1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Thorax. Author manuscript; available in PMC 2022 June 06.

-, HHS Public Access
«

Published in final edited form as:
Thorax. 2016 March ; 71(3): 238-246. doi:10.1136/thoraxjnl-2015-207662.

Gastro-oesophageal reflux and worse asthma control in obese
children: a case of symptom misattribution?

Jason E Lang?, Jobayer Hossain?, Janet T Holbrook3, W Gerald Teague?, Benjamin D
Gold®, Robert A Wise®, John J Lima’
1Division of Pulmonary & Sleep Medicine, Nemours Children’s Hospital, Orlando, Florida, USA

?Department of Biomedical Research, Center for Pediatric Research, Alfred I. DuPont Hospital of
Children, Wilmington, Delaware, USA

3Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
Maryland, USA

“Division of Pediatric Respiratory Medicine & Allergy, University of Virginia School of Medicine,
Charlottesville, Virginia, USA

5GI Care for Kids, Children’s Center for Digestive Healthcare, Atlanta, Georgia, USA

5Pulmonary and Critical Care Medicine, Johns Hopkins University School of Medicine, Baltimore,
Maryland, USA

“Center for Pharmacogenomics & Translational Research, Nemours Children’s Clinic,
Jacksonville, Florida, USA

Abstract

Background—oObese children for unknown reasons report greater asthma symptoms. Asthma
and obesity both independently associate with gastro-oesophageal reflux symptoms (GORS).
Determining if obesity affects the link between GORS and asthma will help elucidate the obese-
asthma phenotype.

Objective—Extend our previous work to determine the degree of associations between the
GORS and asthma phenotype.

Methods—We conducted a cross-sectional study of lean (20%-65% body mass index, BMI) and
obese (=95% BMI) children aged 10-17 years old with persistent, early-onset asthma. Participants
contributed demographics, GORS and asthma questionnaires and lung function data. We
determined associations between weight status, GORS and asthma outcomes using multivariable
linear and logistic regression. Findings were replicated in a second well-characterised cohort of
asthmatic children.
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Results—Obese children had seven times higher odds of reporting multiple GORS (OR=7.7,
95% CI 1.9 to 31.0, interaction p value=.004). Asthma symptoms were closely associated

with GORS scores in obese patients (r=0.815, p<0.0001) but not in leans (r=0.291, p=0.200;
interaction p value=0.003). Higher GORS scores associated with higher FEV1-per cent predicted
(p=0.003), lower airway resistance (R10, p=0.025), improved airway reactance (X10, p=0.005)
but significantly worse asthma control (Asthma Control Questionnaire, p=0.007). A significant but
weaker association between GORS and asthma symptoms was seen in leans compared with obese
in the replicate cohort.

Conclusion—GORS are more likely to associate with asthma symptoms in obese children.
Better lung function among children reporting gastro-oesophageal reflux and asthma symptoms
suggests that misattribution of GORS to asthma may be a contributing mechanism to excess
asthma symptoms in obese children.

INTRODUCTION

Obese children report more severe asthma symptoms and have heightened asthma-related
healthcare usage compared with similar lean children,1= yet obesity is not consistently
associated with worse objective markers of asthma.®—2 These inconsistent findings may
stem from confounding variables (such as age of onset, gender, atopy status, co-morbidities
and symptom perception), attribution error (attributing obesity-related exercise limitations
to asthma thus making obese asthma appear more severe or treatment-resistant) and
misclassification bias (eg, studying obese patients without true asthma). Gastro-oesophageal
reflux disease (GORD) is highly prevalent in both asthmatics1? and the obesel 12 for which
anti-reflux drugs are frequently prescribed.13 We recently reported that excess dyspnoea
and short-acting p-agonist (SABA) use in obese asthmatics were associated with gastro-
oesophageal reflux symptoms (GORS).14 The role of gastro-oesophageal reflux (GOR)

and anti-reflux medications in the management of asthma is much debated.1>-17 The

2015 Global Initiative for Asthma guidelines recommend evaluating for GOR particularly
in obese patients with uncontrolled asthma.18 Plausible mechanisms exist for GOR to

incite asthma symptoms including: microaspiration and oesophageal or pharyngeal nerve
stimulation leading to reflex airway constriction or mediator release.1® 20 Oesophageal pH
probe monitoring coupled with patient-reported symptoms have shown a close association
between documented reflux events and asthma symptoms.2! Gastric acid blockers and
GORD surgery have shown inconsistent improvements in asthma among patients with
symptomatic GORD. Conversely, it is also plausible for episodic airflow obstruction caused
by asthma to induce oesophageal pressure changes resulting in GOR. A third possibility
relates to the fact that GOR and asthma have considerable symptom overlap. Asthmatic
children may have difficulty deciphering the aetiology of chest symptoms and may attribute
GORS mistakenly to asthma (‘misattribution”), thus contributing to an epidemiologic link
between the two conditions.

Recently, we reported that overweight/obese children with asthma display poorer asthma
control and a pattern of asthma symptoms that was distinct from leaner patients.14
Overweight/obese children reported more asthma symptoms, but had reduced airway
inflammation and airway reactivity compared with leans. Overweight/obese children
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reported more frequent episodes of shortness-of-breath and B-agonist use. These findings
appeared to be partially mediated through excess gastro-oesophageal symptoms reported
in the overweight/obese children. The overweight children could have had worse asthma
symptoms mediated by excess GOR, or they could have reported greater asthma symptoms
due to misattribution of GORS. This report extends our prior work by analysing the
relationships among obesity, GORS and both subjective and objective asthma measures
including impulse oscillometry (10S) and a replicate cohort.

Misattribution of symptoms generally, and misattribution to asthma specifically, may

be common in children. Weinberger?2 and Seaar?3 have separately reported that it is
commonplace for dyspnoea (resulting from normal cardiopulmonary limitation) to be
misattributed to asthma and treated with SABAs. This demonstrates a potentially wider
problem in Paediatrics of non-specific symptoms such as exertional dyspnoea or non-
specific cough to be misattributed to asthma, particularly when an asthma diagnosis is
already present. Short-acting 2 agonists are the most commonly used bronchodilators
for asthma, and have the side effect of relaxing the lower oesophageal sphincter,24 25
which would be expected to promote oesophageal reflux. Considering (1) the lack of
clarify surrounding the obese-asthma phenotype, (2) the difficulty many children have in
understanding and verbalising symptoms and (3) the high prevalence of GORS in the
obese, we sought to systematically evaluate GOR and asthma symptoms and lean and obese
children. We hypothesise that GOR contributes to asthma reporting particularly among
obese children.

METHODS

Participant selection

Children between 10 and 17 years of age with asthma and receiving daily controller
therapy were enrolled through the Nemours multispecialty Paediatric asthma clinic in
Jacksonville, Florida between 2008 and 2010. Inclusion methods have been previously
described. Briefly, children with body mass index (BMI) <20th percentile or in the 65th—
84th percentile range were excluded to reduce misclassification. Asthma was defined by
physician-diagnosis plus evidence of airway hyperresponsiveness.26 27 Participants were
excluded if they had a smoking history, been on daily oral steroids, required a change

in controller therapy in the past 8 weeks, had any illnesses in the past 4 weeks or had

a significant chronic disease. Further details are included in the online supplementary
material.

Clinical data

Up to three clinic visits were conducted. Participants signed an institutional review
board-approved parental permission form and minor assent. Participants completed staff-
directed, structured interviews and questionnaires providing demographics and past asthma
and medical history. Participants underwent a physical examination and anthropometric
measurements. Exposure to environmental tobacco smoke was measured on a 4-level ordinal
scale based on the interview question: Does anyone at your home smoke? 1=no one, 2=only
outside, 3=rarely inside and 4=inside.
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Symptom and quality-of-life analyses

Asthma symptom control was assessed at visit 1 using the modified Asthma Control
Questionnaire (ACQ6)28 and Asthma Control Test (ACT).29 30 Asthma-related quality-of-
life was measured using the Paediatric Asthma Quality of Life Questionnaire3! 32 and the
Paediatric Caregiver’s Asthma Quality of Life Questionnaire.33 Properties of the asthma
control scores, symptom scores and asthma quality of life scores can be found in the online
supplementary material.

Gastro-oesophageal symptoms

Gastrointestinal symptoms were measured using the paediatric patient GERD Symptom
Assessment Questionnaire (GSAQ) which is a 10-item tool26 34 that has been validated for
assessing children’s GORD and digestive symptoms. There are nine core subscales that
evaluate frequency and severity of symptoms using ordinal integer scales (0-7) from the
previous 7 days. A composite individual symptom score was computed for each subscale
which is the product of frequency and severity scores (ranging from 0 to 49), with a higher
score suggesting worse disease.

Lung function testing

Participants completed spirometry (Jaeger MasterScreen, San Diego, California, USA)

and 10S (Jaeger MasterScreen Impulse Oscillometry System, CareFusion Technologies,

San Diego, California, USA) adhering to recommended American Thoracic Society
standards3® 36 and using a standardised 10S protocol based on manufacturer instructions.3’
Participants also completed FEn (Sievers 280i NOA analyzer, Boulder, Colorado, USA)
manoeuvres according to recommended standards.38 Participants completed a methacholine
challenge by experienced staff using the 10 Provocholine concentrations dosing scheme with
a five-breath dosimeter protocol.3?

Replication cohort

Replication of GSAQ and asthma symptom (ACQ) associations were attempted in 306
children with poorly controlled asthma (ages 5-17) without previous GOR disease who
participated in the Study of Acid-Reflux in Childhood Asthma.28 GSAQ and ACQ were
collected following a 2 to 8-week run-in prior to randomisation. Further details of the
replication cohort can be found in the online supplementary material.

Statistical analysis

Study variables were summarised by tertile of GSAQ score and by BMI group (BMI
20th—65th percentiles vs BMI 295th percentile). Children with a BMI between the 65th—
94th percentiles were excluded from the primary analysis to better depict the difference
between leans and obese patients. Quantitative interval variables were summarised using
mean, SD and number of subjects while ordinal variables were summarised by median

and intraquartile range. Categorical variables were summarised by numbers of subjects and
percentages. The Fisher exact test was used for comparing categorical variables between
groups, while a Student’s t or Wilcoxon—-Mann-Whitney U test (whichever was appropriate)
was used to compare quantitative variables between groups. To assess the effect across
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GSAQ tertiles, quantitative variables underwent an analysis of variance with contrast to
test for trend, while the Cochran—Armitage test was used to evaluate the same effect in
categorical variables. We used Pearson’s correlation coefficient to evaluate relationships
between GSAQ (and subscales) and ACQ (and subscales). Analyses of covariance were
used to detect the effect of BMI status on various asthma symptom control measures.
Variables chosen a priori for the model included age, race, ethnicity, gender and atopy
status and variables significantly associated with asthma control or lung function. Variables
were dropped if they were not found to be significantly associated ACQ with simple
linear regression at the p<0.05 level. Assumptions were checked before using a model
and appropriate steps were taken in case of any violation of assumptions. All tests were
two-tailed at a level of significance of 0.05. A level of significance of <0.01 was chosen
when assessing correlations between subscales. The statistical package SAS V.9.3 (SAS
Institute, Cary, North Carolina, USA) was used.

Characteristics of participants

A total of 74 children with asthma were screened for eligibility. Fifty six children (23
obese, 12 overweight and 21 lean) were enrolled and 96% conducted all three clinic visits.
The screening procedures and baseline characteristics according to BMI status have been
previously published.1* Baseline characteristics of all participants completing the study
(n=56) according to GSAQ score tertiles are shown in table 1. GSAQ scores were not
associated with age, race, ethnicity, age of asthma diagnosis or controller treatment. GSAQ
scores were associated with central obesity and systolic blood pressure (data not shown).
Following adjustment for obesity, the association between blood pressure and GOR was
eliminated. Higher GSAQ tertile was associated with a greater prevalence of viral infections
triggering asthma, higher prevalence of child anxiety/depression, greater environmental
tobacco smoke exposure and family history of obesity.

GORS associate with worse asthma symptoms but better lung function

Despite these negative health effects, GSAQ score was associated with significantly

better lung function with FEV1 improving over increasing GSAQ tertiles, even with
adjustment for BMI-percentile (adjusted p=0.013) (table 2). Respiratory system resistance
(Rrs) and reactance (X, elasticity of lung and thorax) also showed a counterintuitive
negative association with higher GSAQ tertiles. Greater GSAQ also did not worsen airway
reactivity. The lowest GSAQ tertile group consistently had the least evidence of airway
responsiveness (prevalence of bronchodilator reversibility (BDR), per cent FEV1 change
following bronchodilator, and PC20) though each was not statistically significant. Worse
GSAQ scores did associate with worse asthma symptom reporting and worse asthma-related
quality of life (table 2). In both the ACQ and ACT, higher GSAQ scores were associated
with worse asthma symptoms, and specifically with the shortness-of-breath subscale in both
validated questionnaires. The associations between GSAQ and FEV1 did not depend on
obesity status (obesity*GSAQ interaction p value on FEV1=0.903).
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Frequency and severity of GORS by obesity status

Obesity was a strong predictor for GORS reporting in the asthma cohort (figure 1, table 3).
GORS were present in the previous week in nearly all (22/23, 96%) of the obese patients
(p=0.042), and obese patients had >7 times the odds of suffering two or more types of
GORS in the previous week compared with leans (OR 7.1, 95% CI 1.9 to 31.1, n=44).

The most prevalent symptoms were belching/burping (59%), nausea (46%) and difficulty
swallowing (39%). Obese children also reported more severe GORS, particularly related to
nausea, difficulty swallowing and night-time abdominal pain.

Associations between GORS and asthma symptoms

Replication

The close associations between GSAQ scores and asthma symptoms were noted in children
who were obese (r=0.815, p<0.0001) but not in children who were lean (r=0.291, p=0.200)
(tables 4 and 5). We noted a statistical interaction between obesity status and the correlation
between GSAQ score and ACQ (interaction p value=0.003, figure 2). Among obese
asthmatics, total GSAQ scores were highly significantly associated with each subscale of
the ACQ (p values ranged from 0.007 to <0.0001), with the noted exception of the FEV1
subscale. The closest correlation with total GSAQ score was SABA use subscale (R=0.776,
p<0.0001). This association between total GSAQ score and SABA use was not present in
lean patients (R=0.086, p=0.710).

There were 306 participants whose data contributed to the replicate analysis. Patient
characteristics by GSAQ score tertile are shown in the online supplementary appendix table
E1. Obese children in the replicate cohort displayed a moderate association between GSAQ
score and asthma control. Unlike in the original cohort, there was an association (although
weak) between GSAQ and asthma control in leans. However, the strength of this association
increased with increasing BMI (leans: r=0.317, p=0.001; obese: r=0.507, p<0.0001). As

in the original cohort, GSAQ which was associated with worse asthma symptoms was

not associated with worse lung function in lean (r=0.0508, p=0.6143) or obese (r=0.0178,
p=0.864) children.

DISCUSSION

Our study showed that measurement of GORS using the validated GSAQ is closely
associated with worse asthma symptoms primarily among obese children. Furthermore,
among obese children, GSAQ was particularly strongly associated with shortness of breath
and SABA use. Unexpectedly, higher GSAQ scores were closely associated with improved
(not worsened) lung function. GORD has been previously reported to occur in 43%-87%
of asthmatic children,1” and our data suggest that nearly all obese children with asthma
experience some type of GOR-related symptom when asked using a validated paediatric
questionnaire. Nausea, difficulty swallowing and sleep disrupting abdominal pain were
especially problematic. Taken together, these data appear inconsistent with GOR directly
inciting (or resulting from) true asthma, and suggests that a new line of thinking is needed
to fully understand the GOR-asthma relationship. GORS, occurring more in obese children,
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appears to be misattributed to asthma and contributing to the greater asthma reporting
among the obese.

Much debate surrounds the ‘chicken or egg’ problem with GOR and asthma. If GOR is truly
inciting asthma, we would expect to see concurrent reductions in airway function. However,
GSAQ was closely and consistently associated with better lung function measured using
multiple modalities. Few past studies have reported impulse oscillometric measures of lung
function in asthmatics with obesity or GOR. Rrs using 10S reflects airway calibre and total
Rrs. Therefore, Rrs should increase with asthma. Reactance (reactance of the respiratory
system) represents lung recoil and the elastic properties of the lung and thorax. At low
frequencies (X5, X10), reactance is affected by peripheral airway obstruction and becomes
more negative as airway obstruction increases. All of these measures, plus spirometry and
methacholine airway responsiveness, yielded the opposite results expected if GOR was truly
triggering asthmatic airway changes. Alternatively, uncontrolled asthma can induce pressure
changes across the lower oesophageal sphincter resulting in GOR.40 This mechanism also
does not fit with our findings of better lung function in the high GOR tertile.

Other authors have provided evidence that GOR can trigger asthma. Proposed mechanisms
include microaspiration and also afferent vagus stimulation with airway changes. Kiljander
reported that more severe GOR was associated with increased airway responsiveness.*!
Allen and Wohl showed that children with asthma and GOR had worse small airway
obstruction without reductions in lung volumes compared with children with GOR and no
respiratory symptoms.#2 Several human experimental studies have shown that oesophageal
acidification causes airway narrowing and reactivity.20 43 However, oesophageal afferent and
vagal stimulation of airway smooth muscle and mediator influx similarly would be expected
to worsen lung function.

In a replicate cohort of asthmatic children with uncontrolled asthma on daily inhaled
corticosteroids, we saw the same close association between GSAQ and asthma symptoms
in the obese. However, in leans the association was weaker. In neither leans nor obese
children was GSAQ associated with reduced lung function. The replicate cohort, though
larger in size, may have underrepresented the association between GOR and asthma
symptoms commonly cited in asthmatics because this replicate cohort excluded children
with significant past GORS.

Our study showed that GORS, particularly among obese asthmatics, are important to
patients and negatively affect perceptions of asthma control, despite lung function being
better and airway responsiveness being less. GORS are also extremely common in obese
children. This study suggests that GORS may not always (or even often) act by commonly
cited mechanisms in inducing the perception of asthma symptoms. For these patients, the
symptoms contribute to poor asthma control according to validated measures. Therefore,
the GOR—-asthma relationship should be studied more in-depth in the context of symptom
perception, attribution and management. GOR may not trigger asthma from a strictly
pathophysiological perspective, but it appears to be driving patient-reported symptoms,
particularly in obese children who experience a greater GORS burden. The two asthma
control measures used in this study (ACQ, ACT) are almost exclusively based on patient
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perceptions, and are two of the most commonly used and well-validated tools. However,
they do not always correlate well with other measures of asthma severity. Because clinics
around the world use these types of patient-reported symptom questionnaires to guide
management, patient perception is reality and drives treatment decisions and healthcare
usage. Therefore, helping patients decipher GORS from true lower airway symptoms

is critically important and will also reduce medication overuse and side effects, reduce
the unnecessary escalation of controller drugs and reduce unnecessary usage for asthma.
This should become an important focus of asthma self-management education. Especially
for obese patients, questionnaires that query symptoms that are more specific to asthma
(“whistling in the chest”) may improve the accuracy of symptom monitoring. Newer portable
spirometers which can measure airflow obstruction at home may be a promising tool to
reduce misattribution and improve self-management in the future.

These data are consistent with a cycle of symptom misattribution, starting with SABA
overuse acting on the lower oesophageal sphincter and promoting GORS which create
chest symptoms, additional SABA use and GORS. This is supported by our recent finding
that obese asthmatics self-medicate with SABA significantly more than leans.1* SABA use
among obese adolescents may be unhelpful much of the time and occasionally leading

to side effects. Better symptom training for asthmatics, especially those with obesity and
GOR may improve management and reduce side effects and usage. Limitations of the
current study included the relatively small size and power to uncover statistical interactions,
exclusion of significant GOR from the replicate cohort and lack of participant dietary
information. The replicate cohort was enriched with youths less apt to identify and report
GOR and thus may have underrepresented the association between GORS and asthma
symptom in all asthmatics. Differences in fat intake by obesity status could affect both
GSAQ, airway neutrophilia and responses to SABA.#4 Diet alone is unlikely to completely
explain the GSAQ-asthma association, since greater GOR secondary to diet would also be
expected to impair lung response which we did not see.

A third explanation requires consideration. We speculate that for most otherwise healthy
children, mild-to-moderate GOR does not frequently cause bronchospasm, but rather
obscures and negatively influences perceptions of asthma severity. Anxiety was more
prevalent in the highest BMI group and has been linked to greater asthma symptom
reporting. Since GOR worsens health-related quality-of-life,*® it may also negatively bias
an adolescent’s perception of asthma control but would leave lung function unaffected.
This explanation is consistent with the findings of an inverse relationship between GORS
and lung function. Further supporting this hypothesis is the fact that obese children

have distinct perceptions of symptoms. We and others have previously reported that
obese children with asthma have heightened airway perception and a heightened sense of
dyspnoea which is not completely explained by disease severity. 46 On account of chest
and abdominal compression and altered dietary habits, obese children experience more
oesophageal reflux which leads to stimulation of the upper oesophagus and hypopharynx,
throat-clearing, coughing and sensations in the throat and chest which are worrisome to the
child. To understand and address the excess symptom reporting and usage experienced by
obese asthmatics, more specific and accurate measures of asthma control may be needed.
Interventions focused on helping obese patients decipher true asthma from co-morbidities
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will improve disease self-management, empowerment and patient-satisfaction, and reduce
medication side effects and healthcare usage.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages
What is the key question?

. How are gastro-oesophageal reflux symptoms associated with subjective
asthma symptoms and objective asthma measures among lean and obese
children with asthma?

What is the bottom line?

. Interventions focused on helping obese children and adolescents decipher true
asthma from co-morbidities are likely to improve disease control and patient
satisfaction, and reduce healthcare usage and medication side effects.

Why read on?

. Our data suggest that most obese children with asthma experience some
gastro-oesophageal reflux symptoms which may be misattributed to asthma
among obese but not lean children, and contribute to the excess asthma
symptoms reported in obese children.
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Figure 1.
GORD symptom scores measured using the GSAQ among lean (20th—65th percentile BMI)

and obese (=95th percentile BMI) children with asthma. Box plots show median and 25th
and 75th percentiles, while whiskers denote 5th and 95th percentiles. Individual points are
outliers. *p=0.010, Student’s t test. BMI, body mass index; GORD, gastro-oesophageal
reflux disease.
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Figure 2.
Relationship between gastro-oesophageal reflux symptom scores measured using the GERD

Symptoms Assessment Questionnaire and asthma symptoms measured using the modified
Asthma Control Questionnaire among lean and obese children.
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