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Abstract

Background Obesity is associated with an increased risk of reflux esophagitis (RE). Metabolic abnormalities have
been implicated in the pathogenesis of RE. However, the role of metabolic status in the risk of RE among individuals
with varying degrees of obesity remains unclear. Therefore, our study aimed to assess the association between
metabolic obesity phenotypes and the risk of RE.

Methods This study included a cohort of 24,368 participants aged 18 years and older who underwent upper
gastrointestinal endoscopy at the First Affiliated Hospital of Dalian Medical University during health checkups
between January 1, 2008, and December 31, 2021. Among these participants, a total of 9,947 individuals were
classified into four groups based on their obesity phenotype: metabolically healthy normal weight (MHNW),
metabolically healthy obesity (MHO), metabolically unhealthy normal weight (MUNW), and metabolically unhealthy
obesity (MUO). To account for potential confounding factors, multivariate logistic regression analysis was applied to
examine the association between metabolic obesity phenotypes and the risk of RE, with stratification by sex and age.

Results Among all participants, the MUNW, MHO, and MUO groups demonstrated a higher risk of RE when
compared to the MHNW group. After controlling for all confounding factors, the MUO group exhibited the highest
risk, with an odds ratio (OR) of 3.723 (95% Cl: 2.751-5.040) in males and 5.482 (95% Cl: 4.080-7.367) in females.

The prevalence of RE increased in proportion to the number of metabolic risk factors. Subgroup analyses, which
accounted for all confounders, revealed that the MHO, MUNW, and MUQO phenotypes were associated with

an elevated risk of RE in individuals under 60 years old as well as those over 60 years old. Interestingly, a more
comprehensive analysis indicated that obesity may have a greater effect on the risk of RE than metabolic disorders.

Conclusions Both metabolic disorders and obesity were associated with an increased risk of RE. The effect of
obesity on RE prevalence may be stronger than that of metabolic disorders, emphasizing the significance of obesity
regardless of metabolic health status. Clinical interventions should address not only obesity but also metabolic
disorders in order to reduce the risk of RE.
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Introduction

The prevalence of reflux esophagitis (RE) has been
steadily increasing due to improved living standards and
changes in lifestyle and dietary habits. RE has become a
significant public health issue in Asia [1]. RE can indeed
lead to the development of Barrett’s esophagus (BE) or
esophageal adenocarcinoma (EAC), both of which can
significantly impact a patient’s quality of life [2]. Reduc-
ing the occurrence of RE can lower the chances of devel-
oping BE and EAC [3]. Hence, it becomes imperative to
meticulously ascertain the risk factors associated with RE
and accurately pinpoint individuals who are predisposed
to an elevated risk of developing this condition. Such dis-
cernment is crucial to establishing effective preventive
and intervention measures tailored to each individual’s
needs and circumstances.

Obesity, the paramount menace to global public health,
is a prominent risk factor for RE. A meta-analysis of 22
studies revealed that the obese population is at an ele-
vated risk for the prevalence of RE [4]. Obesity is inher-
ently linked to a cluster of metabolic abnormalities,
including dyslipidemia, hypertension, and hyperglycemia
[5]. Retrospective case-control research conducted in
China found that metabolic syndrome (Mets) was corre-
lated with RE [6]. However, the metabolic characteristics
of obese individuals are different, and the effect on RE is
not yet fully understood. Certain individuals with obe-
sity do not exhibit metabolic disorders and are classified
as having metabolically healthy obesity (MHO) [7]. The
MHO phenotype can present distinct disease outcomes
compared with a metabolically unhealthy phenotype and
a metabolically healthy normal weight (MHNW) phe-
notype [8]. Recent studies conducted in the past decade
have indicated that individuals with MHO may face a
higher risk of developing cardiovascular disease, Hashi-
moto’s thyroiditis (HT), non-alcoholic fatty liver disease
(NAFLD), and certain types of cancers compared to
those with MHNW [9-11].

However, the existing evidence on the combined effects
of obesity and different metabolic phenotypes on the risk
of RE is limited. Moreover, since RE and metabolic health
status often manifests differently across various sex and
age groups, it is important to investigate whether this
association is influenced by sex and age. Therefore, in
this study, we aimed to distinguish between obesity and
metabolic health status by considering the components
of metabolic abnormalities and obesity status. Subse-
quently, we examined the relationship between different
obesity phenotypes and RE while exploring sex-specific
associations and the potential modifying role of age in

this relationship. The ultimate goal was to provide valu-
able insights for clinical prevention and intervention
strategies.

Materials and methods

We reviewed the clinical records of 24,368 subjects aged
18 years and older who underwent routine health check-
ups, including physical examinations, blood tests, and
upper gastrointestinal endoscopy, at the First Affiliated
Hospital of Dalian Medical University between Janu-
ary 1, 2008, and December 31, 2021. The study excluded
participants who had missing values on height, weight,
and information on metabolic syndrome (1#=6,962),
were underweight (body mass index (BMI)<18.5 kg/m?
n=4,614), were currently taking drugs such as H2-recep-
tor antagonists or proton pump inhibitors (PPIs)
(n=1,102), had a history of gastric surgery (n=277), and
had been previously diagnosed with gastric or esopha-
geal cancer (n=1,466). Finally, 9,947 participants were
recruited for the analysis. They were categorized into
two groups: 2,316 individuals with RE and 7,631 indi-
viduals without RE. Subsequently, individuals were fur-
ther divided into four specific groups: MHNW with
1,739 individuals, MHO with 1,329 individuals, meta-
bolically unhealthy normal weight (MUNW) 3,885 indi-
viduals, and metabolically unhealthy obese (MUO) with
2,994 individuals (Fig. 1). The First Affiliated Hospital
of Dalian Medical University Ethics Committee granted
ethical approval for this study (PJ-KS-KY-2020-04)), and
informed consent for the use of all participant data was
obtained, adhering to the principles of the Helsinki Dec-
laration. Clinical trial number: not applicable.

Data collection

Anthropometrics

Data on demographic characteristics, personal medical
history, body weight, height, and medication use were
recorded by trained nurses according to standardized
methods. Demographic characteristics included age,
sex, smoking status, and alcohol consumption. In addi-
tion, personal medical history included any instances of
diabetes mellitus, hypertension, surgery, or malignancy.
Medication history included current use of antihyper-
tensive drugs, hypoglycemic agents, lipid-lowering drugs,
PPIs, and H2-receptor drugs. All subjects underwent
anthropometric assessments while donning lightweight
undergarments and in a state of fasting following void-
ing. Weight and height were gauged with an accuracy
of 0.1 kg and 0.1 cm, respectively. Blood pressure using
an electronic sphygmomanometer (HEM-770 A Fuzzy)
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Fig. 1 Flowchart of the study participants

was assessed at the conclusion of the physical examina-
tion while the participant was seated, and a minimum of
10 min of rest was provided prior to the measurements.

Laboratory indicators

Blood samples were obtained after an overnight fast
of at least 8 h. The following biochemical parameters,
including albumin (ALB), fasting blood glucose (FBG),
total cholesterol (TC), triglycerides (TG), low-density
lipoprotein-cholesterol (LDL-C), high-density lipopro-
tein-cholesterol (HDL-C), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glu-
tamyl transpeptidase (GGT), and uric acids (UA) were
measured by the Roche Cobas c701 automatic analyzer
(Roche Diagnostics, Germany). All blood specimens were
tested within 24 h at the Medical Laboratory Center of
the First Affiliated Hospital of Dalian Medical University.

Evaluation of H. Pylori infection

Helicobacter pylori infection was defined as a positive
result in either the '®C-urea breath test (UBT) or the
rapid urease test. Specimens were obtained through
endoscopic biopsy, fixed with formalin, and then con-
firmed with Giemsa staining. The rapid urease test was
considered positive if the color of the gel changed to pink
or red after 24 h at room temperature.

To conduct the test, an initial breath sample was col-
lected after a 4 h fasting period. The patient orally
received 100 mg of *C-urea powder (UBiTkit; Otsuka
Pharmaceutical, Tokyo, Japan) dissolved in 100 mL of
water. After 20 min, the second breath sample was taken,
and the cutoff value for a positive result was set at 2.5%.

Subsequently, the collected samples underwent analysis
using an isotope ratio mass spectrometer (UBiT-IR300;
Otsuka Pharmaceutical).

Gastrointestinal endoscopy

The definition of RE was based on the results of the upper
gastrointestinal endoscopy (GIF-H260, -HQ260; Olym-
pus; Tokyo, Japan). All the recruited people were divided
into two groups: those with RE and those without RE.
Two authors who were unaware of the initial endoscopy
records visually reviewed and reevaluated all the endos-
copy results. The severity of RE was classified using the
Los Angeles categorization (LA) as follow: [12]

(1) Grade A: One (or more) mucosal break no longer
than 5 mm, that does not extend between the tops of two
mucosal folds.

(2) Grade B: One (or more) mucosal break more than
5 mm long that does not extend between the tops of two
mucosal folds.

(3) Grade C: One (or more) mucosal break that is con-
tinuous between the tops of two or more mucosal folds
but which involves less than 75% of the circumference.

(4) Grade D: One (or more) mucosal break which
involves at least 75% of the esophageal circumference.

Gastroesophageal reflux disease questionnaire (GerdQ)

All participants independently completed the GerdQ
questionnaire, which was developed as part of the Dia-
mond study [13, 14]. This simple questionnaire asks
participants to report the frequency of specific symp-
toms—heartburn, regurgitation, epigastric pain, nau-
sea, sleep disturbances, or the use of over-the-counter
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medications due to these symptoms—experienced over
the previous seven days. The GerdQ uses a four-point
Likert scale (0-3) to assess the frequency of four posi-
tive predictors of GERD: heartburn, regurgitation, sleep
disturbances caused by reflux, and the use of over-the-
counter medications for reflux symptoms. Additionally,
it employs a reversed Likert scale (3—0) to score two
negative predictors: epigastric pain and nausea. The total
score from the questionnaire ranges from 0 to 18. GerdQ
has been widely used in numerous studies, with most val-
idation studies establishing a cut-off score of 8. A score of
8 or higher indicates a high likelihood of GERD [15-17].

Definitions

The BMI was calculated as weight divided by height
squared (kg/m?). Obesity was defined according to the
World Health Organization Criteria for East Asians
(BMI>25 kg/m?) [18, 19]. Metabolic status was assessed
using the Adult Treatment Panel III criteria [20], and
having less than two of the following criteria was
defined as metabolically healthy: (1) systolic blood pres-
sure>130 mm Hg or diastolic blood pressure>85 mm
Hg; (2) fasting blood glucose>5.6 mmol/L; (3) high-
density lipoprotein-cholesterol<1.03 mmol/L for males
and <1.29 mmol/L for females; and (4) triglycerides>1.7
mmol/L. Finally, for BMI criteria, participants were cat-
egorized into four phenotypes: (1) MHNW: BMI<25 kg/
m? and fewer than two metabolic syndrome components;
(2) MHO: BMI>25 kg/m? and fewer than two metabolic
syndrome components; (3) MUNW: BMI<25 kg/m? and
at least two metabolic syndrome components; (4) MUO:
BMI>25 kg/m? and at least two metabolic syndrome
components.

Statistical analysis

All statistical analyses were performed using the SPSS
26.0 software package (SPSS Institute, Chicago, IL). Con-
tinuous variables were assessed for normal distribution
using the Shapiro—Wilk test and reported as mean+stan-
dard deviation. Categorical variables were presented as
frequencies and percentages. We performed propensity
score matching (PSM) on RE and No-RE groups to adjust
for differences in patient background and to reduce selec-
tion bias in anon-randomized study. We matched age,
BMI, smoking, alcohol, and H. pylori to adjust potential
confounding effects according to the differences in base-
line characteristics between the patients with and with-
out RE group. After matching, the absolute standardized
mean differences to diagnose the balance after matching
were less than 0.1. Gender-specific comparisons of basic
characteristics were conducted using a t-test for con-
tinuous variables and the chi-square test for categorical
variables. If more than two groups were compared, con-
tinuous variables were compared using one-way analysis
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of variance (ANOVA). Tukey’s multiple comparisons test
was used for post-hoc comparisons after the ANOVA
tests. Kruskal-Wallis test was used for nonparametric
statistical analysis. Mann-Whitney test with Bonferroni
correction was used as post-hoc analysis for nonpara-
metric statistical analysis. Logistic regression analysis
was employed to investigate the associations between dif-
ferent metabolic obesity phenotypes and the prevalence
of RE. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated for the MHO, MUNW, and MUO
groups, with the MHNW group as the reference cat-
egory. Furthermore, separate analyses were performed
to examine the prevalence of RE for different metabolic
obesity phenotypes based on sex and age. A significance
level of <0.05 (two-tailed p-value) was considered statis-
tically significant.

Results

Patient characteristics before and after PSM

The study included 9,947 subjects, with 4,219 males and
5,728 females. The prevalence of RE was 24.2% in males
and 22.6% in females. Baseline characteristics of the sub-
jects are shown separately for males and females accord-
ing to the prevalence of RE (Tables 1 and 2). Regardless
of gender, individuals diagnosed with RE exhibited sev-
eral notable differences compared to those without the
diagnosis. They were more likely to be older and have
higher GERDQ score, SBP, DBP, FBG, TC, TG, LDL, UA,
AST, ALT, and GGT levels, as well as a higher incidence
of smoking, alcohol consumption, and H. pylori infec-
tion. Additionally, they showed lower levels of ALB and
HDL (all p<0.05). After matching, significant differences
remained in unadjusted factors, except for ALT and GGT
in females, and SBP, HDL and AST in males.

Patient characteristics based on metabolic obesity
phenotype

The baseline characteristics of the female participants
(n=5,728) are summarized in Table 3 according to their
metabolic obesity phenotypes. There were 866 (15.0%)
in the MHNW group, 685 (12.0%) in the MHO group,
2,444 (42.7%) in the MUNW group, and 1,733 (30.3%) in
the MUO group. The prevalence of RE was 11.7% in the
MHNW group, 23.8% in the MHO group, 20.6% in the
MUNW group, and 30.5% in the MUO group (p<0.05)
(Fig. 2A). Among female participants, there was a signifi-
cant increase in the prevalence of RE with an increasing
number of metabolic risk factors (p<0.05) (Fig. 2B). The
average age of females was 65.231+11.86 years. Individu-
als with the MUNW and MUO phenotypes exhibited
significantly higher SBP, DBP, FBG, TG, UA, AST, ALT,
GGT, GERDQ score, smoking, and lower levels of HDL
and ALB compared to those with the MHNW and MHO
phenotypes (all p<0.001). Individuals with the MHO
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Table 1 Patient characteristics in females before and after propensity score matching

Variables Before matching After matching

No RE RE p-value No RE RE p-value
No. of participants 4432 1296 1224 1224
Age, years 64.93+£11.77 66.26+£12.11 <0.001 66.27£11.18 66.19+£12.14 0.863
Smoking, n (%) 562 (12.7) 235(18.1) <0.001 197 (16.1) 200 (16.3) 0.869
Alcohol, n (%) 439 (9.9 354 (27.3) <0.001 311 (25.4) 317 (25.9) 0.781
H. pylori, n (%) 2253 (50.8) 852 (65.7) <0.001 780 (63.7) 780 (63.7) 1
GERDQ, score 598+1.62 1047+297 <0.001 431+1.29 10.56+297 <0.001
BMI, kg/m2 24.82+4.13 2523+£3.58 0.001 2496+4.10 25.25£357 0.058
SBP. mm Hg 128.54+20.62 130.64+13.75 0.001 127.76+£19.85 130.86+13.31 <0.001
DBP, mm Hg 79.29+9.57 80.82+£9.32 <0.001 78.79+£9.55 80.87+£9.33 <0.001
FBG, mm Hg 562+1.54 6.18+2.15 <0.001 554+1.36 6.14+2.20 <0.001
TC, mmol/L 423+1.21 6.22+242 <0.001 409+1.18 6.07+1.74 <0.001
TG, mmol/L 1.55+£0.33 2.06+0.34 <0.001 151+£032 2.06+0.33 <0.001
HDL, mmol/L 1.18+0.34 1.13+£0.31 <0.001 1.19+0.35 1.14+£0.31 <0.001
LDL, mmol/L 247+0.78 479+247 <0.001 247+0.86 457+234 <0.001
UA, umol/L 285.67 +74.05 357.12+£128.51 <0.001 282.62+74.18 35048+127.07 <0.001
AST, U/L 21.69+11.11 23.34£17.95 <0.001 21.37+896 23.20+18.39 0.002
ALT, U/L 25.25+20.62 27.86+27.76 <0.001 2638+23.77 26.88+28.18 0.637
GGT, U/L 3341 +£40.81 39.71+£49.59 <0.001 35.06+£46.54 37.107+£43.25 0.245
ALB, g7dL 4138+535 39.56+542 <0.001 41.69+531 39.57+540 <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 transferase; ALB,
albumin; RE, reflux esophagitis

Table 2 Patient characteristics in males before and after propensity score matching

Variables Before matching After matching

No RE RE p-value No RE RE p-value
No. of participants 3199 1020 952 952
Age, years 64.66+13.30 67.61+£12.71 <0.001 66.95+1247 67.01+£12.67 0.922
Smoking, n (%) 880 (27.5) 377 (37.0) <0.001 348 (36.6) 332 (349) 0.444
Alcohol, n (%) 633(19.8) 416 (40.9) <0.001 374 (39.3) 350(36.8) 0.257
H. pylori, n (%) 1635 (51.1) 696 (68.2) <0.001 656 (68.9) 628 (66.0) 0.187
GERDQ, score 721+2.74 11.54+2.82 <0.001 9.86+2.20 11.61+£2.82 <0.001
BMI, kg/m? 2491+4.14 25.77£3.46 <0.001 25.73+4.43 25.65+343 0.658
SBP. mm Hg 131.24+1843 134.26+15.58 <0.001 135.19+21.64 134.14+15.74 0227
DBP, mm Hg 80.44+£16.87 84.52+27.68 <0.001 80.45+£18.15 84.72+£28.30 <0.001
FBG, mm Hg 567+1.65 5.99+1.90 <0.001 5.69+1.40 596+1.94 <0.001
TC, mmol/L 436+1.41 6.28+1.45 <0.001 4.50+1.39 6.20+1.45 <0.001
TG, mmol/L 1.68+0.36 1.96+0.49 <0.001 1.70+£0.36 1.93+048 <0.001
HDL, mmol/L 1.15+049 1114033 0016 1.13+049 1.12£032 0677
LDL, mmol/L 2.99+1.65 3.68+2.52 <0.001 299+1.62 356+242 <0.001
UA, umol/L 28891+71.46 358.96+128.10 <0.001 294.58+6846 353.08+128.81 <0.001
AST, U/L 20.65+5.27 2132+12.71 0.017 21.09+£541 21.29+£13.03 0.670
ALT, U/L 24732217 28.50+24.99 <0.001 24.53+20.02 27.96+2541 0.001
GGT, U/L 1591+4.16 28.06+14.54 <0.001 29.06+14.77 16.03+£4.05 <0.001
ALB, g/dL 41.51+5.26 39.49+£535 <0.001 41.11+£531 39.43+£539 <0.001

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; RE, reflux esophagitis

and MUO phenotypes also had higher BMI levels com-  H. pylori infection compared to the MHNW phenotype
pared to those with the MHNW and MUNW pheno- (all p<0.05). In addition, alcohol consumption, LDL,
types (all p<0.001). Furthermore, the MHO, MUNW, and age significantly differed among the four groups (all
and MUO phenotypes exhibited a higher prevalence of p<0.001).
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Table 3 Baseline characteristics of study participants based on different metabolic obesity phenotypes in females

Variables MHNW MHO MUNW MUoO p-value
No. of participants 866 685 2444 1733

Age, years 63.63+11.97 64.82+12.28 6507+11.73" 6641+11.70""% 0.003
Smoking, n (%) 117 (13.5) 104 (15.2) 290 (11.9) *+ 285 (16.4) " <0.007
Alcohol, n (%) 97 (11.2) 75 (10.9) 4210727 235(136) <0.001
H. pylori, n (%) 438 (50.6) 359 (524) 1318(53.9) " 990 (57.1) “1# 0.009
GERDQ, score 643+2.18 7.07+2.86" 6.87+263" 743+305"F <0001
BMI, kg/m? 2206+1.78 29.00+3.53" 2226+1.73" 2847+306""* <0.001
SBP. mm Hg 1173741153 120.18+11.17° 131.13+14.78"" 13534+2575""+ <0.001
DBP, mm Hg 7475+6.76 7471+6.79 81.06+9.92"" 82.02+953"* <0.001
FBG, mm Hg 502+045 498+045 6.02+190"" 6.03+194"" <0.001
TC, mmol/L 449+090 461+089 4704205 4774194 0.001
TG, mmol/L 1154029 1444027 177+027"" 187+037""F <0.001
HDL, mmol/L 153+038 1284038 1.08+0.26"" 1.07+0.23"" <0.001
LDL, mmol/L 278+1.13 2.88+0.92 3024193 311+1.7107 <0001
UA, umol/L 260.15+70.34 261.65+74.21 3144549965 3207449269 <0.001
AST, U/L 19.02+7.57 18.65+6.20 230241295 2359+16.28"" <0.001
ALT, U/L 219642251 221442521 2703+1856"" 275542569 <0001
GGT, U/L 283543821 30.12+28.95 352144765 37.96+4267"" <0.001
ALB, g/dL 4166+529 41584540 4077+533"" 4077 +558"" <0001

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; MHNW, metabolically healthy normal weight; MHO, metabolically healthy obesity; MUNW, metabolically unhealthy normal weight; MUO,

metabolically unhealthy obesity

Values with normal distribution are presented as mean (SD); categorical variables are presented as n (%)

“Significant difference compared with MHNW phenotype, P<0.05
TSignificant difference compared with MHO phenotype, P<0.05
*Significant difference compared with MUNW phenotype, P<0.05
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Fig. 2 The prevalence of RE among the different metabolic obesity phenotypes by sex. (A) The prevalence of RE among different obesity phenotypes. (B)
The prevalence of RE among the phenotypes with different numbers of metabolic risk factors

The baseline characteristics of the male participants
(n=4,219) are summarized in Table 4 according to their
metabolic obesity phenotypes. There were 873 (20.7%)
in the MHNW group, 644 (15.3%) in the MHO group,
1,444 (34.2%) in the MUNW group, and 1,261 (29.8%) in
the MUO group. The prevalence of RE was 12.4% in the
MHNW group, 26.4% in the MHO group, 22.4% in the
MUNW group, and 33.2% in the MUO group (p<0.05)
(Fig. 2A). Among male participants, there was a signifi-
cant increase in the prevalence of RE with an increasing

number of metabolic risk factors (p<0.05) (Fig. 2B).
The average age of males was 65.38+13.22 years. SBP,
DBP, FBG, TG, UA, AST, ALT, GGT, GERDQ score,
smoking, and alcohol consumption in the MUNW and
MUO groups were significantly higher compared to
the MHNW and MHO groups, while BMI was higher
in the MHO and MUO groups (all p<0.05). Moreover,
the MHNW, MHO, and MUNW groups were younger
compared to the MUO group (p<0.05). In addition,
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Table 4 Baseline characteristics of study participants based on different metabolic obesity phenotypes in males

Variables MHNW MHO MUNW MUoO p-value
No. of participants 873 644 1441 1261

Age, years 64.25+13.20 64.91+1361 65.09+13.59 66.72+1248" % <0.001
Smoking, n (%) 204 (23.4) 173 (269)" 496 (34.4) 1 384 (30.5) " <0.001
Alcohol, n (%) 140 (16.0) 110 (17.1) 445 (30.9) " 354 (28.1) " <0.001
H. pylori, n (%) 425(51.8) 344 (534) " 793 (55.0) " 742 (588) " 0.008
BMI, kg/m? 22114175 30.52+17.56" 2240+166"" 2969+13.92"* <0001
GERDQ, score 7.67+301 838+339" 813325 876+349 <0.001
SBP. mm Hg 1216741103 128111131 134371460 13834+2329""* <0.001
DBP, mm Hg 75.01+7.00 75.13+6.82 84.61+23.26"" 85.46+2447 " <0.001
FBG, mm Hg 508+0.88 509+0.87 6.04+1.95"" 6.19+£1.96"" <0.001
TC, mmol/L 466+107 4744103 489+176 4914202 0.001
TG, mmol/L 1324032 155+033" 182+023"" 204+037"F <0.001
HDL, mmol/L 143+029 137+038 1.01+048"" 0.95+040""# <0.001
LDL, mmol/L 299+1.16 3014121 3234237 3.26+204" 0.001
UA, pmol/L 271.78+98.28 278.94+87.94 31933492417 3277748359 <0.001
AST, U/L 19.55+11.69 1921+6.72 2287+13617" 246442454 <0.001
ALT, U/L 215641959 2164+2230 2958+5441" 3300+167.96"" 0018
GGT, U/L 26.60+31.06 247142519 34.86+53.65"" 38.98+63.20"" <0.001
ALB, g/dL 4166+5.19 41334509 40824535 40664555 <0.001

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; MHNW, metabolically healthy normal weight; MHO, metabolically healthy obesity; MUNW, metabolically unhealthy normal weight; MUO,

metabolically unhealthy obesity

Values with normal distribution are presented as mean (SD); categorical variables are presented as n (%)

“Significant difference compared with MHNW phenotype, P<0.05
fSignificant difference compared with MHO phenotype, P<0.05
*Significant difference compared with MUNW phenotype, P<0.05

significant differences were observed in H. pylori infec-
tion, TC, LDL, and ALB among the four groups (all
p<0.001).

Figure 3 presents the percentage of RE severity and
GERDQ scores (=8) among different metabolic phe-
notypes in RE groups for females (A and C) and males
(B and D). For females, the majority of patients in the
MHNW group fall within LA-A (83/82.2%) and have a
GERDQ score<8 (718/82.9%). In contrast, the MUO
group shows a higher severity, with 59.1% (312) of
patients in LA-A, 22.5% (119) in LA-B, and 18.4% (97)
in LA-C/D. Additionally, 32.0% (555) of the MUO group
have a GERDQ score>8 (p<0.05). For males, most
patients in the MHNW group are classified as LA-A
(76/70.4%) and have a GERDQ score<8 (488/55.9%).
However, the MUO group demonstrates greater severity,
with 48.9% (205) in LA-A, 17.7% (74) in LA-B, and 33.4%
(140) in LA-C/D. Furthermore, 43.4% (547) of MUO
group exhibit a GERDQ score>8 (p<0.05).

Association between different metabolic obesity
phenotypes and prevalence of RE by sex

The logistic regression analysis results for the prevalence
of RE based on different obesity phenotypes according
to sex are displayed in Table 5. The findings demonstrate
that, regardless of sex, the MHO, MUNW, and MUO

phenotypes were associated with an increased risk of
RE compared to the MHNW phenotype (p<0.001). In
all groups, after adjusting for age, BMI, smoking, alco-
hol consumption, and H. pylori infection, the adjusted
ORs (95% CI) for the prevalence of RE comparing
MHO, MUNW, and MUO phenotypes participants with
MHNW phenotypes were 3.742 (2.960-4.731), 1.763
(1.490-2.085), and 4.590 (3.720-5.665), respectively. In
males, after adjusting for age, BMI, smoking, alcohol con-
sumption, and H. pylori infection, participants with the
MHO phenotype (OR: 3.110; 95% CI:2.235-4.328) had
a significantly higher risk of RE than those MHNW and
MUNW (OR: 1.721; 95% CI:1.349-2.195) phenotypes,
respectively. Individuals with MUO (OR:3.723; 95%
CI:2.751-5.040) had the highest OR (95% CI) among all
phenotypes. Similarly, in females, after adjusting for age,
BMI, smoking, alcohol consumption, and H. pylori infec-
tion, participants with the MHO phenotype (OR:4.330;
95% CI:3.096—6.055) had a significantly higher risk of
RE than those MHNW and MUNW (OR:1.803; 95%
CI:1.424-2.283) phenotypes, respectively. Individuals
with MUO (OR:5.482; 95% CI:4.080—7.367) had the high-
est OR (95% CI) among all phenotypes.
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Fig. 3 The percentage of severity of RE and GERDQ score (= 8) among the different metabolic obesity phenotypes by sex. (A) The severity of RE among
different obesity phenotypes in female. (B) The severity of RE among different obesity phenotypes in male (C) The GERDQ score among different obesity
phenotypes in female. (D) The GERDQ score among different obesity phenotypes in male

Association between different metabolic obesity
phenotypes and prevalence of RE by age

Analyses stratified by the age of the association between
different metabolic obesity phenotypes and RE are shown
in Table 6. Regardless of age, the MHO, MUNW, and
MUO phenotypes were all risk factors for RE compared
with the MHNW phenotype (p<0.001). In all groups,
after adjusting for age, BMI, smoking, alcohol consump-
tion, and H. pylori infection, the adjusted ORs (95% CI)
for the prevalence of RE comparing MHO, MUNW,
and MUO phenotypes participants with MHNW phe-
notypes were 3.788 (2.966—-4.778), 1.776 (1.501-2.102),
4.713 (3.820-5.815), respectively. In participants younger
than 60 years of age, after adjusting for sex, BMI, smok-
ing, alcohol consumption, and H. pylori infection, par-
ticipants with the MHO phenotype (OR: 3.966; 95%
CIL:2.502-6.288) had a significantly higher risk of RE
than those with MHNW and MUNW (OR: 1.971; 95%
CI:1.410-2.760) phenotypes, respectively. Individu-
als with MUO (OR:6.080; 95% ClI:3.944—9.255) had the
highest OR (95% CI) among all phenotypes. Similarly,

in participants older than 60 years of age, after adjust-
ing for age, BMI, smoking, alcohol consumption, and H.
pylori infection, participants with the MHO phenotype
(OR:3.707; 95% Cl:2.814—4.874) had a significantly higher
risk of RE than those MHNW and MUNW (OR:1.691;
95% CI:1.391-2.055) phenotypes, respectively. Individu-
als with MUO (OR:4.28; 95% CI:0.3.331-5.491) had the
highest OR (95% CI) among all phenotypes.

Discussion

This study presents a cross-sectional analysis of physical
examination data from the general population. We inves-
tigated the association between different metabolic obe-
sity phenotypes and the prevalence of RE. Our findings
demonstrate that the MHO, MUNW, and MUO pheno-
types are significantly associated with an increased risk
of RE compared to the MHNW phenotype. Together, our
study found that the prevalence of RE is higher in indi-
viduals with obesity compared to those without obesity,
regardless of metabolic health status, which confirms the
significance of maintaining a healthy weight in preventing
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Table 5 Association of metabolic obesity phenotypes at baseline with risk of RE by sex

Variables Cases Model 1 Model 2 Model 3

OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value
All
MHNW 1,739 1(Reference) 1(Reference) 1(Reference)
MHO 1,329 2448(2.023-2.961) <0.001 3.575(2.846-4.490) <0.001 3.742(2.960-4.731) <0.001
MUNW 3,885 1.980(1.681-2.332) <0.001 1.986(1.685-2.340) <0.001 1.763(1.490-2.085) <0.001
MUO 2,994 3.387(2.875-3.989) <0.001 4.798(3.912-5.885) <0.001 4.590(3.720-5.665) <0.001
Male
MHNW 873 1(Reference) 1(Reference) 1(Reference)
MHO 644 2.540(1.945-3.318) <0.001 3.071(2.227-4.234) <0.001 3.110(2.235-4.328) <0.001
MUNW 1,441 2.046(1.615-2.592) <0.001 2.046(1.614-2.594) <0.001 1.721(1.349-2.195) <0.001
MUO 1,261 3.525(2.792-4.450) <0.001 4.159(3.100-5.581) <0.001 3.723(2.751-5.040) <0.001
Female
MHNW 866 1(Reference) 1(Reference) 1(Reference)
MHO 685 2.365(1.802-3.104) <0.001 4.149(2.997-5.745) <0.001 4.330(3.096-6.055) <0.001
MUNW 2,444 1.968(1.564-2.475) <0.001 1.985(1.577-2.499) <0.001 1.803(1.424-2.283) <0.001
MUO 1,733 3.319(2.633-4.183) <0.001 5.559(4.172-7.406) <0.001 5.482(4.080-7.367) <0.001

MHNW, metabolically healthy normal weight; MHO, metabolically healthy obesity; MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy

obesity

Model 1: not adjusted

Model 2: adjusted for age, and BMI

Model 3: adjusted for age, BMI, smoking, alcohol, and H. pylori

Table 6 Association of metabolic obesity phenotypes at baseline with risk of RE by age

Variables Cases Model 1 Model 2 Model 3

OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value
All
MHNW 1,739 1(Reference) 1(Reference) 1(Reference)
MHO 1,329 2.448(2.023-2.961) <0.001 3.628(2.889-4.555) <0.001 3.788(2.996-4.788) <0.001
MUNW 3,885 1.980(1.681-2.332) <0.001 2.041(1.731-2.406) <0.001 1.776(1.501-2.102) <0.001
MUO 2,994 3.387(2.875-3.989) <0.001 4.994(4.072-6.126) <0.001 4.713(3.820-5.815) <0.001
<60 years
MHNW 559 1(Reference) 1(Reference) 1(Reference)
MHO 41 2.734(1.879-3.976) <0.001 3.734(2.389-5.836) <0.001 3.966(2.502-6.288) <0.001
MUNW 1,160 2.185(1.575-3.031) <0.001 2.216(1.596-3.078) <0.001 1.971(1.410-2.760) <0.001
MUO 768 4.379(3.152-6.084) <0.001 5.595(3.955-8.938) <0.001 6.080(3.944-9.255) <0.001
>60 years
MHNW 1,180 1(Reference) 1(Reference) 1(Reference)
MHO 918 2.351(1.883-2.935) <0.001 3.585(2.749-4.676) <0.001 3.707(2.814-4.874) <0.001
MUNW 2,725 1.899(1.571-2.296) <0.001 1.972(1.630-2.386) <0.001 1.691(1.391-2.055) <0.001
MUO 2,226 3.045(2.520-3.679) <0.001 4.606(3.636-5.835) <0.001 4.248(3.331-5.419) <0.001

MHNW, metabolically healthy normal weight; MHO, metabolically healthy obesity; MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy

obesity

Model 1: not adjusted

Model 2: adjusted for sex, and BMI

Model 3: adjusted for sex, BMI, smoking, alcohol, and H. pylori

RE. Further exploration revealed that the MHO, MUNW,
and MUO phenotypes were independently related to a
higher risk of RE, regardless of sex and age.

Many studies have shown that metabolic compo-
nents increase the risk of RE [4, 21], and the association
between obesity and RE has been confirmed in many epi-
demiological studies [22, 23]. However, obesity promotes
insulin resistance, which causes a range of metabolic

abnormalities that are determinants of Mets [24]. Thus,
it presents a challenge to ascertain the causal involve-
ment of obesity in RE or whether obesity, along with its
related metabolic disorders, collectively promotes the
development of RE. In recent years, numerous observa-
tional studies have evidenced metabolic obesity pheno-
types as indicators of a wide range of metabolic diseases
and potential risk factors for future health complications



He et al. BMC Endocrine Disorders (2024) 24:239

[25-27]. Assessing the risk of RE in all metabolism—obe-
sity phenotypes could help to elucidate the role of obesity
in the occurrence and development of RE.

Previous research has shown a significant associa-
tion between obesity and RE. While the exact mecha-
nisms connecting obesity and RE remain unclear, several
mechanisms have been implicated to explain this associa-
tion. Obese individuals experience an elevation in lower
esophageal sphincter (LES) pressure, which impairs the
anti-reflux barrier and subsequently leads to the devel-
opment of gastroesophageal reflux (GER). This phenom-
enon may be associated with compensatory mechanisms
triggered by heightened intra-abdominal pressure [28,
29]. Saliva secretion, gravity, and esophageal motil-
ity collectively determine the esophageal clearance rate.
Obesity often results in reduced saliva secretion and
impaired esophageal motility, compromising the function
of esophageal clearance [30—32]. Vicente Ortiz et al. [33]
found that obese individuals demonstrate reduced esoph-
ageal sensitivity to acid perfusion, potentially affect-
ing esophageal clearance function. Recently, esophageal
inflammation mediated by cytokines has been proposed
as a mechanism underlying the pathogenesis of RE [34].
Visceral adipose tissue functions as a significant depot of
adipocyte-derived factors, releasing cytokines including
interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necro-
sis factor-alpha (TNF-a), leptin, adiponectin, and other
molecules. These mediators can induce systemic effects,
influencing and amplifying systemic inflammatory
responses [35—37]. Our study observed that obesity was
a risk factor for RE, even in metabolically healthy indi-
viduals. These findings indicate that obesity alone may
serve as a significant risk factor for RE. Our results sup-
port the traditional perspective that obesity elevates the
risk of developing RE. This association is likely attribut-
able to factors such as heightened intra-abdominal pres-
sure, increased episodes of transient LES relaxation, and
heightened esophageal acid exposure, which are com-
monly associated with obesity.

Consistent with our findings, multiple studies have
found metabolic disorders to be significantly associated
with RE, though the mechanism underlying this asso-
ciation is uncertain [23, 38—40]. This may be related to
the use of antihypertensive medications. Calcium chan-
nel blockers have been shown to have the power to sup-
press the contractions of the esophageal muscle and ease
the pressure on the esophageal sphincter [39]. Our study
found that high SBP and DBP were associated with RE,
regardless of sex. In addition, the association of RE with
hyperglycemia has been investigated in previous studies
[41, 42]. High glucose levels can lead to increased stom-
ach acid production, which contributes to the develop-
ment of gastroesophageal reflux symptoms [43]. This
is consistent with our study. The RE group had higher

Page 10 of 13

glucose levels than the non-RE group. A study suggested
that hyperlipidemia was significantly associated with RE
and that a high-fat diet could decrease the risk of depres-
sion in hyperlipidemic patients [44]. Moreover, another
study demonstrated that elevated lipid levels can impair
esophageal clearance and weaken the LES, ultimately
contributing to the development of RE [45]. Our research
found that high TG, TC, LDL, and low HDL were risk
factors for RE. Especially in patients with RE, metabolic
disorders are more severe in males than females. As was
found in previous studies, dyslipidemia, hypertension,
and hyperglycemia can increase the risk of RE. Hence,
our study highlights the importance of metabolic abnor-
mality modification regardless of the obesity status.
However, the aforementioned study did not compare
the effects of obesity and metabolic abnormalities on the
risk of RE. In our study, we expanded upon the existing
definition of obesity by concurrently assessing metabolic
status. This allowed us to propose a risk of RE assess-
ment strategy based on metabolic obesity phenotypes.
The present study showed a difference in RE prevalence
between MUNW and MHO groups. The MHO group
has a higher prevalence of RE than the MUNW group.
However, the prevalence of RE in these two groups was
still significantly higher than in the MHNW group, sug-
gesting that obesity was the most important risk factor
for RE independent of metabolically unhealthy pheno-
types. Obesity and metabolic abnormality posed a joint
effect on the risk of RE, and the MUO group had the
highest prevalence of RE. Hence, our study highlights the
importance of obesity modification regardless of meta-
bolic status. A retrospective study demonstrated that
MHO was associated with an increased risk of erosive
esophagitis, but metabolic unhealthiness alone was not
[46]. Moreover, another large cohort of studies specu-
lated that MHO is not protective against GER disease
and that MHO was associated with an increased preva-
lence of erosive esophagitis [47]. These results suggested
that obesity rather than metabolic health was a greater
risk factor for RE. This phenomenon was likely due to
the accumulation of visceral fat in MHO phenotype
[26]. 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 [48]. Therefore, we should
keep a normal weight regardless of metabolic health sta-
tus. Although MHO had a higher risk of RE than those
with the MUNW and MHNW phenotypes, MUO had
the highest risk of developing RE in both sexes. The lev-
els of age, SBP, DBP, FBG, TG, TC, LDL, UA, AST, ALT,
GGT, and ALB significantly differed among the four
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groups, being more abnormal in MUO than MHNW,
MHO, and MUNW in our study. Therefore, combin-
ing obesity and metabolic status into metabolic obesity
phenotypes can identify more individuals with RE risk.
Physicians could make early interventions for abnormal
obesity phenotypes by using the metabolic obesity phe-
notypes, reducing the economic cost of treating RE and
its complication, typically EAC and BE.

While studies on sex differences in the association of
obesity phenotypes with RE are still lacking, our study
found that females have a higher risk of RE in MHO,
MUNW, and MUO phenotypes than males after adjust-
ing for confounding factors. Furthermore, our study
showed that the prevalence of RE in males was signifi-
cantly higher than in females in all phenotypes. The rea-
son for this sex difference is unclear, although several
possible explanations exist. First, men have a higher ten-
dency to accumulate visceral adipose tissue compared to
women, which highlights the increased risk of obesity-
related health hazards in men [49]. Second, visceral adi-
pose tissue was more biologically active than fat located
in other regions [50]. Excessive accumulation of vis-
ceral adipose tissue can contribute to chronic low-grade
inflammation, leading to the development of RE [45,
51]. Finally, estrogen enhances nitric oxide production, a
vasodilator that promotes smooth muscle relaxation. This
can result in the relaxation of the LES and subsequently
increase the occurrence of reflux. Previous studies have
reported age as a major risk factor for RE [52]. Thus,
we further analyzed the association of metabolic obe-
sity phenotypes with RE in different age groups. Inter-
estingly, we found that individuals under 60 years with
MHO, MUNW, and MUO phenotypes had a higher risk
of RE than individuals older than 60 years. The reason for
this age difference is uncertain. Still, it may be related to
the fact that the deleterious effects of leptin on RE may
somehow be alleviated in elderly individuals since aging
is related to leptin resistance and decreased receptors
for this hormone [53]. The changes in body composition
and muscle loss are associated with aging. Further stud-
ies using body composition data can enhance our under-
standing of the underlying mechanisms.

This study had several notable strengths. First, the
study included a large sample size and a trained Gas-
troenterologist diagnosed RE by endoscopy. Second, we
investigated the association between metabolic obesity
phenotypes and the development of RE with respect
to sex and age. Finally, we performed a more detailed
analysis to better understand the association between
metabolic obesity phenotypes and RE. Despite its contri-
butions, our study has its drawbacks. First, this study was
conducted with a cross-sectional study design. We were
unable to infer causality in the findings. Second, obesity
in our study was diagnosed based solely on BMI because
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waist circumference was not routine data. Conducting
additional research that includes waist circumference and
other body composition measurements could provide a
more comprehensive understanding of the relationship
between obesity phenotypes and RE. Third, although the
study has adjusted for potential confounders in the mul-
tivariable analysis, there remained unmeasured residual
confounding factors, such as dietary patterns, psychoso-
cial stress, and socioeconomic status, which may influ-
ence our risk estimates. Last, we could not investigate the
association between BE or EAC and metabolic obesity
phenotypes.

Conclusions

The present results indicated that MHO, MUNW, and
MUO were associated with a higher risk of RE than
MHNW. Furthermore, MHO is not a health status and
is at higher risk of RE compared to MUNW, which sug-
gests obesity plays a key role in the development of RE.
In our study, we found a significant association between
metabolic obesity phenotypes and the occurrence of RE
regardless of sex and age. The prevalence of RE increased
as the number of metabolic risk factors increased. Our
findings emphasize the importance of considering met-
abolic health status in obese individuals when assessing
the risk of RE. However, while focusing on patients with
metabolic abnormalities, we must also recognize the
importance of addressing MHO individuals. Individuals
with MHO should maintain a healthy weight and lifestyle
to mitigate the risk of developing RE.
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