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astroesophageal reflux disease (GERD) is a frequent presen-

tation affecting more than 20% to 30% of the population

in Western countries, and it is recognized as an important
public health issue because of the considerable economic burden
resulting from therapies, various medications, and loss of produc-
tivity.! GERD is a chronic condition due to the reflux of stomach
contents, which causes troublesome symptoms and/or complications
such as esophagitis and Barrett esophagus.? GERD may present typi-
cally, with heartburn and reflux, or atypically. An atypical presentation
is now referred to as an extraesophageal syndrome according to the
Montreal definition and classification of GERD (Figure 1).> Com-
mon extraesophageal manifestations include dental erosion, laryngi-
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Figure 1. Esophageal and extraesophageal syndromes.

GERD, gastroesophageal reflux disease.

pneumonia, and asthma. Treating patients with extra-
esophageal reflux is often difficult and frequently results
in the inappropriate and prolonged use of medications.
The expenses of caring for this special group of patients
continue to increase, with annual costs of more than
$50 billion in the United States.?

Asthma is characterized by chronic inflammation of
the airways associated with airway hyperresponsiveness,
which results in episodes of wheezing, chest tightness,
shortness of breath, and cough, often at night or in the
morning. Asthma is recognized as a highly prevalent
health problem affecting an estimated 300 million people
of all ages, ethnic groups, and geographic origins, and it
is estimated that an additional 100 million people will be
affected by 2025.4 The annual cost of asthma is estimated
to be nearly $18 billion, with direct costs accounting for
$10 billion and indirect costs of $8 billion.?

Gastroesophageal reflux and asthma are often
encountered together, and complex interactions occur
during which GERD may increase asthmatic symptoms
or asthma may trigger or worsen GERD (Figure 2). The
prevalence of GERD symptoms is often greater in patients
with asthma than in the general population. In general,
some studies have suggested that GERD symptoms such
as heartburn and regurgitation are experienced by nearly

* Negative
intrathoracic
pressure

* Aspiration
* Bronchoconstriction

* Hypersensitivity * Asthma

* Pulmonary symptoms therapy

Figure 2. Asthma and GERD may exacerbate each other.
GERD may induce bronchospasm, and asthma may induce
GERD. Breaking the cycle by aggressively treating both con-
ditions is the key to mitigating patients’ symptoms.

GERD, gastroesophageal reflux disease.

80% of patients with a diagnosis of asthma.® A study of
more than 100,000 veterans showed that patients with
GERD were 1.15 times more likely to have asthma than
were those without GERD.” In addition, some studies
employing pH monitoring have shown a prevalence of
GERD of 30% to 65% among patients with asthma.®?
This article examines insights into the relationship
between GERD and asthma.

Effects of Gastroesophageal Reflux Disease
on Asthma

There are multiple mechanisms by which asthma and
GERD can interact. Reflux may induce asthma either
directly, by effects on the airway through an aspiration-
induced response, or indirectly, via neurogenically
induced inflammation. The esophagus and lungs have
a common embryonic origin, so complex interactions
are possible. Reflux of the gastroduodenal contents may
induce bronchoconstriction through a vagus-mediated
reflex, through neurally enhanced bronchial reactivity, or
directly through microaspiration (Figure 3).

Neurogenic inflammation may occur in the lungs as
a consequence of vagus-mediated mechanisms or micro-
aspiration. For example, animal studies have suggested an
increased respiratory response after the instillation of acid
1314 an effect that can be eliminated
by bilateral vagotomy."”” In humans, esophageal exposure

into the esophagus,

to acid may result in decreased peak expiratory flow, thus
increasing airway resistance.'® These responses may be
reduced by atropine therapy. However, other research-
ers suggest that acid reflux may actually be a precursor
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Figure 3. Reflex (A) and reflux (B) pathophysiologic mechanisms in extraesophageal manifestations of gastroesophageal reflux disease.

of more severe bronchospasm with future triggers. For
example, Vincent and colleagues showed a correlation
between the degree of acid reflux during pH monitor-
ing and the dose of methacholine required to induce a
response in the forced expiratory volume in 1 second
(FEV1)." The dose of methacholine required to induce
a response was lower in patients with more significant
reflux, suggesting an increase in airway hyperresponsive-
ness. Animal studies have also shown that intraesophageal
acid perfusion stimulates the release of tachykinins into
the airway, leading to cough or bronchospasm.'® Patter-
son and colleagues' evaluated tachykinin levels and reflux
parameters in a group of patients with chronic cough and
mild asthma and in patients with no asthma. Their results
showed increased tachykinin levels in those with reflux
and a significant correlation between distal esophageal
acid exposure and bronchial levels of substance P and
neurokinin A, suggesting vagus-induced activation of
airway sensory nerves.

In addition, the GERD-induced aspiration or
microaspiration of gastroduodenal agents may increase
airway resistance. Lopes and colleagues? evaluated the
effects of acid on airway inflammation and found that
the esophageal infusion of hydrochloric acid did not alter
airway resistance, whereas intratracheal exposure to acid
caused a substantial increase in airway resistance. The
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authors concluded that tracheal microaspiration was the
most likely mechanism to explain the effects of GERD
on asthma. Animal data suggest that the infusion of acid
into the esophagus may result in a cascade of inflamma-
tory responses. For example, esophageal acid exposure
may result in increased levels of substance B, leading to
smooth-muscle contraction and increased vascular per-
meability.'® Additionally, acid reflux may increase lung
resistance in a dose-dependent fashion mediated by the
release of tachykinins from peripheral nerves.?! Lung
epithelium may also sustain injury during direct contact
with aspirated acid, resulting in a release of cytokines and
increased inflammation.*

A causal relationship between GERD and asthma
is difficult to establish because either condition can
induce the other (Figure 1). However, one should suspect
GERD-induced asthma in patients experiencing any of
the following: asthma presenting initially in adulthood,
poor control of asthma with medications, onset of heart-
burn or regurgitation before asthma events, and worsen-
ing of asthma events in association with the consumption
of large meals or alcohol or with the supine position.
Empiric proton pump inhibitor (PPI) therapy is often
initiated in patients with asthma in order to assess their
response to reflux therapy and determine whether GERD
is a contributor to their asthma exacerbation.
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Effects of Asthma on Gastroesophageal
Reflux Disease

Pathophysiologically, asthma may predispose an indi-
vidual to the reflux of gastroduodenal contents into the
esophagus by a variety of mechanisms, including the
following: increased intrathoracic pressure, vagus nerve
dysfunction, altered diaphragmatic crural function, and
decreased lower esophageal sphincter (LES) pressure due
to medical therapies for asthma (Figure 1).23%

Patients with asthma often have lung hyperinflacion.
Changes in the pressure gradient between the stomach and
the esophagus may develop from the increased work of
breathing and lung hyperinflation, which can then result
in a herniation of the LES into the chest, impairing the
barrier to reflux and potentially causing continued reflux
due to decreased LES pressure. The complex problem of
identifying the relationship between asthma and GERD is
that, in a given patient with asthma, it is difficult to discern
the inciting factor. Thus, in a given patient with difficult-
to-control asthma, the response of the pulmonary symp-
toms to empiric GERD therapy is often used clinically to
determine whether the 2 problems are causally linked.

Diagnosis of Gastroesophageal Reflux
Disease-Related Asthma

The diagnosis of GERD-related asthma based on the pres-
ence of symptoms of heartburn or regurgitation is difficult
because patients with asthma do not always have these clas-
sic symptoms of GERD. It is important to recognize that
there are no diagnostic gold standards in this area. The roles
of esophagogastroduodenoscopy (EGD), barium esopha-
gography, and esophageal pH and impedance monitoring
are still controversial. EGD and barium esophagography are
limited by their inability to detect a temporal relationship
between episodes of reflux and asthma or cough. The pres-
ence of esophagitis, which is not common at endoscopy in
this group,” suggests GERD but does not implicate reflux
in primary symptoms of asthma. Leggett and colleagues’
used 24-hour ambulatory pH monitoring with dual probes
(configured with a distal probe 5 cm above the LES and
a proximal probe 15 cm above the LES) to assess GERD
in patients with difficult-to-control asthma. The prevalence
rates of reflux at the distal and proximal probes were 55%
and 35%, respectively. However, the presence of reflux on
pH monitoring does not necessarily suggest a causal link to
asthma exacerbation.

Esophageal pH monitoring is among the most popu-
lar tests used in patients with suspected extraesophageal
symptoms, such as asthma. The sensitivity of pH moni-
toring in diagnosing abnormal esophageal acid exposure
in patients with GERD is 90%; however, in patients with

asthma, pH monitoring has limited sensitivity and a speci-
ficity as low as 66%.%628

correlate acid reflux events with cough or asthma spells;

Esophageal pH monitoring may

however, the use of symptom correlation may be prob-
lematic in asthma because it is often not directly and tem-
porally related to reflux. Two commonly used indices, the
symptom index (SI) and symptom association probability
(SAP), attempt to correlate episodes of esophageal reflux
with cough or asthma symptoms. However, a recent study
by Slaughter and colleagues® concluded that both the SI
and SAP can be overinterpreted and are often prone to mis-
interpretation. The authors suggested that unless patients
with GERD have high rates of esophageal acid exposure,
both the SI and SAP are essentially chance occurrences at
best. Furthermore, it was recently reported that up to 71%
to 91% of patients do not accurately report their cough
events when undergoing ambulatory acoustic monitoring,
which further reduces enthusiasm for the use of symptom
indices in pH monitoring.* Thus, given the low predictive
value of pH testing and the lack of reliability of symptom
association indices, pH testing in patients with chronic
cough or asthma may not be as useful as once thought.

Recent interest in assessing for nonacid reflux as the
potential cause of persistent symptoms in patients with
asthma has resulted in the use of ambulatory intraluminal
impedance—pH monitoring. Unlike testing with traditional
dual-channel pH probes, which reports only acidic changes
in the esophagus, impedance monitoring can determine
the presence of any remaining physiologic reflux regardless
of pH.*' Furthermore, unlike other probe modalities, this
device can detect the frequency, location, and direction of
any gas or liquid refluxate along the esophagus as well as in
the hypopharynx. Despite initial enthusiasm,*** outcome
studies with this device are lacking, and the clinical rel-
evance of impedance findings in patients with asthma who
continue to have symptoms despite PPI therapy remains
uncertain. The most recent uncontrolled surgical study
found that on- or off-therapy impedance monitoring did
not predict the response of symptoms to fundoplication.*
Interestingly, hiatal hernia, significant acid reflux at baseline,
and regurgitation concomitant with laryngeal-pharyngeal
reflux symptoms were important predictors of symptom
response. Thus, the use of impedance monitoring in this
group of patients whose symptoms often remain refractory
despite PPI therapy continues to be uncertain.

Effects of the Treatment of Asthma on
Gastroesophageal Reflux Disease

GERD can also be exacerbated by the variety of medica-
tions taken by patients with asthma, including $-adrenergic
agonists, theophylline, and high doses of oral corticoste-
roids.? These medications may reduce LES pressure,
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resulting in the reflux of gastroduodenal contents into the
esophagus. In a prospective, single-blinded, placebo-con-
trolled, crossover study, Lazenby and colleagues® showed
that treatment with prednisone resulted in a significant
increase in acid contact time in both the distal and proximal
esophagus. GERD symptoms may be increased by 170% in
patients with asthma who take theophylline compared with
those who take placebo.*® Causal relationships have been
shown between f3-adrenergic agonists and LES tone, with
B-adrenergic agonists producing a reduction in LES tone
in dose-dependent fashion.?® Thus, increasing therapies for
asthma may have an adverse outcome by increasing GERD,
which may, in turn, exacerbate more asthma attacks.

Effects of the Treatment of
Gastroesophageal Reflux Disease on Asthma

Initial studies in patients with asthma who underwent treat-
ment for GERD showed mixed results but overall suggested
a decrease in symptoms.***’ These findings led to recom-
mendations in the National Asthma Education and Preven-
tion Program Expert Panel Report 3 that “patients who
have asthma and complain of frequent heartburn or pyrosis,
particularly those who have frequent nighttime asthma
symptoms, may benefit from gastroesophageal reflux treat-
ment. Consider evaluation in patients with poorly controlled
asthma for GERD, even in the absence of suggestive GERD
symptoms.”® However, subsequent studies have shown
variable and inconsistent results regarding changes in lung
function, asthma symptoms, and asthma-related quality of
life after acid-suppressive therapy.*>? The variability in study
results is likely due to limitations such as small numbers of
participants (<60), use of histamine-2 blockers rather than
PPIs, and short duration of treatment (4-12 weeks).
Subsequently, a Cochrane systematic review of
the data regarding the role of acid-suppressive therapy
in patients with asthma concluded that reflux therapy
cannot be recommended for those with uncontrolled
asthma because the “treatment of GERD with the goal
of improving asthma control was not supported by the
literature.”® Based on this review of the data, a large ran-
domized, controlled trial with a parallel group design and
a longer duration of treatment was suggested. However,
subsequent trials, consistent with these recommendations,
again demonstrated inconsistent results in terms of asthma

outcomes.’*>?

In a study by Sontag and colleagues™ that
compared the therapeutic benefit of surgical fundoplication
with that of ranitidine and that of placebo in patients who
had asthma, 75% of those who underwent fundoplication
experienced a decrease in nocturnal asthma symptoms,
compared with 9.2% of those treated with histamine-2
receptor antagonists alone and 4.2% of control patients.

A subsequent placebo-controlled study by Littner and col-
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leagues®® of 207 patients with moderate to severe asthma
did not show any decrease in asthma symptoms after twice-
daily PPI therapy compared with placebo. However, after
acid-suppressive therapy, the patients experienced improve-
ment in asthma-related quality of life. A later study, by

Kiljander and colleagues,”

assessed the therapeutic ben-
efit of 40 mg of esomeprazole twice daily vs placebo for
16 weeks in 770 patients with moderate to severe asthma.
The authors found no improvements in daily peak expi-
ratory flow rate and asthma-related quality of life and no
decreases in asthma symptoms or exacerbations in those
treated with esomeprazole. However, they did observe a
statistically significant improvement in morning and eve-
ning peak expiratory flow among the PPI-treated subjects
in the subgroup with both GERD and nocturnal respira-
tory symptoms.

Kiljander and colleagues® also studied the benefit of
once- or twice-daily esomeprazole in improving asthma
control. The evaluation included 961 patients with mod-
erate to severe asthma and symptomatic GERD. After
26 weeks of therapy, the patients showed no improvement
in mean morning peak expiratory flow in comparison with
baseline values. In addition, there were no changes in res-
cue bronchodilator use, percentage of days without asthma
symptoms, or frequency of severe asthma exacerbations.
However, the authors did show that treatment with both
PPI dosages was associated with a statistically significant
improvement in FEV1 and asthma-related quality of
life. The improvement in FEV1 was small, with increases
of 0.091 L (95% CI, 0.03-0.15; P=.0039) and 0.121 L
(95% CI, 0.06-0.18; P<.0001) for once- and twice-daily
dosing, respectively. Notably, the authors found that
patients treated with any dosage of PPI therapy experienced
significant improvement in asthma-related quality of life
compared with those treated with placebo. Therefore, based
on the preceding studies, there may be a benefit of improv-
ing asthma-related quality of life associated with treating
reflux; however, this benefit may be limited to those with
concomitant symptomatic GERD. Thus, the role of GERD
therapy in improving more objective asthma-related mea-
sures continues to be controversial.

The American Lung Association Asthma Clinical
Research Centers conducted a trial addressing the impor-
tant clinical issue of GERD therapy in patients who do not
have concomitant reflux symptoms.® Patients with asthma
and no GERD symptoms underwent pH testing and then
were randomized to 40 mg of esomeprazole twice daily
or to placebo and were followed for 6 months. Overall,
the study did not show any benefit of PPI therapy with
respect to the rate of asthma attacks, asthma symptoms,
nocturnal awakening, quality of life, or lung function
(Figure 4), even though nearly half of the patients had
abnormal acid reflux on pH testing at baseline. Thus, the
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Figure 4. Randomization of patients with poorly controlled asthma to proton pump inhibitor therapy or placebo showed no

benefit of acid-suppressive therapy. The primary outcome was a decrease of 30% or more in peak expiratory flow for 2 days.

GERD, gastroesophageal reflux disecase.
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Figure 5. A suggested algorithm for the diagnosis and treatment of suspected GERD-related asthma.

GERD, gastroesophageal reflux disease; LES, lower esophageal sphincter; PPI, proton pump inhibitor.
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results suggested that PPI therapy was of no benefit in
patients with asthma without concomitant typical GERD
symptoms and that pH monitoring did not reliably
identify a subgroup of patients who were likely to benefit
from GERD treatment. Based on the results of this trial,
it was recommended that clinicians treating patients with
poorly controlled asthma should focus their attention on
other potential triggers of asthma symptoms.

It would seem intuitive that patients with asthma who
have symptomatic reflux would be more likely to respond
to acid-suppressive therapy, but controlled data do not sug-
gest this to be true. It is possible that it is not the presence
of GERD, but rather the degree and possibly the extent of
GERD, that may be important in this group. Therefore,
future controlled trials in this area must focus on these
and potentially other possible predictors of the response
of asthma to PPI therapy. In one uncontrolled study, dual
esophageal pH monitoring demonstrated that patients
with both proximal and distal esophageal acid exposure had
a significantly higher incidence of nocturnal cough than
did those with distal esophageal acid exposure alone.”* In
the American Lung Association Study of Acid Reflux and
Asthma,” a subgroup (n=242) of participants underwent
dual esophageal pH monitoring, with slightly more than
one-third of the subjects showing proximal esophageal acid
exposure. Patients who had proximal esophageal acid expo-
sure showed worse asthma-related quality of life; however,
the concordance between proximal and distal esophageal
acid exposure was poor. Importantly, there were no differ-
ences in asthma-related clinical outcomes or measures in
the subgroup with proximal esophageal acid exposure in
comparison with other groups.

Conclusion

GERD is a common clinical condition that often occurs
together with asthma. The 2 conditions may or may not
be related in a given individual who has both diagnoses.
There are plausible pathogenic explanations for the role
of reflux in asthma through both direct aspiration and
neurogenic mechanisms. Because the 2 conditions often
coexist, the current guidelines suggest that patients with
both asthma and symptomatic GERD can be treated with
acid-suppressive medications (Figure 5). For a patient
suspected of having GERD-induced asthma and no
warning symptoms (dysphagia, anemia, or chest pain),
we recommend initial empiric therapy with a PPI twice
daily for 1 to 2 months. If the asthma symptoms decrease,
then continued therapy for an additional 2 months may
be necessary to achieve moderate relief. However, if the
symptoms persist and the patient does not have con-
comitant heartburn and/or regurgitation, then GERD
as the cause of asthma is less likely. In order to measure
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the degree of acid reflux in this group, we recommend
off-PPI pH testing. If there is moderate to severe reflux
at baseline and evidence of a defective LES and hiatal
hernia, then surgical fundoplication may be considered.
The role of surgical fundoplication in patients who do not
respond to PPI therapy and do not have regurgitation is,
as of yet, unknown and awaits future trials. Meanwhile,
in a symptomatic patient with asthma, we must focus on
optimizing asthma control as well as other factors, includ-
ing patient compliance, proper inhaler technique, and the
control of other significant comorbid conditions.

The authors have no relevant conflicts of interest to disclose.
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