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Summary

The incidence of obesity in the population is gradually increasing.
Obesity can cause a variety of complications in the digestive
system such as gastroesophageal reflux disease, and impacts the
integrity of the esophageal mucosal barrier and esophageal
motility. However, not many studies have focused on the effect
of varying degrees of obesity on the esophagus. A total of
611 participants were included in this study. We divided them
into three groups according to their body mass index (BMI): the
normal weight group, the overweight group, and the obesity
group. We performed a retrospective comparison between
groups based on indicators from high resolution esophageal
manometry (HREM) and 24-hour pH impedance monitoring, and
did a correlation analysis on multiple indicators such as
esophageal mucosal barrier, esophageal motility, and acid reflux.
The mean nocturnal baseline impedance (MNBI) in the
overweight and obesity groups was lower than that in the normal
group. The MNBI of the subjects in Z5-Z6 channels in the
overweight group was significantly lower than that in the normal
group. With respect to Z3-Z6 channels, MNBI values in the
obesity group were significantly lower than those in the normal
group. 'The acid exposure time (AET), the DeMeester scores
(DMS) and 24-hour total reflux episodes was significantly higher
in the obesity group than those in the normal and overweight
groups. The upper esophageal sphincter (UES) residual pressure,
and intrabolus pressure (IBP) in the overweight and obesity
groups were significantly higher than those in the normal group.
In addition, lower esophageal sphincter (LES) resting pressure,
and esophagogastric junction contractile integral (EGJ-CI) in the
obesity group were significantly higher than those in the normal
group. We found that increase in body weight affected the
integrity of esophageal mucosa, and different degrees of increase
associated with different degrees and different aspects of
changes in esophageal motility.
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Introduction

Obesity is a widespread metabolic disease in the
21% century. Over the years, the number of persons with
obesity is gradually increasing [1]. In 2016, the World
Health Organization (WHO) reported that 650 million
adults were obese, accounting for 34 % of the total
overweight population [2]. Obesity contributed to
3.4 million deaths indirectly or directly, and 4 % of
disability-adjusted life-years (DALY) [3]. Obesity can
affect the functioning of multiple organs in the body,
leading to a variety of complications in the cardiovascular
system, respiratory system, digestive system, and
psychological health [4]. Gastroesophageal reflux disease
(GERD), Barrett's esophagus, and esophageal cancer are
among the common diseases of the digestive system [5].
Obesity, especially abdominal visceral obesity, is a risk
factor for reflux esophagitis (RE) [6,7], and has also been
associated with non-erosive gastroesophageal reflux
disease (NERD) [8]. Multiple studies have found that
obesity can cause damage to the esophageal mucosa
[9-12], and may also lead to changes in esophageal
motility [13,14].

Esophageal 24-hour pH-impedance test is the
golden standard for diagnosis of gastroesophageal reflux
disease (GERD) [4].

impedance when reflux or swallowing does not occur

During pH monitoring, the
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reflects the intrinsic conductivity of the mucosa, that is,
the baseline impedance (BI). The mean nocturnal
baseline impedance (MNBI) is obtained by taking the
mean value of the measured BI over a fixed nocturnal
period. MNBI reflects esophageal mucosal integrity, and
its decrease reflects impairment of esophageal mucosal
integrity [15], which may not be detected endoscopically
[16,17].

High-resolution esophageal manometry (HREM)
is currently the preferred investigation for evaluating
esophageal motility [18]. Studies have shown that obese
patients have esophageal motility changes [19-21], but
most of the existing studies are based on HREM to
determine the type of esophageal motility disorders in
obese patients, and only a few studies have included
a comprehensive analysis of changes in HREM indicators
in obese patients.

Therefore, in this study, we evaluated Asian
obesity and the extent of its impact on the esophagus by
24-hour
HREM, as well as the integrity of the esophageal mucosal

measuring esophageal pH-impedance and
barrier, motility indicators, and reflux indicators. We
investigated the effects of different degrees of obesity on
the esophageal mucosal barrier, and other functional
indicators of the esophagus, so as to provide guidance for
the clinical management and treatment of patients with
various body weights.

Materials and Methods

Study population and design

This study retrospectively collected data from
patients who attended the Gastrointestinal Dynamics
Center of our hospital from April 2019 to June 2022.
Patients who were treated with regular PPI for at least
8 weeks after the onset of reflux-like symptoms and
remained ineffective and required further determination
of the esophageal function and reflux were qualified for
enrollment. All patients underwent upper gastrointestinal
HREM  and 24-hour
pH-impedance monitoring. The general data of enrolled

endoscopy, ambulatory
patients, including age, sex, height, and weight, were
collected by the same physician. This study was approved
by the first affiliated hospital of Dalian Medical
University, Liaoning, China.

Inclusion criteria: Patients aged over 18 years,
and who had not taken proton pump inhibitor (PPI)
treatment or prokinetic drugs within two weeks prior to
the study.

Exclusion criteria: Patients with incomplete data;

patients whose endoscopy showed esophageal achalasia,
peptic ulcer, tumor and other diseases; and patients who
had previous abdominal surgery.

We enrolled a total of 611 individuals based on
the inclusion and exclusion criteria.

We divided the participants into three groups
based on their body mass index (BMI): normal group
(BMI<23 kg/m?), overweight group (BMI > 23 kg/m?
and<25 kg/m?), and obesity group (BMI > 25 kg/m?)
[22,23]. In addition, participants whose BMI > 35 kg/m?
were classified as morbidly obese [24,25].

Upper gastrointestinal endoscopy

Patients underwent a gastrointestinal endoscopy
within two months prior to completing the HREM and
24-hour pH
gastrointestinal endoscopy was performed according to

impedance monitoring. Upper

international  guidelines. The examinations were

performed by experienced physicians.

High-resolution esophageal manometry (HREM)

We performed the HREM using GAP-36A
(Medkinetic Incorporated, Ningbo, China) to evaluate
esophageal functioning. Before undergoing the HREM,
patients were instructed to stop taking PPI and prokinetic
drugs for at least 14 days [26]. Participants were required
to fast eight hours or more before the investigation. The
catheter was passed trans-nasally, and passed from the
hypopharynx to the stomach. We adjusted the tubes for
three to five minutes. When the upper esophageal
sphincter (UES) pressure and the lower esophageal
sphincter (LES) pressure were stable, we recorded the
resting pressure for at least 30 seconds. The patients were
then asked to swallow 5 ml of water kept at room-
temperature every 30 seconds, for more than 10 times in
total. Patients were advised to avoid repeated swallowing
and only swallow once. We used the Manoview 3.0
software for analysis, and followed the Chicago
classification v4.0 [27].

In this study, we included the following
indicators that reflect esophageal motility: LES resting
pressure, residual pressure, length, UES resting pressure,
residual pressure, length, distal contractile integral (DCI),
distal latency (DL), intrabolus pressure (IBP), number of
peristaltic contractions, and esophagogastric junction
contractile integral (EGJ-CI).

24-hour pH-Impedance Monitoring
24-hour pH-impedance testing was performed
immediately after the HREM. A SleuthVR Multichannel
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Intraluminal Impedance ambulatory system (Sleuth;
Sandhill Scientific, Inc., Highlands Ranch, CO, USA)
was used. A pH sensor was positioned 5 cm above the
upper edge of the LES, a catheter was fixed at the nasal
ala, and we recorded the start time. The patient was given
instructions to fill in a monitoring diary accurately,
including details such as the start and the end time of
eating and lying down, the type of symptoms, and their
respective start times. Patients were advised to follow
their regular routine, reduce their intake of acidic food,
beverages, and alcohol, avoid lying in bed all day, avoid
strenuous exercise after a meal, and flush the catheter
with warm boiled water. The catheter was removed after
24 hours of monitoring. We connected the monitor to

a computer, and used a professional software
(BioViewanalysisVR; SandHill Science, Inc.) for
analysis.

The reduction of esophageal baseline impedance
(BI) can reflect esophageal inflammation, and damage to
the integrity of esophageal mucosa that does not show up
in the endoscopic examination can be detected in this
method. As swallowing and reflux activities during the
day can affect the measurement of BI, the BI values were
recorded when patients were asleep three different times,
early in the morning (at 1 am, 2 am and 3 am). We took
the average value of these as the mean nocturnal baseline
impedance (MNBI) [28,29]. We included the MNBI
values for the six channels (Z1-Z6) in the study to assess
the integrity of the esophageal mucosal barrier.

We also included the following indicators: acid
exposure time (AET), DeMeester score (DMS), and total
reflux episodes, which were used to reflect esophageal
reflux.

Statistical analysis

Statistical analysis was done using IBM SPSS
26.0 (Armonk, NY, USA). Count data was described as
percentage (%). The Pearson’s chi-square test was used to
compare the three groups on Dbaseline patient
characteristics. Kolmogorov-Smirnov test was used for
checking the normal distribution of data, and continuous
variables were expressed as quartiles. The comparison of
continuous variables between two groups was performed
using the Mann-Whitney U test. Spearman correlation
analysis was used to analyze dependence between ariales,
and the correlation parameter was expressed by
correlation coefficient, r. The Durbin-Watson test statistic
was used for single factor regression analysis, and the
parameters were expressed by B. P<0.05 indicated that

the difference was statistically significant.

We compared data between groups using the
Kruskal-Wallis test. We used this test because we were
analyzing multiple sets of data, and the data was from
participants who were divided into three groups, namely,
When
conducting multiple tests, Bonferroni correction [30] was

normal weight, overweight, and obesity.
used to divide the significance level P=0.05 by 3, and the

difference was statistically significant at P<0.017.

Results

General information

A total of 611 participants were enrolled in the
study, and of these, 255 (41.73 %) were in the normal
group, 129 (21.12 %) were in the overweight group, and
227 (37.15 %) were in the obesity group. Basic data
included age, gender, and height. The results showed that
the basic data of the three groups were comparable
(Table 1). In the normal group, there were 12.5 % cases
with reflux esophagitis (RE) and 3.5 % with Barrett's
esophagus. In the overweight group, there were 13.2 %
with RE and 5.4 % with Barrette's esophagus. In the
obese group, there were 20.7 % with RE and 7 % with
Barrette's esophagus. The percentages of cases with
esophageal HH were 15.3 %, 14.7 %, and 18.5 % in the
three groups, respectively. The 24-hour pH monitoring
results showed that GERD accounted for 16.86 % in the
normal group, 21.71 % in the over-weight group, and
38.33 % in the obese group. The rest cases were with
esophageal hypersensitivity or functional heartburn, i.e.,
functional esophageal disease.

Comparison of MNBI between the three body weight
groups

The results of six channels among the three
groups of participants indicated that there were no
significant differences between the Z1 and Z2 channels
(P=0.659, P=0.535),
difference among the three groups between the Z3 and
76 channels (P<0.05), as shown in Table 1. Further
pairwise comparison showed that MNBI of the subjects

but there was a significant

in Z5-76 channels in the overweight group was
significantly lower than that in the normal group
(P<0.017). With respect to Z3-Z6 channels, MNBI
values in the obesity group were significantly lower than
those in the normal group (P<0.01). However, there were
no significant differences in Z1-Z6 channels between
overweight and obesity groups. The results are shown in
Figure 1.
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Table 1. Comparison of esophageal parameters between the three body weight groups
Normal Overweight Obesity P
Age 55(40,64) 56(45,66) 53(38,65) 0.345
Sex (Male) 91(35.69 %) 58(44.96 %) 104(45.81 %) 0.052
Height 165(160,172) 165(160,173) 168(160,175) 0.055
Endoscopy RE % 32(12.5 %) 17(13.2 %) 47(20.7 %) 0.029
Barrett’s 9(3.5 %) 7(5.4 %) 16(7 %)
esophagus %
HREM HH % 39(15.3 %) 19(14.7 %) 42(18.5 %) 0.542
24h-pH GERD % 43(16.86 %) 28(21.71 %) 87(38.33 %) 0.000
MNBI Z1 1737(1385,2237) 1804(1476,2125) 1888(1427,2278) 0.659
z2 1732(1313,2170) 1742.53+590.39 1698(1270,2073) 0.535
Z3 1919(1457,2394) 1791.35+633.56 1632(1181,2176) 0.001
Z4 2069.54+£757.91 1942.61+742.27 1863(1203,2388) 0.005
zZ5 2055.13+£740.48 1876.98+774.42 1778(1042,2320) 0.000
z6 1960.45+732.42 1658(1289.5,2188) 1613(951,2101) 0.000
AET 0.8(0.2,2.5) 1.5(0.3,3.3) 2.6(1.1,5.9) 0.000
DeMeester score 3.9(1.3,10.2) 5.6(1.5,12.95) 10.8(4.9,22.6) 0.000
Total reflux 20(10,38) 28 (13.5,40.5) 34(18,49) 0.000
episodes
LES Resting pressure 13.3(8,18.6) 13.5(8.8,18.4) 16(10,22) 0.000
Residual pressure 4.3(1.6,6.6) 3.5(1.55,6.05) 4(1.1,7.4) 0.475
Length 3(2.4,3.61) 3.01+0.79 2.96(2.42,3.67) 0.832
UES Resting pressure 30(21,39) 28(20,37) 30(21.6,41) 0.311
Residual pressure 6.3(3.9,9.6) 8(4.9,10.3) 8.4(5.8,11) 0.000
Length 3.5(2.87,3.95) 3.55(2.82,3.82) 3.5(2.76,4.04) 0.964
DL 7(6.28,7.88) 7.04(6.1,7.62) 6.84(6.12,7.55) 0.161
DCI 1394.5(797.1,2490.6) 1446.6(721.1,2485.55) 1593.8(943.9,2477.5) 0.119
IBP 7.1(4.1,11) 9.1(5.5,12.95) 10.3(6.6,14.6) 0.000
Number of 9(6,10) 9(5.5,10) 9(6,10) 0.655
peristaltic
contractions
EGJ-CI 37.9(23,55.4) 37.8(26.35,54.35) 46(27.9,69.3) 0.000
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Comparison of 24-hour pH-impedance parameters
among the three body weight groups

Our results suggested that there were significant
differences (P=0.000) in the 24-hour acid exposure time,
DMS, and total reflux episodes among the three groups,
as shown in Table 1. Further pairwise comparison
showed that for the three parameters of AET, DMS, and
total reflux episodes, these levels in the obesity group
were significantly higher than the normal group and the
overweight group (P=0.000), but there was no significant
difference between the normal group and the overweight

group (Fig. 2).

Comparison of esophageal manometry indicators among
the three body weight groups

The comparison of esophageal manometry
indicators among the three groups revealed that there
were inter-group differences in the LES resting pressure,
UES residual pressure, IBP, and EGJ-CI (P<0.05), as
shown in Table 1. Further pairwise comparison showed
that the UES residual pressure and IBP of the overweight
group were significantly higher than those of the normal
group (P<0.017). The LES resting pressure, UES residual
pressure IBP, and EGJ-CI of the obesity group was
significantly higher than that of the normal group
(P=0.000), and the LES resting pressure and EGJ-CI in
the obesity group was significantly higher than that of the
overweight group (P<0.01) (Fig. 3).
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Fig. 2. Pairwise comparison of 24-hour pH-impedance parameters between the three body weight groups. P<0.017 were considered
statistically different because multiple tests required correction of the P-value (0.017=0.05/3).
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Fig. 3. Pairwise comparison of esophageal manometry parameters between the three body weight groups. P<0.017 were considered
statistically different because multiple tests required correction of the Avalue (0.017=0.05/3).
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Correlation analysis and regression analysis between
BMI and different indicators of esophageal functioning
Inter-group comparisons revealed differences
among participants of different body weights in the
following indicators: Z3-Z6 in MNBI, AET, DMS, total

in 0.149 0.093 -0.012 0.158
< 0.146 0.058 -0.009 0.122
z & 2 3 = o]
£ & 9 g
A o ) £
2 o
v 7
=} w
4] o
S 4
-
ok e
3 0.019 -0.036 0.061 -0.025 ~ -0.361 -0.358
= 0.085 -0.127 0.075 0.068
*
1 0.076 -0.145 0.061 0.034
© 0.061 -0.126  0.049 0.014
a. a. m =
= = a}
i =
7 =2
2 g
= u
25} 72|
s [4a]
B

The results of our correlation analysis indicated
that BMI had significant positive correlation with LES
resting pressure (r=0.241, P=0.00), UES residual pressure
(r=0.19, P=0.00), IBP (r=0.249, P=0.00), EGJ-CI
(r=0.218, P=0.00), AET (r=0.286, P=0.00), DMS
(r=0.285, P=0.00), and total reflux episodes (r=0.184,
P=0.00). BMI had a significant negative correlation with
Z3 (r=-0.142, P=0.000), Z4 (r=—0.126, P=0.002), Z5
(r=—0.173, P= 0.000), and Z6 (r=—0.207, P=0.000)
(Table 2).

Regression analysis indicated that BMI had
a significant positive correlation with LES resting pressure

-0.215

reflux episodes, LES resting pressure, UES residual
pressure, IBP, and EGJ-CI. To further verify that the
above indicators were associated with change in body
weight, we performed correlation and regression analysis
of BMI and the above indicators on data from all.

1.0
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Fig. 4. Correlation analysis between
esophagus motility, reflux coefficients,
and MNBI of the overweight group
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1.0 Fig. 5. Correlation analysis between
esophagus motility, reflux coefficients, and
MNBI of the obesity group
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Total reflux episodes

(OR: 5.83, 95% CI: 3.44-8.23, P=0.00), UES residual
pressure (OR: 6.00, 95 % CI: 4.54-7.46, P=0.009), IBP
(OR: 5.65, 95 % CI: 3.45-7.85, P=0.000), EGJ-CI (OR:
14.61, 95 % CI: 6.91-22.31, P=0.000) and had a positive
correlation trend with the total reflux episodes (OR: 24.14,
95 % CI: 14.62-33.66, P=0.059); BMI had a significant
negative correlation with Z3 (OR: 2134.56, 95% CI:
1915.77-2353.34, P=0.006), Z5 (OR: 2306.76, 95 % CI:
2067.58-2545.95, P=0.001) and Z6 (OR: 2318.72,
95 % CI: 2087.74—2549.70, P=0.000) BMI had a negative
correlation trend with Z4 of MNBI (OR: 2183.94, 95 %
CI:1948.45-2419.43, P=0.054) (Table 2).
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Table 2. Correlation analysis and regression analysis of BMI and different indicators of esophageal functioning

BMI
r P B OR (95 %CI) P
LES Resting pressure 0.241 0.000 0.306 583 0.000
(3.44,8.23)
UES Residual pressure 0.19 0.000 0.106 6.00 0.009
(4.54,7.46)
IBP 0.249 0.000 0.163 565 0.000
(3.45,7.85)
EGJ-CI 0.218 0.000 0.307 14.61 0.000
(6.91,22.31)
AET 0.286 0.000 0.155 041 0.620
(-1.2,2.01)
Demeester 0.285 0.000 0.166 146 0.605
(-4.09,7.02)
Total reflux 24.14
episodes 0.184 0.000 0.076 (14.62.33.66) 0.059
Z3 -0.142 0.000 -0.111 2134.56 0.006
(1915.77,2353.34)
74 -0.126 0.002 -0.078 2183.94 0.054
MNBI (1948.45,2419.43)
zZ5 -0.173 0.000 -0.137 2306.76 0.001
(2067.58,2545.95)
zZ6 -0.207 0.000 -0.189 2318.72 0.000
(2087.74,2549.70)
Table 3. Correlation analysis of esophageal coefficients and body weight
Normal Overweight Obesity
r P r P r P
LES Resting pressure 0.098 0.119 0.071 0.421 0.466 0.000
UES Residual pressure -0.009 0.884 -0.058 0.516 0.041 0.536
IBP 0.106 0.09 -0.069 0.437 0.243 0.000
EGJ-CI 0.066 0.298 0.009 0.922 0.435 0.000
AET 0.055 0.382 0.43 0.63 0.042 0.532
Demeester 0.05 0.427 0.039 0.663 0.050 0.451
Total reflux 20,013 0.839 -0.006 0.948  -0.071  0.290
episodes
MNBI Z3 -0.116 0.064 -0.063 0.479 0.121 0.068
74 -0.112 0.074 -0.091 0.304 0.133 0.046
zZ5 -0.053 0.402 -0.065 0.463 0.057 0.396
Z6 0.004 0.955 -0.082 0.354 -0.009 0.895

Correlation analysis of indicators of esophageal  function, we divided the data into three groups according
functioning and body weight to BMI, i.e., normal weight group, overweight group, and

To further explore whether different degrees of  obesity group. The intra-group correlation analysis of the
obesity would cause different changes in esophageal  above indicators was performed again, and the results



532 Yang et al.

Vol. 72

showed that the BMI in overweight group was not
significantly different from the above indicators, but BMI
in obesity group had significant positive correlation with
LES resting pressure (r=0.466, P=0.00), IBP (r=0.243,
P=0.00), EGJ-CI (r=0.435, P=0.00), Z4 (r=0.133,
P=0.046). Results are shown in Table 3.

Correlation analysis between esophagus motility, reflux
coefficients, and MNBI

The above results indicate that different degrees
of weight gain are associated with varying esophageal
mucosal changes motor

and varying esophageal

dysfunction.  Therefore, we conducted separate
correlation analyses between differential MNBI scores,
differential esophageal motor function indices, and reflux
indices for overweight and obese patients. We found that
for overweight patients, the decrease in MNBI score is
mainly related to reflux, whereas for obese patients, the
decrease in MNBI score is not only related to reflux but
also to residual upper esophageal sphincter pressure

(Fig. 4, Fig. 5).

Discussion

Obesity is a condition that has a high incidence,
and it is both a stand-alone disease and a condition
associated with type 2 diabetes, cardiovascular disease,
multiple cancers, and digestive system disorders. Studies
have shown that the incidence of Barrett's esophagus and
esophageal cancer are higher in obese persons than in the
normal population [31,32]. In our study, we included
both parameters of esophageal manometry and 24-hour
pH-impedance monitoring of patients. We grouped
patients according to different degrees of body weight to
explore different effects of obesity on esophageal
function. Our main conclusions were: 1. Esophageal
mucosal integrity was damaged in overweight and obesity
groups; 2. Different degrees of obesity were associated
with different aspects of esophageal motility changes and
different reflux conditions. As these results suggest that
different degrees of obesity were associated with different
aspects of esophageal motility changes and reflux
conditions, management strategies may need to be
tailored based on the severity of obesity, with more
intensive interventions for severely obese patients
compared to those who are overweight or mildly obese. It
is also important to note that management of overweight
and obese patients should be based on a comprehensive

evaluation of individual patient characteristics, medical

history, and overall health status, and should be guided
by evidence-based guidelines and the expertise of
qualified healthcare professionals.

In this study, we compared the MNBI values of
patients in the normal weight group, the overweight
group, and the obesity group. We found significant
differences among the three groups, highlighting the
differences in esophageal mucosal function among
patients with different body weights. Further, pairwise
comparison showed that the Z5 and Z6 channel data of
the overweight group were significantly lower than those
of the normal group, while Z3-Z5 channel data of the
obesity group were significantly lower than those of the
normal group. There was no significant difference
between the obesity group and the overweight group.
This finding is consistent with that of Blevin’s research
[11], which indicated that obesity can lead to a decrease
in esophageal multi-channel MNBI. Gibbens [9] found
that central obesity impairs the structural and functional
integrity of the esophageal barrier, with increased
intercellular space, decreased desmosomal density, and
increased fluorescein leakage.

In summary, there is no doubt that obesity
destroys the integrity of esophageal mucosa. Findings of
astudy by Savarino [33] found that being overweight/
obese was an important risk factor for both erosive and
non-erosive esophagitis. The results of this study suggest
that being overweight or obese may cause damage to the
esophageal mucosal barrier, but obesity may have
a broader range of damage.

In the 24-hour pH-impedance test, the levels of
all three indicators reflecting reflux were significantly
higher in the obesity group than the normal group and the
overweight group, that is, obesity was more likely to be
accompanied by pathological reflux. An increase in BMI
increases the risk of GERD [34], and there is a linear
relationship between BMI and esophageal acid exposure
[35]. The results of our study are consistent with this.
there was no
of the
overweight group. In a study, Wu [36] found that
individuals with BMI > 25 kg/m? had higher acid
exposure time. Along with the MNBI data in this study,

Compared with the normal group,

significant difference in reflux parameters

we infer that being overweight might cause mucosal
damage, but it does not cause pathological reflux. Obesity
damages the mucosal barrier, and there is reflux.
Comparison of esophageal function indicators
from esophageal manometry revealed distinct changes in

esophageal function among overweight and obese
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individuals. For overweight individuals, UES residual
pressure, and IBP were increased, while for obese
individuals, LES resting pressure, UES residual pressure,
IBP, and EGJ-CI were increased. With respect to IBP,
Madigan [37] found that the abnormal increase of the
elevated average maximum IBP (AM-IBP) during the
examination might be related to esophageal motility
disorders. Our results also suggested that there were
significant differences in IBP among participants of
different the food bolus
transmission ability significantly decreased with the

weights, indicating that
increase of body weight.

We propose to further explore the role of IBP in
esophageal motility in forthcoming follow-up research.
The UES compliance of overweight and obese patients
may be low, all of which show the increase of UES
residual pressure. Increased UES residual pressure is
[38].
However, patients with esophageal achalasia have been

often associated with esophageal achalasia
excluded from this study, and it has been found that in
patients with GERD, the UES exhibits a shorter and low
tension [39,40]. The obese patients in this study were
different from them probably related to the extrusion of
fat. However, in a study conducted by Edani [41] on 89
participants, the results indicated that there was no
significant correlation between BMI and UES residual
pressure. We speculate that this could be because all the
participants enrolled in our study were symptomatic. But
symptomatic subjects were excluded in their study.
A study conducted by Vardar [42] found that UES
residual pressure was significantly higher in patients with
pharyngeal reflux. The results of this study also
LES resting pressure and EGJ-CI
increased in obese individuals. Our results in this study

suggested that

are consistent with the findings of Pandolfino [43] that
esophageal pressure is high in obese population, but
studies have also shown that esophageal LES pressure is
significantly lower in obese people than in normal weight
people [35,44], and this is possibly because fewer
participants with morbid obesity were included in this
study. There can be different probable explanations for
the different parameters we found among the overweight
and obesity groups: being overweight and obese may
affect the esophageal peristalsis, leading to an increase in
IBP, gradual increase of food bolus pressure, slow food
bolus transmission, and increase of UES residual
pressure. Following obesity, extra-esophageal adhesion
fat increases, which compresses LES and also affects the
function of esophagogastric junction (EGJ). Wu et al

[45] found a significant correlation between BMI and
SUVmax increase in the upper esophageal sphincter,
middle esophagus, and EGJ during PET-CT examination.
This, and results from our study indicate that the increase
of BMI has an impact on esophageal function.

To again prove the correlation between the
changes in BMI and the above indicators, we performed
correlation analysis and regression analysis between BMI
and various esophageal parameters, and the results
showed that Z3, Z4, 75, and Z6 in MNBI, LES resting
pressure, UES residual pressure, IBP -+ EGJ-CI and total
reflux episodes were all statistically significant (P<0.05).

Our results showed that an increase in BMI
affected the Z3-76 of MNBI total reflux episodes, LES
resting pressure, UES residual pressure, IBP, and
EGJ-CI. Functionally, the increase in BMI may be
associated with the integrity of esophageal mucosa,
gastroesophageal reflux, upper and lower esophageal
sphincter pressures, and food bolus transport. We further
investigated whether the severity of obesity had varying
impacts on esophagus. In the obesity group,
with (MO)
(BMI > 35 kg/m?) were taken as one group, while the

41  participants morbid  obesity
remaining obese patients were defined as simple obesity
group (OB) [24,25]. We did the inter-group comparison
of individuals with simple obesity and morbid obesity in
the same manner as earlier, and found that the LES static
pressure, IBP, and EGJ-CI in the morbid obesity group
were higher. There was no significant statistical
difference in other parameters, and the results are shown
in Table 4.

This indicates that in individuals who are
morbidly obese, esophageal motility may be affected
more, while reflux parameters and integrity of esophageal
mucosal barrier may not be affected to that extent. From
the perspective of pathophysiology, persons with morbid
obesity have increased abdominal fat and esophageal
adhesion fat, which may compress the lower end of the
esophagus. Therefore, the LES pressure is higher, the
influence of EGJ function is greater, and peristalsis of the
food bolus is more difficult. However, the number of
morbidly obese participants in this study was small, and
the majority of the morbidly obese people included were
patients who were about to undergo sleeve gastrectomy,
generally were younger, and most had no reflux
symptoms. We recommend that the sample size of the
morbid obesity group can be increased in subsequent
research.

Previous studies have suggested that the possible
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Table 4. Comparison of differences in indicators between simple obesity and morbid obesity
OB MO p
n=186 n=41
LES Resting pressure 14 (9.75,20.55) 23.7248.28 0.000
UES Residual pressure 8.4 (5.8,11.03) 8.27+3.3 0.607
IBP 9.6 (6.35,14.53) 12.36+5.64 0.035
EGJ-CI 40.95 (24.90,63.7) 75.57£25.97 0.000
AET 2.65 (1.08,6.68) 2.6 (1.1,4.65) 0.812
Demeester 10.5(4.83,23.4) 10.8 (5.2,17.1) 0.881
Total reflux episodes 35 (18.75,51) 32.834+22.07 0.244
MNBI Z3 1603 (1154.25,2183.5) 1743.68+563.30 0.674
Z4 1803.5 (10.81.5,2368) 2028.02+701.63 0.070
Z5 1742 (1041,2299.25) 1763.61+661.95 0.606
z6 1653 (943.75,2135.75) 1487.66+627.89 0.395

reasons for the damage to the integrity of esophageal
mucosa caused by obesity are as follows: First, when
obesity occurs, the number of adipose tissues attached to
esophagus increases, and adipose tissues may release
inflammatory substances [12], such as TNF-a, which can
inhibit esophageal mucosal cell repair [46] and promote
oxidative stress to aggravate the damage of esophagus
and destroy mucosal barrier [47]. This damage to the
mucosal barrier is independent of the presence of
gastroesophageal reflux [9]. Second, obesity results in
increased gastroesophageal reflux, excessive esophageal
mucosa, and exposure to gastric fluid due to corrosive
and irritant components of gastric fluid can cause
mucosal barrier damage [48]. In addition, elevated levels
of IL-1P were observed in both obese and GERD patients
[49,50], and it is well known that IL-1B can significantly
affect esophageal muscle contractile function [51]. These
findings may help explain the significant correlation
between BMI and esophageal motility index. According
to the previous results, the extent of esophageal mucosal
damage may be more extensive in overweight compared
with obese subjects, and the altered esophageal dynamics
may be different. To further determine whether such
different mucosal damage alterations caused by different
BMI are related to different altered esophageal dynamics,
we further correlated esophageal dynamics with
esophageal mucosal damage indexes in overweight and
obese subjects. It was found that for overweight patients,
esophageal mucosal injury was mainly related to reflux
indicators, while for obese patients, mucosal injury may
have a role of UES residual pressure in addition to reflux
indicators.

In this study, all the patients discontinued PPI

and gastrointestinal motility drugs for more than one
week before esophageal manometry, thus reducing the
impact on the results of PPl and drugs that regulate
gastrointestinal motility. All 24-hour pH-impedance
monitoring tests were performed after the completion of
esophageal manometry with accurate positioning of the
MNBI catheter. The total number of participants included
in the sample size was more.

A limitation of the study was that symptom
scores were not combined, so the symptoms could not be
included together as a variable for correlation analysis of
symptoms and parameters. Morbid obesity patients were
too few and all were hospital-based, so further research
on a representative population needs to be conducted.

Conclusions

Our study showed that the integrity of
esophageal mucosa was damaged in overweight and
obese persons. Also, overweight and obesity maybe
associated with different aspects of esophageal motility
function and reflux conditions. Different degrees of
increase in BMI may lead to different changes in
esophageal function
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