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Abstract

Atopic disorders and gastroesophageal reflux disease (GERD) are some of the most common medical conditions treated by primary
care physicians and specialists alike. The observation that atopic disorders, like asthma, allergic rhinitis and sinusitis, food allergies,
atopic dermatitis, contact dermatitis, and eosinophilic esophagitis are common comorbidities in patients with GERD raises the
question of the nature of the relationship that may exist between GERD and atopic disorders. In this article, we review the
pathophysiology of GERD, its effect on the immune system, the effect of acid-blocking medications on allergic responses, as well
as several common atopic conditions that have been associated with GERD including asthma, chronic rhinosinusitis (CRS), allergic
rhinitis (AR), atopic dermatitis (AD), contact dermatitis (CD), food allergies, proton pump inhibitor (PPI)-responsive esophageal
eosinophilia (PPI-REE), and eosinophilic esophagitis (EoE). In each condition, the evidence of a causal link is not definitive.
Although the relationship between asthma and GERD remains controversial, evidence suggests that a subset of asthma patients
with documented GERD may experience improved asthma control following appropriate treatment of GERD. The relationship of
GERD to allergic rhinitis and chronic sinusitis is weak; however, studies support the concept that treatment of frequent episodes of
GERD can have a positive effect on rhinitis and sinusitis overall. The relationship between allergic sensitization and GERD is likely
bidirectional. GERD may induce changes in the mucosal immune system that may favor the development of food allergy and
allergic sensitization to aeroallergens; however, the underlying mechanisms have not been established.
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Introduction

The human digestive tract is a truly remarkable structure that
performs multiple, critical functions. The major function of the
digestive tract is to transport, process, and absorb the nutrients
required for the function and growth of the entire body. The
absorptive mucosal surface of the small and large intestines of
an average adult has a total surface area of approximately
200 m?, roughly the size of a badminton court [1]. The GI
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system is a tubular structure lined by a continuous epithelial
cell layer, which sits on basement membrane, forming a barrier
to the external environment. Underneath of the epithelial layer
is the lamina propria, which contains blood, lymphatic vessels,
and mucosa-associated lymphoid tissues (MALTs). MALTs are
unencapsulated but organized collections of B and T lympho-
cytes, dendritic cells, and macrophages, which are sites of
adaptive immune responses. As the gastrointestinal tract ab-
sorbs nutrients from the environment, it must do so in the
presence roughly 3.8 x 10'* commensal microbes within the
gut without inappropriate activation of inflammatory responses
[2]. These commensal microbes perform numerous beneficial
functions, including degradation of nutrients that our own cells
cannot digest. While maintaining tolerance to an enormous
number of commensal microbes, the immune system of the
GI tract must be able to appropriately detect and respond to
much rarer, potentially harmful pathologic microbes. The GI
tract has several strategies to prevent infection. First is the pro-
duction of a thick mucus layer that prevents most organisms
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from contacting the epithelial layer. Second is the production of
anti-microbial peptides by epithelial cells, as well leucocytes
that destroy pathogens. Thirdly, IgA produced by plasma cells
within the lamina propria is transported to the lumen where it
can neutralize pathogens before they can invade the epithelia.

In general, a healthy gastrointestinal mucosal system is
considered to be an effective route of development of toler-
ance to food proteins. Damage to the mucosa of the GI tract is
believed to be a risk factor for a breakdown in tolerance to
food antigens. We will focus on the esophagus and upper
airways, which can be affected by damage due to gastric acid
and proteases resulting from gastroesophageal reflux disease
(GERD). We will explore possible mechanisms through
which GERD may impair mucosal function, perhaps increas-
ing susceptibility to allergic sensitization. As will be discussed
below, GERD can elicit robust inflammatory responses within
the esophagus, with pathological consequences.

The esophagus is similar to other regions of the GI tract in that
it is comprised of as mucosa, submucosa, and muscularis propria.
The esophageal mucosa consists of non-keratinized, squamous
epithelium, connective tissue of the lamina propria and the
muscularis mucosa. In the stratum superficiale, squamous cells
are more flattened. The presence of tight junctions and mucus
secretions form a protective barrier. While varying numbers of
eosinophils are found throughout the small and large intestines
with the largest numbers being found in the right colon, eosino-
phils are absent in the esophagus of children [3]. Rare eosinophils
may be observed in the esophagus of normal, healthy adults. A
variety of immune cells are present in the esophagus, including T
lymphocytes, regulatory T lymphocytes, B lymphocytes, plasma
cells, mast cells, and dendritic cells [3]. In infectious and inflam-
matory conditions, the number of immune cells increases mark-
edly, recruiting lymphocytes, neutrophils, eosinophils, mast cells,
basophils, and innate lymphoid cells type 2 (ILC2). Additionally,
esophageal epithelial cells, keratinocytes, and fibroblasts are ca-
pable of responding to a wide variety of inflammatory stimuli.
Thus, although the healthy esophagus contains fewer immune
cells in comparison to the intestines, complex inflammatory re-
sponses do occur within the esophagus. We will explore the
possible relationships of the effects of GERD on mucosal immu-
nity within the esophagus and the development of atopic disor-
ders, including asthma, allergic rhinitis, sinusitis, atopic dermati-
tis, contact dermatitis, and eosinophilic esophagitis.

Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is one of the most
common diagnoses made by both primary care physicians and
gastroenterologists [4]. The prevalence of GERD is estimated to
be between 20 and 30% of adults in western countries. It is
defined as a gastrointestinal motility disorder that results from
the reflux of stomach contents into the esophagus or oral cavity,
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causing symptoms or complications [5]. The typical symptoms
of GERD are heartburn and regurgitation of gastric contents into
the oropharynx. There is a lengthy list of extraesophageal symp-
toms that have been attributed to GERD (Table 1) [6]. However,
the evidence supporting causation is quite variable.

Pathophysiology of GERD

Gastroesophageal reflux can be physiologic or pathologic.
Physiologic reflux mostly occurs during the postprandial state,
is transient, does not occur during sleep, and does not result in
heartburn symptoms. Most episodes of gastroesophageal re-
flux are brief and do not cause symptoms, esophageal damage,
or complications. Pathologic reflux is related to transient loss
of pressure in the lower esophageal sphincter (LES) [7]. LES
tone and activity of the crural diaphragm maintains gastro-
esophageal junction (GEJ) pressure. LES tone is maintained
by the activity of neurotransmitters released by the vagus
nerve and by stimulation of the enteric nervous system [8].
Various risk factors have been attributed to transient relax-
ation of the LES (Table 2), such as diet and lifestyle (smoking,
alcohol), abdominal obesity, connective tissue disease (e.g.,
scleroderma), and esophagitis [9]. Among these risk factors,
obesity accounts for 50-70% of patients with reflux symp-
toms, and 15% of the obese patients also have a hiatal hernia
[10]. The mechanism related to development of reflux symp-
toms in obese patients is thought to be secondary to chronic
increased intraabdominal pressure, which in turn results in an
ineffective LES, delayed gastric emptying, and hiatal hernia.

GERD and Mucosal Injury

The effects of GERD on the esophageal mucosa have been the
subject of a recent excellent review [4]. GERD results in the
exposure of the esophagus to gastric contents including acid
and proteases. Roughly 30% of patients in western countries
with GERD symptoms present with erosive esophagitis.
Prolonged GERD can lead to Barrett’s esophagus, a precan-
cerous lesion which can develop into adenocarcinoma of the
lower esophagus [5]. The first characterization of the morpho-
logical changes induced by GERD within esophageal mucosa

Table 1 Extracsophageal
symptoms attributed to
GERD

1) Laryngopharyngeal reflux
2) Allergic rhinitis

3) Asthma

4) Sinusitis

5) Food Allergy

6) Otitis media

7) Dental erosions
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Table 2 Risk factors for

development of reflux 1) Lifestyle (smoking, alcohol

consumption)

2) Diet (fatty, spicy, acidic,
chocolate, caffeine)

3) Abdominal obesity

4) Connective tissue disease
(e.g., scleroderma)

5) Esophagitis

included basal cell hyperplasia and papillary elongation [6].
Subsequently, dilatation of intercellular spaces was described.
In 2011, standardized diagnostic criteria were developed for
the histological diagnosis of GERD, including basal cell hy-
perplasia, papillary elongation, intraepithelial eosinophils,
neutrophils, and mononuclear cells, as well as dilated intercel-
lular spaces [7]. Following optimal acid blockade, these his-
tological changes can regress over time [8§].

Dilated intercellular spaces are observed in patients with ero-
sive and non-erosive reflux disease. Dilated intercellular spaces
are associated with impaired mucosal integrity and decreased
transepithelial resistance. Dilation of intercellular spaces can be
induced in animal models and human subjects following instil-
lation of acid into the esophagus. Interestingly, in these experi-
ments, dilation of intercellular spaces was also observed in non-
exposed, proximal esophageal mucosa, suggesting that acid ex-
posure can affect esophageal mucosa indirectly [8].

GERD is caused by damage resulting from exposure of the
esophagus to gastric acid and proteases. This is followed by
infiltration of inflammatory cells into the mucosa to remove
cellular debris. Prolonged exposure of esophagus to gastric
contents leads to deeper involvement of the mucosa. As acids
and proteases penetrate deeper into the mucosa, there is deg-
radation of junctional proteins, impaired epithelial function,
and mucosal inflammation [9, 10]. Throughout this process,
cytokines and chemokines are produced not only by infiltrat-
ing inflammatory cells but also by epithelial cells,
keratinocytes, and fibroblasts. On endoscopy, GERD can lead

Fig. 1 Upper endoscopy in a 3-year-old with erosive esophagitis with
notable linear ulcerations (blue arrows), pale mucosa (photo courtesy of
Dr. Peter Ngo)

to erosive esophagitis and the development of linear erosions
(Fig. 1). Overtime, untreated GERD can result in the develop-
ment of peptic strictures (Fig. 2).

The inflammatory response induced by GERD includes the
production of a variety of cytokines (IL-1, IL-6, IL-4, IL-10),
chemokines (IL-8), and platelet-activating factor (PAF) [4,
11-14]. IL-1 and IL-8 are produced by keratinocytes and their
level of expression correlates with the severity of inflamma-
tion observed endoscopically and histologically [14]. Levels
of IL-1 and IL-8 are reduced following acid suppressive ther-
apy [15]. Additionally, PAF is produced by esophageal muco-
sa following exposure to acid and levels of PAF are increased
in esophageal mucosa of patients with chronic esophagitis
[16]. Production of cytokines and chemokines by mucosal
cells recruits immune cells to esophageal mucosa followed
by their subsequent activation, leading to further recruitment
and activation of additional immune cells.

Activation of proteinase-activated receptor 2 (PAR2)
has also been implicated in the mucosal inflammatory re-
sponse in GERD. PAR2 is expressed on the surface of GI
and respiratory epithelia and on neuronal cells [17, 18].
PAR2 is activated by serine proteases, such as trypsin
and tryptase from mast cells within the GI tract [19].
Cleavage of an N-terminal sequence of PAR2 leads to ac-
tivation of its intracellular domain. Activation of PAR2
leads to release of IL-8 from epithelial cells. PAR2 expres-
sion is increased in patients with erosive, as well as non-
erosive, esophagitis. High levels of PAR2 expression cor-
relate with high levels of IL-8 within the mucosa, with
subsequent recruitment of inflammatory cells into the mu-
cosa [20]. These observations support the concept that
GERD is an immune-mediated process triggered initially
by esophageal mucosa exposed to acid and proteases.
Targeting of PAR2 has been proposed as a possible thera-
peutic intervention in GERD [20]. Impaired barrier func-
tion in the presence of inflammatory cytokines is hypoth-
esized to be a mechanism whereby allergens (food, envi-
ronmental) can penetrate mucosal surfaces, leading to

Fig. 2 a, b Upper endoscopy in a 2-year-old with a peptic stricture.
Stricture indicated by blue arrow (photo courtesy of Dr. Peter Ngo)
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potential allergic sensitization and subsequent develop-
ment of atopic disorders (Fig. 3).

Treatment of GERD

In patients with mild and intermittent symptoms, treatment
initially involves lifestyle and dietary modification and, as
needed, antacids and/or sodium alginate. Lifestyle recom-
mendations include weight loss for patients with GERD
who are overweight or have had recent weight gain, and ele-
vation of the head of the bed in individuals with nocturnal or
laryngeal symptoms (e.g., cough, hoarseness, throat clear-
ing). This can be achieved either by putting 68 in. blocks
under the legs at the head of the bed or a wedge under the
mattress. In addition, it is recommended to refrain from as-
suming a supine position after meals and avoidance of meals
two to 3 h before bedtime. In addition, it is recommended that
fatty foods, caffeine, chocolate, spicy foods, food with high
fat content, and carbonated beverages be avoided. If symp-
toms do not improve within 2 weeks, histamine 2 receptor
antagonists (H2RAs) are added. For patients with continued
symptoms despite these measures, the H2R A is discontinued
and once-daily proton pump inhibitor (PPI) therapy is initi-
ated. Once symptoms are controlled, treatment should be
continued for at least 8 weeks.

Esophageal Lumen

PAR2msn |
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Impaired barrier function -
Fig. 3 Proposed mechanism of inflammation induced by gastroesophageal
reflux and allergic sensitization to food or aeroallergens. Exposure of
esophageal mucosa to gastric acid and proteases leads to dilation of
intercellular spaces and impaired barrier function. Increased expression of
PAR?2 leads to increased release of IL-8, which recruits inflammatory cells,
leading to release of additional inflammatory cytokines (IL-1, IL-6, IL-10,
platelet-activating factor (PAF)). Inflammatory stimulate may induce
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Effect of Proton Pump Inhibitors on Allergic
Responses

Proton pump inhibitors (PPIs) are a class of medication that
has been in use for over 2 decades for the treatment of gastro-
esophageal reflux disease (GERD). PPIs work by inhibiting H
+ K + ATPase, the proton pump of the gastric parietal cell.
Initially, it was believed that inhibition of gastric acid secretion
by PPIs was the sole mechanism by which PPIs functioned in
the treatment of GERD. Subsequent studies suggested that
PPIs may exert additional biologic effects on a variety of cells.
Early studies demonstrated that PPIs could have anti-
inflammatory effects by inhibiting reactive oxygen species
production in neutrophils [21, 22]. Additionally, PPIs were
shown to inhibit H. pylori-induced IL-8 production in a hu-
man gastric cancer cell line [23]. As discussed above, IL-8 is a
potent chemotactic factor for neutrophils and plays a key role
in initiation of inflammatory responses.

Further support for anti-inflammatory effects of PPIs
has been obtained by the identification of a subset of pa-
tients with esophageal eosinophilia whose symptoms and
eosinophilia respond to PPIs without evidence of GERD
on endoscopy or 24 h esophageal pH monitoring [24].
Such patients were labeled as having a “PPI-responsive
esophageal eosinophilia,” possibly responding to the anti-
inflammatory effects of PPIs, rather than inhibition of acid
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allergen-specific T cells, potentially promoting atopic manifestations, includ-
ing food allergies, eosinophilic esophagitis, allergic rhinitis, asthma, atopic
dermatitis, and contact dermatitis
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secretion. Eotaxin-3, a chemokine that recruits eosinophils
into tissues, including the esophagus of patients with eo-
sinophilic esophagitis, is induced by TH2 cytokines, such
as IL-4 and IL-13. The PPIs omeprazole and lansoprazole
were shown to inhibit eotaxin-3 expression in IL-4-
stimulated esophageal squamous cell lines pretreated with
high doses of omeprazole or lansoprazole in vitro [25]. The
reduced Eotaxin-3 protein production was shown to be
associated with reduced binding of STAT6 to its binding
site on the eotaxin-3 promoter [25, 26]. Although these
observations are intriguing, the biological significance of
the observed in vitro effect of PPIs on Eotaxin-3 produc-
tion are not clear, given the high concentrations of PPI
used in these studies.

Subsequently, the effect of high dose omeprazole (40 mg
twice daily) was evaluated in adults with esophageal eosino-
philia [27]. Patients had a history of dysphagia or food impac-
tion, along with > 15 eosinophils per high-power field on
esophageal biopsy of the proximal or distal esophagus.
Patients were treated for 8 weeks with omeprazole 40 mg
bid, but no corticosteroids (topical or systemic) or dietary
interventions. Study endpoints were clinical and histological
remission and downregulation of esophageal expression of
eotaxin-3, IL-5, and IL-13 after therapy with PPI compared
to baseline expression. A total of 53 patients were studied. Of
these patients, 23 (43%) had clinical and histological remis-
sion and were labeled as having PPI-responsive esophageal
eosinophilia (PPI-REE). Thirty patients (57%) did not have
histological remission after PPI treatment and were considered
to have eosinophilic esophagitis (EoE). Fifteen of the EoE
patients were treated with swallowed fluticasone propionate
twice daily and of these patients, 8 (53%) had complete clin-
ical and histological remission. Baseline expression of
Eotaxin-3 and IL-13 were similar in PPI-REE and EoE pa-
tients. IL-5 expression was similar in the distal esophagus of
both groups, but higher in the proximal esophagus of EoE
patients. Omeprazole therapy led to significantly decreased
expression of Eotaxin-3 and IL-13 in proximal and distal
esophagus of PPI-REE patients. IL-5 expression was de-
creased in the distal, but not proximal esophagus of PPI-
REE patients. However, in patients identified as having EoE,
there was no significant decrease in Eotaxin-3, IL-13, or IL-5
in response to omeprazole alone. In EoE patients responsive to
swallowed fluticasone propionate, there were significant de-
creases in Eotaxin-3 and IL-5 expression in the proximal and
distal esophagus. Non-significant decreases in IL-13 expres-
sion were observed in the proximal and distal esophagus.
Based upon similar baseline expression of TH2 cytokines,
the authors suggest that PPI-REE and EoE likely represent a
continuum of a common TH2-mediated disease [27].
Decreased expression of Eotaxin-3, IL-13, and IL-5 in PPI-
REE patients treated with omeprazole is consistent with a
possible anti-inflammatory effect of PPIs. However, this study

did not elucidate the mechanism(s) through which PPIs may
exert an anti-inflammatory effect. Additionally, this study did
not assess a potential contribution of GERD to the expression
of Eotaxin-3, IL-13, or IL-5, since 24-h pH monitoring was
not performed on the study patients.

More recently, further support for anti-inflammatory effects
of PPIs has come from transcriptome analysis in patients with
GERD, PPI-REE, and EoE [28, 29]. A major advance in our
understanding of the mechanisms that underlie PPI-REE and
EoE versus GERD has been the identification of a panel of 94
genes that are differentially regulated in PPI-REE and EoE,
but not GERD, referred to as the EoE diagnostic panel (EDP).
The EDP was found to be comparable in both pediatric and
adult patients with PPI-REE and EoE. Analysis of the EDP
involves extraction of messenger RNA (mRNA) from esoph-
ageal biopsy samples, followed by reverse transcription of
mRNA into cDNA. Changes in gene expression in patient
samples compared to controls are measured by quantitative
PCR. Analysis of the EDP identified a unique set of 77 genes
that were dysregulated in EoE patients compared to controls.
Gene expression heat maps observed in patients with non-
erosive reflux disease or GERD was not significantly different
from controls, indicating that GERD alone is not sufficient to
induce changes in gene expression that occur in EoE.
Categories of genes analyzed in the EDP included genes in-
volved in cell adhesion, epithelial-related, inflammation, tis-
sue remodeling, eosinophils and mast cells, chemokines, and
cytokines [28]. The differential effect of EoE versus GERD on
the expression of genes within the EDP demonstrates under-
lying molecular differences between GERD and EoE.
Subsequent studies compared the transcriptomes from patients
diagnosed with PPI-REE and EoE [29]. This analysis demon-
strated significant molecular overlap between PPI-REE and
EoE, reinforcing the understanding that PPI-REE is best con-
sidered to be on the same continuum of allergic disease as
EoE. As a result, some practitioners have advocated for elim-
inating PPI-REE as a diagnosis in favor of PPI-responsive
EoE. The investigators found that the transcriptome essential-
ly normalized in PPI-REE patients following high-dose PPI
treatment. Similarly, the transcriptome nearly normalized in
EoE patients treated with topical steroids. These findings sup-
port the hypothesis that PPIs have anti-inflammatory effects,
in addition to acid suppression. The precise mechanism
through which PPIs exert these anti-inflammatory effects re-
mains unclear and why PPIs are effective only in a subset of
EoE patients remains to be determined. Interestingly, these
investigators found that differential expression of the gene
KCNIJ2 (potassium inwardly-rectifying channel, subfamily J,
member 2/Kir2.1) may differentiate patients with EoE versus
PPI-REE pre-treatment [29]. Such observations may allow
greater precision in the treatment of these patients and avoid
a need for elimination diets or treatment with topical steroids
and the need for multiple endoscopies.
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Eosinophilic Esophagitis and GERD

Eosinophilic esophagitis (EoE) is an allergy-mediated, chron-
ic disorder resulting in severe eosinophilic inflammation and
dysfunction of the esophagus. It is a chronic disorder that
affects all ages and can cause significant morbidity [30]. It is
thought that EoE represents a localized delayed hypersensitiv-
ity reaction to food and/or environmental allergens. EoE is a
polygenic allergic disorder with mostly non-IgE-mediated al-
lergic reactions [31]. The incidence of IgE-mediated food al-
lergy is higher in EoE patients. Eosinophils, T cells, and mast
cells are elevated in esophageal mucosal biopsies of patients
with eosinophilic gastrointestinal disorders. Clinical symp-
toms of EoE vary depending upon the age of presentation
(see Table 3).

Eosinophilic Esophagitis Versus PPI-Responsive
Esophageal Eosinophilia

The differentiation of patients with GERD versus PPI-REE
or EoE is often a source of confusion. Both GERD and
EoE are more common in young males [30]. Typical
GERD symptoms include heartburn or regurgitation and
upper endoscopy is not indicated for patients with typical
GERD symptoms. However, upper endoscopy is indicated
in GERD patients with alarm symptoms (dysphagia,
odynophagia, GI bleeding, anemia, weight loss, vomiting)
or failure to respond to high-dose PPI therapy over a 4 to 8-
week course (Table 4). Visible esophagitis is observed in
approximately 30% of patients with GERD. The severity
and duration of symptoms do not necessarily correlate with
the severity of esophagitis, however. Ulcerations observed
in peptic esophagitis (GERD) tend to occur in the distal
esophagus (Fig. 1). Histologic findings in GERD are non-
specific and include dilation of intercellular spaces, as well

Table 3 Clinical
presentation of
eosinophilic esophagitis
by age

Infants and toddlers
1) Regurgitation

2) Vomiting

3) Feeding refusal
4) Failure to thrive
Older children

5) Vomiting

6) Abdominal pain
7) Retrosternal pain
8) Weight loss
Adolescents/adults
9) GERD

10) Dysphagia

11) Food impactions/esophageal strictures
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Table 4 Indication for
endoscopic evaluation in
GERD patients

Dysphagia

Odynophagia

GI bleeding

Anemia

Weight loss

Vomiting

Failure to respond to high-dose
PPI therapy

as the presence of neutrophils and eosinophils and thick-
ening of the basal cell layer. In comparison to eosinophilic
esophagitis, however, esophageal eosinophilia is usually
much less pronounced in patients with GERD.
Esophageal 24-h pH/impedance monitoring may be used
to help confirm the diagnosis of GERD in patients with
atypical symptoms.

PPI-REE and EoE can present at any age and symptoms
vary with age (Table 3). Older children, adolescents, and
adults can present with chest pain, solid food dysphagia,
and food impactions. In younger children and infants, symp-
toms can include reflux, vomiting, abdominal pain, feeding
refusal, and failure to thrive. Such symptoms require further
evaluation withupper endoscopy. Visible findings consistent
with PPI-REE or EoE may include pale mucosa, linear fur-
rows, and white exudates (Fig. 4); however, the esophagus
may be normal-appearing. Biopsies should be obtained,
preferably from the proximal, mid, and distal esophagus.
Increased sensitivity of diagnosis is correlated with increas-
ing numbers of biopsies, with six biopsies recommended.
Findings consistent with EoE include the presence of > 15
eosinophils per high-power field, eosinophil micro-abscess-
es, basal zone hyperplasia, dilated intercellular spaces, pap-
illary elongation, and lamina propria fibrosis (Fig. 5).
Eosinophils tend to be present throughout the entire length
ofthe esophagus, whereas in GERD, eosinophils are typical-
ly found only in the distal esophagus, usually in smaller num-
bers than observed in EoE.

It is important to emphasize that GERD and EoE are dis-
tinct diagnoses and patients may have one or both disorders at
the same time. The relationship between GERD and EoE is
likely complex [30]. One hypothesis is that GERD may lead to
esophageal mucosal damage induced by gastric acid, leading
to impaired mucosal integrity and allowing penetration of
food allergens and the potential for subsequent allergic sensi-
tization [31] (Fig. 3). Direct proof of this mechanism of aller-
gic sensitization is lacking, however. On the other hand, im-
paired epithelial integrity is also a characteristic of EoE, which
may lead to acid hypersensitivity and symptoms of GERD.
Atopic disorders, such as atopic dermatitis, allergic rhinitis,
and asthma are common comorbidities observed in patients
with EoE. Thus, in patients with symptoms of esophageal
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Fig. 4 a, b Eosinophilic exudate
(black arrows) and linear furrows
(red arrows) visualized
endoscopically in a patient with
eosinophilic esophagitis (photo
courtesy of Dr. Peter Ngo)

dysfunction, the presence of atopic disorders increases the
index of suspicion of having EoE. Consensus guidelines rec-
ommend that patients with histologic evidence of > 15 eosin-
ophils per high-power field be treated aggressively with at
least 2 months of acid blockade therapy or carefully tested
with impedance monitoring before a definitive diagnosis of
EoE can be made, even in highly atopic patients [31, 32]. The
PPI-REE Task Force of the European Society for Eosinophilic
Esophagitis recently recommended that patients suspected of
having PPI-REE or EoE should first undergo an endoscopy
before starting PPI therapy and then repeat an endoscopy on a
PPI to conclusively distinguish between the PPI-REE and
EoE [33]. However, this practice remains controversial partic-
ularly among pediatric practitioners.
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Fig. 5 Esophageal histology of a child with EoE reveals eosinophilic
degranulation (black arrow) and basal layer hyperplasia (blue arrow)
with dilated intracellular spaces (red arrow) (photo courtesy of Dr.
Jeffrey Goldsmith)

Asthma and GERD

Asthma and GERD are both very common, but their frequent
coexistence has led to the suggestion that there is a patholog-
ical link between the two diseases. GERD has been found to
occur in 32% to 80% of asthmatic patients [34]. Asthma is
thought to promote reflux by increasing the pressure gradient
between the thorax and the abdomen.

Reflux Versus Reflex Theories

There are two proposed mechanisms by which GERD can
aggravate asthma. The reflux theory suggests a direct mecha-
nism by which micro-aspiration of gastric contents causes
damage to the bronchopulmonary tree. The aspirate directly
stimulates the pharynx or larynx, causing pulmonary symp-
toms and lung injury [35]. The lung injury caused by micro-
aspiration is likely multifactorial. Mechanical obstruction of
the airways occurs from small particles in the aspirate.
Chemical pneumonitis or aspiration-related bacterial pneumo-
nia can also occur. Finally, failure of physiological protective
mechanisms such as intact lower and upper esophageal
sphincters which usually act as a barrier to prevent refluxate
from causing symptoms and tissue damage may account for at
least part of asthma symptoms in GERD patients [36].

The reflex theory suggests an indirect mechanism in which
distal esophageal reflux stimulates the vagal nerve which in turn
leads to bronchoconstriction [37]. This theory is based on the fact
that the esophagus and tracheobronchial tree share an embryonic
origin. Therefore, they share the same neural innervation,
explaining why stimuli in the distal esophagus could lead to
respiratory symptoms via vagally mediated reflexes.

The hypothesis that GERD can trigger or exacerbate asth-
ma is supported by several small studies that have shown a
reduction in asthma symptoms and/or an improvement in pul-
monary function after anti-reflux therapy [38—41]. However,
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there are other studies that have investigated the effect of PPI
treatment on asthma outcome with inconclusive results.

Effect of Proton Pump Inhibitors on Asthma

It has long been thought that treatment of reflux in asthma
patients improves their asthma control. This belief was even
reflected in the last set of guidelines from the National
Institutes of Health (NIH) for the treatment of asthma [42].
These guidelines recommended that physicians consider ad-
ministering an empiric trial of anti-reflux therapy to patients
with poorly controlled asthma, even in the absence of GERD
symptoms. However, new evidence is shifting our practice
away from treating asthma patients with asymptomatic
GERD with anti-reflux medications [43].

The possibility of occult gastroesophageal reflux contrib-
uting to refractory asthma led to SARCA (Study of Acid
Reflux in Childhood Asthma), which studied the effect of
empiric lansoprazole on the treatment of uncontrolled asthma
[44]. The clinical effectiveness of PPI drugs is closely associ-
ated with plasma concentrations and variation within the
CY2C19 gene. Several loss-of-function CYP2C19 single-
nucleotide polymorphisms are fairly common in the popula-
tion and consistently associate with higher PPI levels [45].
Lang et al. explored the effect of lansoprazole and metabolizer
phenotype on asthma control by comparing longitudinal data
among three groups (placebo-treated, lansoprazole-treated ex-
tensive metabolizers, and lansoprazole-treated poor
metabolizers) in a 6-month asthma trial [46]. In this study,
they demonstrated that poor metabolizers taking lansoprazole
developed significantly worse asthma control compared with
both lansoprazole-treated extensive metabolizers and placebo-
treated children. At 6 months, poor metabolizers displayed
significantly worsened asthma control compared with exten-
sive metabolizers (10.16 vs. —0.13; p=0.02) and placebo-
treated children (10.16 vs. —0.23; p, 0.01). The authors hy-
pothesized that increased exposure to proton pump inhibitor
may worsen asthma control by altering responses to respira-
tory infections; however, their study was not powered ade-
quately to demonstrate this definitively.

A recent study by Sadur et al. determined the effect of
omeprazole on asthma symptoms, pulmonary function, and
on the requirement of asthma medications in 40 patients
with difficult to control asthma [34]. All patients
underwent 24-h pH-monitoring and pulmonary function
tests were performed before and after treatment. In the
asthma patients with GERD, post-treatment reflux symp-
tom score, pulmonary symptom score, and nighttime asth-
ma symptom score improved, and there was a significant
increase of FEV1. The authors concluded that PPI therapy
improves nocturnal and daytime asthma symptoms in se-
lect patients with asthma and concomitant GERD.
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One small study by Granéli et al. prospectively describes
the clinical outcomes of 40 children at their institution who
underwent computer-assisted robotic Nissen fundoplication
surgery [47].

All 40 patients required anti-reflux medication before the
fundoplication. This number decreased significantly to 8
(20%) after the fundoplication (p <0.001). Before the
fundoplication, 22 children (55%) were using asthma medica-
tion and only 12 (30%) after the fundoplication (p =0.04).
While these results are compelling, unfortunately they do
not clarify why these children were able to reduce their asthma
medication. It could have been due to the reduction in expo-
sure to anti-reflux medications or the reduction in GERD it-
self. Larger studies would be required to elucidate the effect of
Nissen fundoplication surgery on asthma.

In summary, the interaction between asthma and GERD is
complex, and the mechanism through which PPIs may affect
asthma outcomes is not clear. Treatment of GERD seems to
improve asthma symptoms in selected patients, but paradoxi-
cally lung function does not uniformly improve. These disap-
pointing results have been attributed to the wide variation in
GERD treatment (H2-antagonists, PPI therapy, anti-reflux sur-
gery). Furthermore, most studies had small sample sizes and
had variable dosages and duration of therapy. In the majority
of the studies, treatment periods were usually short. It is pos-
sible that a longer observation period could be necessary be-
fore control of GERD results in benefits for asthma-related
symptoms. It is also thought that perhaps subgroups of asth-
matics may benefit from acid blockade therapy, specifically
those with nocturnal reflux proven by 24-h pH monitoring.

Chronic Rhinosinusitis and GERD

Chronic rhinosinusitis (CRS) is a common disorder character-
ized by inflammation of the mucosal membranes of the nose
and paranasal sinuses. CRS, especially refractory disease that
does not improve with medical therapy, has been associated
with increased risk of GERD.

Similar to asthma and AR, it has been proposed that there is
a direct cytotoxic effect of refluxate on the respiratory mucosa.
However, according to The European Position Paper on
Rhinosinusitis and Nasal Polyps 2012 (EPOS2012), there is
insufficient evidence for a causal relationship between GERD
and CRS [48]. Nevertheless, there is still debate over whether
an association exists. Patients with GERD have a higher 20-
item Sino Nasal Outcome Test (SNOT-20) score than control
subjects, indicating that GERD patients have a reduced
sinonasal quality of life [49].

Katle et al. recently conducted a study that showed patients
with CRS had more gastroesophageal reflux as well as prox-
imal reflux, than healthy controls [50]. The CRS patients also
had significantly more bolus exposure in both the upright and
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supine positions. There were significantly higher numbers of
acid and non-acid reflux episodes in CRS patients than
asymptomatic controls which the authors concluded suggest
that GERD may be a causative or contributing factor of CRS.
Supporting this hypothesis is the observation that gastric acid
exposure may cause dilation of intercellular spaces in proxi-
mal, unexposed esophageal mucosa. Such a mechanism could
exacerbate inflammation within the mucosa of the upper air-
ways and sinuses. A recent report by Lin et al. followed
15,807 new diagnosed GERD patients, compared to 47,421
subjects without GERD and matched by age, sex, index year,
and comorbidity as a control cohort. Subjects with GERD
were found to have a 2.36-fold greater risk of developing
CRS (95% confidence interval =2.08-2.68: p <0.001) [51].

The current position statement of the American Academy of
Otolaryngology—Head and Neck Surgery does not support use
of PPIs for pediatric CRS [52]. The recently published
International Consensus Statement on Allergy and Rhinology:
Rhinosinusitis [53] outlines the data surrounding CRS and
GERD. It assigns grade B evidence to support the association
between these entities but again states that treatment guidelines
or mechanistic studies are lacking. They recommend definitive
testing to accurately diagnose GERD before initiating PPI treat-
ment in patients with non-responsive CRS.

Allergic Rhinitis and GERD

Allergic rhinitis (AR) may be defined as inflammation of the
nasal mucous membranes caused by immunoglobulin E
(IgE)-mediated allergic reaction to aeroallergens. It is charac-
terized by symptoms of nasal obstruction and secretion in the
absence of common cold and is associated with a significant
reduction in the health-related quality of life, including im-
paired quality of sleep [54]. It has been suggested that frequent
symptoms of GERD are associated with an increased risk of
developing AR.

Hellegren et al. demonstrated in a general population sample
of 3307 subjects, aged 25-75 years that symptoms of GERD
occurring > 25 times per year were associated with an increased
risk of developing rhinitis during a 4-year follow-up [55]. A
recent retrospective study by Mahdavinia et al. evaluated the
odds of developing allergic rhinitis and asthma in CRS patients
with and without GERD [56]. The odds ratios (ORs) for asthma
and allergic rhinitis in the CRS group with GERD compared
with the CRS group without GERD were 2.89 (95% confidence
interval (CI), 1.905-4.389) and 2.021 (95% CI, 1.035-3.947),
respectively. The authors concluded that patients with CRS and
GERD were more likely to have atopic disorders than patients
with CRS alone. The mechanisms that underlie an increased
susceptibility to atopic disorders in individuals with CRS and
GERD remains to be elucidated; however, it is tempting to
speculate that conditions that promote impaired barrier function

(GERD) and inflammation (CRS) may increase the likelihood
of allergic sensitization (Fig. 3).

The RHINE study, a large Northern European multicenter
study where the subjects were followed for 10 years, demonstrat-
ed that nocturnal GERD was associated with the development of
rhinitis and this association strengthened with the frequency of
nocturnal reflux episodes [57]. However, these studies only iden-
tified non-infectious rhinitis and did not differentiate allergic rhi-
nitis from non-allergic rhinitis. Of note, the recent International
Consensus Statement on Allergic Rhinitis does not even mention
GERD at all as a potential risk factor [58].

Atopic Dermatitis, Nickel Allergy, and GERD

Most commonly, the response to food antigens in the GI tract
and skin is one of immunologic tolerance. Antigen presenta-
tion is mediated by CD103* dendritic cells (DCs) in the GI
tract and by CD11b* DCs and Langerhans cells in the skin
[59]. These DCs migrate to draining lymph nodes where they
induce food antigen-specific regulatory T cells, which pro-
mote tolerance. However, in the presence of inflamed barriers,
it is believed that a breakdown of tolerance to food antigens
may occur, perhaps mediated by expression of IL-33, IL-25,
and thymic stromal lymphopoietin by keratinocytes (Fig. 3)
[59]. Impaired and/or inflamed barriers occur in atopic derma-
titis (AD), contact dermatitis (CD) induced by nickel allergy,
and GERD. The degree to which inflammatory skin condi-
tions (AD, CD) may influence GI inflammation (GERD)
and vice versa is presently unknown.

A potential relationship of nickel allergy to GERD has
recently been investigated [60]. Delayed type hypersensitivity
to nickel is a common cause of CD. Exposure to nickel can
occur through contact of jewelry and clothing with skin sur-
faces. Nickel is also present in significant quantities in a vari-
ety of foods, including tomatoes, cocoa, peanuts, oats, beans,
whole wheat, lentils, hazelnuts, walnuts, peas, and soy [61].
Thus, nickel exposure through the GI tract is also common.
Interestingly, nickel sensitization was found to be more prev-
alent in GERD patients than controls (39.5% versus 16.4%;
p=0.001) determined by atopy patch testing. In spite of this
observation, nickel allergy was not shown to have a demon-
strable effect on GERD, as “low nickel diets” (i.c., avoidance
of foods from the diet known to be high in nickel) had no
effect on GERD symptoms or medication requirement (use
of PPIs) [60]. Thus, although nickel allergy may be a common
cause CD, evidence of an influence of nickel sensitization on
GERD is lacking.

Similarly, evidence for an influence of atopic dermatitis on
GERD and vice versa is lacking. Both processes represent
mixed IgE/non-IgE-mediated allergic disorders. Atopic der-
matitis and GERD are both common manifestations of food
allergy in infants [62]. Presently, there are no published
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studies that demonstrate a direct relationship between atopic
dermatitis and GERD. As will be discussed below, treatment
of GERD by acid blockade has been associated with an in-
crease in food specific IgEs; however, clinical manifestations
of food allergy were not demonstrated.

Food Allergy and GERD

Approximately 7-8% of children are affected by food aller-
gies, the most common being cow’s milk, egg, and peanut
allergies [63]. The frequent coexistence of GERD with food
allergies in children, particularly young children under the age
of 5 years, has been extensively reported [62—68]. The mech-
anisms involved include both immunoglobulin E (IgE)- and
non-IgE-mediated reactions. IgE-mediated allergic reactions
can occur within seconds to minutes and range from a tingling
sensation around the mouth and lips to hives and anaphylaxis.
Delayed type allergic reactions that take days to weeks to
appear are more often non-IgE-mediated.

Acid-Blocking Medications as Augmenting Factors
in Food Allergy

Antacids, including PPI’s, H2 blockers, as well as sucralfate,
have all been implicated as augmenting factors for food aller-
gy reactions. Augmenting factors are defined as factors which
lower the reaction threshold or which make allergic symptoms
more severe by directly influencing the immunological mech-
anism of type I allergy [69]. Antacids may be involved in
allergic reactions by several mechanisms, both long term
and short term (Table 5).

The most widely postulated mechanism by which acid-
suppressing medications might accentuate allergic sensitiza-
tion is their potential to impair digestion so that intact aller-
gens reach lower parts of the gastrointestinal tract [70]. Acid-
reducing medications work by either binding protons in the
gastric lumen or reducing gastric acid output. Gastric acidity
itself is not only required for protection against infectious
agents but also initiates protein degradation by influencing
food protein interactions, as well as structural properties of
proteins. Low gastric acid pH is crucial for activation and
liberation of gastric and pancreatic proteases. Together, these
enzymes degrade proteins to small nutritionally valuable

Table 5 Proposed mechanisms to explain how acid suppressing
medications act as augmenting factors for food allergy

1) Incomplete food protein degradation

2) Interference with epithelial barrier function

3) Influence on gastrointestinal microbiome
A) Increased numbers of oral and upper GI tract bacteria
B) Anti-microbial effect on certain microbes
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peptides, which ideally are ignored by the immune system
or lead to tolerance. Studies suggest that by increasing the
gastric pH, food proteins are incompletely broken down with
the potential to present as antigens or even allergens.

Untersmayr et al. studied of a cohort of 152 adult patients
treated for GERD with either H2-recptor blockers or PPIs who
underwent allergy screening before and after a 3-month course
of antacid treatment. Those patients demonstrated an increase
of preexisting food-specific IgE antibodies in 10% or de novo
IgE formation towards regular constituents of the daily diet in
15% of all patients [71]. Even though food-specific IgE levels
decreased in some patients 5 months after discontinuation of
anti-ulcer medication intake, sensitization was still confirmed
by positive skin tests. However, the study did not comment on
any subjects developing clinical manifestations of allergy.

Another potential mechanism for allergy induction by acid
reduction medication might be its interference with epithelial
barrier function. Interestingly, high levels of total and food-
specific IgE were measured in the gastrointestinal mucosa of
peptic ulcer patients who had enhanced mucosal permeability
due to H. pylori infection [72]. Increased transepithelial leak
has also been described in patients with Barrett’s esophagus.
However, it was unclear whether the increased mucosal per-
meability was secondary to the inflammation versus the dis-
ease. In 2008, Mullin et al. used sucrose permeability testing
to demonstrate that some, but not all, healthy volunteers tak-
ing esomeprazole developed paracellular leak in the esopha-
gus. This paracellular leakage reversed with discontinuation
of the PPI [73].

Finally, gastric acid suppression has consequences to the
gastrointestinal microbiome, which has been postulated as a
mechanism for food allergy. PPIs increase the number of bac-
teria in the oral cavity and the upper gastrointestinal tract due to
lack of gastric acidity [74]. Alternatively, PPIs might have an
anti-microbial effect on certain microbes by inhibiting the H +
K + ATPase found in bacterial and fungal cell membranes.
Microbiome changes during acid blocking drug treatment and
the known influence of the intestinal bacterial composition on
food allergy could offer a further mechanistic explanation for
the observed association between acid-suppressing medications
and allergy development [75, 76] (Table 5).

Association Between Non-IgE Mediated Food Allergy
and GERD in Children

The development of food allergy has also been linked to
GERD itself, not only antacid treatment. Gastroesophageal
reflux disease commonly occurs during the first year of
life, and some forms of severe GERD have been shown
to be associated with food allergy. Nielsen et al. identified
an association between GERD and cow’s milk hypersensi-
tivity in 10 out of 17 patients with severe GERD using
strict criteria for both GERD and food hypersensitivity
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[77]. The vast majority of the food allergies in these chil-
dren seem to be non-IgE mediated with negative specific
IgE and skin prick testing. Diagnosis is most often made by
oral challenge [78]. lacono et al. reported that food allergy
was diagnosed in 41.8% of children with pathological gas-
troesophageal reflux [64]. Semeniuk et al. identified cow’s
milk allergy in 43% of children aged 2 to 15 months with
GERD [78]. Janiszewska et al. studied a large group of
children aged 1 to 16 years diagnosed with GERD based
on 24-h esophageal pH-metry, and in 48% of cases found
IgE-dependent food allergy [79]. More recently, Yukselen
et al. studied a large group of GERD patients to evaluate
the prevalence of food allergy and, as reported in the pre-
vious studies, they found that 43% of children with GERD
also had food allergy [77]. These studies suggest that
GERD is considered a manifestation of both IgE and
non-IgE-mediated food allergies.

Conclusion

In this article we reviewed several common atopic conditions
that have been associated with GERD including asthma, CRS,
AR, AD, CD, food allergies, PPI-responsive esophageal eo-
sinophilia, and eosinophilic esophagitis. In each condition, the
evidence of a causal link is not definitive. Although the rela-
tionship between asthma and GERD remains controversial,
evidence suggests that a subset of asthma patients with docu-
mented GERD may experience improved asthma control fol-
lowing appropriate treatment of GERD. The relationship of
GERD to allergic rhinitis and chronic sinusitis is weak; how-
ever, studies support the concept that treatment of frequent
episodes of GERD can have a positive effect on rhinitis and
sinusitis overall. GERD is a common manifestation of food
allergy, particularly in infants and children. The relationship
between food allergy (including PPI-REE and EoE) and
GERD is likely bidirectional. GERD may induce changes in
the mucosal immune system that favor the development of
food allergy; however, the underlying mechanisms have not
been established. The observation that GERD does not induce
dysregulation of atopy-related genes associated with EoE
(EoE transcriptome) argues that GERD alone may not be suf-
ficient to induce allergic inflammation. Esophageal pH-
monitoring and/or pH-impedance monitoring is the standard
of care to correlate reflux and symptoms. With increasing
evidence of risks of long term PPI use, it is important to con-
clusively test for GERD before assuming the refractory nature
of'the atopic disease can be attributed to it. Effective treatment
of GERD in symptomatic patients with atopic disorders is
likely to provide additional improvement in the control of
the atopic disorder by virtue of the common anatomical loca-
tions where GERD and these atopic disorders occur.
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