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Background: Gastroesophageal reflux disease (GERD) may cause airway symptoms
and some airway diseases exacerbate GERD symptoms. Asthma and allergic rhinitis (AR) have
been identified as united airway disease because of their similar epidemiology and pathophys-
iology. Asthma has been considered a risk factor to develop GERD. However, the association
between AR and GERD is not clear. We tried to investigate whether AR could increase the

Methods: Children diagnosed as AR without a prior history of GERD were conducted from the
National Health Insurance Research Database between 2000 and 2005. After propensity score
matching, we enrolled 36,588 children with AR and 36,588 non-AR children as the controls. Cox
regression models were adopted to calculate the hazard ratio (HR) of GERD.

Results: AR children had a significantly increased risk of GERD than non-AR children (adjusted
HR 1.91, 95% Cl = 1.73—2.11, p < 0.001), especially in the age less than 6 years old (adjusted
HR 2.68, 95% Cl = 1.64—4.38, p < 0.001). The risk factor related to increased risk of GERD

Conclusion: AR is a risk factor associated with the development of GERD in children.
Copyright © 2020, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Introduction

Gastroesophageal reflux (GER) is a common physiological or
pathological process with the intermittent ascent of gastric
acid contents into the esophagus. GER disease (GERD) is
present when reflux of gastric contents causes symptoms or
complications.” GERD affects approximately 10% of western
populations and reported to be significantly associated with
atopic diseases, specifically asthma.?> GERD is a complex
problem in children and several suspected respiratory
manifestations of GERD, such as asthma, chronic cough,
and laryngitis, are commonly encountered in the pediatric
group.” Patients with GERD are more likely to have atopic
conditions and asthma when compared with patients
without GERD.*

Asthma is a common and chronic airway disease that the
main pathophysiological features are bronchial obstruction
and airway inflammation. The possible relationships be-
tween GER and respiratory symptoms of asthma are com-
plex. Asthma may lead to GER, and GER may exacerbate
asthma or cause asthma-like symptoms.? Furthermore,
GERD with gastrointestinal symptoms is also more common
in asthmatics as against controls. Clinical or endoscopic
evidence of GERD is also in a significantly higher proportion
of the asthmatics as compared to the controls.® Despite the
high prevalence of GERD in asthma, a causal link is still
lacking. One of the potential explanations of this link is the
comorbid GERD. GERD is significantly more occurrence in
asthmatics as compared to the controls.

The pathogenesis of atopic disorders is known to involve
a complex interplay of genetic and environmental factors.
There is strong evidence in a relationship between AR and
asthma in children.”’® AR was an independent risk factor for

asthma in the primary care study population and patient
with physician-diagnosed AR increased the risk almost
fivefold for a future asthma diagnosis.” Treatment of
allergic rhinitis (AR) would reduce acute asthma exacer-
bation risk among asthmatic children aged 2—18 years."® A
positive association between asthma development and
preceding 5-year antibiotic exposure in AR children has
been reported.’’ Asthma and rhinitis are common allergic
and respiratory diseases with a marked predominance in
children and the increasing prevalence of atopic disorders
has been documented.’” ' The AR and asthma are the
phenotypes of airway diseases with Th2-driven prominent
nasal allergic inflammation with a high specific age or a
positive response to allergen provocation test.'” However,
the effect of AR on newly-onset GERD is still unknown and
the underlying factors linking AR and GERD remain to be
elucidated. In the present study, we would like to explore
the relationship between AR and the development of GERD
in different age groups of children.

Methods
Data source

The study database was using claims data from National
Health Insurance Research Database (NHIRD), which is
managed by the Taiwan National Health Research Institute
(NHRI). The National Health Insurance (NHI) program re-
imburses the health care costs of 99% of the population in
Taiwan. The NHIRD contains comprehensive healthcare in-
formation for all of Taiwan’s insured individual, including
demographic data, clinical visited date, diagnostic codes,
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and prescription details. For this study, we tapped a subset
of NHIRD known as the Longitudinal Health Insurance
Database (LHID) 2005. This study uses a subset of NHIRD
known as the Longitudinal Health Insurance Database
(LHID) 2005. This dataset contains ambulatory and inpa-
tient care medical record for one million randomly sampled
population enrolled into the NHI system in the year 2005.
According to the NHRI, there are no statistically significant
differences in age, gender, or healthcare costs between the
LHID 2005 and NHIRD. The diseases diagnosed were coded
according to the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM).

Statement of ethics

The study protocol was approved by the Institutional Re-
view Boards of Kaohsiung Medical University Hospital
(KMUHIRB-E(1)-20150168). All procedures performed in
studies involving human participants were in accordance
with the ethical standards of the institutional research
committee and the relevant regulations. The informed
consent in this study was waived because the data obtained
from a national research database which cannot identify
any subject’s identity. This study involved no more than
minimal risk to the subjects and the study could not prac-
ticably be carried out without the waiver.

Study population

We defined the patient having GERD or AR if the patient had
at least 2 times of corresponding ICD-9-CM code in the
diagnosis field. The patients between January 1, 2000, and
December 31, 2005, with AR (ICD-9 code: 477.8, 477.9) at
least 2 times were defined for the AR cohort. The non-AR
control children, who had never diagnosed as AR, were
matched to AR cohort by age, gender and selected co-
morbid medical disorders by propensity score and were 1:1
randomly selected. The date of first diagnosed AR for each
patient was defined as the index date. Subjects were
excluded if they were more than 18 years old, had GERD
diagnosed before the index date, or had incomplete follow-
up insurance data.

Diagnosis of GERD

The outcome of interest was a diagnosis of ICD-9-CM 530.81
(gastroesophageal reflux disease, GERD). The American
academy of pediatrics guideline for the management of
gastroesophageal reflux in children,'® medication is not used
in every child with GERD. Therefore, we did not consider the
use of disease-related medications to strengthen the diagnosis
of GERD. Patients were followed from the index date to the
new onset of GERD, death, disenrollment from the national
health insurance, or the end of the study date (December 31,
2013), whichever came first.

Potential confounders

It has been reported that the children with AR also had atopic
dermatitis in 30.3%."” AR, chronic rhinitis, acute or chronic
sinusitis have shared symptoms but are different diseases with

different etiologies.'® Therefore, atopic dermatitis (ICD-9
code: 691.8), chronic rhinitis (ICD-9 code: 472.0), sinusitis
(ICD-9 code: 461, 473), and nasal polyps (ICD-9 code: 471)
were considered as comorbidities in the present study. Inpa-
tient and outpatient files from the year prior to the index date
were used to obtain information on co-morbidities.

Statistics analysis

Pearson chi-square test or Fisher’s exact test was evaluated
differences in categorical variables between AR cohort and
non-AR cohort. Independent T-test was evaluated differ-
ences of two cohorts in continuous variables. Cox
proportional-hazards regression analysis was performed to
examine the risk of GERD in the AR cohort compared with
the non-AR cohort during the follow-up period. Several co-
variables, including age, gender, co-morbidities, were
adopted in the statistical analysis model. Hazard ratios (HR)
and 95% confidence intervals (Cl), using non-AR cohort
without asthma history as the reference, were calculated
to show the risk of GERD in the interaction analysis between
AR and asthma. A Kaplan—Meier curve was used to estimate
the probability of GERD, and the log-rank test was used to
evaluate the differences between with AR cohort and non-
AR cohort. All statistical operations were performed using
the SAS 9.3 statistical package; all p-values were 2-sided,
and p-values < 0.05 were considered significant.

Results
Demographic data for the study subjects

A total 36,588 children with AR and 36,588 children without
AR during Jan 1, 2000, to Dec 31, 2005, were included in
this study after 1:1 propensity score matching. Patient
demographic characteristics between the AR cohort and
non-AR cohort at baseline are present in Table 1. The mean
age of the AR cohort and the non-AR cohort were 10.3 + 4.9
and 10.3 + 4.9 years old, respectively. The distribution of

Table 1 Demographic characteristics between the non-AR
cohort and the AR cohort.
Non-AR group AR group  p value
(n = 36588) (n = 36588)
n (%) n (%)
Age, mean + SD 10.3 + 4.9 10.3 + 4.9
<6 years 7333 (20.0) 7321 (20.0) 0.012
6—12 years 15450 (42.2) 15973 (43.7)
13—18 years 13805 (37.7) 13294 (36.3)
Gender
Female 17534 (47.9) 17496 (47.8) 0.779
Male 19054 (52.1) 19092 (52.2)
Comorbidities
Atopic dermatitis 1071 (2.9) 1113 (3.0) 0.362
Chronic rhinitis 11967 (32.7) 11977 (32.7) 0.937
Sinusitis 1708 (4.7) 1751 (4.8) 0.454
Nasal polyps 65 0.2) 59 (0.2) 0.590

AR: allergic rhinitis; SD: standard deviation.
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Table 2 The risk of gastroesophageal reflux disease (GERD) between non-AR cohort and AR cohort.

GERD number Per 1000 person-year Adjusted HR* (95% Cl) p value

Overall

Non-AR cohort 620 1.7

AR cohort 1152 3.3 1.91 (1.73—2.11) <0.001
Age
< 6 years old

Non-AR cohort 22 0.3 1

AR cohort 58 0.8 2.68 (1.64—4.38) <0.001
6—12 years old

Non-AR cohort 178 1.2 1

AR cohort 350 2.3 1.99 (1.66—2.38) <0.001
13—18 years old

Non-AR cohort 420 3.2 1

AR cohort 744 5.9 1.86 (1.65—-2.1) <0.001

2 Adjusted age, gender, and comorbidities.

AR: allergic rhinitis; GERD: gastroesophageal reflux disease; HR: hazard ratio; Cl: confidence intervals.

age, gender, and comorbidities were similar between the
AR cohort and the non-AR cohort (Table 1).

The risk of GERD development in children with AR

The AR cohort and non-AR cohort were followed an average
follow-up duration of 9.64 years, and 9.74 years, 1152
(3.15%) and 620 (1.69%) of two cohorts developed GERD
within 10 years, respectively. The average duration of GERD
development between non-AR cohort and AR cohort were
7.10 +2.02 and 7.00 + 2.11 years, respectively. There was
no statistically significant difference in different age
stratification. The Kaplan—Meier analysis of the cumulative
incidence of GERD demonstrated it to be significantly
higher for the AR cohort than for the non-AR cohort in
different age stratification (Fig. 1). After adjusted age,
gender, and comorbidities, Cox proportional hazard
regression analysis revealed that AR cohort was 91% more
likely to develop GERD than non-AR cohort (adjusted HR

(A) (B)
Age<6 y/o

0.025—
0.008—
GROUP
—INon-AR cohort
—" 1AR cohort

GROUP
0.020— —~" 1AR cohort

0.006— '

p value <0.001

0.004~ 2

0.0104

0.0024 0.005—

Cumulative hazard ratio of new onset GERD events
Cumulative hazard ratio of new onset GERD events

0.000—
vooo—|U 0

Time(Years)

Figure 1.

Age 6-12 y/o

0057 pvalue <0.001 5

1.91, 95% Cl = 1.73—2.11, p < 0.001). The increased risk of
GERD remained significant after adjusting for potential co-
variables in different age stratification (<6 years old:
adjusted HR 2.68, 95% Cl = 1.64—4.38, p < 0.001; 6—12
years old: adjusted HR 1.99, 95% Cl = 1.66—2.38,
p < 0.001; 13—18 years old: adjusted HR 1.86, 95%
Cl = 1.65—2.21, p < 0.001) (Table 2).

The possible factors of GERD development in
children with AR

After adjusted age, gender, comorbidities, there was
associated risk factors with increased risk of GERD, fol-
lowed by age (<6 years old as reference group, 6—12 years
old: adjusted HR 2.93, 95% CI = 2.22—-3.88, p < 0.001;
13—18 years old: adjusted HR 7.18, 95% Cl = 5.97—10.2,
p < 0.001), gender (female as reference group, adjusted
HR = 0.70, 95% Cl 0.62—0.79, p < 0.001), chronic sinusitis

©)
Age >=13 y/o

0.06-
GROUP
—INon-AR cohort
0.054 ~" 1AR cohort

’
0.04- ‘

p value < 0.001

Cumulative hazard ratio of new onset GERD events

Time(Years)

Time(Years)

The cumulative hazard rates of GERD development in AR and non-AR children without asthma. The cumulative hazard

rates of GERD development among AR children and the non-AR children without asthma in (a) age less than 6 years, (b) age be-

tween 6 and 12 years, and (c) age between 13 and 18 years.
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Table 3 The possible risk factors of gastroesophageal reflux disease in children with AR.
GERD number (%) Adjusted HR* (95% Cl) p value
Age, years
<6 58 (0.8) 1.00
6—12 350 (2.2) 2.93 (2.22—-3.88) <0.001
13—18 744 (5-6) 7.81 (5.97—-10.2) <0.001
Gender
Female 650 (3.7) 1.00
Male 502 (2.6) 0.70 (0.62—0.79) <0.001
Comorbidities
Atopic dermatitis
No 1116 (3.1) 1.00
Yes 36 (3.2) 1.11 (0.80—1.56) 0.506
Chronic rhinitis
No 755 (3.1) 1.00
Yes 397 (3.3) 1.20 (1.06—1.35) 0.003
Sinusitis
No 1080 (3.1) 1.00
Yes 72 (4.1) 1.26 (0.99—1.60) 0.055
Nasal polyps
No 1150 (3.1) 1.00
Yes 2 (3.4) 1.06 (0.26—4.25) 0.932

2 Adjusted age, gender, and comorbidities.

AR: allergic rhinitis; GERD: gastroesophageal reflux disease; HR: hazard ratio; Cl: confidence intervals.

(adjusted HR 1.20, 95% CI = 1.06—1.35, p = 0.003), but
there was no statistically significant association with atopic
dermatitis, rhinitis, and nasal polyps (Table 3).

The interaction between AR and asthma on GERD
development in children

Fig. 2 showed Kaplan—Meier analysis of the cumulative
incidence of GERD demonstrated it to be significantly
higher for the AR(+)/asthma(+) group than AR(—)/

A) (B)

Age<6 y/o

0.008— 0.025 GROUP

AR (-) & Asthma (-)

.2 “AR (-) & Asthma (+)
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— 1AR (+) & Asthma (+) /
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'
/
p
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-2 AR (-) & Asthma (+) i
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~71AR (+) & Asthma (+)
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0.002— 0.0054

Cumulative hazard ratio of new onset GERD events
Cumulative hazard ratio of new onset GERD events

0.000—
0

Time(Years)

Figure 2.

Age 6-12 y/o

Time(Years)

asthma(—) group in different age stratification (log-rank
test, p < 0.001). Table 4 showed the interaction between
AR and asthma on GERD development in children. the
increased risk of GERD remained significant after adjusting
for potential co-variables in different age stratification in
AR(+)/asthma(+) group (<6 years old: adjusted HR 2.74,
95% Cl = 1.55—4.82, p < 0.001; 6—12 years old: adjusted
HR 2.04, 95% Cl = 1.61—-2.59, p < 0.001; >13 years old:
adjusted HR 1.99, 95% Cl = 1.65—2.40, p < 0.001), and in
AR(+)/asthma(—) group (<6 years old: adjusted HR 2.53,
95% Cl = 1.34—4.75, p = 0.004; 6—12 years old: adjusted

©

Age >=13 y/o

GROUP

AR (-) & Asthma (-)
-2 "AR (-) & Asthma (+)

. —J1AR (+) & Asthma (-)
0.064 ~1AR (+) & Asthma (+)

Cumulative hazard ratio of new onset GERD events

Time(Years)

The cumulative hazard rates of GERD development in AR and non-AR children with/without asthma. The cumulative

hazard rates of GERD development among AR children and the non-AR children with/without asthma in (a) age less than 6 years, (b)
age between 6 and 12 years, and (c) age between 13 and 18 years.
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Table 4 The risk of GERD in the interaction between AR and asthma children.
GERD number  Per 1000 person-year  Adjusted HR® (95% Cl) p value

Overall

AR (=) & Asthma (—) (n = 32960) 575 1.8 1.00

AR (—) & Asthma (+) (n = 3628) 45 1.3 0.97 (0.72—-1.32)  0.875

AR (+) & Asthma (—) (n = 23816) 840 3.7 1.90 (1.71—2.12)  <0.001

AR (+) & Asthma (+) (n = 12772) 312 2.5 1.95 (1.70—-2.24)  <0.001
< 6 years old

AR (—) & Asthma (—)  (n = 6035) 18 0.3 1.00

AR (—) & Asthma (+) (n = 1298) 4 0.3 1.01 (0.34-3.00) 0.980

AR (+) & Asthma (—)  (n = 2826) 21 0.8 2.53 (1.34—4.75)  0.004

AR (+) & Asthma (+)  (n = 4495) 37 0.8 2.74 (1.55—4.82)  <0.001
6—12 years old

AR (—) & Asthma (—) (n = 13869) 164 1.2 1.00

AR (—) & Asthma (+) (n = 1581) 14 0.9 0.88 (0.50—1.52)  0.649

AR (+) & Asthma (—) (n = 10276) 229 2.3 1.90 (1.55—2.32)  <0.001

AR (+) & Asthma (+) (n = 5697) 121 2.2 2.04 (1.61—2.59)  <0.001
213 years old

AR (=) & Asthma (—) (n = 13056) 393 3.1 1.00

AR (—) & Asthma (+) (n = 749) 27 3.8 1.21 (0.82—1.78)  0.336

AR (+) & Asthma (—=) (n = 10714) 590 5.8 1.85 (1.62—2.10)  <0.001

AR (+) & Asthma (+) (n = 2580) 154 6.3 1.99 (1.65—2.40)  <0.001

2 Adjusted age, gender, and comorbidities.

n: numbers; GERD: gastroesophageal reflux disease; AR: allergic rhinitis; HR: hazard ratio; Cl: confidence intervals.

HR 1.90; 95% Cl = 1.55—-2.32, p < 0.001; >13 years old:
adjusted HR, 1.85; 95% Cl = 1.62—-2.10, p < 0.001), but not
in AR(—)/asthma(+) group (<6 years old: adjusted HR 1.01,
95% Cl = 0.34—3.00, p = 0.980; 6—12 years old: adjusted
HR 0.88, 95% Cl = 0.50—1.52, p = 0.649; >13 years old:
adjusted HR 1.21, 95% ClI = 0.82—1.78, p = 0.336), as the
AR(—)/asthma(—) is the reference group (Table 4).

Discussion

GERD is common in children with allergic asthma and may
be present with or without related symptoms. The common
signs and symptoms of GERD include burning sensation in
chest, difficulty swallowing, Regurgitation of food or sour
liquid and sensation of a lump in your throat. The esopha-
geal symptoms of GERD have been well recognized; how-
ever, there are extra-esophageal manifestations of GERD,
which include asthma, chronic cough, laryngitis and sinus-
itis. Extra-esophageal manifestations of GERD have
received increasing attention over the last decade, espe-
cially respiratory symptoms, because of the prevalent co-
occurrence with GERD. Several atopic disorders, such as
asthma, AR, atopic dermatitis, and eosinophilic esophagitis
are common comorbidities in patients with GERD implicate
the nature of the relationship that may exist between GERD
and atopic disorders.* The prevalence of GERD in asthma
ranges from 30% to 90%, compared to an average of 24% in
controls.'” However, the causality of GERD in patients with
asthma is not established and GERD treatment yielded
inconsistent effects. Some other results of anti-reflux
therapy of GERD on pulmonary outcome are also showed
inconsistent and contradictory.?’ A subset of asthma pa-
tients with documented GERD may experience improved

asthma control following appropriate treatment of GERD.
Asthma and rhinitis are common allergic and respiratory
diseases with a marked predominance in children with Th2-
driven prominent nasal allergic inflammation.'?"">
Asthma has been considered risk factors to develop GERD
and is the important comorbidity of AR. However, the ef-
fect of AR on GERD development is still not clear. We tried
to evaluate the effect of childhood AR with or without
asthma on the development of GERD.

In the present study, the hazard ratio is significantly higher
in AR than that in control group in all age group to develop
GERD later. The younger age group (less than 6 years old) had a
highest risk between AR and non-AR group when compared
with other age group. In AR population, the older age group
(13—18 years old) had a very high incidence when compared
with other age group in all AR patients. Male AR children has a
lower risk to develop GERD than female AR children. Further
studies are needed to confirm these data and examine
possible determinants and underlying mechanisms. Within the
comorbidities of AR, only chronic rhinitis has a significantly
higher adjusted HR to develop GERD. However, the association
between the development of GERD and the previous history of
asthma was also not significant in the present study (Fig. 1). As
AR alone, the effect of AR with or without asthma on devel-
opment of GERD is obvious. Asthma has several different co-
morbidities. The most common co-morbidities in severe
asthma include chronic rhinosinusitis, nasal polyposis, AR,
dysfunctional breathing, vocal cord dysfunction, anxiety and
depression, obesity, obstructive sleep apnoea syndrome and
GERD.?"?2 Asthma and AR have been considered as similar
allergic airway diseases in different location because they
share with similar histology and pathophysiology.

With the rising incidence of asthma and AR, there is
increasing interest in identifying how GERD impacts asthma
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development and related therapy. There were no previous
studies examined the simultaneous presence of AR and
asthma on the development of GERD in children. We tried
to analyze the interaction between AR and asthma on GERD
in this study (Table 4). The data shows a weakly additive
effect of asthma on AR to develop to GERD in child popu-
lation. AR with asthma children (shown as AR(+)/
asthma(+)) had the highest risk of GERD development, then
are the AR(+)/asthma(—) groups and the AR(—)/asthma(+)
group in all age group, as the AR(—)/asthma(—) is the
reference group. The data of the interaction between AR
and asthma on GERD showed that only the positive AR group
as well as the coexistence of AR and asthma group
increased the risk of GERD development, especially in age
less than 6 years old group (Table 4). The risk on GERD
development is higher in AR with or without asthma in age
less than 6 years old group than in other age groups.
Therefore, the effect of AR on the development of GERD is
strongest in very young age group. This finding suggested
that the children in age less than 6 years old group with AR
symptoms should be clearly diagnosed by physician and
treated early to reduce the risk of GERD development.

Otherwise, we also tried to adjust asthma to specify
whether asthma is associated with the development of
GERD (Table 4). In the children with asthma, AR(+)/
asthma(+) group had significantly higher risk for GERD
development than AR(—)/asthma(+) group. In the children
without asthma, AR(+)/asthma(—) group still had signifi-
cantly higher risk for GERD development than AR(—)/
asthma(—) group. In contrast, in the children with AR, the
risks for GERD development were both significantly higher
in the AR(+)/asthma(+) group and the AR(+)/asthma(—)
group, compared to the reference group (AR(—)/
asthma(—)). In the children without AR, the risk for GERD
development was no significant difference between AR(—)/
asthma(+) group and AR(—)/asthma(—) group. The results
seemed to indicate that AR but not asthma is significantly
associated with the development of GERD in childhood.

Transient lower esophageal sphincter relaxation (TLESR) is
the most common mechanism underlying acid reflux in pa-
tients with GERD.”*> AR patients may increase frequency of
swallowing due to throat itching and posterior nasal dripping
with nasal discharge.?* The frequent swallowing may exac-
erbate the reflux by increased TLESRs. The other potential
explanation is that the inflammatory response with GERD
could be further aggravated in the setting of preexisting
eosinophilic inflammation because of atopic airway disease in
the pathogenesis of AR. The allergic effects of AR on nasal
mucosa may give rise to similar effects on laryngeal mucosa
including congestion, edema and excessive mucous secretion
leading to symptoms of laryngopharyngeal reflux, a subgroup
of GERD.?> GERD may also be caused by the release of hista-
mine from mast cells, which can promote the onset of this
disease by exacerbating lower esophageal sphincter contrac-
tions.2® Eosinophils, one of the key components of the allergic
inflammation, are also discovered in esophageal mucosa of
GERD patients.?””?® The mutual allergic inflammation in
response to an allergen or allergens with high cross-reactivity
that come in contact with both mucosal membranes could be
the drive for atopic diseases and GERD in AR cases.

Our studies had still several limitations in that we did not
consider confounding by obesity, food allergy, smoking,

urticaria, socio-economic status, and region of residence.
Moreover, the tools for exact diagnosis of AR and GERD may
be dissimilar, thus under-diagnosis or over-diagnosis could
lead to inaccurate interpretations. A previous study showed
the prevalence of GERD in asthma ranges from 30% to 90%,
compared to an average of 24% in controls.”® In another
study, the prevalence of GERD seemed increase by age.?
The prevalence was 3.2% among children under 10 years
of age. That prevalence among all subjects under 20 years
of age was 4.4%, and 11.6% in adults. In our study, The
diagnosis of AR and GERD is according to ICD-9 code. The
prevalence rates of GERD were 3.15% and 1.69% in AR and
non-AR cohorts, respectively. The prevalence rates in
different studies would be varied due to different popula-
tion (asthma patients, general population, or AR children)
and different tools for exact diagnosis of GERD.

In conclusion, our results provide evidences that AR with
or without asthma, have an increased risk factor for
developing new-onset GERD in children. Male AR children
have a lower risk to develop GERD than female AR children.
Asthma may not increase the risk of GERD other than
allergic factors shared with AR. Because the size for the
subgroup of AR (—)/asthma (+) is relatively small, the
precise interaction and causal relation between AR,
asthma, and GERD is worth further investigation.
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