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ABSTRACT
Reflux hypersensitivity (RH) is a subtype of gastroesophageal reflux disease. The Rome IV criteria 
separated RH from the original nonerosive reflux disease subgroup and classified it as a new functional 
oesophageal disease. Recently, the pathogenesis of RH has become the focus of research. According to 
the latest research reports, upregulation of acid-sensitive receptors, distribution of calcitonin gene-related 
peptide-positive nerve fibres, and psychiatric comorbidity have key roles in the pathogenesis of RH. This 
work reviews the latest findings regarding RH mechanisms.

Introduction

The definition and composition of functional oesophageal 
diseases have been evolving, and the Rome IV criteria have 
redefined hypersensitive oesophagus as reflux hypersensitiv-
ity (RH) and included it in the category of gut–brain interac-
tion disorders [1] (Figure 1). RH is defined as patients with 
typical reflux symptoms (such as heartburn or chest pain), 
normal endoscopy and physiological oesophageal acid expo-
sure, but positive correlation of symptoms to reflux events 
[2]. Acid exposure time (AET) was obtained by dynamic reflux 
monitoring and the Lyon Consensus [3] suggests that AET 
<4% is physiologic reflux, >6% is pathologic reflux, when AET 
is between 4% and 6%, reflux monitoring is considered as an 
auxiliary measure. As for reflux-symptom association, symp-
tom index (SI) and symptom association probability (SAP) are 
commonly used indicators. When symptoms like heartburn or 
chest pain appeared within 2 min of the reflux event, then 
they were considered reflux-related. SI is the proportion of 
reflux-related symptoms to the total number of reflux symp-
toms which considered positive when ≥50%. SAP positive is 
defined in a similar way. Because of the novelty of the Rome 
IV criteria and the low prevalence of dynamic monitoring 
techniques for reflux, it is difficult to estimate the 
population-based prevalence of RH. One study found that 
among 351 patients with significant heartburn symptoms but 
negative endoscopic findings, 32% had non-erosive reflux 

disease (NERD) and 26% had RH [4]. Another study showed 
that the prevalence of RH and that of NERD were approxi-
mately similar among patients with heartburn and negative 
endoscopic findings [5]. Although RH is now classified as a 
functional oesophageal disease, the associated symptoms 
produced by the disease not only reduce the quality of life 
but also create great financial stress and psychological bur-
den on patients and their families; therefore, it is crucial to 
explore the pathogenesis associated with RH. However, the 
pathophysiology of RH has not been fully elucidated. Some 
studies have shown that the occurrence of RH may be related 
to the upregulation of acid-sensitive receptors, distributional 
differences in calcitonin gene-related peptide (CGRP)-positive 
nerves, and psychiatric comorbidity. During this study, the 
mechanisms of RH were discussed.

Pathogenesis of RH

Upregulation of acid-sensitive receptors

Transient receptor potential vanilloid
Transient receptor potential vanilloid 1 (TRPV1) is a subfamily 
of the transient receptor ion channel family and a nonselec-
tive ligand-gated cation channel receptor that is commonly 
known as the capsaicin receptor. TRPV1 is a key injury recep-
tor in mammals and a major acid receptor in oesophageal 
epithelial cells; furthermore, it is expressed in both neuronal 
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and epithelial cells [6]. TRPV1 usually labels unmyelinated 
and slow-conducting class C nerve fibres, which synthesize 
and release substance P, CGRP, and neurokinin, which are 
neurotransmitters that have important roles in pain signalling 
pathways [7]. It has been suggested that TRPV1 may be cru-
cial to the oesophageal hypersensitivity response [8]. Through 
in vitro experimental studies, Cheng et  al. [9] demonstrated 
that acid exposure promotes the activation of TRPV1 in the 
feline oesophageal mucosa and induces the synthesis and 
release of sensory transmitters (such as CGRP and substance 
P), thereby inducing neurogenic inflammation. By creating a 

mouse model of acid reflux, Zhang et  al. [10] discovered that 
TRPV1 expressions in the upper oesophagus and lower 
oesophagus of mice were significantly different, and that the 
density of TRPV1 in the lower oesophageal epithelium was 
significantly higher than that in the upper oesophagus, which 
is usually the site of reflux perception. Therefore, it can be 
assumed that there is a positive correlation between the per-
ception of reflux and density of TRPV1. Ustaoglu et  al. [8] 
studied human oesophageal epithelial cells and found that 
patients with NERD had considerably higher TRPV1 expres-
sion on superficial sensory nerves than those with Barrett’s 

Figure 1. T he evolution of reflux hypersensitivity (hypersensitive oesophagus) from Rome III to Rome IV. In Rome III, hypersensitive oesophagus is a subtype of 
non-erosive reflux disease. However, Rome IV separate hypersensitive oesophagus from NERD as a new functional oesophageal disease. And it should be noted 
that Rome IV states that RH can partially overlap with GERD.
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oesophagus or erosive reflux disease. In 2021, the function of 
TRPV1 in the distal oesophageal mucosa of patients with RH 
was first evaluated at Shanghai Tongji Hospital [11]. The 
TRPV1-positive cell density was moderately correlated and 
highly correlated with heartburn and chest pain, respectively; 
additionally, it was found that TRPV1-positive cell density 
decreased significantly in patients after distal oesophageal 
mucosal radiofrequency ablation, whereas symptoms such as 
heartburn and chest pain significantly improved. These results 
suggest that symptom improvement after RF ablation is 
closely associated with downregulation of TRPV1, and that 
higher TRPV1 afferent fibre density may lead to significant 
heartburn and chest pain symptoms, thus partially explaining 
the refractory symptoms of patients with RH in the setting of 
physiologic reflux, suggesting that alterations in distal 
oesophageal TRPV1 may be important pathophysiological 
factors and therapeutics target for the treatment of RH. 
However, the exact mechanism by which the increased sensi-
tivity or overexpression of TRPV1 receptors occurs is not yet 
fully understood.

Acid-sensing ion channels
It has been pointed out that the same stimulus can interact 
with multiple nociceptors, as shown that extracellular pro-
tons can activate not only TRPV1 but also Acid-sensing ion 
channels (ASICs) [12]. ASICs are proton-gated trimeric chan-
nels that belong to a family of epithelial amiloride-sensitive 
sodium channels that are expressed in both the peripheral 
and central nervous systems and have a key role in the 
transduction of nociceptive and pain signals [13, 14]. ASICs 
have six subtypes, including ASIC1a and ASIC1b, ASIC2a and 
ASIC2b, ASIC3, and ASIC4 [15]. Among the ASICs, ASIC1b 
and ASIC3 are the most sensitive to protons [16]. By estab-
lishing a mouse model, Bielefeldt et  al. [17] found that 
ASIC3 and TRPV1 ion channel knockout mice did not 
respond to acidification in the lumen of the oesophagus. 
Another study found that proton-evoked membrane cur-
rents were significantly reduced in dorsal root ganglia or 
sensory nerve fibres from TRPV1-deficient mice. However, 
the responses induced by proton were not completely elim-
inated, which may be mediated by ASICs [12]. To confirm 
the possibility that ASIC3 upregulation contributes to 
enhanced pain perception, Han et  al. [18] performed an ani-
mal study and found that intrathecal injection of 
ASIC3-specific inhibitors in mice with NERD resulted in the 
inactivation of ASIC3, thereby producing significant analge-
sia. This result further supports the role of ASIC3 in the per-
ception of a chemical stimulus. Therefore, several 
investigators have suggested that visceral hypersensitivity 
associated with NERD is partially mediated by ASIC3 upreg-
ulation. It can be hypothesized that acid exposure disrupts 
the intercellular junctions of the oesophageal mucosa and 
increases oesophageal permeability, thus making it easy for 
acid to penetrate the submucosa of the oesophagus to 
reach acid-sensing nociceptive receptors, such as ASIC1 and 
ASIC3, thereby leading to heartburn, chest pain, and other 
obvious reflux symptoms. The pathophysiological mecha-
nisms underlying the high expression of ASIC3 in the 

oesophageal epithelial cells of patients with NERD require 
further investigation. However, the identification and devel-
opment of specific antagonists of ASICs may result in an 
effective pharmacological strategy for the treatment of 
NERD and RH cases that do not respond to conventional 
acid suppression therapy.

Proteinase-activated receptor 2
Proteinase-activated receptor 2 (PAR2) is a member of the 
G-protein-coupled receptor superfamily that is activated by 
serine proteases or mast cell-derived trypsin and expressed 
in gastrointestinal epithelial cells, peripheral neurons, and spi-
nal afferent nerves [6, 19]. Acid exposure promotes high 
expression of PAR2 in oesophageal squamous epithelial cells 
[20, 21], which are highly susceptible to contact with sub-
stances such as trypsin in the regurgitated material, thereby 
leading to massive PAR2 activation. PAR2 activation mediates 
neurogenic inflammation by releasing large amounts of IL-8, 
IL-1β, and tumour necrosis factor-α, and it triggers nocicep-
tion by inducing the release of neuropeptides such as sub-
stance P and CGRP [22, 23] (Figure 2). Additionally, Dai et  al. 
[24] found that PAR2 activation enhances the activity of the 
transient receptor potential A1 ion channel, thus leading to 
the amplification of nociception. Therefore, the selection of 
appropriate receptor antagonists as therapeutic targets for 
patients with RH (especially those with RH that does not 
respond to acid suppression therapy) may be an effective 
therapeutic approach that deserves further investigation.

Distributional differences in CGRP-positive nerves

It has been reported that the distribution of nerve fibres in 
the oesophageal mucosa may have a role in RH [25]. Afferent 
nerve fibres in the distal oesophagus are generally located in 
the deeper mucosal epithelial layers and are usually not read-
ily accessible to noxious reflux material [26]. A prospective 
study by Woodland et  al. (which included 13 patients with 

Figure 2. A cid-sensitive receptors (nociceptors) such as TRPV1, ASICs, and PAR2 
expressed by peripheral neurons or oesophageal epithelial cells are activated 
by protons or trypsin. Activation of nociceptors not only causes sensory nerve 
endings to release neurotransmitters such as CGRP and substance P to mediate 
neurogenic inflammation, but also transmits the information to the dorsal horn 
of the spinal cord (and from the dorsal horn of the spinal cord to the brain) 
thus leading to the occurrence of pain. (Figure by figdraw.).
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NERD, 11 patients with erosive reflux disease, 16 patients 
with Barrett’s oesophagus, and 10 healthy volunteers) found 
no significant differences in the distribution of CGRP-positive 
nerves in the oesophageal mucosa of patients with erosive 
reflux disease or Barrett’s oesophagus when compared to 
healthy volunteers; however, on the contrary, the 
CGRP-positive nerve fibres were significantly more superficial 
in NERD, both the proximal and distal oesophageal mucosa 
[25]. CGRP is a neuropeptide that is widely distributed in the 
human nervous system and participates in the transmission 
of nociceptive information and the formation of nociception 
in the peripheral and central nervous systems; furthermore, it 
is a marker of nociceptive sensory nerve fibres. Therefore, 
Woodland et  al. [25] suggested that acid hypersensitivity of 
patients with NERD (when RH is a subgroup of NERD) may be 
partially explained by the increased proximity of their affer-
ent nerves to the oesophageal lumen and greater exposure 
to toxic substances in the refluxate, which may caused by the 
injury of the mucosal integrity. As mentioned by the numer-
ous studies, the key factor in the pathophysiology of NERD is 
the impaired integrity of the oesophageal mucosa resulting 
in dilated intercellular spaces (DIS) [26–29]. The conclusions 
of Nikaki et  al. [30] and Ustaoglu et  al. [8] were consistent 
with those of Woodland et  al. [25], thereby successfully con-
firming their results.

The mechanism underlying the more superficial nerve 
location in NERD is unknown; however, it may involve 
mechanical forces pushing the mucosal nerves toward the 
surface because of basal cell hyperplasia or refluxate-induced 
synthesis of neurotrophic factors in the superficial epithe-
lium. However, this has not been proven.

Psychiatric comorbidity

Based on clinical data, it is not uncommon for patients with 
RH to experience anxiety or depression, and their levels of 
anxiety or depression are significantly greater than those of 
patients with significant oesophageal mucosal injury, such as 
reflux oesophagitis [31]. Many studies have shown that RH is 
strongly associated with psychosomatic factors such as anxi-
ety and depression [2, 31, 32]. Jansson et  al. [33] performed 
a large, population-based, case-control study and found that 
there was a strong dose–response association between anxi-
ety and depression and the risk of reflux; specifically, com-
pared to patients without anxiety or depression, the risk of 
reflux increased 3.2-fold for patients with anxiety, 1.7-fold for 
patients with depression, and almost 4-fold for patients with 
severe anxiety and depression. Sharma et al. [34] first reported 
that anxiety amplifies central oesophageal sensitivity in 
humans; furthermore, their study found that acute stress 
increases the permeability of the oesophageal wall, thereby 
making it easier for gastric acid to reach oesophageal noci-
ceptive receptors. It has been hypothesised that stress may 
cause changes in oesophageal mucosal permeability through 
degranulation, tight junctions of the mast cells, or redistribu-
tion of bridging grains [35].

Low doses of tricyclic antidepressants or 5-hydroxytryptamine 
reuptake inhibitors can significantly reduce noncardiac chest 

pain and have a positive therapeutic effect on patients with 
symptoms such as heartburn and reflux [36, 37]. A prospective 
study by Viazis et  al. [38] was the first to report the use of 
selective serotonin reuptake inhibitors for patients with 
oesophageal allergies. Their study clearly demonstrated that, 
compared to placebo, citalopram (a selective serotonin 
reuptake inhibitor) significantly improved the symptoms of 
heartburn and reflux caused by oesophageal allergy. Ostovaneh 
et  al. [39] compared the efficacy of omeprazole and fluoxetine 
for the treatment of heartburn experienced by patients with 
negative endoscopic results and found that fluoxetine was sig-
nificantly more effective than omeprazole and placebo for 
improving heartburn symptoms of patients with physiological 
acid exposure. During an 8-week, double-blind, 
placebo-controlled trial, imipramine resulted in a significant 
improvement in the quality of life of patients with RH [40]. 
During another randomised, controlled trial of patients with 
noncardiac chest pain, a comparison of sertraline treatment 
and placebo treatment showed that oesophageal pain associ-
ated with oesophageal allergy was significantly reduced after 
8 weeks of sertraline treatment [41]. Coss-Adame et  al. [42] 
concluded that promethazine, trazodone, citalopram, sertraline, 
venlafaxine, and paroxetine significantly improved the symp-
toms of oesophageal chest pain caused by oesophageal 
allergy.

The hypersensitivity to physiological acid reflux occurring 
in RH may be attributable to the peripheral sensitisation of 
the oesophageal nerves, resulting in an enhanced response 
to intraluminal stimuli or altered neuromodulation in the 
central nervous system [43]. Furthermore, noncardiac chest 
pain associated with reflux may be related to changes in the 
central level of pain perception as well as the visceral hyper-
sensitivity reaction [44]. Antidepressants may improve noci-
ceptive sensitisation in the peripheral nervous system and 
central nervous system via the following two mechanisms: 
the interference of antidepressants with the transmission of 
nociception to the spinal cord through a complex down-
stream projection system in the nucleus accumbens and the 
interference of antidepressants with pain-related brain cir-
cuits through their monoaminergic effects [45]. Therefore, 
anxiolytics or antidepressants are promising treatment 
options for most patients with hypersensitivity to reflux. 
Furthermore, it may be more beneficial to avoid empirical 
proton pump inhibitors and use anxiolytics or antidepres-
sants instead.

3  Conclusion

RH is a functional oesophageal disease that seriously affects 
the quality of life; however, its mechanism remains to be elu-
cidated. Upregulation of acid-sensitive receptors, distribu-
tional differences in CGRP-positive nerve fibres, and Psychiatric 
comorbidity are potential factors associated with its mecha-
nism. Since there are few reports of acid-sensitive 
receptor-specific antagonists for clinical use, there are cur-
rently no suitable therapeutic targets in this area, which is a 
direction that we can focus on exploring in future studies. 
However, unlike the former, neuromodulators (including 
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tricyclic antidepressants, 5-hydroxytryptamine reuptake inhib-
itors, norepinephrine reuptake inhibitors, etc.) have a positive 
effect on RH with psychiatric comorbidity and have been 
clinically demonstrated [40, 46]. Unfortunately, not many clin-
ical trials with neuromodulators have been reported, so more 
controlled trials should be conducted to evaluate the thera-
peutic benefits of such drugs for RH in the future. In addi-
tion, it has also been suggested that RH may be associated 
with impaired integrity of oesophageal mucosal [47], which 
makes proton pump inhibitor perhaps one of the effective 
treatments as well. So far, both the diagnosis and treatment 
of RH are still immature, which require us to actively carry 
out relevant clinical trials and continuously research and 
explore.
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