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Background and Aim: Obesity is association with elevated risks of erosive esophagitis (EE), and metabolic abnormalities play crucial 
roles in its development. The aim of the study was to assess the association between metabolic obesity phenotypes and the risk of EE.
Methods: This retrospective study enrolled 11,599 subjects who had undergone upper gastrointestinal endoscopy at the First 
Affiliated Hospital of Dalian Medical University from January 1, 2008, to December 31, 2023. The enrolled individuals were grouped 
into four cohorts based on their metabolic health and obesity profiles, namely, metabolically healthy non-obesity (MHNO; n=2134, 
18.4%), metabolically healthy obesity (MHO; n=1736, 15.0%), metabolically unhealthy non-obesity (MUNO; n=4290, 37.0%), and 
metabolically unhealthy obesity (MUO; n=3439, 29.6%). The relationships of the different phenotypes of metabolic obesity with the 
risks of developing EE in the different sexes and age groups were investigated by multivariate logistic regression analysis.
Results: The MUNO, MHO, and MUO cohorts exhibited elevated risks of developing EE than the MHNO cohort. The confounding 
factors were adjusted for, and the findings revealed that the MUO cohort exhibited the greatest risk of EE, with odds ratios (ORs) of 
5.473 (95% CI: 4.181–7.165) and 7.566 (95% CI: 5.718–10.010) for males and females, respectively. The frequency of occurrence of 
EE increased following an increase in proportion of metabolic risk factors. Subgroup analyses showed that the individuals under and 
over 60 years of age in the MHO, MUNO, and MUO cohorts exhibited elevated risks of developing EE. Further analysis suggested 
that obesity has a stronger influence on the risks of developing EE compared to metabolic disorders.
Conclusion: Metabolic disorders and obesity are both related with an elevated risk of EE, in which obesity has a potentially stronger 
influence. Clinical interventions should target both obesity and metabolic disorders to reduce EE risk.
Keywords: metabolic obesity phenotype, erosive esophagitis, metabolic disorders

Introduction
Erosive esophagitis (EE) is primarily characterized by persistent and distressing heartburn and regurgitation, which result 
from the esophageal reflux of gastric contents.1 In recent years, the incidence of is rising yearly owing to an improvement 
in the standard of living, lifestyle alterations, and changing dietary habits.2 EE diminishes the quality of life of the 
affected individuals, and the rising occurrence of EE and the requirement for prolonged therapeutic management utilize 
significant healthcare resources and impose substantial expenses to society.3 It is therefore crucial to identify the 
components that contribute to the onset of EE and implement preventative strategies to mitigate the risk of developing 
this condition.

Currently, EE is recognized as a multifactorial disorder, with lifestyle factors playing a pivotal role in its etiology. 
Studies have identified several risk factors for EE, including smoking, psychosocial stress, dietary patterns such as coffee, 
fried and spicy foods, obesity, inactivity, and alcohol consumption.4,5 Obesity, the paramount menace to public health 
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worldwide, poses as a key determinant of EE. Meta-analysis of 22 reports revealed that individuals with obesity exhibit 
elevated risks of suffering from EE.6 Obesity is inherently linked to multiple disorders of metabolism, namely, 
dyslipidemia, hypertension, and hyperglycemia.7 Retrospective case-control research conducted in China found that 
metabolic syndrome (Mets) was correlated with EE.8 However, the metabolic characteristics of obese individuals are 
different, and the effect on EE is not yet fully understood. Obesity without any metabolic disorders is categorized as 
metabolically healthy obesity (MHO).9 MHO individuals exhibit unique disease outcomes in comparison to metaboli-
cally unhealthy or metabolically healthy non-obesity (MHNO) phenotypes.10 Emerging research over the last ten years 
has suggested that people characterized as MHO might be predisposed to a greater likelihood of encountering 
cardiovascular ailments, non-alcoholic fatty liver disease (NAFLD), and specific malignancies, compared to individuals 
categorized as MHNO.11–13

However, few studies have investigated the combined effects of obesity and different metabolic phenotypes on the 
risk of developing EE to date. Furthermore, as EE and metabolic profiles frequently present variably across the different 
sexes and ages, it is crucial to examine whether sex and age influence this association. This study differentiated the 
effects of obesity and metabolic profiles on the development of EE by analyzing the components of abnormal metabolism 
and obesity. The relation of different obese phenotypes with the onset of EE was subsequently investigated, with a focus 
on gender-specific relationships as well as the potential impact of age as a modifying factor. Our ultimate objective was 
to provide valuable insights for preventing EE in the clinics and identifying intervention approaches.

Materials and Methods
Study Participants
Individuals who had undergone comprehensive medical examination at the First Affiliated Hospital of Dalian Medical 
University were enrolled in this retrospective analysis. A total of 24,368 subjects who received thorough medical 
evaluations, including physicals, blood tests, and upper gastrointestinal endoscopy (GIF-H260, -HQ260; Olympus; 
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Tokyo, Japan) were recruited between January 1, 2008, and December 31, 2023. The exclusion criteria comprised cases 
with no data pertaining to height, weight, and information on metabolic syndrome (n = 7664), underweight subjects 
(body mass index (BMI)) < 18.5 kg/m2; n = 7415), patients currently receiving medications including H2-receptor 
antagonists or proton pump inhibitors (PPIs) (n = 1418), individuals with a history of gastric surgery (n = 389), and 
subjects with esophageal diseases, including malignancy, eosinophilic esophagitis, or peptic ulcers (n = 1783). Finally, 
11,599 participants were enrolled for the analysis. They were categorized into two groups: 3125 individuals with EE and 
8474 individuals without EE. Subsequently, individuals were further divided into four specific groups: MHNO with 2134 
individuals, MHO with 1736 individuals, metabolically unhealthy non-obesity (MUNO) with 4290 individuals, and 
metabolically unhealthy obesity (MUO) with 3439 individuals (Figure 1).

Data Collection
Anthropometrics
Data pertaining to the demographic attributes, personal medical history, body weights, heights, and medications used were 
recorded by qualified nurses using standardized methods. All subjects underwent anthropometric assessments while donning 
lightweight undergarments and in a state of fasting following voiding. Blood pressure was measured using a digital 
sphygmomanometer (HEM-770A Fuzzy) at the conclusion of the physical examination when the participant was seated, 
and was allowed to rest for at least 10 min prior to the measurements. The demographic data collected herein comprised age, 
sex, smoking habit, and alcohol consumption. The personal medical history of the individuals, including the occurrence of 
diabetes mellitus, hypertension, surgeries, or malignancies, was additionally recorded. The present use of antihypertensives, 
hypoglycemic drugs, lipid-lowering medications, PPIs, and H2-receptor antagonists was recorded in the treatment history.

Laboratory Indicators
Samples of blood were collected after the individuals had fasted overnight for least 8 h. The study measured the serum 
biochemical parameters, including albumin (ALB), fasting blood glucose (FBG), total cholesterol (TC), low-density 
lipoprotein-cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), and uric acid (UA) using 
a Roche Cobas c701 automatic analyzer (Roche Diagnostics, Germany). The blood samples had been subjected to 
analyses within 24 h of collection at the Medical Laboratory Center of the First Affiliated Hospital of Dalian Medical 
University.

Figure 1 Flowchart of the study participants.
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Evaluation of Helicobacter Pylori Infections
H. pylori infections were verified by positive outcomes in the 13C-urea breath test (UBT) or rapid urease tests. The UBTs 
were performed using 100 mg UBIT tablets, and a cut-off of 2.5% was selected for detecting H. pylori. The samples were 
collected by endoscopic biopsy, fixed in formalin, and verified by Giemsa staining. A positive result in the rapid urease 
tests was indicated by changes in the color of the gel to pink or red after 24 h at room temperature.

Gastrointestinal Endoscopy
The definition of EE was based on the results of the upper gastrointestinal endoscopy (GIF-H260, -HQ260; Olympus; 
Tokyo, Japan). In the endoscopic findings, EE presents with injuries in the mucosa or minor alterations, including 
erythema and/or whitish discoloration.14 The recruited individuals were categorized into two cohorts, namely, those with 
and those without EE. The endoscopic findings of all the individuals were verified in this study by two independent 
specialists.

Definitions
The BMIs of all the enrolled individuals were determined by dividing the weights of the individuals by the square of their 
heights (kg/m2). Obesity was defined based on the criteria published by the World Health Organization Criteria for East 
Asians (BMI ≥ 25 kg/m2).15,16 The metabolic profiles of the individuals were analyzed according to the criteria of Adult 
Treatment Panel III.17 The individuals with fewer than two of the following criteria were regarded as metabolically 
healthy: (1) systolic or diastolic blood pressure (DBP) ≥ 130 and ≥ 85 mm Hg, respectively; (2) FBG ≥ 5.6 mmol/L; (3) 
HDL-C < 1.03 and < 1.29 mmol/L for males and females, respectively; and (4) TG ≥ 1.7 mmol/L. The enrolled subjects 
were phenotypically categorized into four cohorts based on the BMI: (1) MHNO: BMI < 25 kg/m2 and fewer than two 
metabolic syndrome components; (2) MHO: BMI ≥ 25 kg/m2 and fewer than two metabolic syndrome components; (3) 
MUNO: BMI < 25 kg/m2 and a minimum of two metabolic syndrome components; (4) MUO: BMI ≥ 25 kg/m2 and 
a minimum of two metabolic syndrome components.

Statistical Analyses
The SPSS software, version 26.0 (SPSS Institute, Chicago, IL) was employed for statistical analyses in this study. The 
Shapiro–Wilk test was employed for determining whether the continuous variables were normally distributed, and the 
data denote the mean ± standard deviation (SD) or median (interquartile range). The categorical variables were denoted 
as frequencies or percentages. The gender-specific variations in the fundamental traits were compared with t- or Mann– 
Whitney U-tests for the continuous variables, and by chi-square analysis for categorical variables. The data from more 
than two cohorts were initially compared by one-way analysis of variance (ANOVA) and subsequently analyzed by 
Tukey’s test for between-group comparisons. The associations between the different phenotypes of metabolic obesity and 
the frequency of occurrence of EE were investigated by logistic regression analyses. The odds ratios (ORs) and 95% 
confidence intervals (CIs) of the MHO, MUNO, and MUO groups were determined with MHNO as reference. 
Furthermore, the frequency of occurrence of EE in individuals with different phenotypes of metabolic obesity were 
separately analyzed in terms of their gender and age. Statistical significance was regarded at p < 0.05 (two-tailed 
p-value).

Results
Baseline Characteristics of the Study Population
A total of 11,599 individuals, comprising 5032 males and 6567 females, were enrolled in the study. The frequency of 
occurrence of EE was 43.4% and 56.6% in the male and female subjects, respectively. The initial traits of the enrolled 
individuals are separately provided for males and females according to the prevalence of EE (Tables 1 and 2). Regardless 
of gender, individuals diagnosed with EE exhibited several notable differences compared to those without the diagnosis. 
Older individuals having higher levels of systolic blood pressure (SBP), DBP, FBG, TC, TG, LDL, UA, AST, ALT, and 
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Table 1 Comparison of Baseline Characteristics of Females 
with and without EE

Variables No EE EE p-value

No. of Participants 4884 1683

Age, Years 64.89 ± 11.76 66.44 ± 12.22 < 0.001

Smoking, n (%) 638 (13.1) 352 (21.0) < 0.001
Alcohol, n (%) 495 (10.1) 475 (28.2) < 0.001

H. pylori, n (%) 2570 (52.6) 1318 (78.3) < 0.001

BMI, kg/m2 24.90 ± 4.19 25.25 ± 3.60 0.001
SBP, mm Hg 127.48 ± 20.03 130.75 ± 13.64 < 0.001

DBP, mm Hg 78.67 ± 9.63 80.11 ± 9.26 < 0.001
FBG, mm Hg 5.66 ± 1.52 6.50 ± 2.32 < 0.001

TC, mmol/L 4.25 ± 1.17 6.21 ± 2.26 < 0.001

TG, mmol/L 1.53 ± 0.33 2.05 ± 0.35 < 0.001
HDL, mmol/L 1.19 ± 0.35 1.14 ± 0.30 < 0.001

LDL, mmol/L 2.48 ± 0.79 4.78 ± 2.38 < 0.001

UA, μmol/L 284.00 ± 73.65 356.87 ± 131.78 < 0.001
AST, U/L 21.33 ± 10.67 23.36 ± 17.79 < 0.001

ALT, U/L 24.93 ± 21.43 28.55 ± 28.70 < 0.001

GGT, U/L 32.70 ± 40.89 39.88 ± 49.86 < 0.001
ALB, g/dL 41.41 ± 5.37 39.54 ± 5.47 < 0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; FBG, fasting blood glucose; TC, total cholesterol; HDL, high- 
density lipoprotein; LDL, low-density lipoprotein; UA, uric acid; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transfer-
ase; ALB, albumin; EE, erosive esophagitis.

Table 2 Comparison of Baseline Characteristics of Males with 
and without EE

Variables No EE EE p-value

No. of Participants 3590 1442

Age, Years 64.53 ± 13.38 68.24 ± 12.68 < 0.001
Smoking, n (%) 1079 (30.1) 517 (35.9) < 0.001

Alcohol, n (%) 737 (20.5) 611 (42.4) < 0.001

H. pylori, n (%) 2088 (58.2) 1133 (78.6) < 0.001
BMI, kg/m2 24.85 ± 4.10 25.86 ± 3.47 < 0.001

SBP, mm Hg 130.90 ± 18.24 133.72 ± 15.42 < 0.001

DBP, mm Hg 80.12 ± 16.47 83.54 ± 25.42 < 0.001
FBG, mm Hg 5.65 ± 1.61 6.36 ± 1.90 < 0.001

TC, mmol/L 4.41 ± 1.39 6.37 ± 1.57 < 0.001

TG, mmol/L 1.66 ± 0.37 2.02 ± 0.51 < 0.001
HDL, mmol/L 1.17 ± 0.48 1.09 ± 0.30 < 0.001

LDL, mmol/L 2.97 ± 1.62 3.93 ± 2.71 < 0.001

UA, μmol/L 300.15 ± 77.76 393.12 ± 127.35 < 0.001
AST, U/L 20.93 ± 5.40 23.54 ± 13.20 < 0.001

ALT, U/L 25.58 ± 22.34 32.34 ± 25.35 < 0.001

GGT, U/L 32.81 ± 14.36 39.66 ± 4.81 < 0.001
ALB, g/dL 41.53 ± 5.26 39.52 ± 5.29 < 0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; FBG, fasting blood glucose; TC, total cholesterol; HDL, high- 
density lipoprotein; LDL, low-density lipoprotein; UA, uric acid; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transfer-
ase; ALB, albumin; EE, erosive esophagitis.
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GGT, as well as elevated incidences of smoking, alcohol consumption, and H. pylori infections exhibited greater 
likelihoods of developing EE. Additionally, they showed reduced levels of ALB and HDL (p < 0.05).

Attributes of Enrolled Subjects in Different Metabolic Obesity Cohorts
Table 3 summarizes the traits of the enrolled females (n = 6567) at baseline in terms of the different phenotypes of 
metabolic obesity. The MHNO, MHO, MUNO, and MUO cohorts comprised 1062 (16.2%), 893 (13.6%), 2644 (40.3%), 
and 1968 (29.9%) females, respectively, and the frequency of occurrence of EE in these cohorts was 9.8% 27.7%, 25.5%, 
and 33.4%, respectively (p < 0.05; Figure 2A). The frequency of occurrence of EE increased significantly in the female 
participants following an increase in the proportion of metabolic risk factors (p < 0.05; Figure 2B). The female 
individuals enrolled in the study had an average age of 65.23 ± 11.90 years. The SBP, DBP, FBG, TG, UA, AST, 
ALT, GGT, and frequency of smoking were significantly higher for the MUNO and MUO cohorts, while the levels of 
HDL and ALB were lower than those of the MHNO and MHO cohorts (p < 0.001). Additionally, the BMI was elevated 
for the MHO and MUO cohorts, compared to those of the MHNO and MUNO cohorts (p < 0.001). Furthermore, the 
frequency of occurrence of H. pylori infections was elevated in the MHO, MUNO, and MUO cohorts compared to that of 
the MHNO cohort (p < 0.001). The consumption of alcohol, LDL levels, and ages exhibited significant variations among 
the four cohorts of metabolic obesity (p < 0.001).

Table 4 summarizes the traits of the male subjects enrolled in the study (n = 5032) at baseline, in terms of the different 
phenotypes of metabolic obesity. The MHNO, MHO, MUNO, and MUO groups comprised 1072 (21.3%), 843 (16.8%), 1646 
(32.7%), and 1471 (29.2%) subjects, respectively. The frequency of occurrence of EE in the MHNO, MHO, MUNO, and MUO 
cohorts was 13.3%, 28.6%, 26.1%, and 42.8%, respectively (p < 0.05; Figure 2A). The frequency of occurrence of EE was 
significantly elevated among the male participants following an increase in the proportion of metabolic risk factors (p < 0.05; 
Figure 2B). The male subjects enrolled in the study were aged 65.35 ± 13.06 years on average. The SBP, DBP, FBG, TG, UA, 
AST, ALT, GGT, and the frequency of smoking and alcohol consumption were significantly elevated in the MUNO and MUO 

Table 3 Traits of Enrolled Female Subjects at Baseline in the Different Cohorts of Metabolic Obesity

Variables MHNO MHO MUNO MUO p-value

No. of Participants 1062 893 2644 1968
Age, Years 63.72 ± 11.79 64.75 ± 12.40 65.27 ± 11.73a 66.39 ± 11.86a,b,c < 0.001

Smoking, n (%) 136 (12.8) 124 (13.9)a 397 (15.0)a 334 (17.0)a,b,c < 0.001

Alcohol, n (%) 117 (11.0) 95 (10.6) 466 (17.6)b 292 (14.8)c < 0.001
H. pylori, n (%) 561 (52.8) 505 (56.6)a 1597 (60.4)a,b 1225 (62.2)a,b,c < 0.001

BMI, kg/m2 22.07 ± 1.79 28.99 ± 3.56a 22.25 ± 1.73b 28.43 ± 3.05a,b,c < 0.001

SBP, mm Hg 117.54 ± 10.60 120.04 ± 10.70a 131.63 ± 14.59a,b 133.44 ± 25.07a,b,c < 0.001
DBP, mm Hg 73.77 ± 6.88 74.05 ± 6.83 80.74 ± 9.92a,b 81.86 ± 9.38a,b,c < 0.001

FBG, mm Hg 4.97 ± 0.44 4.99 ± 0.42 6.15 ± 2.07a,b 6.39 ± 1.93a,b,c < 0.001

TC, mmol/L 4.53 ± 0.83 4.55 ± 0.89 4.80 ± 2.03a, b 4.89 ± 1.98a,b < 0.001
TG, mmol/L 1.17 ± 0.28 1.46 ± 0.27a 1.76 ± 0.27a,b 1.90 ± 0.38a,b,c < 0.001

HDL, mmol/L 1.52 ± 0.38 1.28 ± 0.37a 1.09 ± 0.26a,b 1.08 ± 0.23a,b < 0.001

LDL, mmol/L 2.80 ± 1.12 2.78 ± 0.87 3.16 ± 1.98a,b 3.22 ± 1.84a,b < 0.001
UA, μmol/L 261.43 ± 72.00 260.03 ± 69.86 315.35 ± 105.73a,b 327.27 ± 95.38a,b,c < 0.001

AST, U/L 18.64 ± 6.93 18.61 ± 6.16 23.01 ± 12.92a,b 23.49 ± 16.55a,b < 0.001

ALT, U/L 22.01 ± 24.12 23.27 ± 28.71 27.11 ± 19.01a,b 27.42 ± 25.78a,b < 0.001
GGT, U/L 28.26 ± 39.82 31.55 ± 32.34 33.78 ± 46.16a,b 40.30 ± 45.38a,b < 0.001

ALB, g/dL 41.61 ± 5.28 41.34 ± 5.49 40.73 ± 5.37a,b 40.65 ± 5.61a,b < 0.001

Notes: Values having a normal pattern of distribution are denoted in terms of the mean (SD), while n (%) denotes categorical 
variables. aSignificant difference compared with MHNO phenotype, P<0.05. bSignificant difference compared with MHO phenotype, 
P<0.05. cSignificant difference compared with MUNO phenotype, P<0.05. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, 
total cholesterol; TG, Triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; UA, uric acid; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; ALB, albumin; MHNO, metabolically healthy non- 
obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabolically unhealthy obesity.

https://doi.org/10.2147/DMSO.S471499                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2024:17 3034

He et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


cohorts than those of the other phenotypes, while the BMIs of the MHO and MUO cohorts were found to be higher (p < 0.001). 
Additionally, the subjects in the MHNO, MHO, and MUNO cohorts were younger than those in the MUO cohort (p < 0.001). 
The findings further revealed that the frequency of occurrence of H. pylori infections and the levels of TC, LDL, and ALB varied 
significantly among the four cohorts (p < 0.001).

Association Among the Different Phenotypes of Metabolic Obesity and Prevalence of 
EE Based on the Sex of the Individual
The findings of logistic regression analyses of the prevalence of EE in the different obesity phenotypes based on the sex 
of the individuals have been depicted in Figure 3. The findings demonstrated that, irrespective of sex, the subjects in the 

Figure 2 Frequency of occurrence of EE in the different cohorts of metabolic obesity according to the sex. Frequency of occurrence of EE in the (A) different phenotypes of 
metabolic obesity, and (B) according to the proportion of metabolic risk factors.

Table 4 Traits of Enrolled Male Subjects in the Different Cohorts of Metabolic Obesity

Variables MHNO MHO MUNO MUO p-value

No. of Participants 1072 843 1646 1471

Age, Years 64.41±13.38 64.67±13.53 65.43±13.65 67.17±12.52a,b,c <0.001
Smoking, n (%) 248 (23.1) 219 (26.0) 589 (35.8)a,b 540 (36.7)a,b <0.001

Alcohol, n (%) 166 (15.5) 137 (16.3) 534 (32.4)a,b 511 (34.7)a,b <0.001

H. pylori, n (%) 651 (60.7) 521 (61.8)a 1067 (64.8)a 982 (66.8)a,b,c 0.007
BMI, kg/m2 22.09±1.77 28.56±3.31a 22.43±1.66a,b 28.44±3.06a,c <0.001

SBP, mm Hg 121.42±11.42 128.30±12.13a 133.82±14.99a,b 138.79±21.92a,b,c <0.001

DBP, mm Hg 75.04±6.89 75.31±6.78 84.22±22.72a,b 85.34±24.30a,b <0.001
FBG, mm Hg 5.20±1.03 5.19±0.99 6.20±1.91a,b 6.32±1.95a,b <0.001

TC, mmol/L 4.63±1.12 4.68±1.08 5.02±1.72a,b 5.33±2.15a,b,c <0.001
TG, mmol/L 1.32±0.32 1.56±0.34a 1.82±0.22a,b 2.14±0.42a,b,c <0.001

HDL, mmol/L 1.41±0.30 1.40±0.32 1.01±0.45a,b 0.96±0.38a,b,c <0.001

LDL, mmol/L 2.96±1.17 2.99±1.26 3.04±2.28 3.83±2.45a,b,c <0.001
UA, μmol/L 299.61±110.73 301.91±97.77 338.60±103.46a,b 347.64±93.99a,b <0.001

AST, U/L 19.74±7.16 19.77±6.77 22.40±7.83a,b 23.37±10.29a,b,c <0.001

ALT, U/L 22.46±20.17 22.65±23.42 29.53±23.91a,b 31.75±23.98a,b,c <0.001
GGT, U/L 29.36±10.42 31.20±10.76a 36.37±13.27a,b 38.97±12.92a,b,c <0.001

ALB, g/dL 41.69±5.18 41.41±5.13 40.73±5.35a,b 40.41±5.52a,b <0.001

Notes: Values having a normal pattern of distribution are denoted as mean (SD), while n (%) denotes categorical variables. 
aSignificant difference compared with MHNO phenotype, P<0.05. bSignificant difference compared with MHO phenotype, 
P<0.05. cSignificant difference compared with MUNO phenotype, P<0.05. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; 
TC, total cholesterol; TG, Triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; UA, uric acid; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; ALB, albumin; MHNO, metabo-
lically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabo-
lically unhealthy obesity.
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MHO, MUNO, and MUO cohorts exhibited elevated risks of developing EE than those in the MHNO cohort (p < 0.001). 
The age, BMI, smoking, alcohol intake, and H. pylori infections were adjusted for, and the adjusted ORs (95% CI) for the 
frequency of occurrence of EE in the MHO, MUNO, and MUO cohorts were determined to be 5.008 (4.057–6.181), 
2.333 (2.000–2.721), and 6.385 (5.269–7.737), respectively, compared to that of the MHNO phenotype. The age, BMI, 
smoking, alcohol intake, and H. pylori infections of the male subjects were adjusted for, and it was observed that the 
male participants having the MHO phenotype (OR: 3.608; 95% CI: 2.697–4.827) possessed significantly greater risks of 
developing EE than those in the MHNO and MUNO cohorts (combined OR: 1.950; 95% CI: 1.572–2.420). The 
individuals with the MUO phenotype had the greatest OR of 5.473 (95% CI: 4.181–7.165) of all the cohorts. The age, 
BMI, smoking, alcohol intake, and H. pylori infections of the female subjects were adjusted for, and the findings 
similarly revealed that the female participants with the MHO phenotype (OR: 6.920; 95% CI: 5.084–9.420) exhibited 
significantly elevated risks of suffering from EE in comparison to those in the MHNO and MUNO cohorts (combined 
OR: 2.769; 95% CI: 2.204–3.479). The individuals with the MUO exhibited the greatest OR of 7.566 (95% CI: 5.718– 
10.010) of all the cohorts.

Relationships of Different Metabolic Obesity Phenotypes with the Prevalence of EE 
According to Age
The results of analyses of the relationships of the different metabolic obesity phenotypes with the prevalence of EE in 
terms of the age of the individuals are depicted in Figure 4. Regardless of the age, the occurrence of MHO, MUNO, or 
MUO was a risk factor for developing EE, unlike the MHNO phenotype (p < 0.001). The age, BMI, smoking, alcohol 
intake, and H. pylori infections were adjusted for, and the adjusted ORs (95% CI) for the prevalence of EE in the MHO, 
MUNO, and MUO cohorts were determined to be 5.008 (4.057–6.181), 2.333 (2.000–2.721), and 6.385 (5.269–7.737), 
respectively, compared to that of the MHNO phenotype. The sex, BMI, smoking, alcohol consumption, and H. pylori 
infections were adjusted for, and it was observed that participants aged less than 60 years and having the MHO 
phenotype (OR: 6.158; 95% CI: 4.047–9.371) possessed significantly elevated risks of developing EE than those in 
the MHNO and MUNO cohorts (combined OR: 2.822; 95% CI: 2.040–3.903). The individuals in the MUO cohort had 
the greatest OR of 9.639 (95% CI: 6.504–14.286) of all the cohorts. The age, BMI, smoking habits, alcohol consumption, 
and H. pylori infections of the participants aged above 60 years and having the MHO phenotype were adjusted for, and it 
was similarly observed that these individuals possessed significantly elevated risks of developing EE (OR: 4.712; 95% 
CI: 3.686–6.023) than those in the MHNO and MUNO cohorts (combined OR: 2.197; 95% CI: 1.843–2.621). The 
individuals in the MUO cohort had the greatest OR of 5.607 (95% CI: 4.493–6.997) of all the cohorts.

Figure 3 Association between the metabolic obesity phenotypes at baseline and risks of developing EE based on the sex. 
Notes: Model 1: not adjusted. Model 2: adjusted for age and BMI. Model 3: adjusted for age, BMI, smoking, alcohol consumption, and H. pylori infections. 
Abbreviations: MHNO, metabolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabolically unhealthy 
obesity.
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Discussion
The present retrospective study analyzed the relationship of the different phenotypes of metabolic obesity with the 
frequency of occurrence of EE. The findings demonstrated that unlike the MHNO phenotype, there is a significant 
association between the occurrence of MHO, MUNO, and MUO and elevated risks of developing EE. Altogether, our 
investigation substantiated that the incidence of EE is more pronounced among individuals characterized by obesity, 
irrespective of their metabolic health status. The result underscores the importance of weight management as a preventive 
measure against EE. Further investigations revealed that the occurrence of MHO, MUNO, or MUO are correlated with 
the elevated prevalence of EE, regardless of gender and age.

Previous research has shown a significant association between obesity and EE. Many processes have been suggested 
to explain this relationship, although the precise mechanisms that relate fat and EE are not yet known. Obese individuals 
experience an elevated pressure in the lower esophageal sphincter (LES), which impairs the anti-reflux barrier that 
subsequently triggers the gastroesophageal reflux (GER). This phenomenon may be associated with compensatory 
mechanisms triggered by heightened intra-abdominal pressure.18,19 Saliva secretion, gravity, and esophageal motility 
collectively determine the esophageal clearance rate. Obesity often results in reduced saliva secretion and impaired 
esophageal motility, compromising the function of esophageal clearance.20–22 Vicente Ortiz et al23 found that obese 
individuals demonstrate reduced esophageal sensitivity to acid perfusion, potentially affecting esophageal clearance 
function. A recent study suggested that the pathogenesis of EE is possibly mediated via cytokine-induced esophageal 
inflammation.24 Visceral adipose tissue functions as a significant depot of adipocyte-derived factors and release 
cytokines, including interleukin-1 (IL-1), IL-6, tumor necrosis factor-alpha (TNF-α), leptin, adiponectin, and other 
molecules. These mediators can induce systemic effects, influencing and amplifying systemic inflammatory 
responses.25–27 These findings demonstrate that obesity alone may serve as a significant risk factor for EE. The findings 
obtained in this study support the traditional perspective that obesity elevates the risk of developing EE. This association 
is likely attributable to factors such as heightened intra-abdominal pressure, increased episodes of transient LES 
relaxation, and heightened esophageal acid exposure, which are commonly associated with obesity.

Consistent with our findings, multiple studies have found metabolic disorders to be significantly associated with 
reflux esophagitis, though the mechanism underlying this association is uncertain.28–31 This may be associated with the 
administration of antihypertensive agents. Calcium channel blockers have been shown to have the power to suppress 
muscular contractions in the esophagus, which eases the pressure on the esophageal sphincter.30 Our study found that 
high SBP and DBP were associated with EE, regardless of sex. Earlier reports have investigated the relationship between 
the prevalence of EE and hyperglycemia.32,33 High glucose levels can lead to increased stomach acid production, which 
contributes to the development of gastroesophageal reflux symptoms.34 This finding correlates with the results observed 

Figure 4 Association between the metabolic obesity phenotypes at baseline and risks of developing EE based on the age. 
Notes: Model 1: not adjusted. Model 2: adjusted for sex and BMI. Model 3: adjusted for sex, BMI, smoking, alcohol, and H. pylori infections. 
Abbreviations: MHNO, metabolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabolically unhealthy 
obesity.
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herein, which revealed that the serum levels of glucose was elevated in the EE cohort compared to that of the non-EE 
category. An earlier investigation reported that there is significant association between hyperlipidemia and the onset of 
EE, and that high-fat diets can reduce the risk of depression in individuals with hyperlipidemia.35 Additionally, an earlier 
study reported that esophageal clearance is impaired by elevated lipid levels, which weakens the LES and ultimately 
contributes to the development of EE.36 Our research found that the risk factors for EE included higher TG, TC, and 
LDL, and lower HDL levels. The findings also revealed that metabolic disorders were more predominant in males than in 
the female individuals, especially in patients with EE. The present study demonstrated that dyslipidemia, hypertension, 
and hyperglycemia can elevate the risks of developing EE, which correlated with the observations of earlier reports. This 
investigation emphasizes the significance of modifying metabolic abnormalities irrespective of the obesity phenotype.

The effects of obesity and metabolic abnormalities on the risks of developing EE have not been compared in aforemen-
tioned reports. The present investigation therefore expanded upon the existing concept of obesity by concurrently assessing the 
metabolic status. This allowed us to propose a risk of EE assessment strategy according to the metabolic obesity phenotype. 
The study revealed that the prevalence of EE varied between the MUNO and MHO cohorts. The prevalence of EE was greater 
in the MHO cohort than in the MUNO cohort. However, the frequency of occurrence of EE in the MHO and MUNO cohorts 
was significantly elevated compared to that of the MHNO cohort, which suggested that obesity was the most significant risk 
factor for the onset of EE, independent of the occurrence of metabolically unhealthy phenotypes. The occurrence of obesity 
and presence of metabolic abnormalities jointly contributed to the risk of developing EE, and the prevalence of EE was most 
elevated for the MUO cohort. The present report therefore emphasizes the significance of altering the obesity profile of 
affected individuals, irrespective of their metabolic profiles. A retrospective analysis revealed that the occurrence of MHO is 
related to an elevated risk of EE, however, the presence of metabolic abnormalities alone was not a risk factor for EE.37 

Moreover, another study using a large patient cohort speculated that there is an association between the occurrence of MHO 
and an elevation in the prevalence of EE.38 These results suggested that obesity and not the metabolic profile is a more 
significant risk factor for the development of EE. This phenomenon was possibly caused by the storage of visceral fat in the 
MHO phenotype.39 A prospective study revealed that patients with the MHO phenotype frequently underwent a deterioration 
in their metabolic health status over an extended period of follow-up, ultimately transitioning into the MUO phenotype. This 
investigation indicates that the MHO phenotype cannot be considered a consistently stable metabolic obesity phenotype.40 

Therefore, we should keep a normal weight regardless of metabolic health status. Although the individuals in the MHO cohort 
exhibited elevated risks of suffering from EE than the subjects in the MUNO and MHNO cohorts, the individuals in the MUO 
cohort were at the greatest risk of suffering from EE, for both sexes. The age, SBP, DBP, FBG, and levels of TG, TC, LDL, 
UA, AST, ALT, GGT, and ALB significantly differed among the four groups, being more abnormal in MUO than MHNO, 
MHO, and MUNO in our study. Therefore, the individuals at a higher risk of developing EE can be identified more accurately 
by considering both the obesity and metabolic profiles during analysis of the metabolic obesity phenotypes. Physicians could 
make early interventions for abnormal obesity phenotypes by using the metabolic obesity phenotypes, which can reduce the 
financial burden of the therapeutic management of EE and its complications, typically EAC and BE.

Few reports have assessed the relationship of different obesity phenotypes with the development of EE in the different 
sexes, and the present report observed that after adjusting for the influencing factors, the females in the MHO, MUNO, 
and MUO cohorts exhibited increased risks of suffering from EE than the males in the corresponding cohorts. The 
present report further demonstrated that the frequency of occurrence of EE was significantly elevated in male subjects 
than in female individuals, in all the obesity phenotypes. The reason for this sex difference is unclear, although several 
possible explanations exist. First, men have a higher tendency to accumulate visceral adipose tissue compared to women, 
which highlights the increased risk of obesity-related health hazards in men.41 Secondly, the biological activity of 
visceral adipose tissue is higher than that of adipose deposits in other areas.42 A surplus accumulation of visceral adipose 
tissue contributes to chronic low-grade inflammation, leading to the onset of EE.36,43 Finally, estrogen enhances nitric 
oxide production, a vasodilator that promotes smooth muscle relaxation. This can relax the LES and subsequently 
increase reflux phenomena. Earlier reports have determined that age is one of major risk factors for EE.44 The relation-
ship of the different metabolic obesity phenotypes with the onset of EE was additionally investigated herein across the 
different age groups. Interestingly, the findings revealed that individuals with MHO, MUNO, and MUO and aged less 
than 60 years exhibited higher risks of developing EE than the subjects older than 60 years; however, the causative 
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factors underlying the age-dependent variations in the onset of EE remain unknown. We hypothesize that the variations 
could be associated with the fact that as aging is related to leptin resistance and the receptors for leptin decreases with 
age, the detrimental consequences of leptin on EE may in some way be alleviated in aged subjects.45 Additionally, aging 
is associated with alterations in body composition and muscular atrophy. Further studies using body composition data can 
enhance our understanding of the underlying mechanisms.

The present study has multiple constraints, which are described hereafter. Firstly, a cross-sectional approach was used 
in the investigation, as a result of which it was not possible to identify the causalities from the results. Secondly, the 
research focused on Asian population, which limits the general applicability of the findings obtained herein to different 
ethnicities. Thirdly, obesity was diagnosed herein solely based on the BMI as the routine data did not include waist 
circumference. Conducting additional research that includes waist circumference and other body composition measure-
ments could offer thorough insights into the relationship of the different obesity phenotypes with the onset of EE. 
Fourthly, our study did not incorporate stricter triglyceride cutoff values. The European Atherosclerosis Society suggests 
that a fasting triglyceride level of < 1.1 mmol/L may offer a more precise evaluation of metabolic health and related risks 
in obese patients.46 Lastly, although the potential confounding parameters were adjusted for during the multivariable 
analysis, some unmeasured residual confounding factors, including dietary patterns, psychosocial stress, and socio-
economic status, which may have influenced our risk estimates, were not considered in this study.

Conclusions
The findings obtained herein indicate that unlike MHNO, the occurrence of MHO, MUNO, and MUO is related with an 
elevated risk of developing EE. Additionally, MHO is not a health status and is at higher risk of EE compared to MUNO, 
which implied that obesity significantly contributes to the occurrence of EE. The findings revealed the metabolic obesity 
phenotype is significantly correlated with the occurrence of EE, regardless of sex and age. The frequency of occurrence 
of EE was elevated following an increase in the number of metabolic risk factors. The results emphasize the significance 
of considering the metabolic health profiles of obese individuals for assessing the risk of EE. However, while focusing on 
patients with metabolic abnormalities, we must also recognize the importance of addressing MHO individuals. 
Individuals with MHO should retain a healthy weight and adopt a healthy lifestyle to mitigate the risks of developing EE.
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