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Developing a diagnostic understanding of GERD phenotypes through the analysis
of levels of mucosal injury, immune activation, and psychological comorbidity
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SUMMARY. Patients with gastroesophageal reflux disease (GERD) can present with typical or atypical symptoms.
The aim of this study is to explore the underlying physiological and psychological mechanisms that lead to different
symptomatic manifestations of GERD. A total of 238 patients diagnosed with GERD underwent gastroscopy, 24 h
multichannel intraluminal impedance-pH (MII-pH) monitoring, and psychological assessment with questionnaires.
Patient symptoms were used to classify GERD into phenotypes of typical reflux syndrome (TRS, n = 87), reflux
chest pain syndrome (RCS, n= 98), and extraesophageal syndromes (EES, n= 53). 38 healthy volunteers served as
controls. Reflux parameters and baseline impedance values (BIVs) were acquired from MII-pH monitoring results.
A subset of subjects were biopsied from the lower esophagus; certain immune cells were stained with immunohisto-
chemistry. BIVs in GERD patients (TRS, RCS, and EES) were significantly lower than in healthy controls and TRS
patients exhibited the lowest BIVs (all P < 0.01). This indicated that the extent of mucosal injury differed across
groups. TRS patients had higher acid exposure time (AET) compared to RCS, EES and controls (all P < 0.05).
RCS patients had more intraepithelial T lymphocyte (IEL) and mast cell (MC) infiltration, and higher psychome-
tric scores compared to TRS patients and controls (all P < 0.05), suggesting a possible stress-related esophageal
hypersensitivity basis. TRS patients are characterized by acid reflux and correlated mucosal injury, which explains
their typical reflux symptoms. RCS patients exhibit less acid-related injury but possible psychological stress-related
esophageal hypersensitivity, which could be the main cause of their esophageal pain.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is typically
diagnosed by a combination of clinical symptoms,
response to acid suppression, as well as objective tests
(upper endoscopy, 24 h multichannel intraluminal
impedance-pH (MII-pH) monitoring). The Montreal
consensus classifies GERD-related symptoms as a
set of syndromes: typical reflux syndrome (TRS),
reflux chest pain syndromes (RCS), syndromes with
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esophageal injury (SEI), and extraesophageal syn-
dromes (EES).1

Little research has discussed the underlying mecha-
nisms from the perspective of these clinical syndromes.
The widely used GERD classification is based on
the aforementioned objective tests and includes reflux
esophagitis (RE), nonerosive reflux disease (NERD),
and Barrett esophagus. NERD is defined as trouble-
some reflux symptoms in the absence of esophageal
mucosal breaks but with a pathological range of acid
exposure. In contrast, reflux hypersensitivity (RH) is
defined as having normal acid exposure but a posi-
tive relationship between symptoms and reflux events
by the Rome IV committee.2,3 Functional heartburn
(FH) is a burning retrosternal discomfort without any
type of reflux underlying symptoms. However, only
a small portion of GERD patients have undergone
diagnostic tests to get a definitive diagnosis of one of
the above-mentioned GERD phenotypes. This paper
seeks to understand more about the different symp-
toms in GERD.
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Over half of GERD patients are NERD patients.
All NERD patients have no visible lesions during the
endoscopy, but this does not necessarily mean their
mucosa is intact; varying degrees of subtle mucosal
injury can be found microscopically.4 MII-pH moni-
toring has traditionally been used to monitor gastroe-
sophageal reflux. Research has increasingly demon-
strated that the decreased esophageal intraluminal
baseline impedance value (BIV) is associated with
impaired mucosal integrity.4–7 Therefore, morpho-
logical and even functional integrity of esophageal
mucosa can be evaluated by measuring intraluminal
baseline impedance.
The proposed mechanisms for esophageal symp-

toms include direct reflux damage, motility disorder,
esophageal hypersensitivity, altered central stimuli
processing, and psychological comorbidity.8 The role
of direct reflux damage in GERD has been exten-
sively studied. Negative emotions have been increas-
ingly recognized to influence the perception of vis-
ceral pain. It has been shown that patients who do
not respond to proton pump inhibitor (PPI) therapy
are more likely to have psychosocial comorbidity than
those who were successfully treated with a PPI.9 We
speculate that different symptom manifestations have
their own dominant mechanisms.
We conducted this study (1) to investigate the

underlying mechanisms responsible for different
esophageal symptomatic syndromes, (2) to evaluate
reflux severity and mucosal injury among patients
with different syndromes, and (3) to explore possible
factors responsible for esophageal hypersensitivity.

MATERIALS ANDMETHODS

Study subjects

Between October 2014 and April 2016, we enrolled
patients with typical and/or atypical reflux symptoms
who visited the outpatient gastroenterology clinic
at Peking University Third Hospital. Typical reflux
symptoms are defined as heartburn and/or regurgi-
tation. Atypical symptoms are defined as chest pain,
belching, nausea, dysphagia, odynophagia, globus
sensation, with or without extraesophageal symptoms
such as chronic dry cough/laryngitis/pharyngitis. The
inclusion criteria for patients were as follows: (1) aged
higher than 18 years; (2) complaining of typical or
atypical GERD symptoms at least twice a week for
6 months; (3) undergoing gastroscopy, 24 h MII-
pH monitoring, and filling out questionnaires within
the same week; (4) off PPI therapy >1 month. The
study excluded people with: (1) systemic diseases such
as ischemic cardiac pain, chronic pulmonary disease,
severe ENT disorders, and underlying psychiatric ill-
ness; (2) gastrointestinal (GI) disorders such as GI
tumor, previous GI surgery, peptic ulcer, gallstones,

severe esophageal motility disorders, esophageal stric-
ture, and Barrett’s esophagus. Healthy volunteers with
no digestive or systemic symptoms were recruited as
controls. The protocol for this study was approved by
the Ethics Committee of the PekingUniversity Health
Science Center. All subjects gave informed consent.

Study protocol

All subjects who agreed to participate in this study
underwent careful vetting, which included a medical
history, clinical examination, routine biochemistry,
ECG, upper abdominal ultrasound, and gastroscopy
to exclude certain systemic and GI diseases. Then it
was decided whether subjects were eligible for this
study. Within the following week, subjects were asked
to finish 24 h MII-pH monitoring and esophageal
manometry, and to complete a Symptom Checklist
90-R (SCL90R) questionnaire. Subjects with severe
esophageal motility disorders were excluded from par-
ticipating, and the list of subjects was finalized. Qual-
ified GERD patients were then grouped by their
chief complaints according to theMontreal definition:
(1) TRS group, patients who emphasized trouble-
some heartburn and/or regurgitation; (2) RCS group,
patients who emphasized chest pain or epigastric
pain without associated symptoms of typical reflux
or with pain overshadowing typical reflux symp-
toms; (3) EES group, patients who complained of
chronic dry cough, chronic laryngitis, chronic pharyn-
gitis, along with typical reflux symptoms or atypical
symptoms such as dysphagia, odynophagia, and/or
globus sensation. We also summarized numbers of
RE, NERD, and RH/FH patients in each symp-
tomatic group as reference data. During the final four
months of this project, a subset of subjects were con-
secutively biopsied during gastroscopy in the distal
esophagus. Biopsy tissues were processed routinely
for immunohistochemistry (IHC) staining. Gastroe-
sophageal reflux parameters and intraluminal BIVs
were obtained from MII-pH monitoring. SCL90R
total and dimension scores were calculated based on
questionnaires.

Study procedures

Gastroesophageal reflux parameters and baseline
impedance acquirement
All subjects underwent 24 hMII-pHmonitoring using
an ambulatory monitoring system (MMS, Nether-
lands). Six impedance values (z1 to z6) were recorded
at 17, 15, 9, 7, 5, and 3 cm above the lower esophageal
sphincter. BIVs were selected from the impedance
recording curve between the time frame of 10–11am
(the average of three measurements); data readings
were not taken during patient swallowing, reflux, or
when pH value reached <6. Gastroesophageal reflux
parameters such as acid exposure time (AET, the
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Table 1 Demographic and clinical characteristics of participants

TRS RCS EES Control P value∗ P value∗∗

Number 87 98 53 38
Age (years) 49.2 ± 1.5 52.6 ± 1.3 51.4 ± 2.0 47.6 ± 3.2 0.142 0.221
Male:female 46:41 42:56 16:37 18:20 0.069 0.031
BMI (kg/m2) 24.4 ± 3.8 23.1 ± 2.8 24.5 ± 3.4 21.8 ± 3.2 0.017 0.11
RE 37 (43%) 24 (25%) 13 (24%) – – 0.015
Endoscopy negative and
AET > 4.2% (NERD)

27 (31%) 21 (21%) 11 (21%) – – 0.237

Endoscopy negative and
AET < 4.2% (RH and FH)

23 (26%) 53 (54%) 29 (55%) – – <0.001

AET > 4.2% 55 (63%) 38 (39%) 20 (38%) 5 (13%) 0.001 0.001

BMI, body mass index; EES, extraesophageal syndrome; FH, functional heartburn; NERD, non-erosive reflux disease; RCS, reflux chest
pain syndrome; RE, reflux esophagitis; RH, reflux hypersensitive; TRS, typical reflux syndrome
∗P value, comparison of TRS, RCS, EES and controls by one-way ANOVA;
∗∗P value, comparison of TRS, RCS, EES by one-way ANOVA. Data are expressed as mean ± SE and number (%).

fraction of total recording time at pH< 4.2) and reflux
episodes (acidic (pH≤ 4), weakly acidic (4< pH< 7),
weakly alkaline (pH ≥ 7) and gas) were all calculated
by the MMS software package.

Intraepithelial immune cell quantification
Subjects were biopsied in the distal esophagus
(5 cm above the Z-line) during gastroscopy, avoiding
any erosive lesion. Intraepithelial CD3-positive T
lymphocytes (IELs) and tryptase-positive mast cells
(MCs) were identified by IHC staining. Primary
antibodies were rabbit polyclonal anti-CD3 (1:150;
DakoCytomation, A0452) and mouse monoclonal
antitryptase (1:500; Abcam, ab2378). Visualization of
positive reactions was obtained by incubation of sec-
tions with secondary antibody (Dako, Rabbit/Mouse
GK500705/10).
Cell quantification was performed on IHC staining

sections. Immune cells were unevenly distributed.
Therefore, we counted all positive-stained cells
(under ×200 magnification) in each section; cell
count was then divided by section area. Sectional
areas were photographed at ×40 magnification and
calculated with a Nikon E600 scale, using the Image-
pro plus software (Media Cybernetics). Accordingly,
cell density was expressed as number of cells per mm2.

Psychological profiles—SCL90R
Broad psychological profiles were assessed by
SCL90R. Patients were asked to rate the severity of
their experiences with 90 symptoms. The symptoms
were assigned to nine dimensions: somatization,
obsessive-compulsive, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, para-
noid ideation, and psychoticism. Also, a category
called “additional items” was designed to assess
quality of daily life. The total SCL90R score and
10 subscale scores were calculated.

Statistical analysis

All data are expressed as mean ±SE or number
(%). Continuous variables such as demographic

information, BIVs, reflux parameters, cell counts, and
psychometric scores were compared across groups
using analysis of variance, followed by post-hoc
testing to determine differences between groups. Cat-
egorical variables such as proportions of gender, diag-
nosis, or abnormal refluxes were compared using a
chi-square test. Pearson’s correlation statistics was
used for correlation analysis of mast cell density and
BIV. All test results with a P value <0.05 were consid-
ered statistically significant. Statistical analyses were
completed using the SPSS 16.0 (SPSS Inc., USA).

RESULTS

A total of 238 GERD patients (87 TRS, 98 RCS, and
53 EES) and 38 healthy subjects were included in this
study. The clinical characteristics of these patients are
described in Table 1.
BIVs in GERD patients were lower than those

in controls from z2 to z6 (all P ≤ 0.001) (Fig. 1).
There were no significant differences of BIVs among
TRS, RCP, and EES patients in z1, z2, and z3. How-
ever, BIVs in TRS patients were significantly lower
than BIVs in RCS patients in z5 (P = 0.016) and
z6 (P = 0.006). BIVs in RCS patients were signifi-
cantly lower than BIVs in controls from z2 to z6 (all
P < 0.001). BIVs in TRS patients were significantly
lower than BIVs in EES patients in z4, z5, and z6
(P = 0.02, 0.002, and 0.004), but not in z1, z2, and
z3. In summary, BIVs from the lower esophagus (z5,
z6) consistently exhibited the following trend: TRS <

RCS/EES < Controls.
GERD patients exhibited higher numbers of total

reflux, acid reflux, and weakly acidic reflux episodes
compared to controls (all P < 0.001) (Fig. 2A).
Within GERD groups, TRS patients showed higher
numbers of total and acid reflux episodes compared
with RCS (P = 0.016 and P = 0.02) and EES
(P = 0.004 and P = 0.004) patients. AET in TRS
patients (9.8 ± 1.1%) was significantly higher than
AET in RCS (6.4 ± 1.0%), EES (5.2 ± 0.9%) patients,
and controls (2.8± 0.8%) (P= 0.02, 0.008, and 0.012).
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Fig. 1 Esophageal baseline impedance levels from 24 h MII-pH monitoring. Data were presented as mean ± SEM. ∗P < 0.05, ∗∗P < 0.01,
∗∗∗P< 0.001. ns, not statistically significant. Ctrl, controls; EES, extraesophageal syndromes; RCS, reflux chest pain syndrome; TRS, typical
reflux syndrome.

No significant difference of AET was found between
the RCS, EES, and control groups (Fig. 2B).

A total of 40 subjects (8 TRS, 14 RCS, 5 EES, and
13 controls) were biopsied. MCs in RCS patients were
significantly higher than those in TRS patients and
controls (24.7 ± 3.4 vs. 16.6 ± 2.6/mm2, P = 0.049;
24.7 ± 3.4 vs. 13.3 ± 2.5/mm2, P = 0.006) (Fig. 3A).
Demonstrating a similar trend, IELs in RCS patients
were also higher than those in TRS patients and con-
trols (342.8 ± 53.0 vs. 213.2 ± 32.1/mm2, P = 0.039;
342.8 ± 53.0 vs. 141.6 ± 25.1/mm2, P = 0.001)
(Fig. 3D). MCs were sparse in the esophagus, mostly
around the papillary. Upon activation (Fig. 3C), MCs
tended to cluster and cell shape became fuzzier, prob-
ably as a result of increased intracellular tryptase pro-
duction or extracellular tryptase release. In healthy
individuals, IELs were dispersed along the basal layer
or peripapillary area (Fig. 3E). In RCS patients, IEL
infiltrations were muchmore severe (Fig. 3F), and still
typically distributed in peripapillary area.
A significant negative correlation was found

between MC density and BIV (z6) in RCS group
(r = −0.576, P = 0.031, n = 14) (Fig. 3G). The
correlation analysis for MC and BIV in all subjects
was also significant (r = −0.362, P = 0.026, n = 38)
(Fig. 3H), but with a decreased R value. If we elimi-
nated RCS patients to analyze this correlation in the
remaining subjects (TRS, EES & controls), it became
insignificant (r= −0.184, P= 0.39, n= 24, not shown
in Fig. 3). Thus we assumed that the significant
correlation was due to RCS patients.
As summarized in Figure 4, GERD patients dis-

played higher psychometric scores than controls in
terms of SCL90R total score (Fig. 4A) and several
SCL90R subscale scores (Fig. 4B) (all P < 0.05). It
is worth noting that the RCS patients displayed even

higher SCL90R total scores than TRS patients; this
suggested that psychological comorbidity tended to
occur more often in RCS patients. When we looked
into the 10 psychological dimensions in SCL90R,
we found that RCS patients had significantly higher
scores than TRS patients in somatization, depression,
anxiety, hostility, and phobic anxiety.

DISCUSSION

In this study, we have provided the first evidence for
the underlying pathogenesis of different symptomatic
syndromes in GERD patients. We demonstrate that
TRS patients have major gastroesophageal acid reflux
and relevant mucosal injury; as a result they exhibit
the lowest esophageal baseline impedance levels and
the most troublesome reflux symptoms. RCS patients
are characterized by less acid injury but more pro-
found mucosal immune activation and psychological
abnormalities, which may be related to esophageal
hypersensitivity status leading to esophageal pain.
GERD impressions are heterogeneous reflux symp-

toms. For this reason, we classified patients by chief
complaint and then determined physiological features
in different symptomatic groups. As shown in Table 1,
RE patients represented 43% of the TRS population
and 25% of the RCS population, whereas RH and FH
patients represented only 26% of the TRS population
but 54% of the RCS population. This indicates the
proportions of patients with mucosal injury differed
across symptomatic groups. The typical reflux symp-
toms in TRS patients may largely be due to mucosal
injury. The extent of mucosal injury in RE can easily
be evaluated through endoscopy. Mucosal injuries in
endoscopic negative NERD and RH/FH are usually
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Fig. 2 Gastroesophageal reflux parameters. (A) Numbers of various reflux episodes calculated by MMS software. (B) Acid exposure time
calculated by MMS software. Data are presented as mean ± SEM. ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001. ns, not statistically significant.

evaluated by histological criteria such as basal cell
hyperplasia, papillary elongation, inflammatory cell
infiltration, and dilated intercellular spaces, whereas
BIV is a new parameter to evaluate mucosal injury.
GERD patients exhibit lower BIV than healthy con-
trols, RE patients exhibit even lower BIV than NERD
patients.5,6 Our previous study demonstrated that BIV
correlates with AET and dilated intercellular spaces.7

Therefore BIV is a real-time measurable parameter

to assess mucosal lesion. As seen in Figure 1, BIV
decreased in GERD patients from the distal to prox-
imal esophagus, which means that reflux injury is
extensive and not just limited to the distal esophagus
or localized erosive site. TRS patients showed even
lower BIV than RCS and EES patients in distal (z5 &
z6) but not proximal-mid (z1 to z4) esophagus, indi-
cating that TRS patients have more severe mucosal
injury in the distal esophagus. As the distal esophagus
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Fig. 3 Esophageal intraepithelial infiltration of mast cells and T lymphocytes. (A) Density of tryptase-positive MCs among groups. (B and
C) IHC staining of MCs in a control subject and a RCS patient (×200). (D) Density of IELs among groups. (E and F) IHC staining of IELs
in a control and a RCS patient (×200). (G) & (H) Correlation analyses between baseline impedance level (z6) andMC density in RCS group
(n = 14) and in all subjects (n = 38). Each dot represents an individual, solid lines represent mean value.

interacts most frequently with reflux components, we
assume that TRS patients should have the severest
reflux among the studied groups.
Reflux parameters are summarized in Figure 2.

As we assumed, TRS patients exhibited higher AET
and acid reflux episodes than RCS patients, which
was in concordance with the differences in BIV,
RE proportion, and symptom severity. Since BIV
and RE are both confirmed to correlate with acid
exposure severity, this is unsurprising. There was no
significant difference of AET among RCS, EES, and
controls, probably because more than half of the
RCS and EES population were RH or FH patients
who had normal AET (Table 1). The number of

episodes of weakly acidic reflux and weakly alka-
line reflux was similar among TRS, RCS, and EES
patients, but higher than controls. Therefore weakly
acidic and weakly alkaline reflux events do not seem
to be responsible for the differences between TRS
and RCS.
As shown in Figure 3, intraepithelial MCs and

IELs were greater in RCS patients than in TRS
patients and controls. The concordant increase of
these immune cells caused us to assume that RCS
patients might have a low-grade mucosal inflamma-
tion, and a tendency toward visceral hypersensitivity
for esophageal pain. The GI mucosal inflamma-
tory infiltrate is dominated by MCs, eosinophils,
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Fig. 4 Psychometric profiles among groups. (A) SCL-90R total score. (B) SCL-90R subscale scores. Data are presented as mean ± SEM.
∗P < 0.05. ns, not statistically significant.

and intraepithelial lymphocytes.10 It is well
established that MC activation generates epithelial
barrier and neuromuscular dysfunction, promoting
visceral hypersensitivity.11–14 Stress is a common acti-
vator ofMCs. Several types of stress mediators induce
MC activation and consequent release of vasoactive
mediators, contributing to permeability alteration,
barrier dysfunction, hyperalgesia, inflammation, and
motility change.14–16 Yu et al. have demonstrated
that the activation of esophageal MCs increases
vagal nociceptive C fibers’ excitability and indicates

that MCs play an important role in esophageal
inflammatory reaction and nociception.17,18 Our
previous study demonstrates that MCs are involved
in stress-induced esophageal mucosal dysfunction
in rodents and suggests that proteinase activated
receptors 2 (PAR2) could be a potential intermediary
factor.19 PAR2 is a target receptor of mast cell-
derived tryptase. PAR2 is expressed on enterocytes,
GI smooth muscle cells, and capsaicin-sensitive
neurons in the esophagus, and regulates GI mucosa
inflammation and barrier function.20–22 Kandulski
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et al. identify PAR2 expression in human esophageal
epithelium and demonstrate the functional impor-
tance of PAR2-mediated pathways in the pathogenesis
of GERD-associated mucosal alterations.23 In the
human gut, MC activation has been suggested to
alter pain perception in response to infections, stress
and emotions in functional GI disorders (FGIDs). In
summary, broad evidence supports a potential corre-
lation of MCs with esophageal barrier integrity and
hypersensitivity.
In the RCS group, we observed a significant neg-

ative correlation between MCs and BIV, indicating
that immune activation affects mucosal integrity. Our
previous research demonstrates that BIV correlates
with morphological alterations such as dilated inter-
cellular spaces and decreases of tight junction pro-
tein.7 It is therefore reasonable to see that MCs corre-
late with BIV. However, as we described in this study’s
results, this correlation was not seen in the TRS, EES
& controls. Our explanation is that the dominant
pathogenesis in TRS patients is acid-induced inflam-
matory response not involving MCs. Acid-related
BIV decrease and MC-related BIV decrease are dif-
ferent processes, yet both result in mucosal structural
alterations. The IELs in chronic esophageal mucosal
inflammation are typically T lymphocytes.24 Very little
research has explained the mechanism of how lym-
phocytes function in the inflammatory process of
GERD; however, many inflammatory diseases fre-
quently made worse by stress involve MCs in com-
munication with T cells.25–27 We believe that there is
a certain internal correlation in the increase of IELs
and MCs in RCS patients.
The above evidence supports the relation-

ship between low-grade immune activation and
esophageal hypersensitivity to pain. Since the patients
with less acid exposure (RCS vs. TRS) exhibit
more immune activation, certain stimuli other than
gastroesophageal reflux are likely causing this immune
activation. Psychological comorbidity is commonly
seen in FGIDs and GERD.28,29 Anxiety and
depression increase GERD-related symptoms in
population-based studies.30 GERD patients who
have a poor correlation of symptoms with acid reflux
events display a higher level of anxiety compared to
patients who have a close correlation of symptoms
with acid reflux events.31 It is not known whether
this comorbidity is the cause or the consequence
of GI dysfunction, but it is generally accepted that
psychological symptoms and GI symptoms amplify
each other via the so-called brain-gut axis. In our
research, GERD patients had higher psycholog-
ical scores than healthy controls, which mirror the
findings of previous research. Our new finding is
that psychological scores in RCS patients were even
higher than TRS patients in terms of somatization,
depression, anxiety, hostility, and phobic anxiety,
suggesting that disease-specific treatment plans (PPI,

behavioral therapy, or pain modulators) should take
psychological factors into account.
In this study, the trend of psychological scores was

similar to the trend of immune cells across groups: the
RCS group exhibited the highest level both in immune
cells and in psychological scores, indicating a potential
connection between psychological comorbidity and
immune activation. Accumulating evidence links psy-
chological disturbance to immune activation.32 Our
research is unable to confirm the onset sequence
of immune activation and psychological disorder in
RCS patients. However, we tend to interpret immune
activation and related GI hypersensitivity as the
downstream effects of psychological factors because
otherwise it is difficult to explain how a less irritated
esophagus (RCS vs. TRS) generates persistent pain
and a broad scale of psychological problems.
So far, we have not discussed the EES patients. As

we defined, EES patients are relatively heterogeneous
as they demonstrate various atypical extraesophageal
symptoms. We only collected a small number of his-
tology samples from EES patients and were there-
fore unable to make definitive conclusions about this
group. Evidence substantiating a beneficial effect of
reflux treatments on the EES is weak, so reflux is rarely
the sole cause of extraesophageal symptoms.1 Simi-
larly, the reflux parameters in this study also demon-
strated that acid exposure in EES patients was not
as severe as acid exposure in TRS patients. In addi-
tion, we found that the EES group resembled the
RCS group in many aspects, including a high female
sex ratio, baseline impedance level, reflux parame-
ters, RE/NERD/RH/FH constituent ratio, and even
some psychological profiles. We therefore speculate
that EES symptoms are to some extent linked to vis-
ceral hypersensitivity.
Potential limitations in this study are as follows:

(1) The grouping criteria are relatively subjective.
Narration bias could have caused some patients to
be classified wrongly, especially for patients exhibiting
both typical and atypical symptoms. This would affect
the generalizability of the conclusions. (2) Although
the sample size of the entire study was fairly large, the
number of biopsied samples was smaller. Especially
for the control group, it is better to have all partici-
pants biopsied to ensure no underlying diseases such
as eosinophilic esophagitis. Because of this, our hope
is that further studies will corroborate our findings. (3)
The data in our study are cross-sectional; as a result,
we can only prove a correlative relationship and not a
causal relationship. In future research, patients need
to be subgrouped by onset sequence of GI or psy-
chological symptoms, and interventions such as pain-
modulators or mast cell stabilizers may be added.
Overall, we have determined that various types

of esophageal symptomatic syndromes are corre-
lated with different mechanisms. Typical reflux symp-
toms are the manifestation of excessive acid exposure
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and consequent mucosal injury, while atypical reflux
symptoms or even extraesophageal symptoms have
a basis in esophageal hypersensitivity, which may
be triggered by psychological stress and correlated
immune activation.
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