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Abstract:

Objective Gastrointestinal (GI) disorders such as functional dyspepsia (FD), irritable bowel syndrome
(IBS), gastroesophageal reflux disease (GERD), and inflammatory bowel disease (IBD) can exhibit overlap-
ping GI symptoms, including abdominal pain and alterations in bowel habits. The symptoms of GI disorders
are commonly considered to be triggered and exacerbated by fatty food intake. Therefore, this study aimed to
compare the food preferences of patients with GI disorders.

Methods Forty food images (including fatty and light foods) and 20 animal images were selected to evalu-
ate food preferences. The preference score was assessed using a visual analog scale ranging from 1 to 100.
GI symptoms were evaluated using the GI Symptom Rating Scale (GSRS), and correlations between the
GSRS and preference scores were investigated.

Results Overall, 22 healthy controls and 23, 29, 27, and 20 patients with FD, IBS, GERD, and IBD, re-
spectively, were enrolled. The preference score for all foods in patients with FD was significantly lower than
that in healthy controls and those with IBS, GERD, and IBD (52.9 vs. 66.5 vs. 68.5 vs. 69.1 vs. 70.7, p<
0.01). The score of fatty foods was lower in patients with FD than in healthy controls and those with IBS,
GERD, and IBD (43.8 vs. 72.3 vs. 77.5 vs. 77.4 vs. 80.7, p<0.01), whereas that of light foods and animal
images was not different among the groups. No significant correlation was found between the preference
score and symptom severity.

Conclusion Patients with FD had a negative preference for foods, particularly fatty foods, independent of
the severity of GI symptoms.
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pepsia (FD) and irritable bowel syndrome (IBS) are major

Introduction entities of DGBIs (2, 3). In addition to abdominal pain, FD

and IBS are characterized by postprandial abdominal dis-

Disorders of gut-brain interaction (DGBI) are clinically comfort and alterations in bowel habits, respectively. Food
diagnosed as conditions with subjective gastrointestinal (GI) intake and DGBI symptoms are strongly correlated. Previous
symptoms without organic abnormalities (1). Functional dys- studies have shown that fatty food intake can result in
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symptom emergence and exacerbation in patients with
FD (4) and IBS (5).

Gastroesophageal reflux disease (GERD) induces reflux
symptoms through the backward flow of stomach contents
to the esophagus (6). Food intake is uncontroversially asso-
ciated with the GERD pathophysiology because it can lead
to increased gastric acid secretion, thus resulting in an im-
pairment of the esophageal epithelium. In particular, fat in-
take leads to a relaxation of the lower esophageal sphincter,
which can trigger reflux of the gastric contents (7). Fat in-
take is a well-known risk factor for GERD; however, it re-
mains unclear whether patients with GERD prefer fatty
foods.

Inflammatory bowel disease (IBD) includes ulcerative co-
litis (UC) and Crohn’s disease (CD), which mainly manifest
as abdominal symptoms, such as abdominal pain and diar-
rhea (8). This disease entity is also strongly associated with
food intake. Furthermore, eliminating fatty foods has been
proven beneficial for symptom relief in patients with CD (9)
and UC (10). However, whether or not such patients prefer
fatty foods remains to be adequately investigated.

Although the symptoms of DGBI, GERD, and IBD over-
lap and food intake is associated with all disorders, food
preferences can differ among disorders. A previous study re-
vealed that the food preference score of patients with FD
was lower than that of patients with IBS (11). However, the
differences between FD, IBS, GERD, and IBD have not
been sufficiently confirmed, and the relationship between
symptom severity and food preference remains unclear.

Therefore, this study aimed to compare the food prefer-
ences of FD, GERD, IBS, and IBD patients and investigate
the correlation between symptom severity and food prefer-
ence. We hypothesized that only patients with FD would
show a negative preference for fatty foods, as we observed
numerous cases among those with GERD and IBD despite
advising against excessive consumption of fatty foods. Fur-
thermore, we assumed that the symptom scores were nega-
tively correlated with the food preference scores.

Materials and Methods

Study design and participants

This prospective observational study was conducted in
Kawasaki between July 2022 and November 2023. The Re-
search Ethics Committee of Kawasaki Medical School and
Hospital approved the study protocol (IRB No.: 5696-02),
and informed consent was obtained from each participant.

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and followed the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines (12).

FD and IBS were diagnosed and classified using ROME
IV criteria (2, 3). We enrolled participants with reflux symp-
toms with reflux esophagitis (RE) grade A or B according
to the Los Angeles classification as patients with

GERD (13, 14). IBD, including UC and CD, was diagnosed
using the Japanese clinical practice guidelines (15). All pa-
tients with IBD were in the remission stage and did not ex-
perience exacerbation or require additional treatment in the
last 1 month. Healthy controls were enrolled from among
those who underwent routine medical checkups without any
GI symptoms. The exclusion criteria were as follows: age <
18 or >70 years, active malignant disorders, severe depres-
sive mental state, and use of medication associated with ap-
petite. We excluded older adults because of physiological
[including a decrease in saliva secretion (16) and loss of
taste and smell sensation (17)] and psychological (such as
an increase in dementia and depression prevalence) fac-
tors (18). Other comorbidities, including cardiac failure (19)
and psychological factors such as an increase in dementia
prevalence, were also considered to exclude older partici-
pants (20).

Age, sex, body mass index (BMI), alcohol drinking
status, smoking status, subjective food hypersensitivity, and
other comorbidities, including hypertension and diabetes
mellitus, were investigated and compared among the groups.
Patients were categorized as having disorders that induced
the chief symptoms when they experienced the overlapping
symptoms of FD, GERD, IBS, and IBD. Based on previous
studies (11, 12), the appropriate sample size was set as at
least 17 participants in each group, and statistical parameters
o and 1-B were set as 0.05 and 0.81, respectively (21).

Questionnaire for GI symptoms

We used the GI Symptom Rating Scale (GSRS) because
it can cover various symptoms such as pain, bloating, con-
stipation, and diarrhea (22). Fifteen questions were scored
on a scale of 1-7, and five major sub-scores (reflux, abdomi-
nal pain, indigestion, diarrhea, and constipation) were calcu-
lated.

Food image and categorization

Forty food and 20 animal images were included as a con-
trol task to assess food preference (Fig. 1). Subjective food
fattiness was ranked by 40 healthy participants, and fat con-
tent was evaluated to categorize food images into fatty and
light foods. Foods with at least 20 g of fat per 100 g were
ranked in the top 10, and those with at most 4 g of fat per
100 g were ranked in the last 10 and were defined as fatty
and light foods, respectively.

Evaluation of food preference

A visual analog scale (VAS) ranging from 1 (dislike) to
100 (like) was used to evaluate preference. Participants were
instructed to indicate their liking for food on a scale from 1
(dislike) to 100 (like) (Supplementary material 1). All ques-
tionnaires were administered in a fasting state for at least 6
h from the last meal.

Statistical analysis

Continuous data (such as age and BMI) were expressed
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Figure 1.

Images used to evaluate preference. Forty different food images, including 10 fatty foods,

10 light food images, and 20 animal images were included. The rights to use all images were secured
from the copyright owner for inclusion in this study.

Table 1. Comparison of Clinical Background among Healthy Controls and Patients with Functional Dyspepsia, Gas-
troesophageal Reflux Disease, Irritable Bowel Syndrome, and Inflammatory Bowel Disease.
Variables Control (n=22) FD (n=23) IBS n=29) GERD (n=27) IBD (n=20) p values

Age [mean (IQR), year] 46.5(28-58)  40.3 (35-45) 43.1 (38-48)  49.1 (42-55)  45.6(40-52)  0.112
Male sex [n (%)] 9 (40.9) 4(17.3) 7(24.1) 9(33.3) 9 (45.0) 0.18b
BMI [mean (SD), kg/m?] 22.8(2.6) 21.4(2.5) 22.1 (3.4) 23.5(2.7) 22.6 (3.0) 0.36
Alcohol: current drinker [n (%)] 4(18.1) 3(13.0) 6 (20.6) 7(25.9) 4 (20.0) 0.85>
Smoking [n (%)] 0 (0) 0 (0) 3(10.3) 5(18.5) 2 (10.0) 0.28b
Food allergy [n (%)] 3(13.6) 6 (26.0) 8 (27.5) 4(14.8) 1(5.0) 0.28b
Discase duration [mean (SD), year] 0 (0) 8.9 (6.5) 11.2 (8.4) 14.1(8.2) 9.5(5.2) 0.142

BMI: body mass index, IQR: interquartile range, FD: functional dyspepsia, GERD: gastroesophageal reflux disease, IBD: inflammatory bowel dis-

ease, IBS: irritable bowel syndrome, SD: standard deviation, n: number

p values were calculated using analysis of variance (ANOVA)? or chi-square test®.

as the means, and categorical data (including sex and cur-
rent smoking) were presented as counts and percentages. In-
terquartile ranges (IQRs) are calculated for age. An analysis
of variance, chi-square test, and Kruskal-Wallis test were
used to compare variables among the five groups. The corre-
lation between the symptoms and preference scores was de-
termined using Spearman’s test. All statistical analyses were
performed using the MATLAB software program (Math-
Works, Natick, United States), and two-sided p values <0.05
were considered statistically significant.

Results

Background and Gl symptoms

We enrolled 22 healthy controls and 23, 29, 27, and 20
patients with FD, IBS, GERD, or IBD, respectively. Table 1

presents the clinical characteristics of each group. The status
was similar in all groups with respect to age, sex, BMI,
drinking, smoking, and food allergy. Supplementary material
2 presents the comorbidities, disease subtypes, and overlap-
ping diseases among the groups.

Table 2 shows the GSRS scores for each group. Reflux
scores were significantly higher in patients with FD and
GERD than in healthy controls and patients with IBS and
IBD. Additionally, abdominal pain scores were significantly
higher in patients with FD, IBS, GERD, and IBD than in
the healthy controls. The indigestion scores of patients with
FD, IBS, and IBD were significantly higher than those of
healthy controls and individuals with GERD. Diarrhea
scores were significantly higher in patients with IBS and
IBD than in those with FD, GERD, and healthy controls.
Furthermore, the constipation scores were significantly
higher in patients with FD, IBS, and IBD than in those with
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Table 2. Comparison of Gastrointestinal Symptom Scores among Healthy Controls and Patients with
Functional Dyspepsia, Gastroesophageal Reflux Disease, Irritable Bowel Syndrome, and Inflammatory Bow-

el Disease.
Variables Control (n=22) FD (n=23) IBS (n=29) GERD (n=27) IBD (n=20) p values
GSRS score [mean (SD)]

Reflux 1.10 (0.3) 2.54 (1.1 1.67 (0.8) 3.20(0.9) 1.60 (0.8) <0.01
Abdominal pain 1.06 (0.2) 2.65 (0.9) 2.63 (1.0) 1.95 (0.4) 2.69 (0.7) <0.01
Indigestion 1.12(0.3) 2.64 (1.3) 2.56 (1.0) 1.74 (0.6) 2.05 (0.6) <0.01
Diarrhea 1.06 (0.3) 2.24 (1.1) 3.61 (1.6) 1.66 (0.7) 3.86 (1.3) <0.01
Constipation 1.32(0.4) 2.25(1.0) 2.75(1.4) 1.36 (0.5) 2.12 (1.2) <0.01

Average 1.14 (0.2) 2.49 (0.7) 2.64 (0.8) 1.92 (0.4) 2.49 (0.6) <0.01

FD: functional dyspepsia, GERD: gastroesophageal reflux disease, GSRS: gastrointestinal symptom rating scale, IBD: inflammatory

bowel disease, IBS: irritable bowel syndrome, SD: standard deviation

p values were calculated using analysis of variance.

VAS score
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Figure 2. Comparison of the preference shown in the mean VAS scores. The bar plots and error
bars indicate the mean VAS score and standard error in each group, respectively. The data were
analyzed using ANOVA with the Tukey-Kramer post-hoc test. ANOVA: analysis of variance, FD:
functional dyspepsia, GERD: gastroesophageal reflux disease, IBD: inflammatory bowel disease,

VAS: visual analog scale

GERD and in healthy controls.
Food preference

Fig. 2 shows the mean VAS scores for each section. In all
foods, the preference score was significantly lower in pa-
tients with FD than in healthy controls and those with IBS,
GERD, and IBD (52.9 vs. 66.5 vs. 68.5 vs. 69.1 vs. 70.7, p
<0.01). Similarly, the score of fatty foods was significantly
lower in patients with FD than in healthy controls and those
with IBS, GERD, and IBD (43.8 vs. 72.3 vs. 77.5 vs. 77.4
vs. 80.7, p<0.01). However, no significant differences in
light-food and animal images were found among the five
groups (Supplementary material 3).

Fig. 3 shows the correlation between the preference and
total symptom scores. No significant correlation was found
between each preference score in all categories (A: all food,

B: fatty food, C: light food, and D: animal images) and the
total symptom scores in patients with FD who had lower
preference scores for foods. However, preference scores
tended to be negatively correlated with GSRS scores for all
foods and fatty foods. Moreover, in the other groups, no
correlation was found among all the image groups (data not
shown).

Discussion

To our knowledge, this is the first study to show differ-
ences in food preferences among various GI disorders. Al-
though patients in all disease groups exhibited GI symp-
toms, including abdominal pain, their preferences for food
differed. Patients with FD had lower scores for all foods and
fatty foods than healthy controls, whereas those with GERD,
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Figure 3. Correlations between preference and total symptom scores in patients with FD. A) Cor-
relation between preference score of all foods and total GSRS score. B) Correlation between prefer-
ence score of fatty foods and total GSRS score. C) Correlation between preference score of light foods
and total GSRS score. D) Correlation between preference score of animal images and total GSRS
score. The data were analyzed using the Spearman test, and “r” indicates the Pearson’s correlation

coefficient. FD: functional dyspepsia, GSRS: Gastrointestinal Symptom Rating Scale

IBS, and IBD exhibited preference scores similar to those of
the healthy controls. Furthermore, no significant correlation
was found between the food preference scores and symptom
severity in patients with FD.

Patients with FD exhibited lower preferences for food
than those with GERD, IBS, IBD, and healthy controls,
which is partly consistent with a previous study (11). Addi-
tionally, the differences between FD, IBS, GERD, and IBD
were confirmed in this study. The different duration from
food intake to symptom emergence was suggested as the
reason why patients with FD had lower preference scores
than those with IBS (11). However, patients with GERD ex-
perience GI symptoms immediately after food intake. The
reason why patients with GERD and IBD do not exhibit
negative food preferences is not clearly understood. One
possible explanation might be that the symptoms can be
controlled to some extent using anti-acids (14, 23, 24) and
immune modulators (15, 25, 26) in patients with GERD and
IBD, respectively. In contrast, patients with FD tended to
have difficulty controlling their abdominal symptoms. Only
30-50% of patients with FD can achieve symptom relief
with first-line therapy (27). However, other factors, such as
processing in the central nervous system and biological con-
ditions (including differences in serum appetite hormones),
should be assessed in future studies.

As expected, the preference scores for foods in patients
with GERD and IBD were similar to those in healthy con-
trols, even though they had abdominal symptoms triggered

by food intake. A systematic review revealed that a high-fat
diet is associated with exacerbation of GERD and is a cru-
cial risk factor (28). We have experienced scenarios in clini-
cal situations in which patients with GERD or IBD consume
fatty foods that could worsen abdominal symptoms, thus
leading to the exacerbation of their symptoms, despite their
understanding that fatty food could trigger abdominal symp-
toms. Our study data confirmed that they did not have nega-
tive emotions about food, which can trigger abdominal
symptoms, and this finding is consistent with the abovemen-
tioned episode. Therefore, based on our data, physicians
should consider patients’ emotions in clinical settings, and
strict patient education should be provided, particularly for
patients with GERD, IBD, and IBS. Exploring other GI dis-
orders, such as non-erosive reflux disease and chronic con-
stipation, can thus provide further understanding and find-
ings for better clinical management of GI disorders.

Notably, no significant correlation was found between
preference and total symptom scores, although a tendency
was detected, indicating that negative food preference was
related to more severe GI symptoms. Psychologically, fear
conditioning can be long-lasting and difficult to extinguish
once it is established (29, 30). However, GI symptoms can
fluctuate in patients with FD (31). Therefore, patients with
FD may have had fear conditioning to fatty foods, even
though their GI symptoms were not severe. Based on our
findings, once a negative preference for food has been estab-
lished, it might become fixed and independent of the exis-
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tence of GI symptoms in patients with FD. Therefore, a lon-
gitudinal assessment of the same population can provide fur-
ther insight into our hypothesis.

This study is associated with some limitations. First, het-
erogeneous patients were included and they were not limited
by age, treatment, severity or duration. This finding may be
associated with several types of bias. However, it can also
indicate that our results may reflect the situation of the en-
tire general population. Second, the results were based only
on subjective scores. Therefore, future assessments of all
participants should include objective data, such as pulse rate
and brain activity (32), to confirm the authenticity of the
scores. Third, the task used in this study was our original
creation and it was not internationally validated. Currently,
there is no globally accepted image set for evaluating food
preferences, including those for fatty and light foods. There-
fore, we developed an original task to assess the food pref-
erences tailored to the Japanese population. However, to en-
sure objectivity, we categorized the foods based on objective
fat content and evaluated subjective fattiness using question-
naires for the general population other than the participants
in this study.

In conclusion, patients with FD exhibited negative prefer-
ences for foods, particularly fatty foods, compared to those
with other GI disorders such as GERD, IBS, and IBD. Fur-
thermore, such preferences were not associated with the
symptom severity in this study. Therefore, these results pro-
vide beneficial insights into the pathophysiology of GI dis-
orders, and the clinical management and understanding of
patients with GI disorders.

This study was reviewed and approved by the Research Ethics
Committee of Kawasaki Medical School and Hospital, and writ-
ten informed consent was obtained from all the patients.

The authors state that they have no Conflict of Interest (COI).
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