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Rationale: Silent gastroesophageal reflux (GER) is common in pa-
tients with asthma, but it is unclear whether GER is associated with
worse asthma symptoms or reduced lung function.
Objectives: To determine in patients with poorly controlled asthma,
whether proximal or distal esophageal reflux is associated with
asthma severity, symptoms, physiology, or functional status.
Methods: Baseline asthma characteristics were measured in patients
with asthma enrolled in a multicenter trial assessing the effective-
ness of esomeprazole on asthma control. All participants underwent
24-hour esophageal pH probe monitoring. Lung function, metha-
choline responsiveness, asthma symptoms, and quality-of-life scores
were compared in subjects with and without GER.
Measurements and Main Results: Of 304 participants with probe
recordings, 53% had reflux. Of 242 participants with recordings of
proximal pH, 38% had proximal reflux. There was no difference in
need for short-acting bronchodilators, nocturnal awakenings, dose
of inhaled corticosteroid, use of long-acting b-agonists, lung func-
tion, or methacholine reactivity between individuals with and
without proximal or distal GER. Participants with GER reported more
use of oral corticosteroids and had worse asthma quality of life and
subjects with proximal GER had significantly worse asthma quality of
life and health-related quality of life compared with participants
without GER.
Conclusions: Asymptomatic GER is not associated with distinguishing
asthma symptoms or lower lung function in individuals with sub-
optimal asthma control who are using inhaled corticosteroids.
Patients with proximal reflux report significantly worse asthma
and health-related quality of life despite lack of physiologic impair-
ment or increase in asthma symptoms.
Clinical trial registered with www.clinicaltrials.gov (NCT00069823).

Keywords: lung function; nocturnal symptoms; asthma; gastroesoph-
ageal reflux

Gastroesophageal reflux (GER) is common in patients with
asthma, particularly in those with difficult-to-control asthma,
with a reported prevalence of 32 to 84% (1–3). GER often
occurs in the absence of symptoms such as heartburn (4–6). It
has been suggested that acid reflux has a negative impact on

asthma control and asthma symptoms, and in particular noc-
turnal symptoms (5). Accordingly, current guidelines recom-
mend evaluation and treatment for GER in patients with
difficult-to-control asthma, regardless of the presence of GER
symptoms (7). Despite these recommendations, studies of the
effect of acid suppressor agents on asthma control and lung
function have been inconclusive. A Cochrane review of 12
randomized controlled clinical trials concluded that treatment
of GER was inconsistently associated with a beneficial effect on
asthma outcomes (8). A recent trial of 207 patients with
moderate to severe asthma with symptomatic GER showed
a reduction in exacerbations and improvement in asthma
quality of life after treatment of GER with proton pump
inhibitors (PPIs), but no change in other asthma outcomes
(9). Another study of 770 patients with asthma reported no
overall improvement in peak expiratory flow (PEF), exacerba-
tions, or asthma symptoms after 16 weeks of treatment with
esomeprazole compared with placebo (10). However, the sub-
group of patients who had both symptoms of GER and
nocturnal awakenings from asthma did show improvement in
PEF with treatment.

Recently, The American Lung Association Asthma Clini-
cal Research Centers conducted a double-masked, placebo-
controlled, randomized study of the effect of proton pump
inhibition on asthma outcomes in the Study of Acid Reflux and
Asthma in patients with inadequately controlled asthma despite
treatment with inhaled corticosteroids (ICS) (11). Overall, there
was no benefit of PPIs on asthma control in subjects with or
without pH probe evidence of GER. This study was the first
large-scale trial to conduct pH probe monitoring to document
whether GER was present in patients with suboptimal asthma
control and minimal or no symptoms of acid reflux. Moreover,
a substantial number of patients also underwent dual channel
testing to determine whether proximal reflux was present.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Gastroesophageal reflux has been considered a possible
trigger for poor asthma control. Studies of the effect of acid
suppressor therapy have shown conflicting effects on asthma
control.

What This Study Adds to the Field

We demonstrate that asymptomatic GER is not associated
with distinguishing demographic or clinical features in pa-
tients with asthma and suboptimal control despite treat-
ment with inhaled corticosteroids, but is associated with
poorer health-related quality of life.
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The actual effect of GER on asthma severity and symptoms
has not been reported systematically in a large series of patients.
The mechanism by which acid reflux might affect asthma
control is controversial (12–18). It may also be important to
know whether proximal reflux into the upper esophagus affects
patients differently from distal acid reflux.

Studies to interpret the effect of GER on asthma control
may be complicated by reliance on self-report of GER. Indeed,
a significant portion of patients with asthma with symptoms of
GER do not have GER documented by pH probe measure-
ments, whereas up to 60% of patients with asthma with no
symptoms of reflux have GER measured by esophageal pH
probe (6). Thus, important questions remain regarding the
clinical diagnosis of distal and proximal GER and the effect
on patients with poorly controlled asthma.

Accordingly, the baseline data from the Study of Acid
Reflux and Asthma trial provides an ideal dataset to address
the following questions in a population of patients with in-
adequately controlled asthma:

(1) Do poorly controlled asthmatics with asymptomatic
proximal or distal reflux have distinguishing clinical or
demographic characteristics from those without reflux?

(2) What is the concordance between distal and proximal
reflux assessed by ambulatory pH probe measurements?

METHODS

Nineteen clinical study centers participating in the American Lung
Association Asthma Clinical Research Centers enrolled participants in
the study. Eligible participants were nonsmoking individuals with
inadequately controlled asthma despite the use of moderate or higher
doses of inhaled corticosteroids. Inclusion criteria were: age 18 years or
older, physician diagnosis of asthma supported by either a positive
methacholine challenge test (for subjects with FEV1 .70% predicted)
or a 12% increase in FEV1 with bronchodilators, 8 weeks of stable use
of an inhaled corticosteroid equivalent to 400 mg/d or greater of
fluticasone, and poor asthma control defined by Juniper Asthma
Control Questionnaire score of 1.5 or greater (19), or more than one
acute episode of asthma requiring unscheduled medical care in the past
year. Participants were excluded if they had smoked cigarettes within
6 months or had 10 or more pack-years of smoking, had an FEV1 less
than 50% predicted, had antireflux or peptic ulcer surgery, or had
clinical indications for acid suppression treatment (i.e., two or more
episodes per wk of heartburn requiring antacids). All participants
signed written informed consent statements that had been approved by
the local Institutional Review Board and by the Data Coordinating
Center.

All subjects were scheduled to have 24-hour pH probe testing
before randomization. Dual pH probe testing was performed at some,
but not all, centers based on availability of necessary equipment.
Calibrated pH probes were placed in the distal esophagus after
esophageal manometry, 5 cm above the lower esophageal sphincter.
The proximal probe was situated 15 cm above the distal probe. Studies
were reviewed at a central reading center. Criteria for an acceptable
study included total recording time of at least 16 hours, with at least
one meal and 2 hours of recumbency. None of the patients were taking
acid-suppressing drugs at the time of the probe study. A study was
considered positive for distal GER if the percent of time with distal pH
less than 4 was more than 5.5% total time, or more than 8.2% of
upright time, or more than 3.5% of supine time (20). Proximal pH
probe was considered positive if measured pH in the proximal
esophagus was less than 4 more than 1% of the time of measurement,
regardless of body position (21). Meal times were excluded in the
analysis to avoid false-positive proximal pH data; episodes consistent
with pseudoreflux were also excluded from analysis.

During the run-in period of the trial, which lasted 2 to 8 weeks,
participants continued their usual asthma medications and recorded

daily morning peak flow, asthma symptoms, b-agonist use, and
nocturnal asthma awakenings. All participants underwent pulmonary
function testing and self-administered the Asthma Symptom Utility
Index, Juniper Asthma Control Questionnaire, Juniper mini–Asthma
Quality of Life Questionnaire (mini AQLQ), a general health-related
quality of life questionnaire (the Medical Outcomes Study SF-36), and
a Gastroesophageal Reflux Disease Symptom Assessment Scale at the
baseline visit (19, 22–24).

Data were analyzed by the Coordinating Center at Johns Hopkins
University. P values were based on chi-square test for categorical
variables and the Wilcoxon rank sum test for continuous variables.
Cochran-Armitage trend test of categorical variables was used for
analysis of effect of acid exposure time on asthma characteristics. The k

statistic was used to evaluate the concordance between proximal and
distal pH probe tests for GER. The significance of the k test statistic
was an asymptotic test of the null hypothesis that k 5 0. All analyses
were performed in SAS V9 (SAS Institute Inc., Cary, NC). Statistical
significance was inferred if P was less than 0.05 without adjustment for
multiple comparisons.

RESULTS

A total of 412 participants completed the run-in and 304
underwent technically successful placement and recordings of
esophageal pH. Reasons for exclusion and reasons for inability
to collect pH probe results are reported in Figure 1. Of 304
individuals who underwent pH probe testing, 242 had dual
(proximal and distal esophageal) pH probe testing performed
and 62 had only distal pH probe testing performed. Participants
who underwent successful pH probes were similar in baseline
demographics to those who did not (data not shown). However,
participants who did complete a pH probe test were more likely
to report a ‘‘burning in throat or sour acid taste’’ on a question-
naire to assess symptoms of GER than those subjects who
did not complete a pH probe test (55 vs. 43%; P 5 0.02).
Designation of GER status as positive or negative was made
according to results of proximal and/or distal pH probe mea-
surements unless otherwise noted. Therefore, if either distal
probe or proximal probe results were positive, the subject was
considered to have pH probe evidence of GER.

Baseline Demographics

Of the 304 participants who underwent pH probe testing, 160
(53%) had abnormal proximal or distal pH probe results
consistent with GER. Distal reflux was present in 123 (40%)
of the 304 participants. Ninety-three of the 242 subjects (38%)
who had dual probe testing showed evidence of proximal reflux.
Demographic characteristics of participants with and without
GER are reported in Table 1. No differences in sex, age, or
race/ethnicity in subjects with and without GER were evident.
Mean body mass index was similar in both groups. There were
slightly more obese subjects (body mass index .30) in the
GER-positive group compared with the GER-negative group
(55 vs. 49%), but the difference was not statistically significant
(P 5 0.32).

Asthma Symptoms, Medication Use, and Lung Function

Table 2 lists baseline asthma characteristics during the final 2
weeks of the run-in period for patients with and without pH
probe evidence of GER. Most baseline characteristics, including
frequency of use of short-acting bronchodilators and nocturnal
awakenings from asthma, were similar in both groups. Subjects
with evidence of distal or proximal GER reported significantly
more use of oral corticosteroids for asthma in the previous year
(56 vs. 43%; P 5 0.03). Most (91%) enrolled subjects had
a Juniper Asthma Control Questionnaire greater than or equal
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to 1.5, with no difference between GER-positive and GER-
negative groups (P 5 0.78). About half (48%) of all subjects
reported more than one unscheduled visit for asthma in the
previous year, with no difference between GER-positive and
GER-negative subjects (P 5 0.54).

The dose of inhaled corticosteroids was similar in partici-
pants with positive and negative pH probe results. The mean
daily dose of inhaled corticosteroids in the probe-positive versus
probe-negative group was 663 6 23.4 and 647 6 21.7 mg,
respectively (P 5 0.31). No differences were observed in
prebronchodilator lung function (mean prebronchodilator
FEV1 76 6 15% predicted in GER positive versus 77 6 14%
predicted in GER negative; P 5 0.84) or bronchodilator
reversibility in individuals with and without GER. The group
with GER had a significantly lower (worse) score on the
Asthma Quality of Life questionnaire compared with subjects
without GER (4.4 6 1.3 vs. 4.8 6 1.2; P 5 0.01), although the
clinical importance of this difference is not certain. Scores on
the Asthma Symptom Utility Index, and Medical Outcome
Study SF-36 Quality of Life were also worse (lower) in the
group with GER but did not reach statistical significance (P 5

0.08 and P 5 0.06, respectively). The Asthma Control Score,
which incorporates measures of frequency of asthma symptoms
and lung function, was similar in both groups (Table 2).

Response to the question on the mini-AQLQ related to
frequency of feeling bothered by cough was similar in subjects
with and without GER (4.4 6 1.8 vs. 4.8 6 1.8, respectively; P 5

0.06, on a scale of 1 to 7 where 1 reflects symptoms ‘‘all of the
time’’ and 7 reflects symptoms ‘‘none of the time’’) (see Table
E1 in the online supplement). Response to the cough-related
question on the Asthma Symptom Utility Index was also similar
in the GER-positive and GER-negative subjects (P 5 0.41)

(Table E1). Symptoms, activities, and emotional domain scores
on the AQLQ were all statistically significantly worse in the
participants with GER compared with those without GER
(P 5 0.02, 0.007, and 0.05, respectively; Table E2). The only
individual item on the SF-36 with a significant difference in
score between GER-positive and GER-negative individuals
related to physical roles, such as work or daily activities (61 6

40 vs. 50 6 42, respectively; P 5 0.01).
Differences in acid exposure time in the distal esophagus

were evaluated with respect to asthma outcomes. Subjects with
exposure time less than 5.5% (n 5 199), 5.5 to 10% (n 5 56),
and greater than 10% (n 5 49) demonstrated no differences
across groups in any of the baseline asthma characteristics
(Table E3). Acid exposure time in the proximal esophagus
was also evaluated in relation to asthma outcomes. There were
no differences in most asthma outcomes when comparing
subjects with proximal acid exposure time of less than 0.5%,
0.5 to 1%, or greater than 1%. However, mean physical score
on SF-36 decreased significantly as acid exposure time increased
(P 5 0.02) (Table E4).

Of subjects taking long-acting b-agonists, the proportion of
patients with a positive pH probe (54%) was similar to those
with a negative pH probe (46%), P 5 0.24. No other differences
were observed in baseline asthma characteristics between pH
probe–negative versus PH probe-positive groups after stratify-
ing by long-acting b-agonists use (data not shown). The
prevalence of eczema, sinusitis, rhinitis, and food allergies was
the same in subjects with and without pH probe evidence of
GER (Table 3).

Comparison of the subset of individuals with both pH probe
evidence of GER and self-reported diagnosis of GER (n 5 28)
also demonstrated no differences in baseline asthma character-

Figure 1. Flowchart for study participants.
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istics compared with all others. However, these individuals were
more likely to be obese and had higher gastric distress scores
(data not shown).

GER Symptoms

GER-positive and GER-negative groups reported similar GER
symptoms at baseline. The mean number of GER-related

symptoms and Gastroesophageal Symptom Assessment Score
was similar in both groups (Table 3). However, when results of
distal pH probe test were analyzed by acid exposure time,
number of subjects with self-report of GER increased signifi-
cantly as distal acid exposure time increased, (P 5 0.0003; Table
E3) (25).

Proximal Reflux

Separate analysis of the 242 subjects who had proximal
esophageal pH measured demonstrated a high prevalence of
proximal reflux (38%) (Table 4). Concordance between prox-
imal pH probe results and distal pH probe results was
moderate to poor (k 5 0.33; 95% confidence interval: 0.21–
0.46; P , 0.001). Seventy-five percent of participants with
a negative distal probe test were also negative on the proximal
probe; 58% of subjects who were positive on the distal probe
also had a positive proximal probe test. Of interest, 25% (37 of
146) of participants who would be classified as GER negative
based on the distal esophageal pH probe showed evidence of
abnormal proximal reflux. There were no differences in the
demographic characteristics of subjects with a positive prox-
imal pH probe versus a negative one (data not shown).
Individuals with proximal reflux had a significantly lower score
on asthma quality of life as measured by the mini-AQLQ
(mean 4.4 6 1.3 vs. 4.8 6 1.2; P 5 0.02) and significantly lower
mean physical score on the SF-36 (44 6 10 vs. 40 6 10,
respectively; P 5 0.005) than the individuals with no evidence
of proximal reflux (Table 4). Response to the cough-specific
question on the mini-AQLQ was similar in the proximal
GER–positive versus proximal GER–negative groups (4.2 6

1.9 vs. 4.7 6 1.6; P 5 0.08). Response to the cough-related

TABLE 2. BASELINE ASTHMA CHARACTERISTICS FOR SUBJECTS WITH AND
WITHOUT GASTROESOPHAGEAL REFLUX

pH Probe Result

Asthma characteristics

Distal or Proximal

Positive

Distal Negative and Proximal

Negative or Missing P Value*

N (%) 160 (53) 144 (47)

Mean age of asthma onset, yr 6 SD 16 6 17 17 6 17 0.14

Use of inhaled short-acting b-agonist

(MDI/Neb) > 2 times/wk, % of group

81 78 0.55

>2 Unscheduled health care visit in past yr, % 64 57 0.54

ACQ > 1.5, % 92 91 0.78

Oral corticosteroids for asthma in past yr, % 56 43 0.03

Night awakenings due to asthma in past 2 wk, % 18 10 0.08

Daily use of ICS, % 100 100

Daily dose of ICS, mg 663 6 23.4 647 6 21.7 0.31

Mean ACS (Y) (score range: 0–6) 6 SD 1.9 6 0.9 1.8 6 0.8 0.25

Mean ASUI ([) (score range: 0–1) 6 SD 0.73 6 0.18 0.77 6 0.15 0.08

Mean AQL ([) (score range: 1–7) 6 SD 4.4 6 1.3 4.8 6 1.2 0.01

SF-36 quality of life ([) (score range: 0–100), N 160 143

Mean physical score 6 SD 41 6 10 43 6 10 0.06

Mean emotional score 6 SD 48 6 11 49 6 11 0.56

Mean pulmonary function measures, N 160 144

Pre-BD FEV1, % predicted 6 SD† 76 6 15 77 6 14 0.84

Pre-BD FVC, % predicted 6 SD† 87 6 15 88 6 13 0.56

FEV1, % change post-BD 6 SD 10 6 9 11 6 11 0.15

FVC, % change post-BD 6 SD 5 6 8 6 6 8 0.37

Peak expiratory flow rate (% predicted 6 SD) 79 6 18 80 6 17 0.40

Methacholine contraindicated (% of group) 60 55 0.39

PC20, mg/ml, N, mean 6 SD 61, 3.4 6 4.0 64, 4.3 6 5.1 0.94

Definition of abbreviations: ACS 5 Asthma Control Score; AQL 5 Asthma Quality of Life; ASUI 5 Asthma Symptom Utility Index;

BD 5 bronchodilator; GERD 5 gastroesophageal reflux disease; ICS 5 inhaled corticosteroid; MDI/Neb 5 metered-dose inhaler/

nebulizer; PC20 5 provocative concentration causing 20% fall in FEV1; SF-36 5 RAND 36-item health survey; [ 5 higher score is

better; Y 5 lower score is better.

* P values based on chi-square test for categorical variable and Wilcoxon rank sum test for continuous variables.
† Predicted values for FEV1 and FVC by permission from Reference 36.

TABLE 1. DEMOGRAPHIC CHARACTERISTICS IN SUBJECTS
WITH AND WITHOUT GASTROESOPHAGEAL REFLUX

pH Probe Result

Demographic

Characteristics

Distal or Proximal

Positive

Distal Negative and

Proximal Negative

or Not Done P Value*

N (%) 160 (53) 144 (47)

Mean age at randomization,

yr 6 SD

43 6 13 41 6 14 0.29

Males, % of group 34 29 0.39

Race or ethnic group,

% of group

0.55

White 51 50

Black 39 38

Hispanic 8 11

Other 3 1

Former smoker, % of group 17 19 0.56

BMI 33 6 8 32 6 17 0.31

Obese (BMI > 30) 55 49 0.32

Definition of abbreviation: BMI 5 body mass index.

* P values based on chi-square test for categorical variable and Wilcoxon rank

sum test for continuous variables.

812 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 180 2009



question of the Asthma Symptom Utility Index was also
similar in the two groups (P 5 0.19; Table E1). There were
no differences in pre- or postbronchodilator lung function,
methacholine responsiveness, nocturnal awakenings, use of
short-acting bronchodilators, dose of inhaled corticosteroids,
or emergency visits for asthma between the proximal GER-
positive and GER-negative groups. Nor were there differences
in GER symptoms, Gastroesophageal Reflux Disease Symp-
tom Assessment Scale score, or comorbidities between those
with and without evidence of proximal reflux.

Analysis of only distal pH probe results showed no differ-
ence in baseline asthma symptoms, lung function, methacholine
responsiveness, and quality-of-life measures between subjects
with and without evidence of distal reflux (data not shown).

DISCUSSION

The main finding of this study is that there are no clear clinical
or demographic characteristics that can be used to differentiate

between poorly controlled patients with asthma with or without
ambulatory pH probe–documented acid reflux. These results
indicate that although asymptomatic GER frequently accom-
panies poorly controlled asthma, it is not associated with lower
lung function, worse asthma control, or increased airway re-
sponsiveness, but is associated with significantly worse asthma
quality of life. In addition, the concordance between lower
(distal) esophageal reflux and upper (proximal) reflux was only
moderate; 25% of subjects had one without the other. Discor-
dance between proximal and distal reflux measurements are
likely due to the established normal values used for presence of
acid at each of these sites. Because the distal esophagus is more
frequently exposed to gastric acid, a normal total time with pH
less than 4 is 5.5% in the distal esophagus, compared with less
than 1% in the proximal esophagus (21, 26). In patients who are
undergoing esophageal pH probe monitoring for evaluation of
disorders such as chronic cough, it seems a reasonable extrap-
olation to suggest that dual-probe studies are necessary to
exclude proximal acid reflux.

TABLE 3. GASTROESOPHAGEAL REFLUX SYMPTOM SCORES IN SUBJECTS WITH AND
WITHOUT GASTROESOPHAGEAL REFLUX

Distal or Proximal

Positive

Distal Negative and Proximal

Negative or Missing P Value*

GERD Symptom Assessment Scale, N 160 (53) 144 (47)

Mean number of symptoms (0–15) 6 SD 7 6 3.5 6.8 6 3.5 0.57

Burning or acid taste, % of group 56 55 0.89

Mean distress score (Y) (score range: 0–3) 6 SD 0.60 6 0.49 0.56 6 0.47 0.48

Other conditions, N 160 144

Self-reported GERD, % of group 18 11 0.11

Eczema, % of group 14 12 0.75

Sinusitis, % of group 42 34 0.16

Rhinitis, % of group 64 56 0.15

Food allergies, % of group 22 17 0.25

Allergies worsen asthma, % of group 78 76 0.72

Definition of abbreviations: GERD 5 gastroesophageal reflux disease; Y 5 lower score is better.

* P values compare positive on distal or proximal probe result to negative distal result and negative or missing on proximal

results based on chi-square test for categorical variable and Wilcoxon rank-sum test for continuous variables.

TABLE 4. SELECTED BASELINE ASTHMA CHARACTERISTICS IN SUBJECTS WITH AND
WITHOUT PROXIMAL GASTROESOPHAGEAL REFLUX

Proximal PH Probe Result

Asthma symptoms Positive Negative P Value*

N (%) 93 (38) 149 (62)

Use of inhaled short-acting b-agonist > 2 times/wk, % 80 80 0.96

> 2 Unscheduled health care visit in past yr, % 63 58 0.39

Oral corticosteroids for asthma in past year, % 56 47 0.18

Long-acting b-agonist use, % 75 81 0.33

Night awakenings due to asthma in past 2 wk 16 11 0.22

Mean ACS (Y) (score range: 0–6) 6 SD 1.9 6 0.9 1.7 6 0.7 0.12

Mean ASUI ([) (score range: 0–1) 6 SD 0.72 6 0.19 0.76 6 0.15 0.12

Mean AQL ([) (score range: 1–7) 6 SD 4.4 6 1.3 4.8 6 1.2 0.02

SF-36 Quality of Life ([)

Mean physical score 6 SD 40 6 10 44 6 10 0.005

Mean emotional score 6 SD 48 6 10 49 6 11 0.32

Mean pulmonary function measures

Pre-BD FEV1, % predicted 6 SD 76 6 16 77 6 14 0.49

Pre-BD FVC, % predicted 6 SD 87 6 16 88 6 12 0.43

FEV1, % change post-BD 6 SD 10 6 9 11 6 10 0.33

FVC, % change post-BD 6 SD 4 6 7 6 6 8 0.06

Peak expiratory flow rate, % predicted 6 SD 80 6 20 81 6 16 0.89

PC20 mg/ml, n, mean 6 SD 37, 3.4 6 4.3 67, 3.9 6 4.7 0.62

Definition of abbreviations: ACS 5 Asthma Control Score; AQL 5 Asthma Quality of Life; ASUI 5 Asthma Symptom Utility Index;

BD 5 bronchodilator; PC20 5 provocative concentration causing 20% fall in FEV1; SF-36 5 RAND 36-item health survey; [ 5

higher score is better; Y 5 lower score is better.

* P values are based on chi-square test for categorical variables and Wilcoxon rank-sum test for continuous variables.
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Previously published studies have shown lack of association
between probe-documented GER and asthma outcomes (6,
27). However, because of small sample size, these studies had
limited ability to identify asthma characteristics associated
with reflux. The present study is the largest to use ambulatory
pH probe monitoring and confirms these findings in a larger
group of patients with asthma without significant symptoms of
GER.

The 2007 National Asthma Education and Prevention Pro-
gram Guidelines for the diagnosis and management of asthma
recommend that clinicians consider treatment of reflux to
improve asthma control in patients with poorly controlled
asthma (7). In our study of 304 subjects with asthma who had
ambulatory pH probe monitoring performed, we have demon-
strated no effect of reflux on lung function, airway hyper-
responsiveness, acute care visits for asthma, asthma symptoms,
nocturnal symptoms, dose of asthma maintenance therapy, or
need for rescue therapy. Subjects with GER did report signif-
icantly worse Asthma Quality of Life, though the clinical
significance of this modest effect is uncertain. Our finding of
greater previous use of oral corticosteroids among subjects with
GER may suggest that patients with GER have more acute
episodes of worsening of asthma, which may affect quality of
life.

Individuals with proximal reflux did not demonstrate
worse asthma symptoms, lower lung function, increased
airway responsiveness, or rescue bronchodilator use, but did
have substantially poorer asthma quality of life and generic
health-related quality of life compared with those partici-
pants without proximal GER. Specifically, there was a trend
toward increase in feeling bothered by cough on the mini-
AQLQ in subjects with proximal GER and the SF-36 showed
a significantly worse physical activity score. This finding
suggests that proximal reflux may be more relevant to sub-
jective evaluation of asthma symptoms rather than physio-
logic impairment of lung function. In this regard, Ferrari and
colleagues studied 17 patients with asthma and proximal
reflux. They found that omeprazole reduced the cough
sensitivity to capsaicin but did not alter airways reactivity
to methacholine (28). Interestingly, previous studies have
demonstrated that proximal acid reflux is predictive of
a favorable response to acid suppressor therapy, although
we did not find this in our trial (2, 29).

Nocturnal asthma symptoms are frequently present in
patients with difficult-to-control asthma, raising the sugges-
tion that GER contributes to both nocturnal symptoms and
poor asthma control. Kiljander and colleagues reported that
in patients with asthma with combined symptoms of GER and
nocturnal asthma, treatment with esomeprazole resulted in
a modest improvement in morning and evening peak flow
(10). One may speculate that nocturnal asthma symptoms are
a marker of proximal esophageal reflux, which in our study is
associated with worsened asthma quality of life. In support of
this, Tomonaga and colleagues demonstrated that nocturnal
cough was associated with proximal, but not distal, esopha-
geal reflux (30). Our study however, did not demonstrate
a difference in nocturnal asthma symptoms between those
individuals with and without proximal reflux. It is possible
that asymptomatic GER may disrupt sleep in more subtle
ways, thus leading to impaired quality of life without signif-
icant differences in asthma control. In a large study from
Taiwan, Chen and colleagues found that asymptomatic
esophagitis was associated with poorer sleep quality and
shorter sleep duration (31).

The present study confirms and extends prior work that has
emphasized the high prevalence of silent proximal and distal

GER in patients with asthma. This is the first large-scale study
to use pH probe monitoring to compare severity of asthma
symptoms and asthma control in patients with and without
documented evidence of acid GER. Because the present study
enrolled only patients with minimal or absent GER symptoms,
we cannot address the question whether in patients with
symptomatic GER, reflux does contribute to asthma symptoms,
asthma exacerbations, and poorer lung function. Furthermore,
nonacid esophageal reflux (e.g., pepsin, bile acids) has been
recognized as a cause of respiratory symptoms such as cough
and wheeze (32, 33) and is not detectable with the pH mon-
itoring performed in our study. Our findings therefore cannot
be extrapolated to the effect of nonacid reflux on asthma
control. Several studies have demonstrated that in patients
not taking acid suppressor therapy, combined pH and imped-
ance testing for detection of both acid and nonacid reflux has
demonstrated that only 6.3% of reflux events are nonacid.
Nonacid reflux appears to play a more significant role in
patients who have persistent reflux symptoms despite PPI
therapy (34, 35).

Our study does not support the idea that asymptomatic
reflux is associated with lower lung function, worse asthma
control, increased airway hyperresponsiveness, or increased
asthma symptoms. Evaluation for GER using ambulatory pH
probes in individuals with poorly controlled asthma with no
reflux symptoms is therefore not usually warranted unless
atypical symptoms, such as cough or unexplained chest symp-
toms, might suggest the diagnosis.
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