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Exhaled Breath Condensate pH Does Not Discriminate
Asymptomatic Gastroesophageal Reflux or the Response
to Lansoprazole Treatment in Children with Poorly
Controlled Asthma
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What is already known about this topic? Exhaled breath condensate (EBC) pH has been identified as an emerging
biomarker of interest for asthma clinical trials and may allow for identification of acute acid reflux events.

What does this article add to our knowledge? The results of this study demonstrated that EBC pH is not associated
with asymptomatic gastroesophageal reflux or characteristics of asthma in school-age children.

How does this study impact current management guidelines? Although other EBC constituents may prove to be of
value in asthma therapeutic monitoring, we concluded that measurements of EBC pH have limited predictive utility in the
long-term assessment of childhood asthma.

BACKGROUND: Although exhaled breath condensate (EBC)
pH has been identified as an “emerging” biomarker of interest
for asthma clinical trials, the clinical determinants of EBC pH
remain poorly understood. Other studies have associated acid
refluxeinduced respiratory symptoms, for example, cough, with
transient acidification of EBC.

OBJECTIVE: We sought to determine the clinical and physiologic
correlates of EBC acidification in a highly characterized sample of
children with poorly controlled asthma. We hypothesized that (1)
children with asymptomatic gastroesophageal reflux determined
by 24-hour esophageal pH monitoring would have a lower EBC
pH than children without gastroesophageal reflux, (2) treatment
with lansoprazole would alter EBC pH in those children, and (3)
EBC acidification would be associated with increased asthma
symptoms, poorer asthma control and quality of life, and increased
formation of breath nitrogen oxides (NOx).
METHODS: A total of 110 children, age range 6 to 17 years, with
poor asthma control and esophageal pH data enrolled in the
Study of Acid Reflux in Children with Asthma (NCT00442013)
were included. Children submitted EBC samples for pH and NOx
measurement at randomization and at study weeks 8, 16, and 24.
RESULTS: Serial EBC pH measurements failed to distinguish
asymptomatic gastroesophageal reflux and was not associated
with breath NOx formation. EBC pH also did not discriminate
asthma characteristics such as medication and health care
utilization, pulmonary function, and asthma control and quality
of life both at baseline and across the study period.
CONCLUSION: Despite the relative ease of EBC collection,
EBC pH as a biomarker does not provide useful information of
children with asthma who were enrolled in asthma clinical
trials. � 2014 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2014;2:579-86)

Key words: Asthma; Children; Gastroesophageal reflux; Exhaled
breath condensate; Airway inflammation; Airway acidification;
Asthma biomarker; Asthma clinical trial

Exhaled breath condensate (EBC) contains volatile and droplet
species derived from the respiratory surface liquid, which may
identify underlying biochemical and inflammatory disturbances
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Abbreviations used
ACQ- Asthma Control Questionnaire

AQLQ- Asthma Quality of Life Questionnaire
ASUI- Asthma Symptom Utility Index
BMI- Body mass index
EBC- Exhaled breath condensate

EPAC- Episode of poor asthma control
GER- Gastroesophageal reflux
ICS- Inhaled corticosteroid
NOx- Nitrogen oxides

SARCA- Study of Acid Reflux in Children with Asthma

in the airway tree. Although a number of methodologic limita-
tions persist with the analysis of EBC, including unanswered
questions about the dilution factor and the distal airway
contribution to the sample,1 biomarkers measured in EBC have
been shown to discriminate between health and a variety of
airway pathologies.2,3 The noninvasive nature of EBC collection,
therefore, has generated significant interest of patients with
asthma wherein bronchoscopy cannot be routinely conducted.
Indeed, a recent National Institutes of Healthesponsored
workshop identified EBC biomarkers as “emerging” outcomes of
interest for asthma clinical trials and encouraged the use of EBC
biomarkers for the characterization of participants with asthma
and prospective efficacy and/or effectiveness analyses.4

Although a variety of EBC biomarkers have been investigated
in asthma over the past decade, much of the work to date has
focused on EBC acidity. Early studies noted that EBC pH
values were lower in patients with asthma versus healthy controls
at baseline5-8 and decreased further during acute exacerbations.9-11

In these same studies, EBC pH values also normalized with
corticosteroid treatment, which suggests that EBC acidity may be
a marker of asthma control.9-11 By contrast, in more recent an-
alyses, EBC pH failed to differentiate a large cohort of children
with asthma versus controls12 or a large sample of adults and
children with severe versus nonsevere asthma.13 Furthermore, no
associations between EBC pH and lung function, airway reactivity,
or airway cellular profiles in induced sputum were noted.12-14

However, in other studies, acid refluxeinduced respiratory
symptoms, for example, cough, have been associated with transient
acidification of EBC.15-17 In recognizing that the clinical de-
terminants of EBC breath pH remain poorly understood and in
further recognizing that the utility of EBC pH monitoring may
only apply to selected asthma phenotypes, the purpose of this study
was to determine the clinical and physiologic correlates of low EBC
pH in a highly characterized sample of children with poorly
controlled asthma. We hypothesized that children with asthma and
with asymptomatic gastroesophageal reflux as determined by
24-hour esophageal pH monitoring would have a lower EBC pH
than children without gastroesophageal reflux, and, further, that
treatment with lansoprazole would alter EBC pH in those chil-
dren. We further hypothesized that breath acidification would be
associated with increased formation of breath nitrogen oxides
(NOx), increased asthma symptoms, and poorer asthma control
and quality of life.

METHODS

This ancillary study included children 6 to 17 years of age
with poor asthma control who were enrolled in the Study of Acid
Reflux in Children with Asthma trial (NCT00442013).18

Informed consent was obtained for the study, and safety was
overseen by a data and safety monitoring board.18 Briefly, the
Study of Acid Reflux in Children with Asthma trial was a ran-
domized, double-blinded, placebo-controlled study of 300 chil-
dren with persistent asthma to determine whether lansoprazole
therapy improved poor asthma control. Criteria for enrollment
included the following: (1) physician diagnosis of asthma
confirmed with either bronchodilator reversibility or airway
hyperresponsiveness in response to methacholine or exercise, and
(2) stable inhaled corticosteroid therapy for at least 8 weeks.
Exclusion criteria included the following: (1) severe persistent
asthma evidenced by a FEV1 of less than 60% of predicted
norms19; (2) symptoms clearly attributable to gastroesophageal
reflux, which required treatment at the time of enrollment; or (3)
less than 80% completion of symptom and medication diaries
during the screening period. Poor asthma control at the end of
the 4-week screening period was defined as either (1) use of
short-acting b-agonists twice per week or more on average; (2)
nocturnal awakening with asthma symptoms more than once per
week on average; (3) 2 or more emergency department visits,
unscheduled physician visits, prednisone courses, or hospitaliza-
tions for asthma in the past 12 months; or (4) an Asthma
Control Questionnaire score of �1.25.20 Asthma control
throughout the study also was determined by participant diaries
in which episodes of poor asthma control (EPAC) were recorded.
We defined 2 types of EPACs derived from the daily diaries.
The first EPAC was a decrease �30% in morning peak flow
rate from personal best (assessed during run-in) for 2 consec-
utive days, or addition of an oral corticosteroid to treat asthma
symptoms, or unscheduled contact with a health care provider
for asthma symptoms. The second EPAC also included
increased use of short-acting b-agonists from baseline (4 or
more additional puffs of rescue medication or 2 or more
additional nebulizer treatments in 1 day). The primary outcome
measurement for the study was a change in the Asthma Control
Questionnaire score, with a 0.5-unit change from baseline
(randomization) considered clinically meaningful.21 Other
secondary outcome measurements included changes in Asthma
Symptom Utility Index scores22 and changes in Asthma Quality
of Life Questionnaire scores23 between the baseline (randomi-
zation) visit and study completion.

Children submitted EBC samples at the randomization visit
(week 0) and at study weeks 8, 16, and 24 according to rec-
ommended procedures.24 Children were instructed to take tidal
breaths for 10 minutes into a plastic tube that contained a 1-way
exhalation valve and chilled aluminum condensation tube
(RTube; Respiratory Research Inc, Charlottesville, Va). Samples
were frozen at �70�C and were transported every other month
on dry ice to Emory University for analysis. EBC pH was
measured to 2 decimal places before and after de-aeration with
argon gas for 8 minutes, as previously described,25 by inserting a
glass pipet into 250 mL of the EBC sample. This method allows
for constant turbulence of the EBC sample and maximal expo-
sure to carbon dioxideefree gas, which results in stabilization of
pH for the purpose of measurement.10,26 The pH was deter-
mined by using a standard pH meter and probe (Orion 525 and
Orion 98-03; Thermo Electron Corp, Beverly, Mass) calibrated
in standard pH solutions (pH 4.0, 7.0, and 10.0) before each
use. EBC acidification was defined as a de-aerated EBC pH value
<7.4, consistent with previous observations in healthy partici-
pants without asthma and in participants with poorly controlled
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asthma after 48 hours of systemic corticosteroid treatment.10

EBC NOx concentrations (reflected by total nitrite plus nitrate
concentrations) were quantified as previously described27 by
using a colorimetric assay (Cayman Chemical, Ann Arbor, Mich)
with a lower detection limit of 0.1 mM analyzed at a wavelength
of 540 nm. To minimize false nitrate and nitrate readings during
the assay, samples were analyzed in duplicate immediately after
thawing.

Esophageal pH studies were performed in a subset of children
whose parents provided informed consent for the procedure
before randomization. Esophageal pH studies were performed
according to standards established by the North American So-
ciety for Pediatric Gastroenterology and Nutrition.28 Children
were monitored for 16 to 24 hours, during which eating,
drinking, and activities were reported. Thresholds for gastro-
esophageal reflux were defined according to age as either an
esophageal pH � 4 for �6% of the time for children 6 to 11
years old or an esophageal pH � 4 for �4% of the time for
children 12 to 17 years old.

Statistical analyses were done by using SAS version 9.2 (SAS
Institute Inc, Cary, NC). A comparison of characteristics of par-
ticipants with and without gastroesophageal reflux or with high
versus low EBC pH were made by using c2 tests for categorical
variables and by using Wilcoxon rank sum tests for continuous
variables. Generalized linear models were used to determine the
association between EBC pH and variables of interest. The
associations of baseline EBC pH on change in asthma question-
naires (see supplementary tables in this article’s Online Repository

at www.jaci-inpractice.org) were estimated from longitudinal
models by using generalized estimating equations.29

RESULTS
Baseline (randomization) EBC samples were submitted for 294

of the 306 children enrolled in the trial, and 239 children had
suitable samples for analysis (Figure 1). Among these, 110 children
had 24-hour esophageal pH monitoring studies of suitable quality
for interpretation. Features of these children were similar to those
of the children enrolled in the parent clinical trial (see Table E1 in
this article’s Online Repository at www.jaci-inpractice.org). Forty-
eight of these children (44%) had asymptomatic gastroesophageal
reflux upon analysis, but there were no differences between chil-
dren with and those without gastroesophageal reflux with regard to
age, body mass index (BMI) percentile, and asthma medical his-
tory (Table I). However, children with gastroesophageal reflux
were more likely to be white. Treatment assignment to lanso-
prazole or placebo as well as other key asthma characterization
variables such as asthma control, asthma-related quality of life,
symptoms, and spirometry values were not significantly different
between those with or those without gastroesophageal reflux.

EBC characteristics
Baseline de-aerated EBC pH values obtained at the random-

ization visit ranged from 2.46 to 8.92 across all study participants
and were skewed toward values higher than 7.40 (median, 7.57;
range, 2.46-8.92) (Figure 2). Overall, EBC pH values were
relatively stable across the study period. Median EBC pH values

FIGURE 1. Participant inclusion in the ancillary study. GER, Gastroesophageal reflux.
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in all study participants were 7.44 (range, 1.41-9.06) at week 8,
7.51 (range, 2.39-8.90) at week 16, and 7.43 (range, 2.94-8.37)
at week 24 (Figure 3). However, there was some variation in
EBC pH values for individual participants (see Figure E1 in this
article’s Online Repository at www.jaci-inpractice.org). No dif-
ferences in EBC pH were noted between children with and those
without gastroesophageal reflux at baseline (pH, median [inter-
quartile range], 7.63 [6.71-8.05] vs 7.63 [6.95-7.92], respec-
tively; P ¼ .87) or at study weeks 8, 16, or 24 (Figure 4).
Similarly, no differences in EBC pH were observed with lanso-
prazole treatment across the study period (Figure 5). CIs for
mean differences in EBC pH values are shown in Table E2 (in
this article’s Online Repository at www.jaci-inpractice.org).
Samples that were analyzed before the de-aeration procedure
showed findings similar to the de-aerated samples and also did
not achieve statistical significance (data not shown).

AssociationbetweenEBCpHandNOxconcentrations
In recognizing that oxidative stress is present in childhood

asthma27,30 and that airway acidification may promote the for-
mation of reactive species,10,31 we explored the association
between EBC NOx concentrations and pH. At baseline
(randomization) visit, EBC NOx concentrations were skewed to
the right and ranged from 0 to 27.06 mM (mean, 3.16 mM;
median, 1.92 mM [95% CI, 2.69-3.64 mM]) (see Figure E2 in
this article’s Online Repository at www.jaci-inpractice.org).
There were no significant associations between EBC pH and
NOx concentrations (see Figure E3 in this article’s Online
Repository at www.jaci-inpractice.org). NOx concentrations did
not differ across the study period and also did not differ
according to gastroesophageal reflux status at baseline (see
Figures E4 and E5 in this article’s Online Repository at www
.jaci-inpractice.org).

TABLE I. Characteristics of the participants, with stratification for GER*

Total sample (n [ 110) GER (n [ 48) No GER (n [ 62) P value†

Age (y), mean � SD 12 � 3 12 � 3 11 � 3 .31

Race, number of patients (%) .04

White 47 (43) 27 (56) 20 (32)

Black 55 (50) 19 (40) 36 (58)

Other 8 (7) 2 (4) 6 (10)

Sex, number of patients (%) <.01

Boys 68 (62) 37 (77) 31 (50)

Girls 42 (38) 11 (23) 31 (50)

Second-hand smoke exposure, number of patients (%) 17 (15) 4 (8) 13 (21) .11

BMI percentile, mean � SD 73 � 29 79 � 25 68 � 30 .11

Obese (BMI > 95th percentile), mean � SD 38 (35) 20 (42) 18 (29) .48

Self-reported comorbid conditions, number of patients (%)

GER 2 (2) 1 (2) 1 (2) >.99

Atopic dermatitis 53 (48) 25 (52) 28 (45) .47

Chronic sinusitis 43 (39) 20 (42) 23 (37) .63

Food allergy 28 (25) 11 (23) 17 (27) .59

Atopic dermatitis 45 (41) 18 (38) 27 (44) .52

Long-term asthma controller medications, number of patients (%)

ICS 38 (35) 15 (31) 23 (37) .52

ICS þ long-acting b-agonist 72 (65) 33 (69) 39 (63) .52

Montelukast 61 (55) 22 (46) 39 (63) .07

Urgent care visit for asthma (previous year), number of patients (%) 80 (73) 33 (69) 47 (76) .41

ACQ score, mean � SDz 1.2 � 0.8 1.3 � 0.7 1.2 � 0.8 .56

AQLQ score, mean � SDx 5.3 � 1.3 5.4 � 1.2 5.3 �1.4 .78

ASUI score, mean � SDjj 0.81 � 0.15 0.80 � 0.15 0.81 � 0.16 .45

Baseline pulmonary function, mean � SD

FVC (% predicted) 102 � 14 102 � 15 104 � 13 .77

FEV1 (% predicted) 92 � 16 91 � 16 93 � 15 .52

Postbronchodilator pulmonary function, mean � SD

FVC (% predicted) 103 � 13 103 �13 104 � 13 >.99

FEV1 (% predicted) 99 � 14 97 � 14 101 � 14 .22

Methacholine PC20 (mg/mL), mean � SD 1.1 � 5.0 0.8 � 6.0 1.0 � 6.0 .55

ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; ASUI, Asthma Symptom Utility Index; BMI, body mass index; FVC, forced vital capacity;
GER, gastroesophageal reflux; ICS, inhaled corticosteroid; PC20, provocative concentration of methacholine resulting in a 20% decline in FEV1.
*Data were collected at the randomization visit.
†For GER vs no GER.
zScores range from 0 to 6, with lower scores indicating better asthma control and 0.5 as the minimal clinically important difference.
xScores range from 1 to 7, with higher scores indicating better quality of life and 0.5 as the minimal clinically important difference.
jjScores range from 0 to 1, with higher scores indicating less severe asthma.
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Association between EBC pH and asthma control
variables

We also explored the association between EBC pH and asthma
characteristics regardless of gastroesophageal reflux status. By using
a cut point of 7.4 for “high” versus “low” pH, as previously
reported,25 no significant differences in baseline asthma charac-
teristics, including asthma symptoms, asthma control, and asthma
quality of life were observed between the groups (Table II). Simi-
larly, pH category at baseline did not predict EPAC rates (data not
shown). Although children with “low” de-aerated EBC pH <7.4
tended to have a slightly larger BMI percentile, the prevalence of
obesity, defined as a BMI above the 95th percentile, did not differ
between the groups (Table II). Furthermore, EBC pH values at the
baseline (randomization) visit failed to predict changes in Asthma
Control Questionnaire, Asthma Quality of Life Questionnaire, or
Asthma Symptom Utility Index scores over the study period, even
after controlling for the potentially confounding effects of

treatment assignment, gastroesophageal reflux, race, and BMI
percentile (see Tables E3, E4, and E5 in this article’s Online
Repository at www.jaci-inpractice.org). When analyses were
repeated by using nonede-aerated EBC pH values, no significant
findings were noted (data not shown).

CONCLUSION
A recent National Institutes of Healthesponsored workshop

recently identified EBC constituents and EBC pH in particular
as “emerging” biomarkers of interest for asthma characterization
and prospective efficacy and/or effectiveness analyses in asthma
clinical trials.4 The recommendations of that workshop com-
mittee were based on the assumption that EBC pH reflects a
biochemical disturbance in general inflammatory disease,25

which may have clinical utility in the context of asthma. As such,
the workshop committee concluded that “careful use of EBC pH
may allow identification of acute acid reflux events.”4 However,

FIGURE 3. De-aerated EBC pH values across the study period. Horizontal lines represent the median, and whiskers represent the 5th to
95th percentile. EBC pH values were not significantly different between time points.

FIGURE 2. Distribution of baseline EBC pH values (A) before and (B) after de-aeration across all study participants. De-aeration did not
significantly alter the EBC pH distribution.
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the results from the present study do not support the use of EBC
pH measurements in this context and in asthma clinical trials in
general. Although other reports have demonstrated breath acid-
ification in patients with chronic coughing32 and in those with
asthma and with gastroesophageal reflux disease,17 serial mea-
surements of EBC pH in the present study failed to distinguish
asymptomatic gastroesophageal reflux in this highly characterized
sample of children with poorly controlled asthma. Contrary to
our hypothesis, EBC pH also failed to discriminate relevant
asthma characteristics, such as medication and health care utili-
zation, pulmonary function, and asthma symptoms, control, and
quality of life both at baseline, and across the study period. Thus,
despite the relative ease of EBC collection, we concluded that
measurements of EBC pH as a characterization variable or pre-
dictive biomarker in clinical trials does not provide useful
information in children with asthma.

To our knowledge, this is the second-largest study of EBC
pH in an asthma population to date13 and the largest study of
EBC pH in school-age children with asthma. Moreover,
although Liu et al13 previously reported associations between
EBC pH and a number of variables, such as BMI, airway

neutrophil counts, and prebronchodilator FEV1 in a heteroge-
neous asthma sample, that study was primarily limited to adults
with a different phenotypic pattern of disease (ie, greater airflow
limitation, increased neutrophilia, and decreased allergic sensi-
tization) compared with children.33,34 However, Liu et al13

failed to demonstrate differences in EBC pH between patients
with severe versus patients with nonsevere asthma. Given the
magnitude of symptoms that differentiate severe from nonsevere
asthma, those findings are in keeping with the present obser-
vation that EBC pH did not discriminate cross-sectional or
longitudinal changes in asthma symptoms, control, or quality of
life. The relative homogeneity of children enrolled in the present
study may also have limited our ability to detect significant
associations with baseline asthma characteristics or outcome
variables. Indeed, a recent study of high-risk preschool children
with respiratory disease noted significantly lower EBC pH values
in children with atopy and with wheezy bronchitis compared
with children without atopy and healthy controls.35 By contrast,
within the population of children with atopy and with wheezy
bronchitis, no differences between children with acute versus
recurrent disease were noted,35 which suggests that EBC pH

FIGURE 5. De-aerated EBC pH values across the study period in children treated with (A) placebo and (B) lansoprazole. Horizontal lines
represent the median, and whiskers represent the 5th to 95th percentile. No significant differences in EBC pH were noted at any time
point between children treated with placebo and children treated with lansoprazole.

FIGURE 4. De-aerated EBC pH values across the study period in children (A) with and (B) without gastroesophageal reflux confirmed by
24-hour esophageal pH monitoring. Horizontal lines represent the median, and whiskers represent the 5th to 95th percentile. No
significant differences in EBC pH were noted at any time point between children with and without gastroesophageal reflux.
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measurements may be of limited value within an asthma or at-
risk population of children. However, a large unselected birth
cohort of 630 children also found no differences between chil-
dren with asthma and healthy controls at 8 years of age.12

Furthermore, no associations between EBC pH and lung
function, airway hyperresponsiveness, and airway inflammation
were noted in that same study,12 which also raises questions
about the utility of EBC pH monitoring in the epidemiologic
setting.

This study has a number of strengths, including the large
sample size and the comprehensive phenotypic characterization
of enrolled children. The fact that the parent clinical trial failed
to demonstrate improvements in asthma control with lanso-
prazole therapy despite adequate power lends further support to
the clinical meaningfulness of our results. However, given the
ancillary nature of this study, power considerations do remain,
and it is possible that our sample size was not sufficient to detect
statistical differences in EBC pH values. Indeed, the widths of

our observed CIs for EBC pH were relatively large, and preci-
sion would be improved with a larger sample size. Other limi-
tations also are present. With regard to the capacity of EBC pH
values to discriminate gastroesophageal reflux, this study may be
limited by the exclusion of subjects with clinically symptomatic
gastroesophageal reflux at enrollment. EBC pH may identify
children with symptomatic gastroesophageal reflux regardless of
the level of asthma control. In addition, although gastroesoph-
ageal reflux was determined by 24-hour pH monitoring, EBC
samples were not collected at the time of the procedure. Thus, it
may be that breath acidification is a transient event that was
undetected by our methods. Another potential limitation is that
EBC pH might fall during acute exacerbations associated with
viral infections. Because the participants were studied in their
usual state of asthma control rather than during severe exacer-
bations or acute illnesses, we cannot exclude the possibility that
EBC pH might fall during those episodes. Although seasonality
also could exert a theoretical effect on longitudinal EBC

TABLE II. Characteristics of the participants according to “high” (pH � 7.4) vs “low” (pH < 7.4) de-aerated pH*

EBC pH < 7.4 (n [ 90) EBC pH ‡ 7.4 (n [ 149) P value

Age (y), mean � SD 11 � 3 12 � 3 .20

Race, number of patients (%) .67

White 32 (36) 57 (38)

Black 49 (54) 73 (49)

Other 9 (10) 19 (13)

Sex, frequency (%) .41

Boys 52 (58) 94 (63)

Girls 38 (42) 55 (37)

Second-hand smoke exposure, number of patients (%) 9 (10) 27 (18) .09

BMI percentile, mean � SD 78 � 25 70 � 30 .03

Obese (BMI > 95th percentile), number of patients (%) 33 (37) 47 (32) .48

Self-reported comorbid conditions, number of patients (%)

Gastroesophageal reflux, number of patients (%) 1 (1) 2 (1) .88

Atopic dermatitis 33 (37) 67 (45) .21

Chronic sinusitis 34 (38) 42 (28) .12

Food allergy 22 (24) 44 (30) .39

Atopic dermatitis 52 (38) 91 (61) .61

Long-term asthma controller medications, number of patients (%)

ICS 43 (48) 54 (36) .08

ICS þ long-acting b-agonist 47 (52) 95 (64) .08

Montelukast 55 (61) 83 (56) .41

Urgent care visit for asthma (previous year), number of patients (%) 71 (79) 104 (70) .12

ACQ score, mean � SD† 1.2 � 0.8 1.1 � 0.8 .45

AQLQ score, mean � SDz 5.3 � 1.2 5.5 � 1.2 .29

ASUI score, mean � SDx 0.8 � 0.2 0.8 � 0.2 .20

Baseline pulmonary function, mean � SD

FVC (% predicted) 102 � 14 101 � 14 .55

FEV1 (% predicted) 94 � 16 92 � 16 .32

Postbronchodilator pulmonary function, mean � SD

FVC (% predicted) 104 � 14 103 � 15 .47

FEV1 (% predicted) 102 � 15 99 � 15 .22

Methacholine PC20 (mg/mL), mean � SD 1.1 � 6.0 1.0 � 5.0 .80

ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; ASUI, Asthma Symptom Utility Index; FVC, forced vital capacity; ICS, inhaled
corticosteroid; PC20, provocative concentration of methacholine resulting in a 20% decline in FEV1.
*Data were collected at the randomization visit.
†Scores range from 0 to 6, with lower scores indicating better asthma control and 0.5 as the minimal clinically important difference.
zScores range from 1 to 7, with higher scores indicating better quality of life and 0.5 as the minimal clinically important difference.
xScores range from 0 to 1, with higher scores indicating less severe asthma.
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sampling, our EBC pH measurements were relatively stable and
other studies have likewise demonstrated good repeatability of
EBC in patients with asthma over 1 year in the absence of
smoking.36 Furthermore, children in the present study
completed diary cards, and there was no predictive value of EBC
pH for EPACs. Another limitation could be related to the
multicenter study design. However, samples were collected ac-
cording to standardized operating procedures, which ensured
consistency of EBC collection and shipping across the study
sites. Indeed, other researchers have shown that changes in
airway caliber, minute ventilation, and breathing pattern do not
significantly affect the composition of airway constituents.37

Furthermore, all EBC pH values were measured during the first
freeze-thaw cycle immediately after receipt. Our EBC pH values
also are similar to those that have been previously reported in
patients with poorly controlled asthma.13

In summary, the results from this study demonstrated that
EBC pH is not associated with asymptomatic gastroesophageal
reflux or characteristics of asthma in school-age children.
Although other EBC constituents, such as cysteinyl leukotri-
enes, may prove to be of value in asthma therapeutic moni-
toring, we concluded that measurements of EBC pH have
limited predictive utility in the long-term assessment of child-
hood asthma.
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FIGURE E1. Individual participant variation in de-aerated EBC pH across the study period.
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FIGURE E2. Distribution of de-aerated EBC total NOx concentrations at the baseline (randomization) visit.
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FIGURE E3. Scatterplot, depicting the relationship between de-aerated EBC pH and total NOx concentrations at the baseline (random-
ization) visit.

FIGURE E4. Total NOx concentrations in the EBC across the study period. Horizontal lines represent the median, and whiskers represent
the 5th to 95th percentile.
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FIGURE E5. Total NOx concentrations in the EBC across the study period in children (A) with and (B) those without gastroesophageal
reflux confirmed by 24-hour esophageal pH monitoring. Horizontal lines represent the median, and whiskers represent the 5th to 95th
percentile.
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TABLE E1. Characteristics of the participants*

Enrolled in SARCA trial (n [ 306) Participated in ancillary EBC study (n [ 294)

Placebo

treatment

group (n [ 157)

Lansoprazole

treatment

group (n [ 149)

Suitable de-aerated

EBC pH for analysis

(n [ 239)

Children with pH

probe and EBC

data (n [ 110)

Age (y), mean � SD 11 � 3 11 � 3 12 � 3

Race, number of patients (%)

White 52 (33) 50 (34) 89 (37) 47 (43)

Black 79 (50) 75 (50) 122 (51) 55 (50)

Other 23 (15) 24 (16) 28 (12) 8 (7)

Sex, number of patients (%)

Boys 102 (65) 86 (58) 146 (61) 68 (62)

Girls 55 (35) 63 (42) 93 (39) 42 (38)

Second-hand smoke exposure, number of patients (%) 29 (18) 25 (17) 36 (15) 17 (15)

BMI percentile, mean � SD 74 � 27 72 � 29 73 � 29 73 � 29

Obese (BMI > 95th percentile), number of patients (%) 46 (29) 48 (32) 79 (33) 38 (35)

Self-reported comorbid conditions, number of patients (%)

Gastroesophageal reflux 2 (1) 3 (2) 3 (1) 2 (2)

Eczema and/or atopic dermatitis 62 (39) 71 (48) 100 (42) 53 (48)

Chronic sinusitis 44 (28) 44 (30) 76 (32) 43 (39)

Food allergy 43 (27) 38 (26) 66 (28) 28 (25)

Allergic rhinitis 80 (51) 101 (68) 143 (60) 45 (41)

Long-term asthma controller medications, number of patients (%)

ICS 66 (42) 63 (42) 97 (41) 38 (35)

ICS þ long-acting b-agonist 91 (58) 86 (58) 142 (59) 72 (65)

Montelukast 86 (55) 81 (54) 138 (58) 61 (55)

Urgent care visit for asthma (previous year), mean � SD 109 (69) 115 (77) 175 (73) 80 (73)

ACQ score, mean � SD† 1.2 � 0.8 1.2 � 0.8 1.2 � 0.8 1.2 � 0.8

AQLQ score, mean � SDz 5.5 � 1.1 5.4 � 1.2 5.4 � 1.2 5.3 � 1.3

ASUI score, mean � SDx 0.82 � 0.14 0.82 � 0.15 0.82 � 0.15 0.81 � 0.15

Baseline prebronchodilator pulmonary function, mean � SD

FVC (% predicted) 101 � 15 100 �14 101 � 14 102 � 14

FEV1 (% predicted) 92 � 15 91 � 17 93 � 16 92 � 16

Postbronchodilator pulmonary function, mean � SD

FVC (% predicted) 103 � 15 103 � 13 103 � 14 103 � 13

FEV1 (% predicted) 100 � 14 100 � 15 100 � 15 99 � 14

Methacholine PC20 (mg/mL), mean � SD 2.5 � 3.7 3.4 � 4.0 3.0 � 4.0 1.1 � 5.0

ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; ASUI, Asthma Symptom Utility Index; BMI, body mass index; FVC, forced vital capacity;
ICS, inhaled corticosteroid; PC20, provocative concentration of methacholine resulting in a 20% decline in FEV1; SARCA, Study of Acid Reflux in Children with Asthma.
*Data were collected at the randomization visit.
†Scores range from 0 to 6, with lower scores indicating better asthma control and 0.5 as the minimal clinically important difference.
zScores range from 1 to 7, with higher scores indicating better quality of life and 0.5 as the minimal clinically important difference.
xScores range from 0 to 1, with higher scores indicating less severe asthma.
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TABLE E4. EBC pH at the baseline (randomization) visit as a predictor of change in the Asthma Symptom Utility Index (ASUI) score
across the study period

Predictor n

DASUI score*

D score per 1 unit pH D score 95% CI P value

EBC pH 239 �0.02 �0.04 to 0.01 .16

EBC pH, lansoprazole treatment 239 �0.02 �0.04 to 0.01 .17

EBC pH, GER 89 �0.01 �0.04 to 0.04 .92

EBC pH, race 239 �0.02 �0.04 to 0.01 .16

EBC pH, BMI percentile 239 �0.02 �0.04 to 0.01 .16

EBC pH, lansoprazole treatment, race, BMI percentile 239 �0.02 �0.04 to 0.01 .16

EBC pH, lansoprazole treatment, GER, race, BMI percentile 89 <0.01 �0.04 to 0.04 .84

GER, Gastroesophageal reflux.
*D represents the difference in the ASUI score between the baseline (randomization) visit and the last study visit completed.

TABLE E2. CIs for de-aerated breath pH values*

Comparison Mean difference Standard error of the difference

95% CIs of the difference

Lower Upper

GER vs no GER

Baseline �0.236 0.224 �0.686 0.214

Wk 8 �0.161 0.301 �0.763 0.440

Wk 16 0.215 0.233 �0.251 0.680

Wk 24 �0.205 0.199 �0.604 0.193

Lansoprazole vs placebo

Baseline �0.030 0.123 �0.272 0.212

Wk 8 �0.251 0.178 �0.602 0.099

Wk 16 �0.008 0.162 �0.328 0.311

Wk 24 0.206 0.135 �0.061 0.473

GER, Gastroesophageal reflux.
*Equal variances were not assumed.

TABLE E3. EBC pH at the baseline (randomization) visit as a predictor of change in the ACQ score across the study period

Predictor n

DACQ score*

D score per 1 unit pH D score 95% CI P value

EBC pH 239 0.04 �0.08 to 0.16 .51

EBC pH, lansoprazole treatment 239 0.04 �0.08 to 0.16 .53

EBC pH, GER 89 �0.04 �0.24 to 0.17 .72

EBC pH, race 239 0.04 �0.08 to 0.16 .51

EBC pH, BMI percentile 239 0.04 �0.08 to 0.16 .51

EBC pH, lansoprazole treatment, race, BMI percentile 239 0.04 �0.08 to 0.16 .52

EBC pH, lansoprazole treatment,
GER, race, BMI percentile

89 �0.06 �0.25 to 0.14 .58

ACQ, Asthma Control Questionnaire; GER, gastroesophageal reflux.
*D represents the difference in the ACQ score between the baseline (randomization) visit and the last study visit completed.

J ALLERGY CLIN IMMUNOL PRACT
SEPTEMBER/OCTOBER 2014

586.e6 FITZPATRICK ETAL



TABLE E5. EBC pH at the baseline (randomization) visit as a predictor of change in the Asthma Quality of Life Questionnaire (AQLQ)
score across the study period

Predictor n

DAQLQ score*

D score per 1 unit pH D score 95% CI P value

EBC pH 239 �0.01 �0.15 to 0.14 .94

EBC pH, lansoprazole treatment 239 < �0.01 �0.15 to 0.14 .95

EBC pH, GER 89 0.06 �0.18 to 0.31 .61

EBC pH, race 239 �0.01 �0.15 to 0.14 .94

EBC pH, BMI percentile 239 �0.01 �0.15 to 0.14 .94

EBC pH, lansoprazole treatment, race, BMI percentile 239 < �0.01 �0.15 to 0.14 .95

EBC pH, lansoprazole treatment, GER, race, BMI percentile 89 0.07 �0.17 to 0.31 .58

GER, Gastroesophageal reflux.
*D represents the difference in the AQLQ score between the baseline (randomization) visit and the last study visit completed.
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