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Abstract Idiopathic pulmonary fibrosis is a chronic fibrosing
disease of the lung and is the most common of the interstitial
pneumonias. The pathophysiology of IPF involves recurrent
epithelial cell injury, abnormal wound repair response and
aberrant fibroblast proliferation. Recent studies have provided
information regarding the po ten tial fun ction of
gastroesphageal reflux (GER) and microaspiration as a
possible etiology of this recurrent epithelial injury and fibrosis
formation. Although acid aspiration has been linked to IPF,
the mechanism involved and the relationship of abnormal
GER to the cause or progression of IPF have not been
adequately addressed. This association is of great interest to
the scientific and clinical communities, with ongoing active
investigations. Herein, we review current understanding about
the relationship between GER and IPF, and investigate the
evidence supporting this relationship.
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BAL
ILD
CT
NSIP
PFT
DLCO
TLC
FVC
OSA

Bronchioalveolar lavage
Interstitial lung disease
Computed Tomography
Non-specific interstitial pneumonitis
Pulmonary function test
Diffusing capacity of the lung for carbon monoxide
Total lung capacity
Forced vital capacity
Obstructive sleep apnea

Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic fibrosing
disease of the lung and is the most common of the interstitial
pneumonias. To date there is no approved therapy for this
disease, which has a 2–5 year 50 % mortality [1]. The
pathophysiology of IPF is believed to be based on recurrent
epithelial cell injury and abnormal wound repair responses,
including aberrant fibroblast activity [2]. The cause of epithelial
injury remains unknown, but cigarette smoking, chronic viral
infections, exposure to wood and dust particles, and drug
toxicity have been associated with IPF [3]. In addition to these
exposures, recent studies have revealed the potential role of
gastroesphageal reflux (GER) and microaspiration as a possible
cause of recurrent epithelial injury [4]. GER includes reflux of
both acidic and non-acidic content, symptomatic disease, and
asymptomatic events. However, although a high incidence of
acid aspiration in IPF has been detected in several series, the
role of GER in either the cause or the progression of IPF is not
well understood [5•], and the association of GER and IPF is a
topic of intense ongoing investigation. Herein, we review the
data on GER in IPF, and discuss the implications of this
association regarding screening for and treating of GER in
patients with IPF.
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Pathophysiology and diagnosis of gastroesophageal reflux
disease
Gastroesophageal reflux disease (GERD) is defined as reflux
of gastric contents into the esophagus, leading to symptomatic
esophagitis, reflux symptoms sufficient to impair quality of
life, or an increased risk of long-term complications [6]. This
definition emphasizes that GER becomes a disease (GERD)
when it affects quality of life or when it causes macroscopic
damage to the esophagus [7]. GERD, when defined by weekly
symptoms and/or acid regurgitation, is very common,
affecting 10–20 % of people in the Western world [8]. GER
has a variety of possible causes, and the association between
age and development of reflux is unclear.
GER is believed to occur as a result of the failure of normal
protective physiological mechanisms. These protective
mechanisms include the combined action of the lower
esophageal sphincter (LES), a segment of smooth muscle that
contracts to a pressure greater than that of the stomach, and the
crural diaphragm, which provides extrinsic pressure and a
barrier separating the esophageal and gastric compartments
[9]. The pathophysiology of reflux is believed to be caused by
impaired function of the LES in particular, because contraction
of this smooth muscle serves as a barrier preventing gastric
contents entering the lower esophagus [10]. Dysfunction of the
LES can be mechanical, resulting from loss of tone, or
functional, where the frequency of relaxation is increased.
Although temporary relaxations of the LES are normal, these
episodes are believed to occur more frequently in individuals
with GERD, and can result in prolonged periods of exposure of
refluxed gastric contents [11].
The pressure gradient between the abdomen and thorax can
also affect the development of GER. It has been postulated that
patients with chronic obstructive pulmonary disease (COPD),
who have increased negative intra-thoracic pressure, increased
lung compliance, and reduced elastic recoil, may be predisposed
to reflux [12, 13]. Indeed, a higher prevalence of diaphragmatic
defects and hiatal hernias was documented in patients with
emphysema [14]. In addition, it has been postulated that
restrictive lung disease can affect the pressure in the intrathoracic space, reducing the overall lung volume, which can
disrupt the diaphragm and potentially increase reflux.
The presence of a hiatal hernia increases the time of LES
relaxation, and increases the risk of esophagitis, GER, and
GERD [15]. Hiatal hernias alter the crux of the diaphragm,
which can structurally alter the LES. Given this, hiatal hernia
has been associated with episodes of microaspiration,
diminished pressure of the LES, and increased risk of
erosive esophagitis [16].
Because GER can occur without GERD, the presence of
symptoms is a poor indicator of underlying reflux and
aspiration. This may be particularly true for patients with
IPF [4]. Therefore, diagnostic studies are often necessary to
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adequately assess for aspiration. Commonly used diagnostic
approaches for GER include a proton-pump inhibitor (PPI)
trial, endoscopy, or 24-hour pH monitoring with or without
esophageal manometry [7]. Less common diagnostic tests
include gastroesophageal–pulmonary scintigraphy, testing
for pepsin and bile salts in bronchoalveolar lavage fluid
(BAL), and testing of exhaled breath condensate (EBC) [4].
Ambulatory pH monitoring measures the pH at two different
esophageal sites, generating a composite pH score (the
DeMeester score); therefore, pH monitoring is regarded as
more sensitive and specific for regurgitation [17]. Overall,
given the limitations of any individual test, clinicians
frequently use a combination of these tests to diagnose GER.

Pulmonary manifestations of GER
If a patient suffers from symptomatic or asymptomatic GER,
they may or may not have pulmonary manifestations of
disease. Not all patients with GER or GERD have aspiration.
However, if the gastric contents travel as high as the
cricopharyngeal region, esophageal contents can enter the
airway. The inhalation of oropharyngeal or gastric contents
into the larynx or lower respiratory tract is defined as
aspiration [18] (Fig. 1). The pulmonary syndrome resulting
from an aspiration event depends on the content of the
material, the volume of aspirate, and the response of the host.
Asymptomatic aspiration of oropharyngeal secretion or
gastric fluid into the lungs is called silent microaspiration. It
has been demonstrated that approximately half of normal
adults experience mild silent microaspiration during sleep at
night [19]. Normally, natural defenses, including coughing
and epiglottic closure, are protective against microaspiration.
Depending on the individual, sometimes these defenses become
impaired and cause wheezing and coughing [20].
There is increasing recognition that gastric refluxate, either
acidic or nonacidic, can be a risk factor for many respiratory
symptoms, including chronic cough [21, 22] and hoarseness
[23]. In both animal and clinical data, it has been observed that
GER may evoke bronchospasm and/or potentiate the
bronchomotor response to additional triggers [24]. The
correlation between GER and asthma has been observed by
multiple studies, revealing that asthma patients have a higher
incidence of GER symptoms, esophagitis, and hiatal hernias [25,
26]. Asthmatics with reflux also had a significant dose–response
association between breathlessness and reflux symptoms [27].
It has been reported that 71 % of asthmatic patients with
GER symptoms benefited from medical therapy or lifestyle
modification, as assessed by measurement of improved
pulmonary symptoms [28]. As well as asthma, many other
respiratory disorders have been implicated, including COPD,
bronchiectasis, chronic bronchitis and pneumonia [29].
Although these associations have been established, it is
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Fig. 1 Potential mechanism of chronic aspiration in IPF. Gastric contents
can travel through a weakened lower esophageal sphincter up into the
esophagus. If the gastric contents travel as high as the cricopharyngeal
region, esophageal contents can enter the airway. Chronic microaspiration
may cause repeated injury, leading to dysregulated wound healing,

granulomatous pneumonitis, and lung fibrosis. Reprinted from the
American Journal of Medicine, Vol 123, Lee JS et al., Chronic
Microaspiration and Idiopathic Pulmonary Fibrosis, 304–11, Copyright
(2010), with permission from Elsevier

difficult to determine a definitive causal relationship between
GER and lung disease. Given this, many hypothesize that
repetitive injury, from either acidic or non-acidic reflux into
the lungs, can lead to epithelial cell injury and fibrosis.
The potential relevance of GER to pulmonary fibrosis is
highlighted by scleroderma outcomes. Over 50 % of patients
with scleroderma develop interstitial lung disease (ILD), with
fibrotic nonspecific interstitial pneumonitis (NSIP) the most
commonly observed histopathological pattern [30, 31].
Esophageal dysfunction, a very common complication of
scleroderma, is marked by reduced LES pressure, which is a
strong risk factor for reflux events, and reduced peristalsis,
which leads to prolonged refluxate exposure.
In scleroderma, the relationship between esophageal
dysfunction and ILD has been a topic of active investigation,
but remains unknown. In earlier studies, no definite
association was observed between GER and pulmonary
function [32, 33]. Since then, prospective studies have added
to our understanding of the relationship between GER and
ILD in scleroderma. Marie et al. found that esophageal
dysfunction, determined by use of manometry, was associated
with a higher prevalence of ILD on CT imaging. Furthermore,
the prevalence of ILD increased with increasing severity of
esophageal dysfunction [34]. In addition, patients with severe
esophageal dysfunction had a significant reduction of
diffusing capacity of the lung for carbon monoxide (DLCO)
compared with patients with no or mild esophageal
dysfunction. More recently, Savarino et al. found that patients
with scleroderma complicated by ILD had reduced LES
pressures and an increased frequency of proximal reflux

events compared with scleroderma patients without ILD
[35]. They revealed a dose–response association, with reflux
frequency positively correlated with radiographic fibrosis
scores. Proximal esophageal reflux was also observed,
suggesting that GER in scleroderma may indeed lead to
microaspiration. Although the results from these studies
suggest an association between GER and ILD, causality
remains to be proved. Gilson et al., in their prospective
evaluation, were not able to establish that esophageal
dysfunction was a significant predictor of PFT decline [36•].
In short, although several studies suggest an association
between esophageal dysfunction and ILD in scleroderma,
varying methods have lead to conflicting reports, and further
study is needed.

GER in IPF patients
There is long-standing interest, dating back over fifty years, in
the function of repetitive microaspiration in the development
of IPF. During the last two decades, several studies have
investigated the prevalence and incidence of GER, and the
effect of GER treatment, in patients with IPF. In one of the first
clinical reports on GER and lung injury, Tobin and colleagues
evaluated the prevalence of acid reflux in patients with IPF
compared with control patients with ILD. In this prospective
study, ambulatory pH monitoring to diagnose GER was
performed on 17 consecutive newly diagnosed IPF patients
and on eight control patients with ILD. GER was significantly
more prevalent in the IPF group [37]. Ninety-four percent of
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IPF patients had abnormal distal or proximal esophageal acid
exposure, compared with 50 % of control ILD patients.
Interestingly, most of the IPF patients with abnormal
esophageal reflux were asymptomatic, and there was no
correlation between DLCO and acid exposure. The IPF
patients had a particularly high incidence of proximal acid
exposure in the supine or nocturnal position, which is very
uncommon in healthy individuals. The authors hypothesize
that there are increased GER events during sleep, when the
upper esophageal sphincter pressure is greatly reduced and
cough reflexes are suppressed. This increased GER may lead
to increased repetitive microaspiration events, and may be
predictive of potential repetitive injury for IPF patients.
Later in a large prospective study, the investigators
examined 65 IPF patients and 133 asthma patients; the
prevalence of abnormal acid reflux in the IPF patients was
87 %, significantly higher than in patients with asthma. They
found that half the IPF patients were asymptomatic and also
found no correlation of GER severity with pulmonary
function, supporting previous results [38]. Because 65 % of
the IPF patients were taking PPIs, and because asthmatics
were used as controls, the prevalence of abnormal acid reflux
may have been underestimated. This study was the first to
introduce the indication for ambulatory pH monitoring for all
IPF patients, whether symptomatic or asymptomatic. Twelve
of the 19 patients receiving therapy for acid suppression had
abnormal acid exposure revealed by pH monitoring,
suggesting that standard doses of PPIs may not be effective
management for IPF patients.
Bandeira and colleagues also attempted to quantify the
prevalence of abnormal acid reflux in IPF patients by use of
multiple diagnostic tests [39]. In agreement with Tobin’s
work, they found that a substantial percentage (80 %) of these
patients experience reflux events in the supine position. There
was no association between pulmonary function and GER.
The authors note that the IPF patients were at different stages
of diagnosis and disease progression during this study, making
it difficult to assess any causality of this association.
Similar to the procedure for non-ILD patients, diagnosis of
GERD in IPF is often made by use of a combination of
different diagnostic tools. In a recent study, GER in IPF
patients was evaluated by use of a reflux cough questionnaire,
measurement of pepsin in the exhaled breath condensate
(EBC), and H. pylori antibody detection by use of ELISA
[40•]. EBC measurement is believed to be a reliable technique
for measuring pepsin as a surrogate for GER in the upper
airways at the time of reflux episodes. Additionally, the
relationship between pulmonary microaspiration and pepsin
concentration in bronchoalveolar lavage fluid has been
demonstrated in animal and human studies. Although EBC
pepsin was detected for two out of 17 IPF patients vs. none of
the controls, the difference was not significant. In addition,
there was no significant difference in H. pylori serology for
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IPF patients vs. controls. Although a small study, the reflex
cough questionnaire score—a validated measure of non-acidic
airway reflux—was significantly higher for IPF patients,
revealing the potential importance of a diagnosis of nonacidic reflux disease for these patients. Recently, more studies
have addressed asymptomatic GER and the choice of
diagnostic test. A recent prospective study of patients with
ILD and IPF reestablished that the sensitivity and specificity
of symptoms alone was very low and that esophageal function
testing should be used to establish a diagnosis of GER for
these patients [41•].
By investigating GER in IPF patients referred for lung
transplantation, potentially a more severely ill group of
patients, more insight has been gained. In a study by Sweet
and colleagues, 67 % of IPF patients referred for lung
transplantation had abnormal esophageal reflux, and 65 % of
these patients had a hypotensive LES. Furthermore, 50 % of
patients with reflux had abnormal esophageal peristalsis [42].
The authors note that distal reflux and markers of
microaspiration have been associated with early chronic
allograft rejection after transplantation, suggesting
microaspiration may cause direct lung injury [43, 44]. In
addition to verifying a high prevalence of GER in IPF, this
study also confirmed the finding that symptoms do not
significantly correlate with reflux severity.
Elevated pepsin in BAL samples has proved a useful
biomarker for aspiration in lung transplant recipients [45]. It
has been previously hypothesized that acute exacerbations of
IPF may be caused by microaspiration [46]. Pepsin levels in
BAL fluid from patients experiencing exacerbations of IPF
were significantly elevated compared to levels of control
patients with stable disease [47•]. It remains to be determined
whether pepsin levels differ, and if so by how much, for stable
patients with IPF or patients in the early stages of disease
compared with healthy controls.
An asymmetrical fibrotic pattern on computed tomography
(CT) scans may also be a potential indicator of microaspiration.
Symptomatic reflux and GER on objective testing were higher
for 32 IPF patients with more than 20 % asymmetrical fibrosis
by CT scan, than for those without asymmetrical fibrosis (62.5
vs. 31.3 %). Furthermore, patients with asymmetrical disease
had reduced DLCO values compared with controls [48•]. In
addition, the patients with asymmetrical disease had a higher
incidence of acute exacerbations of IPF (46.9 vs. 17.2 %), and
the right side of the lung was more involved. These results not
only support the effect of GER in the etiology of acute
exacerbation of IPF, but also introduce another modality,
identification of an asymmetrical pattern on CT scan, to help
identify and diagnose IPF patients with GER.
Increased prevalence of obstructive sleep apnea has been
observed in IPF patients, which may affect development of
GER. Swigris and colleagues examined 54 subjects with
fibrosing ILD, who had undergone a polysomnogram and
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pH monitoring, and used logistic regression to determine
independent predictors. They found that neither OSA nor the
apnea hypopnea index (AHI) predicted the presence of GER.
And, regardless of body position, GER was no more frequent
in those with OSA than those without OSA [49•].
Hiatal hernia has a known association with GER and may
contribute to the development and/or severity of IPF. It is
believed that the presence of a hiatal hernia contributes to
weakness of the LES and is therefore associated with GER
and esophagitis [16, 50]. In respiratory disorders, it is unclear
how hiatal hernia may contribute to or affect the nature of
pressure variations in the thorax. Obstructive lung disease can
lead to increased thoracic pressure, which may predispose to
development of hiatal hernia by pushing down on the
diaphragm. In the case of restriction, volume loss may lead to
pulling up on the diaphragm, resulting in disruption of
the integrity of the LES sphincter. Noth and colleagues
retrospectively examined the incidence of hiatal hernia in
IPF patients compared with asthma or COPD patients [5•].
The prevalence of hiatal hernia, diagnosed by thoracic
radiologists from CT scans, was significantly higher in IPF
patients (39 %) compared with asthma or COPD controls
(16.7 % and 13.3 %, respectively). Although there were no
differences in pulmonary function or composite physiological
index (CPI) for IPF patients with and without hiatal hernia,
IPF patients with hiatal hernia who were on anti-reflux therapy
had significantly higher percent-predicted DLCO than those
not on therapy (58 % versus 50 %). A small cohort of these
patients underwent esophageal pH monitoring and
manometry, which revealed that patients with hiatal hernia
had significantly higher DeMeester scores (22.8) than those
without hiatal hernia (10.2). Because asthma and COPD
patients have an increased incidence of hiatal hernia, using
them as control patients suggests an even higher incidence of
hiatal hernia for IPF patients. Although previous studies were
unable to associate decline in lung function with presence of
reflux, this study indicates that treatment of IPF patients with
hiatal hernia may have a protective effect on lung function.
The many clinical studies performed to date identify an
increased prevalence of GER in IPF. A variety of diagnostic
modalities have been used, often in combination, to establish
GER in IPF. These include assessing for symptoms,
ambulatory esophageal pH monitoring, esophageal
manometry, EBC, and the presence of hiatal hernia. Because
many studies suggest that GER in IPF patients may be
asymptomatic, clinicians are encouraged to have a low
threshold for evaluation for GER.

Treatment of GERD in IPF
IPF is a relentless, progressive disease that is nearly always
fatal. There are currently no approved medications for patients
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with this disease. Historically, anti-fibrotic or antiinflammatory therapy has proved ineffective at altering
disease progression or improving survival. Therefore the
concept of treating reflux disease in IPF is appealing to
pulmonary care providers and to researchers of IPF. However,
because of the risks associated with medical or surgical
treatment of reflux disease, pulmonary clinicians are unsure
of how aggressive treatment should be.
Several studies have examined whether treating GERD,
either medically or surgically, can affect pulmonary symptoms
and fibrosis progression. Raghu and colleagues assessed
whether acid suppression treatment alone would prevent
progression of disease for IPF patients. In a retrospective
review, four newly diagnosed IPF patients with documented
increased GER were treated with PPIs and Nissen
fundoplications for repair of hiatal hernia (if present) [13].
Two of the four patients deteriorated with non-adherence to
anti-acid therapy, but subsequently stabilized with re-initiation
of therapy. Although the clinical courses were variable, and
although the numbers were small, the authors concluded that
treatment of GER was associated with stabilization or
improvement of respiratory status, as measured by FVC and
DLCO. During the follow-up period, none of the patients
required treatment for respiratory decompensation, and in
particular none experienced an acute exacerbation of IPF.
The authors suggest that suppression of acid and preventing
GER in those who underwent surgery for hiatal hernia halted
progression of fibrosis. These findings were regarded as
supporting the hypothesis that repetitive parenchymal injury
is mediated by chronic microaspiration of acid. Although
limited by its retrospective nature, and although no definitive
conclusions can be drawn from such a small cohort, this study
was the first to establish that treatment of GER may be
beneficial for halting the progression of pulmonary fibrosis.
As mentioned previously, the presence of reflux in the
context of lung transplantation might predispose individuals
to develop bronchiolitis obliterans. Linden and colleagues
compared 14 IPF patients awaiting lung transplant who
underwent laproscopic Nissen fundoplications with IPF
patients who did not undergo surgery [51]. There were no
complications from surgery, and the authors concluded that
such laproscopic procedures could be performed safely for
patients with advanced IPF. Post-surgery, no patients had
recurrent heartburn or regurgitation symptoms, although some
experienced superficial wound infections and esophageal
strictures. Furthermore, surgery was associated with a reduction
in supplemental oxygen, from 3.0 L min−1 to 2.5 L min−1,
whereas those who did not undergo surgery had an average
increase from 2.0 L min−1 to 3.0 L min−1. In addition, over a
mean follow-up of 15 months, exercise capacity and lung
function remained stable for the surgical treatment group.
Although these results are encouraging, this was a relatively
small retrospective study. Larger randomized trials of surgical
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intervention for IPF patients with reflux will be informative,
and are in progress (UO1 UCSF Collard is lead PI).
A recent large study of over 200 IPF patients examined the
survival of patients with reflux disease [52••]. A regression
analysis found the use of GERD medication to be an
independent predictor of longer survival. Furthermore, use of
GERD medication was associated with a lower radiographic
fibrosis score. Although these results suggest that treatment of
GERD may confer a survival benefit, it is possible that nonrandomized patients receiving GERD therapy may also receive
other valuable interventions, for example pulmonary
rehabilitation and pneumonia vaccinations. Moreover, patients
who have GERD and are on medication may have been
diagnosed with IPF sooner than others, leading to earlier
treatment. Recently, IPF patients included in three randomized
controlled trials were analyzed for changes to pulmonary
function while taking GERD medication. Of the 242 patients,
patients taking anti-acid therapy at baseline had a smaller
reduction in their forced vital capacity (FVC) than those not
taking therapy [53••], again revealing that therapy could be
beneficial and aid in stopping disease progression.
Cumulatively, these studies suggest that medical and/or
surgical therapy for GER may have a positive effect on
important clinical variables for IPF, including supplemental
oxygen requirement, progression of pulmonary function, and
perhaps even survival. Because of the current lack of
approved anti-fibrotic therapy for IPF, and the relative ease
of treating reflux disease, many clinicians attempt empirical
GER treatment. Further investigation is needed to more
definitively clarify the role of GER treatment in the care of
IPF. The results of studies evaluating anti-reflux surgical
interventions for IPF will inform our understanding of the
pathogenic function of duodenogastric reflux, where surgery
is a more definitive therapy for bile acid reflux. Because the
production of biliary secretions may not be affected by PPI
therapy, the distinction between duodenogastric reflux and
gastric reflux has therapeutic implications.
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epithelial damage, which in a genetically susceptible IPF host
may result in poor wound healing and an exaggerated
fibroproliferative response. Regarding the latter, some
hypothesize that pulmonary fibrosis results in altered
respiratory mechanics that can subsequently induce associated
reflux disease. In particular, reduced lung compliance leads to
increased negative intrapleural pressures, which can be
transmitted to other mediastinal structures including the
LES. Previously, many smaller studies have not revealed a
relationship between extent of lung function decline and the
presence of reflux disease. We do not know whether treating
microaspiration will affect the course of IPF. Until a causal
relationship is established and the effect of therapy
demonstrated, the extent to which IPF patients should receive
treatment for asymptomatic GER and GERD remains
unknown. Further research into the pathophysiology of IPF
and the response to reflex therapeutic interventions is
ongoing. These efforts will no doubt improve our care of
patients with this devastating disease.
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