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Abstract

BACKGROUND

Reflux esophagitis has an increasing prevalence and complex and diverse symptoms.
Identifying its risk factors is crucial to understanding the etiology, prevention, and
management of the disease. The occurrence of reflux esophagitis may be associated

with food reactions, Helicobacter pylori (H. pylori) infection, and metabolic syndromes.

AIM
To investigate the risk factors for reflux esophagitis and analyze the effects of
immunoglobulin (Ig) G-mediated food intolerance, H. pylori infection, and metabolic

syndrome on reflux esophagitis.

METHODS
Outpatients attending the Second Medical Center of the PLA General Hospital between
2017 and 2021 were retrospectively enrolled. The patients’ basic information, test

results, gastroscopy results, H. pylori test results, and IgG-mediated food intolerance




results were collected. Multivariate logistic regression analysis was used to analyze risk
factors for reflux esophagitis. Statistical mediation analysis was used to evaluate the
effects of IgG-mediated food intolerance and metabolic syndrome on H. pylori infection

affecting reflux esophagitis.

RESULTS

A total of 7954 outpatients were included; the prevalence of reflux esophagitis, IgG-
mediated food intolerance, H. pylori infection, and metabolic syndrome were 20.84%,
61.77%, 3591%, and 60.15%, respectively. Multivariate analysis showed that the
independent risk factors for reflux esophagitis included IgG-mediated food intolerance
(OR = 1.688, 95%CI: 1.497-1.903, P < 0.00001) and metabolic syndrome (OR = 1.165,
95%ClI: 1.030-1.3& P = 0.01484), and the independent protective factor for reflux
esophagitis was H. pylori infection (OR = 0.400, 95%CI: 0.351-0.456, P < 0.00001). IgG-
mediated food intolerance had a partially positive mediating effect on H. pylori infection
as it was associated with reduced occurrence of reflux esophagitis (P = 0.0200).
Metabolic syndrome had a partially negative mediating effect on H. pylori infection and

reduced the occurrence of reflux esophagitis (P = 0.0220).

CONCLUSION

Patients with IgG-mediated food intolerance and metabolic syndrome were at higher
risk of developing reflux esophagitis, while patients with H. pylori infection were at
lower risk. IgG-mediated food jntolerance reduced the risk of reflux esophagitis
pathogenesis in patients with H. pylori infection; however, metabolic syndrome

increased the risk of patients with H. pylori infection developing reflux esophagitis.
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Core Tip: This retrospective study investigated the effects of IgG-mediated food
intolerance, Helicobacter pylori (H. pylori) infection, and metabolic syndrome on reflux
esophagitis. In 7954 outpatients, the prevalence of reflux esophagitis was 20.84%.
Patients with IgG-mediated food intolerance and metabolic syndrome are at higher risk
of developing reflux esophagitis, while patients with H. pylori infection are at lower
risk. IgG-mediata food intolerance reduces the risk of reflux esophagitis pathogenesis
in patients with H. pylori infection; however, metabolic syndrome increases the risk of

patients with H. pylori infection developing reflux esophagitis.

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a range of diseases arising from the reflux of
gastroduodenal content, and its pathogenesis is related to the immuno-inflammatory
cascadelll. Reflux esophagitis (RE), a phenotype of GERD, is defined as a visible
mucosal rupture in the distal esophagus/?l. RE accounts for 30% of GERD cases, with an
increasing prevalence and complex and diverse symptoms which greatly affect the
quality of life; its long-term treatment requirements consume significant healthcare
resources and create a socioeconomic burdenPl. Identifying the risk factors for RE is
crucial to understanding the etiology, prevention, and nanagement of the disease.

Food intolerance (FI) refers to the discomfort caused by a food or food component at
a dose that is normally tolerated; this is responsible for most adverse food reactions. FI
can be asymptomatic and manifest only as a high immunoglobulin (Ig) G response to
stimulation by specific food antigensl*l. Certain foods can cause an imbalance between
pro-inflammatory and anti-inflammatory cytokines, which is conducive to the

production of an inflammatory environment and activation of the immune system!®};
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this phenomenon may affect the development of RE. Metabolic syndrome is a risk
factor for REI7]. The effects of Helicobacter pylori (H. pylori) infection on reflux remain
controversiall®1°l. This study aimed to explore the risk factors for RE and analyze the

effects of IgG-mediated FI, H. pylori infection, and metabolic syndrome on RE.

MATERIALS AND METHODS

Research methods
This was a retrospective cross-sectional study. Outpatients attending the Second
Medical Center of PLA General Hospital between 2017 and 2021 were enrolled.

The inclusion criteria were as follows: (1) successful gastroscopy at our hospital; (2)
successful completion of the IgG-mediated FI test; and (3) successful completion of the
H. pylori test.

The exclusion criteria were as follows: (1) missing test results; and (2) severe
cardiovascular, cerebrovascular, or consciousness impairment preventing completion of

the examination.

Basic information

The data cgllected from outpatient records included the following: (1) basic
information: age, sex, systolic blood pressure, diastolic blood pressure, smoking history,
and drinking history; (2) test results: white blood cell count, hemoglobin, C-reactive
protein, folic acid, homocysteine, brain natriuretic peptide precursor, total cholesterol,
fasting blood glucose, creatinine, total protein, and 25-hydroxyvitamin D3; (3) diseases:

metabolic syndrome and H. pylori infection; (4) gastroscopy results: presence of RE; and

(5) IgG-mediated FI results.

Diagnostic criteria
Diagnostic criteria for reflux esophagitis: RE, diagnosed by the presence of mucosal
rupture, was detected by gastroscopy and classified according to the current

international common Los Angeles grading (LA) standard. LA-A type is categorized by
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the presence of one or more mucosal breakages < 5 mm in length, LA-B type is
categorized by the presence of one or more mucosal breakages > 5 mm in length with
no fusion lesion, LA-C type is categorized by the presence of mucosal breakages with
fusion lesions < 75% of the esophageal circumference, and LA-D type is categorized by
the presence of mucosal breakages with fusion lesions = 75% of the esophageal

circumferencel3l.

Diagnostic criteria for IgG-mediated FI: ELISA was performed to detect delayed
allergens, namely, specific [gG antibodies for 21 foods (beef, chicken, cod, corn, crab,
egg, mushroom, milk, pork, rice, shrimp, soybean, tomatoes, wheat, brewer's yeast,
garlic, ginger, onion, cottage cheese, red pepper, and sesame). All reagents were
equilibrated to room temperature (20-28 °C) and a standard curve was drawn. The
absorbance value of each microwell was read with a microplate reader and the
concentration of IgG antibodies was evaluated based on the absorbance of each well
and the standard curve. IgG-positive food was defined as IgG antibody concentrations
>50 U/mL. [gG-mediated FI was diagnosed when there was > 1 IgG-positive food ],

Diagnostic criteria for metabolic syndrome: abolic syndrome was diagnosed by
the presence of at least three of the following: (1) abdominal obesity (namely, central
obesity): waist circumference > 90 cm for men and = 85 cm for women; (2)
hyperglycemia: fasting blood glucose = 6.1 mmol/L or blood glucose = 7.8 mmol/L
obtained 2 h after sugar loading or patients diagnosed with diabetes who were
receiving treatment; (3) hypertension: blood pressure = 130/85 mmHg (1 mmHg = 0.133
kPa) or patients diagnosed with hypertension who were receiving treatment; (4) fasting
triacylglycerol = 1.70 mmol/L; and (5) fasting high-density lipoprotein cholesterol <1.04

mmol/ L02],
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Diagnostic criteria for H. pylori infection: The diagnostic criteria for H. pylori infection

included the use of a 13C-urea breath test or the histologic examination of gastric biopsy
specimens as diagnostic tools(3L

Statistical analysis

Normally distributed continuous variables are presented as means + SD, and
independent t-tests were used for between-group comparisons. Categorical variables
are presented as numbers or percentages, and x2 tests were used for between-group
comparisons. Multivariate logistic regression analysis was used to analyze risk factors
for RE. Mediation effect analysis was used to evaluate the effects of IgG-mediated FI
and metabolic syndrome on the occurrence of RE caused by H. pylori infection. In this
study, SPSS (yersion 26.0; IBM Corp., Armonk, NY, United States) was applied to
organize and statistically analyze the data; a P-value < 0.05 was considered statistically

significant.

RESULTS

Baseline characteristics

A total of 7954 outpatients were included; 1658 (20.84%) had RE. Notably, RE had a
high prevalence among older patients, men, and patients with smoking and alcohol
consumption histories. Furthermore, comparing the diseases and test results between
the non-RE and RE groups, the RE group demonstrated higher positive IgG-mediated
FI, metabolic syndrome, white blood cell count, hemoglobin, homocysteine, fasting

blood glucose, and creatinine levels and a lower rate of H. pylori infection; all P-values

were < (.05 (Table 1).

Multivariate analysis of influencing factors in reflux esophagitis
Multivariate analysis showed that the risk factors for RE included IgG-mediated FI and
metabolic syndrome and that H. pylori infection was a protective factor for RE (Figure

1).
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Mediation effect analysis of IgG-mediated FI on H. pylori infection affecting reflux
esophagitis

The 22 test was used to analyze IgG-mediated FI and H. pylori infection. The incidence
of IgG-mediated FI was significantly lower in the H. pylori-infected group (1700/2856,
59.52%) than in the H. pylori-non-infected group (3213/5098, 63.02%; P = 0.002). The
exposure variable was H. pylori infection, the outcome variable was RE, and -
mediated FI was used as the mediating variable in the mediation effect analysis. The
results showed that the total effect of H. pylori infection on RE was -0.122064, the direct
effect of H. pylori infection on RE was -0.119349, the mediation effect of H. pylori
infection on RE through IgG-mediated FI was -0.002715, and the mediation effect
accounted for 0.022242 of the total effect; the effects showed statistically significant
differences (all P-values < 0.05) (Table 2). IgG-mediated FI had a partially positive

mediating effect on H. pylori infection in reducing the occurrence of RE.

Mediation effect analysis of metabolic syndrome on H. pylori infection affecting reflux
esophagitis

e x2 test was used to analyze metabolic syndrome and H. pylori infection; the
incidence of metabolic syndrome was significantly higher in the H. pylori-infected group
(1767 /2856, 61.87%) than in the H. pylori-non-infected group (3017/5098, 59.18%; P =
0.019). The exposure variable was H. pylori infection, the outcome variable was RE, and
metaboliCﬁyndrome was used as the mediating variable for the mediation effect
analysis. The results showed that the total effect of H. pylori infection on RE was -
0.121571, the direct effect of H. pylori infection on RE was -0.122715, the mediation effect
of H. pylori infection on RE through metabolic syndrome was 0.001144, and the
mediation effect accounted for -0.009413 in the total effect; the effects showed
statistically significant differences (all P-values < 0.05) (Table 3). Metabolic syndrome
had a partially negative mediating effect on H. pylori infection in reducing the

occurrence of RE.
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DISCUSSION

RE, also known as erosive esophagitis, is a type of GERD with a complex etiology and
an increasing ﬁvalence. Research on its pathogenesis has progressed in recent years,
ranging from the invasion of reflux and the destruction of the anti-reflux barrier to
immunity, inflammation and biomarkers on a systemic scalell. RE demonstrates a high
rate of relapse after treatment and is associated with esophageal strictures, bleeding,
carcinogenesis, and other complications, which affect the quality of life and long-term
prognosis of patients. Therefore, it is critical to explore the risk factors for RE and
implement early clinical interventions. The population prevalence of FI is 20%l[4],
resulting from reactions to food components, non-celiac gluten sensitivity, or defects in
enzymes and transportl!3l. Furthermore, food may induce inflammatory responses,
which are crucial in the development of RE. Metabolic syndrome and its associated
components are also risk factors for RE!‘l, and H. pylori infection plays an essential role
in RE[810]. Therefore, the occurrence of RE may be associated with food reactions, H.
pylori infection, and metabolic syndromes. This study focused on three relatively
common clinical diseases, evaluated risk factors associated with the occurrence of RE,
and explored the pathogenic effects of IgG-mediated FI, H. pylori infection, and
metabolic syndrome on RE to provide a clinical basis for the etiology of the disease; this
is crucial knowledge to prevent the occurrence of reflux and improve patients' quality
of life.

Our study is the first to investigate the effects of IgG-mediated FI on RE in a large
population and confirm that IgG-mediated FI contributes to the development of RE.
Studies have suggested that diet may acti\ée the immune system and alter the levels of
inflammatory markers in the blood; increased pro-inflammatory cytokines and
decreased anti-inflammatory cytokines have been linked to diet-associated immune
system activation['?l. Furthermore, the promotion and release of inflammatory cytokines
and cells during inflammatory reactions involve continuous interdependent cellular

communication, which is crucial in the pathogenesis of GERDI"'7. When FI occurs, a
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decrease in anti-inflammatory cytokines and the release of inflammatory cells and
factors cause reflux; however, further studies are necessary to better understand this
phenomenon. Most patients with FI are asymptomatic, which results in such patients
receiving less attention[!8l. In this study, the prevalence of IgG-mediated FI, which is
crucial in the development of RE, was 61.77%; therefore, it is imperative to critically
evaluate IgG-mediated FI. Screening for IgG-mediated FI in patients diagnosed with RE
or in high-risk groups and avoiding related foods that induce FI in daily life may be
crucial in reducing the occurrence of reflux.

This study suggests that metabolic syndrome is a risk factor for RE, consistent with
other studiesl®7]. The pathological commonality between the diseases associated with
metabolic syndrome is a chronic low-grade inflammation state, which activates various
inflammatory signal cascades and leads to the activation of NF-kB, Jun amino-terminal
kinase, and inflammatory processes; this results in the recruitment of immune cells,
which further aggravates inflammationl1920l. The mechanism by which metabolic
syndrome promotes the development of RE may be associated with the mechanical
effect of increased abdominal pressure caused by a large amount of adipose tissue.
Furthermore, substances secreted by adipose tissue, such as TNF-a, IL-6, leptin, and
insulin-like growth factor-1, significantly contribute to the occurrence, development,
and carcinogenesis of GERDI®l. Therefore, controlling metabolic factors such as blood
glucose, blood pressure, lipid levels, and body weight can significantly reduce the
occurrence of RE.

In this study, H. pylori infection was considered a protective factor against RE. The
possible mechanism has been analyzed: H. pylori infection causes gastric mucosal
atrophy and acid production damage, and bacterial ammonia production neutralizes
acidic substances and reduces acid reflux. Additionally, it leads to the activation of
vagal receptors on the fundus and cardia, consequently increasinﬁerum gastrin
secretion, improving lower esophageal sphincter pressure, reduging reflux of gastric
contents, and protecting the esophageal mucosa. The effect of H. pylori infection on

reflux is controversial; some studies have suggested that H. pylori infection is a risk
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factor for RE, while others suggested that there is no relationship between theml810l.
The possible reasons for the controversy between this study and other studies could be
that other studies mostly assessed the impact of H. pylori eradication on RE through
quality of life and reflux symptoms, and the drugs used to eradicate H. pylori
significantly reduced the symptoms of reflux, which affected accuracy and confidence
in the results. Therefore, screening for H. pylori infection is not routinely required for
the clinical treatment of RE, and the treatment options for H. pylori infection are not
indicated as anti-reflux therapy; this is consistent with the recommendations of the 2013
guidelines of the American College of Gastroenterology(2!1,

This study confirmed the effect of IgG-mediated FI and metabolic syndrome in
reducing the occErence of RE caused by H. pylori infection. A study conducted in
southwest China revealed that H. pylori infection was negatively associated with food-
specific IgG in eggs, milk, and wheat; this is consistent with the results of this study??.
H. pylori infection stimulates the production of Foxp3+ regulatory T cells, which have
strong immunosuppressive properties, control the degree of self and non-autoantigen
reactions, and produce immune tolerance, consequently protecting against H. pylori
infection. Immune tolerance suppresses the immune response caused by FI, which
reduces the occurrence of RE. In people with FI, increase& intestinal permeability allows
food substances to enter the circulation; concurrently, the immune system recognizes
certain food molecules as harmful substances and initiates an immune response to these
substances, resulting in food-specific IgG[®], which further activates the immune effect
and enhances the protective effect of H. pylori infection against the occurrence of RE.
Therefore, IgG-mediated FI reduces the incidence of RE in patients with H. pylori
infection. In addition, the results showed that H. pylori infectia'l increased the incidence
of metabolic syndrome. H. pylori infection can upregulate the expression of various
inflammatory factors (including C-reactive protein, tumor necrosis factor, and various
interleukins), promote insulin resistance, and initiate metabolic syndromes24l.
Metabolic syndrome results in chronic over-nutrition and excess energy, exceeding the

metabolic capacity of tissues, which leads to metabolic stress and weakens the
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protective effect of H. pylori infection against reflux. Therefore, metabolic syndrome
increases the incidence of RE in patients with H. pylori infection.

Lifestyle modification, dietary control, and pharmacotherapy are the primary
treatment options for RE; however, the complex pathogenesis of RE and the critical role
of the immuno-inflammatory cascade in its development may complicate the

nagement of symptoms and increase susceptibility to relapse after treatment. This
study evaluated the risk factors for RE and explored the effects of IgG-mediated FI, H.
pylori infection, and metabolic syndrome on RE. Patients with IgG-mediated FI and
metabolic syndrome were at a higher risk of RE; however, patients with H. pylori
infection had a lower risk of RE. IgG-mediated FI reduced the risk of RE in patients
with H. pylori infection; however, metabolic syndrome increased the risk of RE in
patients with H. pylori infection. Therefore, in the management of RE, preventing the
induction of IgG-mediated FI and optimal diagnosis and treatment of metabolic
syndrome may reduce the occurrence of RE; this represents a strategy to achieve
prevention and early treatment of RE in the future.

This was a single-center retrospective clinical study, and the test results showed
certain deviations. Therefore, prospective and multicenter studies should be conducted
to evaluate the factors influencing RE. The mechanisms underlying the effects of IgG-
mediated FI, H. pylori infection, and metabolic syndrome in RE should be evaluated

regarding the molecular perspective and the associated pathways.

CONCLUSION

Patients with IgG-mediated FI and metabolic syndrome are at a higher risk of RE;
however, patients with H. pylori infeﬁon have a lower risk of RE. IgG-mediated FI
reduces the risk of RE in patients with H. pylori infection; however, metabolic syndrome

increases the risk of RE in patients with H. pylori infection.

ARTICLE HIGHLIGHTS

Research background
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Reflux esophagitis has an increasing prevalence and complex and diverse symptoms.
Identifying its risk factors is crucial to understanding the etiology, prevention, and

management of the disease.

Research motivation
The occurrence of reflux esophagitis may be associated with food reactions, Helicobacter

pylori (H. pylori) infection, and metabolic syndromes.

Research objectives
To investigate the risk factors for reflux esophagitis and analyze the effects of IgG-
mediated food intolerance, H. pylori infection, and metabolic syndrome on reflux

esophagitis.

Research methods

This retrospective study analyzed endoscopic images of outpatients attending the
Second Medical Center of PLA General Hospital between 2017 and 2021, classified them
into non-RE and RE groups, and further explored the differences in I[gG-mediated food

intolerance, H. pylori infection, and metabolic syndrome of the different groups.

Research results

In 7954 outpatients, the prevalence of reflux esophagitis was 20.84%.

Research conclusions

Patients with IgG-mediated food intolerance and metabolic syndrome are at higher risk
of developing reflux esophagitis, while those with H. pylori infection are at lower risk.
IgG-mediated FI reduces the risk of RE in patients with H. pylori infection, while

metabolic syndrome increases the risk of RE in these patients.

Research perspectives
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In the management of RE, preventing the induction of IgG-mediated FI and optimal

diagnosis and treatment of metabolic syndrome may reduce the occurrence of RE.
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