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Abstract Background Exercise-triggered asthma (ETA)

develops when physical activity triggers asthma symptoms

during or directly after exercise. In patients prone to

symptoms of supra-esophageal reflux, exercise may trigger

gastroesophageal reflux (GER), resulting in such symp-

toms. Aims To determine the prevalence of abnormal pH in

patients with ETA and to determine whether acid sup-

pression improves symptoms in ETA patients. Methods We

performed a randomized double-blind trial of rabeprazole

versus placebo in the treatment of patients with ETA.

Patients underwent treadmill protocol to determine their

VO2max. Next, pH testing was initiated while undergoing a

30-min treadmill program exercising them at 65% of their

VO2max. They were subsequently randomized to rabep-

razole or placebo for 10 weeks. At the end of 10 weeks,

exercise testing was repeated. Results A total of 31 patients

completed the study (20 asthmatics, 11 non-asthmatics).

Twenty-two out of 30 (73%) subjects had abnormal pH

studies. For all subjects, rabeprazole improved symptoms

more than placebo (P = 0.03). The association was

stronger in the pH-positive group (P = 0.009). Conclusion

Acid reflux is common in ETA patients. Many patients

with exercise-related respiratory symptoms are misdiag-

nosed as chronic asthmatics. Exercise-related symptoms

improve with the use of acid suppression. This study sug-

gests that ETA patients may benefit from acid suppression.
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Background

Exercise-triggered asthma (ETA) is a common condition

affecting up to 7% of active young adults [1]. ETA occurs

when vigorous physical activity triggers respiratory

symptoms during or directly after exercise with or without

underlying chronic asthma. The classic presentation of

ETA is coughing, excessive sputum production, wheezing,

dyspnea, and/or chest tightness immediately following at

least 6–8 min of strenuous exercise. However, many indi-

viduals will present with more subtle findings of chest

discomfort, stomach ache, fatigue, feeling out of shape,

inability to keep up with peers, or poorer performance than

training would predict [1, 2].

ETA occurs in almost 90% of people who have chronic

asthma [3]. ETA can also occur in otherwise healthy

people without chronic asthma. In this group, exercise is

the only stimulus for such bronchoreactive symptoms and

may reflect a different pathophysiologic event than seen in

chronic asthma.

To date, only one study has evaluated acid reflux and its

potential relationship to ETA, and no association between

the two was found [4]. However, this study had significant

methodological limitations.

Gastroesophageal reflux disease (GERD) is present in

50–70% of chronic asthmatics [5, 6]. Some studies have

demonstrated improvement of asthma symptoms with

treatment of GERD. Exercise has been shown to induce

gastroesophageal reflux events, likely due to decrease in

the gastric–esophageal pressure gradient at the lower

esophageal sphincter (LES) [7–11]. GER may reduce the
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threshold for bronchoconstriction and be the mechanism

which produces respiratory symptoms in patients prone to

exercise-induced asthma (EIA) [12, 13].

No study has examined distal esophageal acid exposure

in patients with EIA. Additionally, there are no data to

determine whether acid suppression decreases respiratory

symptoms during exercise. We hypothesized that there is a

high prevalence of GERD in ETA and further that acid

suppression may improve symptoms of ETA.

Methods

Approval was obtained from the Institutional Review

Board at the University of Utah. We performed a pro-

spective, randomized, controlled trial of rabeprazole (QD

and BID) versus placebo in the treatment of subjects with

symptoms consistent with ETA. Participants were recruited

from our supra-esophageal GERD clinic at the University

of Utah Hospital from 2002 to 2005. To formally diagnose

EIA, serial pulmonary function (PFT) tests for at least

20 min after intensive exercise are required [3]. Because

we were unable to perform formal diagnostic testing with

serial PFTs, we selected a population of ‘‘exercise-trig-

gered’’ rather than ‘‘exercise-induced’’ asthma. All subjects

complained of respiratory symptoms (cough, shortness of

breath, chest tightness) which occurred during (within

15 min) or directly after (10–15 min) moderate exercise,

typical of asthma-related symptoms [14]. Inclusion criteria

consisted of the above-described exercise-induced respi-

ratory symptoms with self-reported reflux symptoms less

than twice weekly. This was intended to capture those

subjects who would not normally present to physicians

with reflux symptoms and thus be empirically treated with

acid suppression. Subjects were excluded if they reported

an average of greater than two episodes of heartburn

weekly or concurrent use of acid suppression medication,

were severe asthmatics with hospitalization within the

preceding 6 months, suffered from pulmonary problems

other than asthma, had a history of severe angina, cardiac

arrhythmias, heart failure, myocardial infarction, or prior

upper gastrointestinal surgery.

Prior to enrollment, subjects were classified as ‘‘chronic

asthmatic’’ or ‘‘non-chronic asthmatics’’ by a board-certi-

fied pulmonologist (W.M.S.) via clinical criteria. Chronic

asthmatics had continual symptoms outside of exercise

while non-chronic asthmatics appeared to have only an

exercise trigger of their symptoms. To mimic real life,

series of clinical and objective measures (symptoms, PFTs,

inhaler use) were used confirm the diagnosis of asthma

prior to enrollment. Diagnosis and confirmation of asthma

was left to the discretion of a board-certified pulmonologist

(W.M.S.). All outside medications were kept stable unless

changed by their primary physician. At the request of the

Institutional Review Board, subjects were allowed rescue

medication (albuterol metered dose inhaler) use at any time

during the study from randomization through follow-up.

Protocol

During the screening process, subjects were evaluated for

entry criteria and categorized as asthmatics or non-asth-

matics for future subgroup analysis. Upon enrollment,

subjects underwent standardized exercise treadmill to

determine their VO2max (aerobic capacity) and completed

Mini-AQLQ (a quality of life assessment in asthma) and

SF-36 questionnaire.

Next, after a 4-h fast, all subjects underwent esophageal

manometry testing with localization of LES high pressure

zone and subsequent placement of dual sensor pH monitor

(antimony pH slimline probe; Medtronic, Shoreview,

Minnesota). pH catheter was placed immediately prior to

participating in the initial 30-min treadmill program

designed to keep them exercising at 65% of their VO2max

(chosen to provide moderate exercise for 30 min). Results

of pH testing were considered positive if subjects demon-

strated [4.2% time distal acid exposure or [0.9% time

proximal acid exposure [15, 16]. BRAVO (Medtronic)

testing was offered if the subjects felt anxious about a 24-h

pH catheter or were unable to tolerate the slimline catheter.

Per IRB requirements, at any time during a treadmill

test, subjects were allowed to utilize rescue inhalers.

After completion of the exercise regimen and pH probe,

subjects were randomized to rabeprazole 20 mg QAM and

placebo QPM, rabeprazole 20 mg po BID, or placebo BID

for 10–12 weeks. At the end of 10–12 weeks, 30-min

exercise testing was repeated at 65% of the subjects’ pre-

determined VO2max (Fig. 1). Before and after each exercise

test at 65% VO2max, PFTs were performed. Our primary

endpoint was a subjective determination by the subjects

(yes/no) whether their exercise symptoms improved

between each standardized 65% VO2max treadmill test. This

outcome was utilized as prior studies in asthmatics have not

demonstrated any validity of PFTs in reflecting asthmatic

improvement.

Assignment

Subjects were randomized via a pre-determined computer

generated randomization scheme to rabeprazole BID or

QD or placebo. QD and BID dosing were chosen to

determine whether high dose acid suppression was needed

to result in an improvement. Subjects were analyzed in

subgroups by asthma status (chronic or primarily exer-

cise-triggered). The sample size (10 patients per arm) was

determined based on a difference between rabeprazole
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(any dose) and placebo of 80% versus 30% response with

alpha 0.05 and beta 20% (power 80%). Rationale for the

sample size calculation was based upon our clinical

experience within our asthma-GERD clinic where acid

suppression has resulted in improvement in symptoms in

daily symptoms in 80% of the patients. We anticipated an

equal response to exercise-triggered symptoms—we have

seen substantial exercise-triggered acid reflux in our

population.

Masking

Both the subjects and the investigators were blinded to

treatment allocation. Rabeprazole and placebo medications

were supplied by the manufacturer of rabeprazole (PriCara,

unit of Otho-McNeil, Inc. and Eisai, Inc.), so that both

drugs were identical in appearance. The blinding was not

broken for any subject enrolled. The randomization

assignments remained concealed until all subjects com-

pleted the study.

Analysis

The primary endpoint was determined a priori to be a

dichotomous value—whether the subjects’ exercise symp-

toms (during the treadmill) improved by the end of the trial

(‘‘yes’’ or ‘‘no’’) with rabeprazole compared to placebo.

This endpoint was chosen due to the lack of evidence that

PFTs accurately reflect pulmonary status/improvement in

asthmatics and due to a lack of validated questionnaires

assessing pulmonary symptoms after exercise. The mini-

AQLQ was not utilized as primary outcome as it did not

assess exercise-related symptoms, only daily symptoms.

Simple subjective reports of improvement would allow for

future testing with objective measures such as pulmonary

resistance and conductance measurements. Secondary end-

points include subgroup analysis between asthmatics and

non-asthmatics, between +GER and -GER, and between

rabeprazole QD to BID. Responses to the validated quality of

life questionnaires (SF-36 and mini-AQLQ) were also

compared between study groups before and after treatment

with study medication. Fisher’s exact testing was used to

evaluate the results as all results were proportional out-

comes. All data was analyzed as intent-to-treat using Stat V8

(StataCorp LP, College Station, TX, USA). Mean changes in

quality of life scores were assessed via independent samples

t-test.

Results

Participant flow and follow-up

Thirty-seven total subjects were enrolled. Thirty-one of

the 37 subjects completed the study (20 asthmatics, 11

Recruitment into study – 
determination of “asthma” or “non-asthmatic” status

n=37

VO@ max testing 
Mini- AQLQ and SF-36 questionnaire 

 24 hour pH probe__ 
Exercise treadmill at 65% VO2 max for 30 minutes   

6 drop out – prior to 
randomization n=31

Randomization to rabeprazole (20 mg po QD with placebo or 20 mg po BID) or placebo 
BID

Repeat exercise at 65% vo2 max for 30 minutes 
Repeat mini-AQLQ and SF-36

Fig. 1 Diagrammatic

representation of the protocol

used
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non-asthmatics). Four dual channel pH probes were com-

pleted while the rest of the subjects exercised with BRAVO

catheters. No participants reported difficulty exercising

with either pH device. One pH probe malfunctioned but

the subject completed the study leaving 30 subjects with

adequate pH data. The drop-outs occurred prior to ran-

domization due to intolerance of pH testing in six patients.

No subjects dropped out after randomization to medication.

Of the 31 subjects randomized, 8 received placebo and 23

received medication. Three patients in the rabeprazole

group required rescue inhalers during the initial 30-min

treadmill prior to starting medication. All three subjects

took inhalers after the exercise regimen had been com-

pleted (prior to the spirometry). All subjects reported chest

tightness with either cough or shortness of breath during

the initial treadmill. No subjects in either treatment group

required rescue inhalers during or after the final treadmill

exam.

Patient characteristics are described in Table 1. All

subjects in the asthma group complained of either cough or

shortness of breath with exercise. Average distal pH value

in the reflux group was 9.4 ± 7.8%; average proximal

value was 2.3 ± 1.0%. Twenty-two of 30 patients had an

abnormal 24-h pH reading along with reflux episodes

detected during exercise. An additional two patients dem-

onstrated reflux episodes during exercise without having

abnormal 24-h acid exposure. Thus, 24 of 30 (80%) of

subjects demonstrated acid reflux events during exercise

(with an average of 10 reflux events during each 30-min

period, range: 4–30).

In intent-to-treat analysis, rabeprazole therapy signifi-

cantly improved symptoms compared to placebo [16/23

(70%) vs 2/8 (25%), respectively, P = 0.03] (Fig. 2). In

subgroup analysis, the subjects with +GER also benefited

from rabeprazole therapy [15/17 (88%) rabeprazole vs 1/5

(20%) placebo, P = 0.009] (Fig. 2). Looking at those who

refluxed during exercise, 15/19 demonstrated improve-

ment in the rabeprazole group while 1/5 improved in the

placebo group (P = 0.03). There was no statistically sig-

nificant improvement in symptoms when subgrouped

into chronic asthmatics (P = 0.13, RRR = 0.42) or non-

chronic asthmatics (P = 0.18). However, in chronic asth-

matics with +GER, there was a significant improvement

in symptoms in the rabeprazole group compared to pla-

cebo [10/11 (91%) vs 1/4 (25%), respectively, P = 0.03]

(Fig. 3).

There was no significant difference in response between

the rabeprazole QD and BID groups [(12/16 (75%) vs 4/7

(57%), respectively, P = 0.33] (Fig. 4). There was also no

difference in PFTs (FEV1, FVC, FEV1/FVC) between the

rabeprazole and placebo groups. By objective measures,

rabeprazole did not provide any significant improvement in

spirometry as compared to placebo (22% vs 50% respec-

tively, P = 0.11). Quality of life scores were also not

improved after treatment in the rabeprazole groups com-

pared to placebo in either the SF-36 (P = 0.97, 95% CI:

-1.05 to 0.99) or mini-AQLQ (P = 0.21, 95% CI: -0.53

to 2.27) (Table 2). There were no important adverse events

in any treatment group.

Table 1 Characteristics of patients

Demographics Rabeprazole (n = 23) Placebo (n = 8)

Male 52% 50%

Average age (years) 30 29

Asthma 65% 63%

Abnormal pH 74% 63%

Abnormal PFT 48% 50%

Rescue inhalera 13% 0%

a All inhalers used after exercise during the first examination only
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Discussion

Our findings demonstrate that subjects with exercise-trig-

gered respiratory symptoms subjectively improve with acid

suppression therapy.

The exact relationship between gastroesophageal reflux

and asthma remains controversial. Two recent randomized

controlled studies found improvement in some but not all

respiratory parameters measured in asthmatics treated with

acid suppression. Littner et al. found decreased asthma

exacerbations but no difference in quality of life between

lansoprazole versus placebo [17]. In another randomized

blinded study, Kiljander determined that asthma improved

with PPI treatment only in asthmatics with reflux symp-

toms and nocturnal respiratory symptoms [18]. However,

multiple previous studies have not been able to provide

strong objective evidence of improvement in asthma with

acid suppression by formal measures of respiratory func-

tion [19–21].

The relationship between ETA and GER is similarly

controversial. In the only previous study that specifically

examined ETA subjects, Weiner et al. attempted to study

acid reflux in subjects with ETA. They found that there was

little evidence of acid reflux during short bursts of exercise

in ETA subjects [4]. However, this study was limited by

the lack of complete 24-h pH monitoring, exceptionally

stringent criteria for the diagnosis of a reflux episode, and

small sample size. Thus, GER may have been under-

diagnosed in this population.

Several recent studies have investigated acid reflux and

its relationship to bronchoreactivity measured via metha-

choline and/or capsaicin-induced respiratory challenge [12,

13, 22–25]. Bagnato et al. found a lower threshold for

bronchospasm during methacholine challenge testing in

subjects with GERD [13]. Kiljander et al. determined that

fundoplication resulted in improvement in bronchial hyper-

responsiveness (BHR) in asthmatics studied [24]. Jiang

et al. determined that treatment with acid suppression and

promotility agents resulted in improvement in bronchial

reactivity in asthmatics [25]. These data along with our

own suggest that GER commonly occurs during exercise

[26–28] and may result in BHR.

We found a high prevalence of acid reflux in our sub-

jects, defined either by traditional 24-h pH monitoring

(73%) or acid reflux events during exercise (80%). This is

in agreement with the prior studies by Castell which

demonstrated a high occurrence of reflux episodes during

exercise [7, 8]. We intentionally chose subjects with less

than two episodes of heartburn a week to study a popula-

tion not already on acid suppression and, in fact, none of

our subjects were currently taking acid suppression. This

may have biased our study in favor of a negative result;

instead we found the opposite. On the other hand, the

medications used by our patients (albuterol, etc.) may have

predisposed our subjects to developing acid reflux. These

asthmatic medications have been found to be ‘‘refluxo-

genic’’ in prior studies [29, 30]. The improvement seen in

our population (although subjective) suggests that, despite

the etiology of the acid reflux, acid suppression relieved the

exercise-related symptoms.

There are several limitations to our study. First, as EIA

requires rigorous diagnostic testing to confirm its presence,

we chose to evaluate persons who presented with the clin-

ical symptoms of EIA without confirming the diagnosis via

intensive exercise/pulmonary function testing. Thus, it is

unclear how well our patient population may be represen-

tative of subjects with true exercise-induced asthma. Our

population is better categorized as ‘‘exercise-triggered’’

asthma rather than EIA. We, however, feel confidant that

our population represented a spectrum of asthma. We chose

not to require objective measurements in the confirmation

of the diagnosis of asthma due to their lack of specificity

and their variability. Rather, we took a real-world approach

and, through clinical manifestations as well as objective

measures, allowed our subjects to be confirmed via

pulmonology evaluation. Additionally, we did not subcat-

egorize our patients into allergic versus non-allergic

asthma, rather we categorized them into chronic (more than

one symptom trigger other than exercise) versus non-

chronic. However, 100% of our ‘‘chronic’’ asthmatics were

triggered by known allergens.

Second, the majority of our study subjects were recrui-

ted from our supra-esophageal GERD clinic, although as

stated previously we chose subjects with a low frequency

of symptoms of GERD. Thus, our referral population may

have had an increased prevalence of GER than that of the

general ETA population. All subjects matched inclusion

and exclusion criteria but there may have been underlying
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bias in our recruitment. In addition, validated GERD

questionnaires were not used to assess heartburn. People

were simply questioned as to self-reported regurgitation,

heartburn, chest pain, dysphagia, acid reflux. As long as

any of these symptoms were reported to occur less than

twice per week, subjects were eligible for the study.

Third, due to our small sample size, block randomiza-

tion would have provided a more equal distribution of

therapy. We did not perform block randomization,

accounting for our uneven numbers in each treatment

group. To address concerns over power in our results, we

performed post-hoc power calculations. Power suffered in

our overall result (74%) but was preserved in our subgroup

analyses (\85% in each). Thus, it appears that our results,

based upon +GERD subgroups, are robust.

Fourth, a second pH probe was not performed to assess,

compare and confirm efficacy of acid suppression in our

different treatment arms. This would have allowed us to

correlate improvement with acid suppression. An addi-

tional impedance/pH probe may have been beneficial in

determining accurately whether acid or non-acid reflux

existed during the second treadmill, contributing to

symptoms. Thus, some non-responders and responders may

have suffered from ongoing acid reflux despite PPI therapy.

Mainie et al. demonstrated that 11% of patients with per-

sistent reflux symptoms often had acid breakthrough on

BID PPI therapy [31]. In contrary to Mainie, Charbel et al.

have shown that \1% of subjects on PPI therapy will

continue to have pathologic reflux [32]. Our population

was different than these populations due to our subjects’

lack of symptomatic reflux. Additionally, it would have

been highly unlikely for the therapy to have failed to

suppress acid reflux at all and incomplete acid suppression

may result in improvement in symptoms. The subjects were

randomized and blinded to their therapy, making the dif-

ference between the therapy arms more valid.

Our primary endpoint was that of symptomatic

improvement during exercise. We standardized our exer-

cise to prevent subjects who felt better on acid suppression

from exercising more or less vigorously on the second

treadmill thus, interfering with our outcome measurements.

However, symptomatic improvement did not correlate with

respiratory improvement as measured by spirometry. This

may be for a few reasons. First, per Institutional Review

Board requirements, we allowed rescue inhaler use after

exercise which a few subjects utilized after the first

treadmill test. We controlled for this by having them

describe their outcomes prior to use of the inhaler. Second,

we did not standardize rest time between the exercise tests

and the spirometry. Subjects simply performed spirometry

when they felt ready. These facts may explain the trend

(although non-significant) toward improvement in the spi-

rometry in the placebo arm as compared to the rabeprazole

arm (50% vs 22%, P = 0.11). Third, the lack of correlation

between symptomatic and objective improvement by

respiratory function testing is well recognized in the liter-

ature in this area. Our data are consistent with this

observation.

Additionally, we chose not to use the results of the mini-

AQLQ as our primary endpoint. This was due to a variety

of reasons. Although, validated, the mini-AQLQ is only

useful in determining changes in asthma-related quality of

life. The instrument is not designed to detect primarily

exercise-related improvement. And, as many of our

patients had no symptoms unless they were exercising, the

mini-AQLQ would not accurately reflect the outcomes we

were striving to measure. Thus, we chose to use the mini-

AQLQ as a secondary outcome, recognizing that it would

not likely reflect exercise-related improvement.

Finally, the number of subjects in our study is relatively

small increasing chance for type II error. We attempted to

decrease this chance by comparing placebo to both medi-

cation arms combined. Further studies evaluating QD and

BID therapy separately versus placebo are warranted.

Our blinded, randomized controlled trial study demon-

strates that subjects who complain of exercise-triggered

respiratory symptoms without excessive reflux symptoms

improve symptomatically with acid suppression. Asthmatic

subjects with underlying GER had an even higher response

rate. Subjects with such exercise-related respiratory symp-

toms may be misdiagnosed as chronic asthmatics. Our data

suggest acid reflux is a common finding in such subjects.

Additionally, it appears that such exercise-related symp-

toms improve with the use of acid suppression. The results

of this study suggest that such subjects may benefit from an

empiric trial of acid suppression with PPI. Although, cau-

sality may only be hypothesized from this study.

Our results should be viewed as hypothesis-generating.

Further studies are needed to determine whether this effect

can be further corroborated by objective outcomes such as

improvement in VO2max and/or exercise tolerance. Addi-

tionally, further studies evaluating both subjects with

symptomatic GER (we tested those with very few symp-

toms) and studies evaluating the efficacy of ‘‘on-demand’’

therapy will be useful.

Study Highlights

What is current knowledge?

• Gastroesophageal reflux occurs during exercise in

people with and without GERD.

• Triggered respiratory symptoms are common among

active young adults.

• The mechanism may be respiratory airway hyper-

reactivity caused by acid reflux.
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• The relationship between reflux events and respiratory

symptoms during exercise is unclear, and it is unknown

if treatment of acid reflux improves symptoms during

exercise.

What is new here?

• The prevalence of abnormal 24-h pH studies is elevated

in people with exercise-related respiratory symptoms.

• Both asthmatic and non-asthmatics experience symp-

tomatic improvement during exercise with acid

suppression.

• This symptomatic improvement with acid suppression

is not paralleled by improvement in spirometry.
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