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Abstract
The prevalence of abnormal acid gastroesophageal reﬂux (GER) is
higher in patients with idiopathic pulmonary ﬁbrosis (IPF) than in
matched control subjects. Several studies demonstrated that more
than one-third of patients with IPF have abnormal esophageal acid
exposures. In addition, many of these studies indicate that the
majority of patients with IPF have silent reﬂux with no symptoms
of GER. Findings of abnormal reﬂux persist in a large proportion
of patients with IPF placed on antacid therapy such as proton
pump inhibitors (PPIs). This seemingly paradoxical observation
suggests that either patients with IPF are somehow resistant to
PPI-based intervention or PPIs are inherently unable to suppress
acid GER. By contrast, patients with IPF who undergo Nissen
fundoplication surgery are effectively relieved from the
complications of GER, and retrospective studies suggest
improved lung function. Retrospective, anecdotal data suggest a

During the fourth week of gestation in
mammalian embryogenesis, the foregut
endoderm outpouches ventrally to create a
respiratory diverticulum, a structure that
forms the basis for lung development
(Figure 1). Subsequently, the respiratory
diverticulum differentiates, under the
inﬂuence of the associated mesodermal
structure, into tissues of the respiratory
system including the larynx, trachea, and
lungs (1). Further growth of the respiratory
diverticulum forms trachea-esophageal

beneﬁcial role of PPIs in IPF including stabilization of lung
function, reduction in episodes of acute exacerbation, and
enhanced longevity. The recent evidence-based guidelines for
treatment of IPF approved conditional recommendation of PPIs
for all patients with IPF regardless of their GER status. Recently,
we have reported that PPIs possess antiinﬂammatory and
antiﬁbrotic activities by directly suppressing proinﬂammatory
cytokines, proﬁbrotic proteins, and proliferation of lung
ﬁbroblasts. Our study provides an alternative explanation for the
beneﬁcial effect of PPIs in IPF. In this Perspective, we reviewed
emerging progress on antiﬁbrotic effect of PPIs using IPF as a disease
model. In addition, we summarized surgical and pharmacological
interventions for GER and their downstream effect on lung
physiology.
Keywords: gastroesophageal reﬂux; antireﬂux surgery; proton
pump inhibitors; lung inﬂammation; ﬁbrosis

ridges that eventually demarcate the
respiratory system (trachea) from the upper
part of the digestive system (esophagus).
Despite this physical separation of
respiratory tract tissues from the digestive
system, the two structures may continue
their interactions biologically. For
example, gastric juice that is secreted by the
digestive system may be able to reach the
respiratory tract through reﬂux and/or
microaspiration and inﬂuence biological
processes in the airways.

Gastroesophageal Reﬂux
and IPF
Gastroesophageal reﬂux (GER) and GER
disease (GERD) appear to disproportionately
affect patients with idiopathic pulmonary
ﬁbrosis (IPF; 87–94%) (2, 3) compared with
the general population (10–19%) (4) or
patients with other advanced lung diseases,
including cystic ﬁbrosis (35–81%) (5),
asthma (59–68%) (3, 6), chronic
obstructive pulmonary disease (19–28%)
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Figure 1. Outpouching of foregut endoderm and respiratory tract tissues during mammalian
embryogenesis. The respiratory diverticula that form the lungs and the stomach are highlighted.

(7, 8), and bronchiolitis obliterans
syndrome (9). Although the exact
mechanism for the higher GER
prevalence in IPF is not clear, the
relationship between GER and pulmonary
ﬁbrosis has been recognized for the past
40 years (10). In 1976, a prospective
gastrointestinal series (barium swallow)
study indicated that the incidence of
hiatal hernia and gastric reﬂux was higher
in patients with pulmonary ﬁbrosis than
age-matched control subjects (10).
A number of recent studies have used
more precise techniques, including
esophageal manometry and 24-hour
esophageal pH monitoring probe, to
evaluate the prevalence of abnormal acid
GER in patients with well-deﬁned IPF.
Tobin and colleagues (2) prospectively
evaluated 17 patients with IPF and found
that 94% of these patients had abnormal
esophageal acid exposure, and 75% were
asymptomatic for classic GER symptoms
such as heartburn and regurgitation. Raghu
and colleagues (3) also monitored 65
patients with IPF using both esophageal
manometry and 24-hour esophageal pH
probe and reported that 87% of the patients
had abnormal proximal and/or distal
esophageal acid exposures. Similar to the
study by Tobin and colleagues (2), a large
proportion of patients with IPF (53%) in
this study were asymptomatic, indicating
1346

that most patients with IPF have clinically
occult acid GER.
Several other studies support the high
prevalence of abnormal acid GER in
IPF (11–14). In addition to abnormal
intragastric pH, these studies also note that
subsets of patients with IPF are more prone
to episodes of acute exacerbation and rapid
clinical deterioration, including in measures
of lung function. Overall, these ﬁndings
suggest interdependence among GER,
hiatal hernia, microaspiration, and acute
exacerbation events, and their possible
inﬂuence on the disease process in IPF.
Paradoxically, however, it is still unclear
whether there is a causal relationship
between IPF and GERD (i.e., whether GER
increases risk of IPF or IPF increases risk of
GER).
As a result, two long-standing
hypotheses regarding the cause-effect
relationship remain unresolved:
(1) Chronic microaspiration causes
recurrent injury to the bronchiolar
and alveolar epithelium and drives
the disease process in susceptible
individuals to manifest IPF.
(2) Decreased lung compliance of the
ﬁbrotic lung in patients with IPF causes
increased swings in intrathoracic
pressure and leads to dysfunctional
lower esophageal sphincter, GERD,

and microaspiration that perpetuate
and/or accelerate the IPF disease
process.

The Contribution of Gastric
Juice to Lung Injury
The constituents of gastric juice include
several acidic and nonacidic mixtures, such
as bile acids, salts, pepsin, endotoxin, and
food particles. A number of cell biological
and preclinical studies have demonstrated
that crude gastric juice or its differential
components are associated with harmful
effects, including stimulation of immune
response, increased cell membrane
permeability, airway inﬂammation, and
lung remodeling (15–17). In particular,
studies have shown that alveolar/bronchial
epithelial cells are exquisitely sensitive to
acid-mediated (e.g., bile acids) and
nonacid-mediated (e.g., pepsin, bile salts)
triggers (16, 18). For example, Perng and
colleagues (16) cultured primary human
alveolar epithelial cells (HAECs) and
exposed them to a major component of bile
acids, chenodeoxycholic acid (CD), before
assessing the gene and protein expression of
transforming growth factor-b (TGF-b).
Intriguingly, brief (24 h) treatment of
HAECs with CD increased TGF-b gene
expression by 2.5-fold and stimulated
release of the ﬁbrogenic cytokine by
170-fold in comparison to unstimulated
controls. In addition, incubation of primary
human lung ﬁbroblasts with conditioned
media harvested from CD-stimulated
HAECs nearly doubled their proliferation
capacity, suggesting direct and biological
involvement of a gastric juice component in
ﬁbrogenesis.
Subsequent mechanistic studies
indicate that bile acids induce the expression
of TGF-b and its downstream target,
connective tissue growth factor (CTGF), via
activation of p38 mitogen-activated protein
kinase (19). CTGF is known to enhance
ﬁbroblast proliferation and collagen
synthesis and has been reported to be
substantially up-regulated (by more than
tenfold) in bronchoalveolar lavage cells
isolated from patients with IPF (20).
Additional preclinical studies have
shown that acid aspiration induces
proinﬂammatory cytokines and promotes
recruitment of inﬂammatory cells (e.g.,
neutrophils and alveolar macrophages) into
the alveolar interstitial space (21–23). These
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studies implicate the involvement of bile
acid aspiration in lung scarring at least in
part due to stimulation of ﬁbroblast
proliferation and activation of TGF-b
along with its downstream targets,
including CTGF.
Furthermore, the role of nonacidic
components of gastric juice in the
pathobiology of lung injury has been
discussed. For example, Johnston and
colleagues (24) performed electron
microscopy study and demonstrated that
airway epithelial cells uptake pepsin by
receptor-mediated endocytosis. Once
internalized, pepsin is known to induce
cytotoxicity, inﬂammatory response (e.g.,
up-regulation of IL-6 and IL-8), and
airway remodeling (18). In addition,
endotoxins are often found in gastric juice
likely due to lysis of bacteria in the
stomach (25). There is substantial
evidence that endotoxins are capable
of activating innate immune response
including the nuclear factor-kB pathway
and altering cellular signaling to aberrantly
inﬂuence the structure and function of
the lungs (26–28).
Clinically, several studies propose the
involvement of gastric reﬂuxate in lung
remodeling and acute exacerbation events
in IPF. However, there are no convincing
data on the direct involvement of gastric
aspiration in lung remodeling or acute
exacerbations. In addition, possible
correlation between the severity of GERD,
including size of hiatal hernia and volume of
gastric aspiration, with the frequency of
exacerbation or overall lung structure and
function is still obscure (29, 30). Previously,
a study of 65 well-characterized patients
with IPF did not ﬁnd a linear correlation
between the severity of acid GER and
impairment in lung function, including
diffusing capacity of the lung for carbon
monoxide (DLCO) and FVC (3).

Surgical and
Pharmacological
Interventions for GER
As described above, the association of
GERD with several types of chronic lung
disease, including IPF, has been subjectively
and objectively explored. In addition, the
occurrence and contribution of reﬂux and
gastric aspiration to the pathogenesis of lung
remodeling, including acute exacerbation
events, have been conceptually discussed. In
Pulmonary Perspective

fact, several studies have indicated gastric
aspiration by detecting pepsin in airway
samples obtained from patients with
respiratory diseases (15, 31–33). Recently,
Lee and colleagues (30) reported the
presence of pepsin in bronchoalveolar
lavage samples obtained from the lower
respiratory tract of patients with IPF during
episodes of acute exacerbation. This ﬁnding
not only suggests possible involvement of
GER and microaspiration in the IPF disease
process but also infers the contribution of
this digestive enzyme to lung remodeling.
As described above, several studies have
demonstrated that pepsin regulates the
physiology of airway epithelial cells (18, 32,
34), including cell survival and generation
of inﬂammatory cytokines (18). Given the
known enzymatic action of pepsin and
injurious effects of other nonacidic
components of gastric juice on lung
parenchyma, the potential implications of
gastric reﬂux in the pathobiology of
pulmonary ﬁbrosis are evident. Thus, it
is important to consider medical and
nonmedical measures to mitigate and/or
modulate potentially deleterious effects
associated with nonacid components of
GER, particularly when reﬂux symptoms
are suppressed with antacid therapy.
Altogether, these strategies motivate
the need to prospectively assess the
application of comprehensive antireﬂux
measures, including pharmacological
agents, conservative approaches, and
surgical procedures, on the pathogenesis
of IPF. Medically, for example, the use
of gastroprokinetic agents such as
domperidone and metoclopramide may be
useful in improving gastrointestinal motility
and broadly regulating reﬂux. Conservative,
nonpharmaceutical interventions including
lifestyle modiﬁcations to decrease
abdominal girth (tailored to the individual);
changes in social, behavioral, and sleeping
habits that include cessation of cigarette
smoking; and avoiding or restricting food
and beverages known to increase acid
production, provoke GER, and/or relax
esophageal sphincter may help to minimize
risks for GER and microaspiration.
Surgical therapeutic interventions
include repair of hiatal hernia and Nissen
fundoplication to treat GERD by
suppressing GER (35). This strategy
effectively suppresses the reﬂux of both
acidic and nonacidic gastric material from
the stomach, and thus the risks of silent or
overt aspiration are minimized (36). The

feasibility of this surgical procedure to
improve lung function has been evaluated
(37–39). In a retrospective study, decreased
oxygen supplementation needs during
exercise and increased distance covered
during 6-minute-walk tests were observed
in patients with IPF subjected to Nissen
fundoplication (40). It is hoped that the
ongoing prospective and randomized phase
2 clinical study WRAP-IPF (Weighing
Risks and Beneﬁts of Laparoscopic AntiReﬂux Surgery in Patients with Idiopathic
Pulmonary Fibrosis) will determine the
safety and efﬁcacy of laparoscopic
antireﬂux surgery (Nissen fundoplication)
in patients with IPF with abnormal acid
GER (41).
Although PPIs may decrease/suppress
the acidity of the gastric juice, the GER is
not suppressed, and thus the reﬂuxate
containing the nonacid components of the
gastric contents could still be aspirated into
the lungs (42). Besides, PPIs may not
effectively decrease the intragastric pH in
all patients. Indeed, a study by Raghu and
colleagues (3) documented that 63% of the
patients with IPF treated with standard
doses of PPI persisted in having an
abnormal acid esophageal pH test. Because
the vast majority of patients with IPF with
abnormal acid GER are asymptomatic for
GER/GERD, one cannot assume that the
acidity of gastric juice is effectively
suppressed by PPIs in these patients.
Several other studies have reported the
referral of patients with GERD to undergo
antireﬂux surgery after repeated failure of
medical therapy to suppress acid GER or
treat GERD (40). Thus, gastric aspirations
may contain both acidic and nonacidic
components despite PPI therapy. In
addition, PPIs are unlikely to modulate
volume of gastric secretion or biochemistry
of nonacidic contents of gastric juice,
including pepsin and bile salts (32).
PPIs and Their Emerging
Antiinﬂammatory–Antiﬁbrotic Role

Since their approval for the treatment of
gastric acidity in the late 1980s, PPIs have
been widely used to manage patients with
abnormal gastrointestinal conditions,
including GERD, dyspepsia, ZollingerEllison syndrome, Barrett esophagus and
Helicobacter pylori infection–induced
gastric disorder. However, emerging data
indicate that the utility of PPIs extends
beyond the gastrointestinal system into the
regulation of immune, vascular endothelial,
1347
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and airway epithelial biology (43). Several
molecular and cell biological studies have
demonstrated that PPIs favorably regulate
the oxidant–antioxidant system by
scavenging reactive oxygen species,
preventing depletion of detoxifying
enzymes such as glutathione, and inducing
the expression and activity of antioxidant
stress proteins including heme oxygenase 1
and superoxide dismutase (44).
In addition, PPIs have been shown
to suppress key inﬂammatory molecules
in nongastric cells, including vascular
endothelial and tracheal epithelial cells.
Some of the PPI-regulated molecules
include members of the integrin superfamily
CD11b (integrin aMb2) and CD18 (integrin
b2), adhesion molecules (intercellular
adhesion molecule-1 and vascular cell
adhesion molecule-1), and proinﬂammatory
cytokines (tumor necrosis factor-a, IL-1b,
IL-6, and IL-8) (45, 46) (Figure 2).
Moreover, PPIs are reported to directly
inhibit the migration and interaction

of inﬂammatory cells with vascular
endothelial cells (45) (Figure 2). These
effects of PPIs, however, were not
reproduced with histamine H2-receptor
antagonists (H2RA) such as ranitidine
and famotidine (45).
Our recent mechanistic study
demonstrated that an archetype PPI,
esomeprazole, possesses a pleiotropic
salutary effect in regulating processes
involved in the development and
progression of lung inﬂammation and
ﬁbrosis (47). We demonstrated this effect
of esomeprazole using in vitro studies
of primary lung ﬁbroblasts, endothelial
and epithelial cells exposed to bleomycin
or ionizing radiation. More speciﬁcally,
we showed that esomeprazole suppressed
the transcriptional expression of
(Figure 2): (1) inﬂammatory cytokines
(e.g., tumor necrosis factor-a, IL-1b, and
IL-6); (2) adhesion molecules (vascular
cell adhesion molecule-1 and intercellular
adhesion molecule-1), ﬁbronectin (e.g.,

FN1), and matrix metalloproteinase
enzymes (e.g., matrix metalloproteinase7). (3) We also found that esomeprazole
strongly (by up to 70-fold) up-regulated
the cytoprotective enzyme heme
oxygenase 1 and favorably regulated
markers of oxidative/nitrosative stress.
Our cell proliferation study also
demonstrated that esomeprazole dosedependently inhibited the proliferation
of lung ﬁbroblasts and reduced TGFb–induced soluble collagen release
from IPF-derived lung ﬁbroblasts.
Our preclinical in vivo study
revealed that oral esomeprazole mitigates
inﬂammatory and ﬁbrotic responses (about
50% reduction of each parameter) in a
rodent model of bleomycin-induced lung
injury (47). Overall, the reported data from
in vitro and in vivo studies demonstrating
the beneﬁcial role of PPIs on processes
involved in lung inﬂammation and
ﬁbrogenesis suggest that PPIs, in contrast
to antireﬂux surgery, may exert favorable
effects in measures of lung function and
survival in IPF through biological
regulation of inﬂammatory and ﬁbrotic
processes rather than suppression of gastric
reﬂux or microaspiration (Figure 3). In
addition, it is possible that PPI-mediated
changes in intragastric pH may contribute
to reduced insult from gastric droplets in
the event of microaspiration and/or gastric
reﬂux (Figure 3).

Treatment of IPF with PPIs?

Figure 2. Schematic illustration of the key cellular and molecular events associated with an injured
alveolar wall in a genetically predisposed person manifesting pulmonary fibrosis. Note that proton
pump inhibitors (PPIs) suppress key events in lung inflammation and fibrosis including (1) release of
proinflammatory molecules from injured epithelial cells (43, 47); (2) expression of adhesion molecules
and adherence of inflammatory cells into vascular wall (45–47); and (3) proliferation of fibroblasts
including extracellular matrix deposition (47). The ? indicates “unclear.” EMT = epithelial-to-mesenchymal
transition; EndoMT = endothelial-to-mesenchymal transition; FGF = fibroblast growth factor; FVIII = factor
VIII; HO1 = heme oxygenase 1; PDGF = platelet-derived growth factor; RBC = red blood cell; TGF-b =
transforming growth factor-b; VEGF = vascular endothelial growth factor; VWF = Von Willenbrand factor.
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The newly approved antiﬁbrotic agents—
pirfenidone and nintedanib—appear to be
promising in the modulation of ﬁbrogenesis
and decreasing the rate of progression of
pulmonary ﬁbrosis as assessed by decline
in FVC measurements. Meanwhile, there
are several reported studies that support
the beneﬁcial role of antacid therapy
(i.e., PPIs or H2RA) in general and PPIs
in particular in the management of IPF
(Table 1). For example, a case series
study by Raghu and colleagues (48)
reported that empirical treatment of
patients with IPF with PPIs was
associated with stabilized or improved
lung function and signiﬁcantly fewer
incidences of hospitalization due to
respiratory problems, including acute
exacerbations. Noth and colleagues (29)
also demonstrated that patients with
IPF with hiatal hernia taking antacid
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Figure 3. In a genetically predisposed individual, pulmonary fibrosis/idiopathic pulmonary fibrosis may
develop as a result of chronic microaspiration and reflux of gastric contents to the respiratory system.
Potential preventative and/or therapeutic mechanism of surgical (e.g., Nissen fundoplication) or
pharmacological (e.g., antifibrotic agent or proton pump inhibitor [PPI]) agents is shown. ICAM =
intercellular adhesion molecule; TNF = tumor necrosis factor; VCAM = vascular cell adhesion molecule.

medications (of whom 94% were on PPIs)
had signiﬁcantly greater DLCO and
improved composite physiologic index
scores than matched control subjects.
In addition, two studies by Lee and

colleagues (49, 50) described the beneﬁcial
effect of antacid therapy on transplant-free
survival and on measures of lung function,
including slower decline in FVC and
reduction in acute exacerbation events.

Notably, a large proportion (.85%)
of the patients with IPF in the cohorts
described above were placed on PPIs
compared with H2RA (Table 1).
Interestingly, one of the studies (50)
conducted differential analysis and showed
that the signiﬁcance of clinical beneﬁt (e.g.,
estimated change in FVC) of antacid
therapy continued to uphold even after
exclusion of patients taking H2RA,
indicating major contribution of the PPIs to
the study outcome. Recently, we reported
that patients with IPF on PPIs had
signiﬁcantly prolonged lung transplant–free
survival (47). Unlike many of the studies
above, our patients on “antacid therapy” in
this study were exclusively on PPIs.
It is apparent that the recent conditional
recommendation of antacid treatment
for IPF was based on such reports (51).
The updated 2015 evidence-based guideline
for treatment of IPF conditionally
recommended the use of antacids for the
treatment of IPF but also surfaced the low
quality of supporting evidence on which
the recommendation was based. The
accompanying note from the editor points
out that some of the conﬂicted panel
members of the IPF committee that updated
the evidence-based guidelines for treatment
of IPF in 2015 expressed concerns with
the favorable recommendation.
At the 2015 European Respiratory
Society meeting, a presentation of post hoc
analyses of the INPULSIS clinical trials that

Table 1. The Use of Antacid Therapy and Clinical Outcome in Patients with Well-deﬁned Idiopathic Pulmonary Fibrosis

Study
Raghu et al., 2006 (48)

Lee et al., 2011 (49)

No. of Patients with IPF
PPI/H2RA (% on PPI)
Control
4 (100)*

96 (87)‡

NA

107

Lee et al., 2013 (50)

124 (91)

118

Ghebremariam et al., 2015 (47)

130 (100)

85

Outcome
Stabilized or improved lung function
No hospitalization for respiratory problems
PFT deterioration with poor PPI adherence†
No episode of acute exacerbations
Prolonged median survival time: PPI/H2RA (1,967 d)
vs. control subjects (896 d)
Lower radiologic ﬁbrosis score: PPI/H2RA group
(14%) vs. control subjects (19%)
Lower loss in lung function (FVC) in PPI/H2RA
Fewer acute exacerbations: none on PPI/H2RA
vs. 9 events in control subjects
Prolonged transplant-free survival: PPI group
(1,241 d) vs. control subjects (730 d)

Definition of abbreviations: H2RA = antacid histamine H2-receptor antagonist; IPF = idiopathic pulmonary fibrosis; NA = not applicable; PFT = pulmonary
function test; PPI = proton pump inhibitor.
Of the number of patients with IPF on antacid therapy, the percentage on PPIs is shown in the second column. H2RA is an alternate antacid.
*One patient was on PPI and had antireflux surgery.
†
PFT was measured by change in FVC and diffusing capacity of the lung for carbon monoxide.
‡
Two percent of the patients were on both PPI and H2RA.
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determined the safety and efﬁcacy of
nintedanib in patients with IPF suggests
that patients treated with PPI at baseline
may actually do worse (52). However, the
presented data were results of a post hoc
analysis comparing patients with IPF taking
concomitant antacid medication (PPIs or
H2RA) versus those who were not. As
analyzed, the pooled data from the two
INPULSIS trials showed that there was a
greater decline in FVC in the patients
receiving antacid medication at baseline
and continued on placebo-for-nintedanib
compared with the patients who received
antacid medication at baseline and
continued on nintedanib (52).
Although the above ﬁndings cast
uncertainty on the possible treatment beneﬁts
of antacid treatment for patients with IPF, it is
assumed that patients were taking the antacids
throughout the study period because of an
abnormal acid GER that prompted the
patients to have been on PPI at the time of
enrollment into the INPULSIS study.
However, the data gathered during the clinical
trials did not capture the objective assessment
of GER in the patients. Because PPIs do not
stop the actual GER, and it is known that
about 60% of patients treated with PPIs persist
to have abnormal acid GER (3), it is possible
that the persistent acid GER and/or the
nonacid components present in the reﬂuxate
of the abnormal GER may have been the
reason for deleterious outcomes of patients
taking antacids at the time of enrollment.
In light of these ﬁndings and that the
2015 conditional recommendation of
antacid treatment for IPF was based on lowquality retrospective evidence, there is a
pressing need for a well-deﬁned, randomized,
controlled clinical study to prospectively
evaluate the safety and therapeutic efﬁcacy of
PPIs/antacids and antireﬂux surgery for IPF.
Such studies should determine the safety and
efﬁcacy of PPIs to treat IPF as “stand-alone”
or “add-on” to current and/or other new
antiﬁbrotic strategies. Concurrent
mechanistic studies may also be used to
understand the mechanism(s) by which PPIs

may regulate lung function to beneﬁt
patients with IPF.
Because PPIs are generically available
as over-the-counter medication, the
potential for the drug to be cost effective,
if found to be efﬁcacious for the treatment
of IPF, is evident. However, it is important
to recognize that there are several nonfatal
side effects associated with intermittent
and/or prolonged use of PPIs, including
rash, fatigue, diarrhea, headache, acid
rebound after discontinuation, increase in
nonacid reﬂux events, risk of osteoporosis,
and increased risk of community-acquired
pneumonia (53). In addition, recent
bioinformatics studies indicate that
chronic use of PPIs may increase the risk
of dementia (54) and major adverse
cardiovascular events (55, 56). Another
possible adverse effect of PPIs is on the
homeostasis of the gastric microbiome
and risk of microbial infection. This
concern was partially alleviated by a recent
metaanalysis of an observational study
that found no statistically signiﬁcant
increase in the risk of hospitalization for
community-acquired pneumonia among
PPI users (57).
In addition to the effect of PPIs on the
gastric microbiome, contribution of the
microbiome to reﬂux disorders and to IPF
disease progression has been recently
evaluated. For example, comparison of the
esophageal microbiome among patients with
reﬂux disorders such as reﬂux esophagitis and
Barrett esophagus to that of the microbiome in
normal subjects revealed the transformation
of the esophageal microbiome to gramnegative bacteria in the disease setting (58–60).
In addition, studies have found association
between increased abundance of speciﬁc
bacterial sequences or bacterial loads and
IPF disease progression, including the rate
of lung volume decline (61–63).
All of the aforementioned clinical
anecdotes and bioinformatic inferences call
for the need to determine the safety
and efﬁcacy of long-term treatment with
PPIs.
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Conclusions
A number of observational studies
have documented a strong association
between GERD and IPF. However,
several questions need to be addressed,
particularly in relation to the role of
GER and/or microaspiration in lung
injury, remodeling, and progression to
IPF. In addition, the interdependence or
mutual exclusivity between abnormal
acid and nonacid GER and IPF in any
given number of patients needs to be
carefully examined. In light of this,
particular attention should be given to
patients presenting with symmetrical or
asymmetrical disease that may selectively
affect progression of ﬁbrotic changes on one
side of the lungs over the other (64).
The evidence reviewed here suggests
that antacid therapy (e.g., PPIs) may play
a beneﬁcial role in IPF despite their
inability in controlling the gastric reﬂux
per se or microaspiration. The alternate
and biologically plausible mechanism(s)
that may underlie the beneﬁcial effect
of PPIs in IPF may include downregulation of ﬁbroinﬂammatory molecules,
up-regulation of cytoprotective
mechanisms, inhibition of ﬁbroblast
proliferation, and suppression of gastric
acidity. These emerging frontiers of PPI
use for extraintestinal applications deserve
further investigation. More speciﬁcally,
the anecdotal and possibly reﬂuxindependent beneﬁt of PPIs in IPF
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