to the
development of a phenotype-guided method which differentiates the causes of obesity based on the
pathogenesis: satiation, postprandial satiety, hedonic eating, and resting energy expenditure. The
authors further state that such classification contributes to a better understanding and treatment of
obesity. Then the authors further summarize the link between obesity and Gl symptoms.

However, there were a few points that needed further clarification.

1. The current introduction is lacking the link between ingestive states (hunger, satiation, postprandial
satiety, and hedonic eating) and Gl symptoms. This needs to be explored further in order to better
conceptualize the aims and associated hypotheses of the study. Otherwise, it appears as a purely
correlational (association) study.

Response: In the introduction, we try to establish through reporting previous studies that

1. Obesity has been associated with alteration in alteration of ingestive states: “differentiates the

causes of obesity based on the pathogenesis: satiation, postprandial satiety, hedonic



eating, and resting energy expenditure.® Such classification contributes to a better
understanding® ° and treatment of obesity.%”

2. Obesity is associated with functional gastrointestinal symptoms: “Although several studies
measure the correlation between obesity and functional GI symptoms,?-?° none explain
their association with food intake symptoms. Moreover, these studies are limited by
inconsistent conclusions,®® 3! selection bias®!, young-age participants,?® small sample
size,® and using diverse tools to measure same objective parameters (i.e., GE)3*”.

3. Following this, we state that, to the best of our knowledge, there are no studies that
simultaneously study the relationship between alterations in food intake parameters and
chronic functional gastrointestinal symptoms: “In addition, none of the studies in the literature
simultaneously examined food intake symptoms and their relationship with common Gl
symptoms in obesity”

Hence, our study aims to study if an association between alterations of food intake parameters and
gastrointestinal symptoms is present.

2. The comparison in non -obese participants also requires some level of discussion. Is there any
literature on non-obese subjects? Are these phenomenon specific to obesity and altered ingestive
behaviors.

Response: Alterations in food intake parameters have been so far only studied in patients with
overweight and obesity. We have made this clearer in the manuscript: “These symptoms led to the
development of a phenotype-guided method which differentiates the causes of obesity based on the
pathogenesis: satiation, postprandial satiety, hedonic eating, and resting energy expenditure.?
Importantly, these alterations have been only studied in patients with obesity or overweight.”

3. Relatedly not all obese subjects have hedonic eating. This aspect requires further elaboration and
discussion.

Response: We agree with the reviewer that not all patients with obesity have hedonic eating behavior.
We show in the results section that only 51 patients in our cohort belong to the hedonic eating group.

In addition, in the result section we state that anxiety has been linked to a subset of patients with
obesity: “Anxiety has been previously linked to increased food intake is a subset of patient with
obesity,®”

4. The current introduction and discussion also seems heavily focused on the author's own prior
publications. Therefore, summary of other studies in the field using these variables would be helpful,
especially in longitudinal studies (if any).

Response: This manuscript is based on the novel topic of obesity phenotypes (satiation, postprandial
satiety, and hedonic eating) which are not widely studied in the literature. Hence, there is a need to cite
the publications that we used. No further studies have studied obesity phenotypes and food intake
parameters simultaneously yet.



5. The aims are stated, but with no clear hypotheses (related to a point stated above).

Response: Based on the explanation that we have provided in the previous responses, we adjusted our
introduction to better state the hypothesis “We hypothesized that food intake symptoms (e.g., altered
hunger, satiation, postprandial satiety, and hedonic eating) are associated with diverse functional Gl
symptoms in obesity.”

Materials and Methods/Results:
1. Critical is regarding the study is that it is cross sectional in nature and mechanistic interpretation is
currently not feasible. As such it is purely exploratory and correlational in nature.

Response: We agree with the reviewer. Hence, we are only stating correlations that need to be further
studied.

2. This Reviewer is concerned about the use of the HADs measure as a measure for hedonic eating.
There are other well established and validated measures for hedonic eating, this is rarely used in such a
way. Sure there are correlates of anxiety and depression symptoms with hedonic eating but not always.
This is another big concern. This Reviewer questions the interpretation associated with the data on
hedonic eating using the HADs.

Response: We agree with the reviewer that anxiety and depression are not always correlated with
emotional eating. Hence, we added to our manuscript the association established between the HADS
guestionnaire and other validated measures of hedonic eating as the three-factor eating questionnaire:
“Hedonic eating was evaluated using the Hospital Anxiety and Depression Scale (HADS)
questionnaire.® A correlation between HADS anxiety score and the three-factor eating
questionnaire (emotional eating factor; r=0.36) has been recently established. In addition, higher
HADS anxiety scores were associated with emotional and uncontrolled eating (p<0.001 for

both), and lower levels of cognitive restraint (p=0.04)*.”

3. I am also confused how the sample went from 450 participants to 2747? This is not clear and needs to
be elaborated on as it is a substantial reduction in N.

Response: We mentioned the 450 participants from an independent previous study to explain our
choice of the cutoffs only. We made an adjustment to our methods section to avoid this confusion. The
participants in this study are 274 patients with obesity. Hence, we edited this section: “Using standard
quantile regression approach to identify normal range®® and based on the fact that these variables are
different in obesity when compared to healthy controls®’, the abnormal traits in the key components of
food intake were determined based on quartiles — 25" or 75" percentile as observed from our previous
study®. Thus, the cutoffs were: increased hunger was defined as VAS-hunger: > 80 mm for females and



> 87 mm for males; abnormal satiation was defined as ad libitum meal test > 970 Kcal for females and >
1359 Kcal for males; accelerated GE, which is a biomarker of abnormal postprandial satiety, was defined
as <25™ percentile of GE Ty2: < 106 mins for females and < 87 mins for males; and hedonic eating was
defined with a score >7 for HADS-Anxiety for both sexes (Table 1).”

4. This study was predominantly females, some attention/statement regarding sex differences in obesity
and especially hedonic eating is warranted, as obesity and hedonic eating have clear sex differences.
Maybe rerun the analyses without the males. | feel that using sex as a covariate does not appropriately
account for sex differences in analyses. There have been a few meta-analyses and reviews out there that
have highlighted this issue. Same comment applies to race/ethnic differences. What is the breakdown
by race/ethnicity as this is a critical issue related to obesity and ingestive behaviors.

Response: We totally agree with the reviewer that hedonic eating is more common females. We added
this to our discussion section to make it clearer for the readers: “In addition, previous studies show
an increased susceptibility of hedonic eating in female patients which account for 75% of our
cohort.%4”

We have also stated that this limits the generalizability of the study considering that our cohort is
mainly composed of White Americans and female patients: “This study also included mostly
white Americans and female patients which limits the generalizability of our results to other
populations.”

5. 1am not clear on why alcohol use disorder was used as an exclusion criteria. | can understand the
overlap between hedonic eating and other addition disorders, but this would apply to all addition
disorders. Were binge eating excluded, or other eating disorders?

Response: This manuscript is based on baseline characteristic of patients participating in a weight loss
trial. The mentioned exclusion criteria were part of that trial.

We aimed to include healthy individuals with no known gastrointestinal or any eating disorders
including binge eating disorder. This is edited to be clearer: “We performed a cross-sectional study
analyzing baseline characteristics of adult participants between 18 and 65 years old with obesity (Body-
mass Index [BMI] > 30 kg/m?) with no evidence of any chronic gastrointestinal diseases, use of
medications that may alter gastrointestinal motility, appetite or absorption, active psychiatric
symptoms, eating disorders (e.g., bulimia, binge eating disorder), or alcohol use disorder.”

6. The analyses were appropriate for the study. The use of quartiles to account for a lack of health/non
obese comparison made sense and was adequately justified. However, is there published data on these
cut off values used. Was the data normalized.

Response: Yes, there is data of the cutoff quartiles used and we cited the study that has adapted these
cutoffs: “Using standard quantile regression approach to identify normal range3® and based on the fact
that these variables are different in obesity when compared to healthy controls®’, the abnormal traits in
the key components of food intake were determined based on quartiles — 25" or 75" percentile as



observed from our previous study®3. Thus, the cutoffs were: increased hunger was defined as VAS-
hunger: > 80 mm for females and > 87 mm for males; abnormal satiation was defined as ad libitum meal
test > 970 Kcal for females and > 1359 Kcal for males; accelerated GE, which is a biomarker of abnormal
postprandial satiety, was defined as <25 percentile of GE T12: < 106 mins for females and < 87 mins for
males; and hedonic eating was defined with a score >7 for HADS-Anxiety for both sexes (Table 1).”

Discussion and Conclusion

1. Overall, this is a well written paper and very interesting but this section needs further development.
2. There is a stretch regarding the interpretation of the results that are purely associational. Overall,
there are too many overstatements of the results in the discussion. This Reviewer is not sure how the
association between obesity, alterations in food intake, and Gl symptoms lead to treatments. | would
have liked to see some discussion on how this expands the literature and how these variables are
mechanistically linked.

Response:

In our discussion, we state that the correlation of GI symptoms with altered food intake parameters of
potential clinical importance. We understand that this might be an overstretch; thus, we do not draw
any conclusion. Based on the observed correlation, we believe that it would be justifiable to study this
with further depth. As stated in the discussion section, a GLP-1 agonist can be of benefit for fast gastric
emptying (altered postprandial satiety) and watery diarrhea at the same time. Hence, it might be a
good option to treat both conditions and obesity at the same time (i.e., liraglutide and semaglutide). We
have adjusted the wording of the following paragraph in order not to confuse the reader with any
conclusion that can be falsely drawn:

“The correlation with Gl symptoms is of potential clinical importance. First, it might provide the
rationale to propose treatments to address both the obesity phenotype as well as postprandial
symptoms. For example, it would be advantageous to treat abnormal postprandial satiety (associated
with accelerated GE) and watery diarrhea with an agent that delays gastrointestinal motility and GE such
as a GLP-1 agonist.*> ! A second rationale is that both abnormal food intake and Gl symptoms are highly
prevalent and may co-exist in the same person; thus, abnormal satiation is present in 32% of patients

with obesity® and bloating is reported in 31% of the general population.*?”

3. The biggest issue was the lack of integration with ingestive behaviors/alterations in food intake and
the lack of appropriate measure for hedonic eating. Do the authors believe that the alterations in food
intake cause the Gl symptoms of vice versa. | realize that this is difficult to answer without some level of
longitudinal or intervention present.

Response: Since this is a correlational study, it is not feasible to draw any conclusion. We state this as a
part of the limitations. We have made more clarifications for the use of the HADS score in the methods
section as stated in our response to a previous question. Hence, we hope to study these interesting
finding with future randomized controlled trials.



4. The rationale of the study is missing. And related to the above comment regarding an absence of
hypotheses, seems extremely exploratory and not grounded in some theory

Response: The rational of this study is to determine if any association is present between altered food
intake parameters and chronic gastrointestinal symptoms. As stated in a previous response, we have
edited our introduction to better indicate our hypothesis and aim:

“In addition, none of the studies in the literature simultaneously examined food intake symptoms
and their relationship with common GI symptoms in obesity. We hypothesized that food intake
symptoms (e.g., altered hunger, satiation, postprandial satiety, and hedonic eating) are associated
with diverse functional GI symptoms in obesity.”

Since both factors (altered food intake parameters and Gl symptoms) are more prevalent in patients
with obesity, we intended to study if any correlation is present. The strength of this study is due to the
fact that there is scarcity of these data in the literature. Hence, we hope that this established association
can provide a base for realizing that there is indeed an association present. We have tried to show a
potential clinical illustration of this association which can be of great significance if proven in future
trials:

“The correlation with GI symptoms is of potential clinical importance. First, it might provide the
rationale to propose treatments to address both the obesity phenotype as well as postprandial
symptoms. For example, it would be advantageous to treat abnormal postprandial satiety
(associated with accelerated GE) and watery diarrhea with an agent that delays gastrointestinal
motility and GE such as a GLP-1 agonist.*> ** A second rationale is that both abnormal food
intake and GI symptoms are highly prevalent and may co-exist in the same person; thus,
abnormal satiation is present in 32% of patients with obesity? and bloating is reported in 31% of
the general population.*?”
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Abstract:

Background and Aims: Hunger, satiation, postprandial satiety, and hedonic eating constitute key food
intake parameters. We aim to study whether these symptoms are associated with gastrointestinal
symptoms (GIS) in patients with obesity.

Methods: This is a cross-sectional study of patients with obesity. Patients completed the following
validated biomarkers and guestionnaires: Hunger was measured via visual analog scale (100mm)
following a standard meal, satiation via ad-libitum meal (calories to fullness;kcal), postprandial satiety via
gastric emptying scintigraphy (Tw2;mins) and hedonic eating via the Hospital Anxiety and Depression
Scale questionnaire. Participants completed the abridged Bowel-Disease-Questionnaire to evaluate their
GIS. We calculated the odds ratios adjusted for sex, weight, and age between food intake parameters

<25" or >75" percentile observed in a prior cohort of 450-participants with obesity and GIS.

Results: A total of 274 participants (41+10 [SD] years, 75%females, body-mass index 39+8kg/m?) were
included in the analysis. Increased hunger was associated with a lower prevalence of lumpy stools
(OR=0.18, p=0.02). Satiation was associated with abdominal pain/discomfort [relieved by defecation
(OR=2.4, p=0.02) or associated with change in stool consistency (OR=2.92, p<0.01)], loose/watery stools
(OR=2.09, p=0.02) and bloating (OR=2.49, p<0.01). Abnormal postprandial satiety was associated with
bloating (OR=2.26, p<0.01) and loose/watery stools (OR=1.84, p=0.04). Hedonic eating was associated
with abdominal pain/discomfort with stool frequency change (OR=2.4, p=0.02), >3 bowel
movements/day (OR=1.93, p=0.048), bloating (OR=2.49, p=0.01), abdominal pain after meals >1/month
(OR=4.24, p<0.01), and nausea >1/week (OR=4.51, p<0.01).

Conclusion: Alterations in hunger, satiation, postprandial satiety, and hedonic eating are associated with
GIS in patients with obesity.

Keywords: Obesity; Hunger; Satiation; Postprandial Satiety, Gastric Emptying; Hedonic Eating



Introduction:

Obesity is a chronic multifactorial disease that results from increased energy intake
and/or decreased energy expenditure. Energy balance is governed by food intake and energy
expenditure. An imbalance between these two key factors can lead to weight gain. Food intake is
regulated by homeostatic and hedonic factors; homeostatic factors can be further divided into
three stages: hunger, satiation, and postprandial satiety.! Hunger is an internal motivational state
elicited by a lack of nutrients in the body, which drives eating and food-seeking behavior.?
Satiation is the process that brings an eating episode to an end®, whereas postprandial satiety is
the constellation of sensations that inhibits eating in the postprandial period* ® and it is reflected
objectively by gastric emptying (GE) time.® In addition, hedonic eating is the desire to eat solely
to elicit pleasurable feelings regardless of the individual’s nutritional status.” Alterations in
hunger, satiation, postprandial satiety and hedonic eating contribute to food intake symptoms.
These symptoms led to the development of a phenotype-guided method which differentiates the
causes of obesity based on the pathogenesis: satiation, postprandial satiety, hedonic eating, and

resting energy expenditure.® Importantly, these alterations have been only studied in patients

with obesity or overweight. Such classification contributes to a better understanding® ° and

treatment of obesity.®

Obesity affects almost every system in the body, raising the risk of a variety of
illnesses.? It can either be the primary cause, as seen in nonalcoholic fatty liver disease,* 2 or a
substantial risk factor for numerous gastrointestinal (GI) and hepatic diseases such as reflux
esophagitis caused by gastroesophageal reflux disease.*>* Low-grade chronic inflammation,
fluctuations in GI hormones, and adipose tissue redistribution in the abdominal cavity contribute
to GI morbidity in obesity.!2 Moreover, several studies show that food intake results in a
significant colonic response change (e.g., fat composition).*>” Obesity was also shown to be
associated with chronic symptoms including dyspepsia, upper abdominal pain, diarrhea,
heartburn, vomiting and retching.*® Furthermore, weight loss can play a possible role in
improvement of common GI symptoms in patients with obesity, such as gastroesophageal reflux

disease®®, abdominal distention, diarrhea and constipation.?

Previously, satiation and satiety tests have been used to explore the prevalence of

dyspepsia in the community.? 22 Postprandial fullness and early satiation are typical dyspeptic



symptoms that have been investigated 2> 2* using physiological Gl tests such as GE of solids and
liquids, gastric volumes, and liquid nutrient meal. However, little is known about the association
between altered hunger, satiation, postprandial satiety, and hedonic eating with functional Gl
symptoms in patients with obesity. Although several studies measure the correlation between
obesity and functional G symptoms,?>-?® none explain their association with food intake
symptoms. Moreover, these studies are limited by inconsistent conclusions,®* 3! selection bias®,
young-age participants,?® small sample size,*? and using diverse tools to measure same objective
parameters (i.e., GE)*. In addition, none of the studies in the literature simultaneously examined
food intake symptoms and their relationship with common GI symptoms in obesity. We

hypothesized that food intake symptoms (e.q., altered hunger, satiation, postprandial satiety, and

hedonic eating) are associated with diverse functional GI symptoms in obesity.

Methods:
Study design and participants

We performed a cross-sectional study analyzing baseline characteristics of adult
participants between 18 and 65 years old with obesity (Body-mass Index [BMI] > 30 kg/m?) with
no evidence of any chronic gastrointestinal diseases, use of medications that may alter
gastrointestinal motility, appetite or absorption, active psychiatric symptoms, eating disorders

(e.q., bulimia, binge eating disorder), or alcohol use disorder. This study was approved by the

institutional human research review committee at Mayo Clinic. The participants were recruited
from the community using standard advertisement and here we report the baseline characteristic
of participants enrolled in the ClinicalTrials.gov NCT03374956 trial. In this study, all the
physiological studies (i.e., GE and ad libitum meal) and questionnaires were completed to assess
baseline characteristics of our patients prior to starting the clinical trial. All authors had access to

the study data and reviewed and approved the final manuscript.

Measurements:
All tests were performed at the Mayo Clinic Clinical Research and Trial Unit after an 8-

hour fasting period (Figure 1 and 2):

A. Hunger was evaluated using 100mm visual analog scale (VAS) after 240 mins of a

320-kcal standard breakfast meal.®



B. Satiation was assessed by measuring calories to fullness (CTF) during an ad libitum
meal .33

C. Postprandial satiety was studied via measuring the gastric emptying (GE T1) by
scintigraphy for a total of 240 mins after radiolabeled solid (320-kcal, 30% fat)

standard breakfast. Postprandial satiety has been previously associated with rapid GE

by Gonzalez-lzundequi et al.?

D. Hedonic eating was evaluated using the Hospital Anxiety and Depression Scale

(HADS) questionnaire.®® A correlation between HADS anxiety score and the three-

factor eating questionnaire (emotional eating factor; r=0.36) has been recently

established. In addition, higher HADS anxiety scores were associated with emotional

and uncontrolled eating (p<0.001 for both), and lower levels of cognitive restraint

(p=0.04)*,

Participants completed the abridged Bowel Disease Questionnaire (aBDQ), a 16-item
form that has been used to evaluate various functional GI symptoms (supplementary

material)®.

Statistical analysis:

Using standard quantile regression approach to identify normal range®® and based on the
fact that these variables are different in obesity when compared to healthy controls®’, the
abnormal traits in the key components of food intake were determined based on quartiles — 25%
or 75" percentile —ofeach-variable-measured-in-450-participants-with-obesity-as observed from
our previous study®. Thus, the cutoffs were: increased hunger was defined as VAS-hunger: > 80
mm for females and > 87 mm for males; abnormal satiation was defined as ad libitum meal test >
970 Kcal for females and > 1359 Kcal for males; accelerated GE, which is a biomarker of
abnormal postprandial satiety, was defined as <25™ percentile of GE T1/2: < 106 mins for females
and < 87 mins for males; and hedonic eating was defined with a score >7 for HADS-Anxiety for
both sexes (Table 1). We used a multivariate logistic regression model to calculate the odds

ratios (OR) and 95% confidence intervals (CIs) associating hunger, satiation, postprandial



satiety, and hedonic eating with the aBDQ results while adjusting for sex, weight, and age.
Statistical significance was set at 2-sided p< 0.05. We used JMP®, Version 14.3.0 (SAS Institute
Inc., Cary, NC, 1989-2019) to perform the statistical analysis. Data are summarized as mean

(standard deviation).

Results:
Participants Demographics:

A total of 274 participants with obesity were recruited for this study. Our participants
were predominantly females (75%), mean age 40.7 (10.3) years and BMI 39.2 (7.5) kg/m?. The
distribution of our participants among the hunger, satiation, postprandial satiety, and hedonic

eating groups is shown in Table 2.

Association between food intake and GI symptoms

Increased hunger was associated with a lower prevalence of lumpy stools (OR 0.18, 95%

C10.04-0.76; p= 0.02) (Figure 2A).

Abnormal satiation was associated with a higher frequency for >3 months of continuous

or recurrent symptoms of abdominal pain or discomfort that is relieved by defecation (OR 2.4,
95% CI 1.15-5.01; p=0.02), or associated with change in stool consistency (OR 2.92, 95% CI
1.34-6.34 p< 0.01), bloating (OR 2.49, 95% CI 1.33-4.66; p< 0.01), bloating after meals (OR
2.09, 95% ClI 1.14-3.83; p= 0.02), and loose/watery stools (OR 2.09, 95% CI 1.14-3.84; p= 0.02)

(Figure 2B).

Abnormal postprandial satiety was associated with a higher prevalence of bloating (OR

2.26, 95% CI 1.23-4.2; p< 0.01), bloating after meals (OR 1.83, 95% CI 1.02-3.29; p= 0.04), and

loose/watery stools (OR 1.84, 95%CI 1.02-3.34; p= 0.04) (Figure 2C).



Hedonic eating was associated with a higher frequency for >3 months of continuous or

recurrent symptoms of abdominal pain or discomfort associated with a change in stool frequency
(OR 2.4, 95% CI 1.15-5.01; p= 0.02), > 3 bowel movements per day (OR 1.93 95% CI 1.005-
3.692; p=0.048), bloating (OR 2.49 95% CI 1.24-5; p= 0.01), upper abdominal pain after meals
more than once a month (OR 4.24 95% CI 1.82-9.85; p< 0.01), bloating after meals (OR 2.1
95%Cl 1.1-4.04; p=0.03), and nausea regularly more than once a week (OR 4.51 95% CI 1.79-

11.37; p< 0.01) (Figure 2D).

Discussion:

Our present study shows an association between symptoms associated with food intake
and chronic functional Gl symptoms in patients with obesity. These GI symptoms which are
prevalent in obesity,?® seem to be linked to specific alterations in parameters of food intake. In
fact, these symptoms associated with food intake are found to be coexisting with a wide range of

upper (bloating, abdominal pain, nausea) and lower (diarrhea) GI symptoms.

Functional GI symptoms and obesity are highly prevalent in adults.?> 2 Several studies
show a high prevalence of various symptoms (i.e. bloating and diarrhea) in patients with
obesity.*® Here, we showed the association of each component of food intake with GI
symptoms. These components were labeled as increased or decreased based on the data in an
independent cohort of 450 adults with obesity, from which we proposed a pathophysiological
and behavioral phenotype-based classification of obesity.>® The correlation with GI symptoms is
of potential clinical importance. First, it might provides the rationale to propose treatments to
address both the obesity phenotype as well as postprandial symptoms. For example, it would be
advantageous to treat abnormal postprandial satiety (associated with accelerated GE) and watery

diarrhea with an agent that delays gastrointestinal motility and GE such as a GLP-1 agonist.*® 4



A second rationale is that both abnormal food intake and GI symptoms are highly prevalent and
may co-exist in the same person; thus, abnormal satiation is present in 32% of patients with

obesity? and bloating is reported in 31% of the general population.*?

Hunger and lumpy stools: The association between increased hunger and lower

prevalence of lumpy stools may be explained by diverse mechanisms. Hunger is one of the
driving factors of food intake*® and perhaps craving for high fat intake, which can stimulate a
colonic motor response,* increased colonic phasic contractile activity* and therefore,
avoidance of constipation,*® or the associated lumpy stools (type 1 or 2 on the Bristol Stool Form
Scale.*”). Increased hunger may also reflect a higher level of ghrelin in the body.*® Ghrelin and
its analogs (e.g. relamorelin) regulate GI motility by accelerating gastric and intestinal
motility,*® °® and may play a potential role in treating constipation by stimulating gastrointestinal
motility®! and significantly changing stool consistency as previously shown in a placebo-

controlled trial of relamorelin.>?

Satiation and Gl symptoms: Abnormal satiation in this study is reflected in increased

intake of calories at an ad libitum meal; the sensation of bloating in patients with abnormal
satiation is poorly understood but it is conceivable that it reflects increased visceral afferent

activation as occurs with dyspeptic symptoms, >3 and may result in changes in eating habits 5

Continuous or recurrent abdominal pain or discomfort for at least 6 months associated
with a change in stool frequency, change in stool form, and related to defecation are the three
Rome IV criteria for irritable bowel syndrome (IBS) classification. Any patient with >2 of these
bowel function symptoms is sufficient for IBS diagnosis.> Our study showed that participants
with abnormally higher satiation level (that is increased kcal intake) are more likely to have

abdominal pain associated with change in stool frequency and/or relieved by defecation.

9



However, other studies show that patients with IBS have a similar satiation level compared to
healthy individuals.®® Similarly, ingesting certain types of food in high quantities can promote
osmotic diarrhea which can partially explain the high prevalence of diarrhea in patients with
obesity. Patients with obesity and abnormal satiation are more likely to ingest a greater quantity
of food 2° containing poorly absorbed sugars (i.e., fructose corn syrup) that can contribute to

diarrhea.

Postprandial Satiety and Gl symptoms: Patients with rapid GE may present with

dyspepsia symptoms (e.g., bloating),* %" possibly as a result of rapid transit of hyperosmolar
food into the duodenum, as occurs in dumping syndrome,® which is associated with bloating

especially after meals.>®

In a study on patients with chronic diarrhea, Charles et al, showed a higher prevalence of
rapid GE which may be a possible mechanism of diarrhea in patients with functional bowel
disorders.®® Similarly, in our study, patients with accelerated GE were more likely to report

watery, loose stools.

Hedonic eating and Gl symptoms: Anxiety has been previously linked to increased

food intake is a subset of patient with obesity,*® and it has been associated with bloating®?,

functional abdominal pain®?, and nausea®. In addition, previous studies show an increased

susceptibility of hedonic eating in female patients which account for 75% of our cohort.%*

Strength and limitations:

The strengths of our study include the adequate sample size of participants who completed
simultaneously during the same day the required tests and questionnaires, exclusion of patients
with any Gl disease and eating disorder, and the nature of the cross-sectional study which limits

the attrition bias.

10



This study also has several potential limitations. Considering the nature of our study, no casual
inference can be made for any of the results. In fact, we cannot study the temporal relation
between the food intake and the chronic Gl symptoms. For example, it cannot be concluded
whether higher levels of anxiety were due to GI symptoms in obesity or vice versa. In addition,
our participants were required to fill in questionnaires which makes the study more susceptible to

recall bias. This study also included mostly white Americans_and female patients which limits

the generalizability of our results to other populations.

Conclusion:

In patients with obesity, homeostatic (hunger, satiation, and postprandial satiety) and
hedonic components of food intake are associated with various chronic Gl symptoms. These
symptoms are known to be observed with a significantly higher prevalence in patients with
obesity.*® Our study further shows an association between food intake and functional Gl
symptoms. This linkage requires more study to better understand, treat and prevent the

occurrence of such GI symptoms in obesity.

11
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Tables and Figures:

Table 1:
Cohort distribution of participants adjusted by sex upon the food intake tests.

Abnormal Value Cut-off
Food Intake Tests
Female Male
Hunger (VAS, mm) >80 >87 75%
Satiation (Ad Libitum meal, Kcal) >970 >1359 75%
Postprandial Satiety (Gastric Emptying T%, min) <106 <87 25%
Hedonic Eating Behavior (HADS, score) >7 >7
Abbreviations: HADS, hospital anxiety and depression scale; VVAS, visual analogue scale.

Table 2:

Demographic distribution of the hunger, satiation, postprandial satiety, and hedonic eating groups of

participants.

Hunger Satiation Postprandial Satiety Hedonic Eating
Demographics
Normal Abnormal P-value Normal Abnormal P-value Normal Abnormal P-value Normal Abnormal P-value
Participants, n 215 51 205 68 205 69 222 51
Age, y 41+10 40£10 0.76 41+10 40£10 0.24 41+10 41+11 0.65 41+10 39+11 0.1
Sex, Female (%) 155 (72) 45 (88) 0.02 154 (75) 51 (75) 1 154 (75) 52 (75) 1 167 (75) 38 (75) 1
Weight, kg 114426 108+21 0.09 110425 119425 0.02 112424 113427 0.72 113426 113420 0.94
BMI, kg/m? 40+7.6 38.5+7.3 0.70 41+8.3 38.7+7.2 0.05 39+7.4 40+8 0.70 39+7.8 39+6.5 0.8

Figure 1: The flowchart of the testing day.

Figure 2: The food intake parameters and their assessment methods.
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Figure 3: The odds ratio of gastrointestinal symptoms based in the bowel disease questionnaire
in patients with obesity and abnormal hunger (A), satiation (B), postprandial satiety (C), or
hedonic eating (D).
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