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Highlight
1. What is already known about this topic?
It was speculated that GERD could elevate theaisdsthma. On the other hand, asthma has

also been proposed to impact the development ofGER

2. What does this article add to our knowledge?
This study demonstrated the bidirectional relabetween asthma and GERD, independent

of demographic factors, medical histories, andtifie factors.

3. How does this study impact current managemedegnes?
The development of GERD should be assessed iretienps with asthma, and patients with

GERD should be evaluated for asthma development.

Abbreviations

GERD: gastroesophageal reflux disease; HR: haztial L ES: low esophageal sphincter ;
HIRA-NSC: Korean Health Insurance Review and Assesd Service-National Sample
Cohort; PPI: proton pump inhibitor; ICSs: inhaledtcosteroids; LABAS: long-acting2-
agonists; LTRAs: leukotriene antagonists; SABAgrslactingpf2-agonists; CCl: Charlson
comorbidity index; SD: standard deviation; COPDr@tc obstructive pulmonary disease;

LAMAs: long-acting muscarinic antagonists
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Abstract

Background: A relation between gastroesophageal reflux dis@@&®RD) and asthma has
been suggested; however, causality has not beestigated.

Objective: This study aimed to delineate the causal reldietween GERD and asthma.
Methods: Participants of the Korean National Health Insaea8ervice-National Sample
Cohort 2002-2013 who were20 years old were selected for this study. Inyiyd16,502
GERD patients were matched in a 1:2 ratio to 23Bdhtrol | participants, and the hazard
ratio (HR) of asthma in GERD patients was analymedtudy Il, 104,146 asthma patients
were matched in a 1:1 ratio to 104,146 controhltigipants, and the HR for GERD in
asthma patients was analyzed. A stratified Cox-@rognal hazards model was used.
Subgroup analyses were performed according to rgsex.

Results: In study I, 12.5% (14,595/116,502) of the GERDugrand 7.8% (18,135/233,004)
of the control | group presented asthma (P < 0.00i@ GERD group demonstrated a 1.46-
fold higher HR for asthma than the control | gr¢@p% confidence interval [CI] = 1.42-
1.49, P <0.001). In study Il, 16.9% (17,582/104)1df the asthma group and 11.9%
(12,393/104,146) of the control 1l group preser®RD (P < 0.001). The asthma group
showed a 1.36-fold higher HR for GERD than the aarit group (95% Cl = 1.33-1.39, P <
0.001). All age and sex subgroups presented censistsults.

Conclusion: GERD and asthma had a bidirectional relation enstudy population.

Key words: Gastroesophageal Reflux; Asthma; Risk Factorsp@dbtudies; Epidemiology
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I ntroduction
Asthma is a chronic disease with respiratory symmstthat include wheezing, cough, and
breathlessness. The prevalence of asthma was eaditosbe approximately 4.3% in the
worldwide population according to data from the esfor Disease Contrdl In Korea, the
annual incidence of asthma was approximately 3.63-per 1,000 people in the adult
population’. Although most asthma can be managed with astheutications such as long-
actingp2-agonists and inhaled corticosteroids, approxim&&% of asthma patients have
severe refractory asthma (95% ClI = 3.0-4.1) these severe asthma patients, other
comorbidities, such as rhinosinusitis and obesitg,a concern, as they could be an
underlying cause for asthma symptoms such as winggedyspnea, cough, and chest
tightness'. In addition, multiple pathophysiologies of botteayic and nonallergic
inflammatory responses were suggested to indubenast®. Thus, chronic diseases related to
inflammation, including metabolic syndromes, digsehypertension, and coronary heart
diseases, were suggested to increase the riskhohas

GERD is a chronic disease with reflux symptomspitvalence in the USA was
estimated to be as high as 38%n Korea, approximately 7.1% of the adult popiolathad
GERD, and 7.7% had uninvestigated dyspepdiaaddition to gastroesophageal reflux
symptoms, several secondary extraesophageal, [@phnagyngeal and respiratory symptoms
were documented in GERD patieftsFor instance, approximately 18% (56/299) of GERD
patients presented chronic respiratory symptbmiBhus, it was speculated that the direct
impact of microaspiration or the indirect impactvafal neuronal hyperactivation could
elevate the risk of asthma in GERD pati€fts.

On the other hand, asthma has also been proposegact the development of GERD.
Researchers have suggested that the physicalncBuaf hyperinflation and air trapping or

the neuronal influence of high vagal tone distuheslow esophageal sphincter (LES) reflex,
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resulting in an increase in GERD in asthma pati&its Indeed, the prevalence of GERD
symptoms was 3.5 times higher in asthma patieats itinthe control group (95% CI = 2.5-
5.3)'*. A systemic review indicated that the prevalent€ BRD symptoms in asthma
patients was approximately 59.2%, which was highan that in the controls (38.1%5)

Thus, a bidirectional relation between asthma aB&®DB could be postulated; however,
most previous studies used a cross-sectional désigicould not determine causaltty To
confirm this hypothesis, this study performed tvffedent analyses. In study |, the GERD
group was compared with the control group to deit@erthe risk of subsequent asthma. In
study Il, the asthma group was compared to thercbgitoup to determine the risk of

subsequent GERD.

Methods
Study Population and Data Collection
The ethics committee of Hallym University (2017-B)@pproved the use of these data.
Written informed consent was exempted by the ustibal review board.

This national cohort study relied on data fréva Korean Health Insurance Review and
Assessment Service-National Sample Cohort (HIRA-N@Qletailed description of the data

is provided in our previous studits"”.

Participant Selection

There were 1,125,691 cases with 114,369,638 mecleiah codes, and of these, we
included participants who were treated for GERDRBEwvas defined using the ICD-10 code
K21 from 2002 through 2013. We selected participavito were treated for GERD2 times
and prescribed a proton pump inhibitor (PPI)3d& weeks (n = 137,807}. We included

GERD patients witkr 2 diagnoses because in Korea, due to the nath@adthcare insurance

5



120 system, a tentative diagnosis of GERD is registatete initial clinical visit to conduct

121 diagnostic evaluations, including endoscopy andratory tests. Then, the confirmative
122 diagnosis of GERD is registered at the secondaalnisit. This method was modified from
123  a previous study and was used in our previous stddly

124 We included participants who were diagnosed withraa (ICD-10: J45) or status

125 asthmaticus (J46) from 2002 through 2013. Amongithee selected participants who were
126 diagnosed with asthma by a physician more tham@giand who were treated with asthma-
127 related medications, including inhaled corticost#sICSs) or ICSs combined with long-
128 actingp2-agonists (LABAS), oral leukotriene antagonist3RAS), short-actingg2-agonists
129 (SABAS), systemic LABAs, xanthine derivatives, gstemic corticosteroids (n = 230,764).

130  This method was modified from a previous sta¥ignd was used in our previous stdtly

131
132 Study |
133 The GERD patients were matched in a 1:2 ratio wathtrol | participants who were not

134 diagnosed with GERD from 2002 through 2013. Therobigroup was selected from a

135 population (n = 987,884) without a history of GERMDatching for age group, sex, income
136 group, and region of residence was performed. €ugnt selection bias when selecting the
137 matched patrticipants, the control | participantsenf@st sorted using a random number order
138 and then selected from top to bottom. We set thexrdate as the date of the GERD

139 diagnosis. It was assumed that the matched cdrpasticipants were examined at the same
140 time as each matched GERD participant (index daterefore, participants in the control
141 group who died before the index date were excluBedicipants who had a history of

142 asthma before the index date were excluded froim thet GERD group and the control |

143 group. In the GERD group, 18,291 participants vexeluded. The GERD patients for whom

144  we could not identify sufficient matching particiga were excluded (n = 519), and we

6



145 excluded participants who were under 20 yearsmokd 2,495). The mean follow-up time
146 from the index date to the end date (Dec. 31, 201 8gath date was similar in both the
147 GERD (73.2 months, standard deviation [SD] = 38r&] the control | groups (72.2 months,
148 SD = 38.7). Finally, 1:2 matching resulted in thelusion of 116,502 GERD patients and
149 233,004 control | participants (Fig. 1). We anatytiee occurrence of asthma in both the

150 GERD and the control | groups.

151
152  Study I
153 Asthma patients were matched in a 1:1 ratio withticd Il participants who were not

154 diagnosed with asthma from 2002 through 2013. Tmérol group was selected from a

155 population (n = 894,927) without a history of asthiiatching for age group, sex, income
156 group, and region of residence was performed. €ugnt selection bias when selecting the
157 matched participants, the control Il participanterevsorted using a random number order and
158 then selected from top to bottom. We set the irdigr as the date of the asthma diagnosis. It
159 was assumed that the matched control Il particgppamtre examined at the same time as each
160 matched asthma participant (index date). Therefmasicipants in the control group who

161 died before the index date were excluded. Partitgpaho had a history of GERD before the
162 index date were excluded from both the asthma gamalthe control Il group. In the asthma
163 group, 14,634 participants were excluded. Asthntepis for whom we could not identify

164 sufficient matching participants were excluded (215531), and we excluded participants
165 who were under 20 years old (n = 90,453). The ni@ésw-up time from the index date to

166 the end date (Dec. 31, 2013) or death date wasasimiboth the asthma (83.0 months, SD =
167 40.9) and the control Il groups (82.8 months, SE12). Finally, 1:1 matching resulted in

168 the inclusion of 104,146 asthma patients and 1&icbétrol Il participants (Fig. 1). We

169 analyzed the occurrence of GERD in both the astmdathe control 1l groups.
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Variables

The age groups were categorized using 5-year @alterive., 20-24, 25-29, 30-34, ..., and 85+
years old; a total of 14 age groups were designdteel income groups were initially divided
into 41 classes (one health aid class, 20 self-@ynpnt health insurance classes, and 20
employment health insurance classes). These gmegesrecategorized into 5 classes (class
1 [lowest income]-5 [highest income]). The regiahsesidence were divided into 16 areas
according to administrative districts. These regiomere regrouped into urban (Seoul, Busan,
Daegu, Incheon, Gwangju, Daejeon, and Ulsan) arad {Gyeonggi, Gangwon,
Chungcheongbuk, Chungcheongnam, Jeollabuk, Jenlla@geongsangbuk,
Gyeongsangnam, and Jeju) areas.

The past medical histories of the participants vemaduated using ICD-10 codes. The
Charlson comorbidity index (CCI) for 16 comorbidgj except pulmonary disease, was
considered a continuous variable (0 [no comorbjditsough 28 [multiple comorbiditiesff.
Depression, which was diagnosed by a psychiatristimes, was defined using the ICD-10
codes F31 (bipolar affective disorder) through E&%pecified mood disordely. Chronic
obstructive pulmonary disease (COPD) was defineddales J43 (emphysema) through J44
(other COPD) and the administration of SABAs, LABAmg-acting muscarinic antagonists
(LAMASs), and corticosteroid$®. Obstructive sleep apnea (OSA) was defined by Gx¢ie3
(sleep apnea). Central sleep apnea was not coedidee to its rarity, with a less than 1%
incidence in the general populatithBody mass index (BMI, kg/fhinformation was
available in the participants who underwent KorBational Health Insurance Service-

Health Screening (NHIS-HEALS). BMI was evaluatedaaontinuous variable.
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Statistical Analyses
A chi-square test was used to compare the geneaghcteristics of the GERD and control
groups (study I) and the asthma and control gr¢siosly II).

In study I, a stratified Cox-proportional hazardsdel was used to analyze the hazard
ratio (HR) of asthma (dependent variable) in pasievith GERD (independent variable). In
study Il, another stratified Cox-proportional hatsamodel was used to analyze the HR for
GERD (dependent variable) in patients with asthimadependent variable). Crude (simple)
and adjusted (CCI, depression, OSA, and COPD kistoodels were used. The interactions
of exposure and age and exposure and sex werezaddtyr both study | and study Il. In
addition, the risk of asthma in study | and GERBndy Il were analyzed according to the
number of clinical visits. In the analyses, age, s&come, and region of residence were
stratified, and the 95% confidence interval (Clsvealculated. A Kaplan-Meier curve and
log-rank test were employed.

For the subgroup analysis, we divided the partitipéy age and sex (<40 years old, 40-
59 years old, 60+ years old; men and women) becaeseispected these associations
differed among the subgroups. Age groups wereitle$s40 years old and 40-59 years old
because adult-onset asthma peaked in the 40-5%igsarand the phenotypes of asthma in
these age groups were considered specific in aquestudy’.

For the sensitivity analyses, we analyzed the d@stsoc between asthma and GERD using
the different inclusion criteria. First, we incldl&ERD and asthma diagnosed more than 6
months after the index dates (Table E1). Secondimvted the analysis to those who visited
the clinics> 3 times, 4 times, and 5 times for GERD and ast{iraales E2). In addition, we
evaluated the interaction of GERD with age and(Sable E3).

To attenuate the possible confounding effect okdipeadditional analyses including

BMI were conducted for the study I, study Il, amthsitivity analyses using the NHIS-

9



219 HEALS cohort. The logistic regression analyses vpendormed without stratification due to
220 unmatched control groups.

221 Two-tailed analyses were conducted, and P valsssten 0.05 were considered to
222 indicate significance. The results were statidycahalyzed using SPSS v. 21.0 (IBM,

223  Armonk, NY, USA).

224
225 Resaults
226  Study |

227 The average time duration from January 1, 2002B&DB diagnosis was 69.1 months (SD =
228 38.6). The 1.87% (2,179/ 116,502) of GERD patielesl during follow-up periods. The

229 time duration from the index date to asthma diagnesas 40.0 months (SD =31.6) in the
230 GERD group and 38.8 months (SD = 32.1) in the abhigroup. The rate of asthma was

231 higher in the GERD group (12.5% [14,595/116,50B8rt in the control | group (7.8%

232 [18,135/233,004], P < 0.001, Table 1). The genenatacteristics (age, sex, income, and
233 region of residence) of the participants were dydbe same due to matching (P = 1.000).
234 The rates of depression, COPD, and OSA were higitte GERD group than in the control
235 I group (P <0.001 for each comparison). The CQuesof the GERD and control | groups
236 also differed (P < 0.001).

237 The adjusted HR for asthma in the GERD group w46 (95% CI =1.42-1.49, P < 0.001,
238 Table 2 and Fig. 2a). The high adjusted HR forrastin the GERD group was consistent
239 after the considerations of the interactions of GERd age and GERD and sex (Table E3).
240 In addition, the adjusted HR for asthma in the GEdR®up increased with the higher number
241  of clinical visit for GERD (Table E4).

242 In the subgroup analyses, all the adjusted HRagtihhrma were increased in the GERD

243 group (each P < 0.001, Table 3). 13.1% (15,275805,0f the GERD group and 24.6%

10



244  (57,279/233,004) of the control | group had BMloets (Table E5). Compared to patients
245 without a BMI record, patients with a BMI record nieg/ounger, more likely female, had

246 lower income, were more likely from an urban regiwere more likely to have no co-

247 morbidities, and less likely to have asthma (T&8¢. In the analyses adjusted for BMI, the
248 GERD group demonstrated increased adjusted HRsstbma compared to the control |

249 group for the total sample (1.41, 95% CI 1.38-144ble E7) and in all subgroup and

250 sensitivity analyses (Tables E8, E9, and E10).

251

252  Study Il

253 The mean time duration from January 1, 2002 tonaattliagnosis was 55.8months (SD =
254 40.4). The 7.46% (7,773/ 104,146) of asthma patidred during follow-up period. The time
255  duration from the index date to GERD diagnosis ¥&% months (SD =32.4) in the asthma
256 group and 46.7 months (SD = 34.2) in the contrgkdlup. The rate of GERD was higher in
257 the asthma group (16.9% [17,582/104,146]) thahencontrol 1l group (11.9%

258 [12,393/104,146], P < 0.001, Table 1). The genenatacteristics (age, sex, income, and
259 region of residence) of the participants were dydbe same due to matching (P = 1.000).
260 The rates of depression, COPD, and OSA were higitbe asthma group than in the control
261 Il group (P < 0.001 for each comparison). The C&ues of the asthma and control Il groups
262 also differed (P < 0.001).

263 The adjusted HR for GERD in the asthma group va6 (95% CI = 1.33-1.39, P < 0.001,
264 Table 2 and Fig. 2b). The high adjusted HR for GERIhe asthma group was consistent
265 after the considerations of the interactions dimst and age and asthma and sex (Table E3).
266 In addition, the adjusted HR for GERD in the astlgr@aup increased with the higher number

267 of clinical visit for asthma (Table E4).
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268 In the subgroup analyses, all the adjusted WR&ERD were higher in the asthma group
269 than in the control Il group (each P < 0.001, Table

270 23.1% (24,021/104,146) of the asthma group and’2128,881/104,146) of the control I
271 group had BMI records (Table E5). Compared to p&igithout a BMI record, patients with
272 a BMI record were younger, more likely female, tagler income, were more likely from an
273 urban region, were more likely to have no co-matiad, and less likely to have GERD

274 (Table E11). In the analyses adjusted for BMI,dethma group demonstrated increased
275 adjusted HRs for GERD compared to the control dlugrfor the total sample (1.30, 95% ClI
276 1.27-1.34) (Table E7) and in all subgroup and simtgianalyses (Tables E8, E9, andE12).
277

278 Discussion

279 The GERD group demonstrated a 1.46-fold (95% CK2-11.49) higher risk of asthma than
280 the control | group, independent of the demografdators and medical histories, including
281 COPD and OSA. Likewise, the asthma group showe@&fbld (95% CI = 1.33-1.39)

282 higher risk of GERD than the control Il group. Alibgroup analyses presented consistent
283 results. When the PubMed and EMBASE databasessearehed for the key words

284 *“asthma”, “GERD”, and “bidirectional” or “recipro€ano studies concurrently investigating
285 the bidirectional relation between asthma and GEREe identified through April 11, 2019.
286 In addition, comprehensive matching, stratificatiand adjustments for demographic factors
287 and numerous past medical histories minimized timéozinding effects on the association
288 between asthma and GERD.

289 Similar to the present results, several previstudies reported a high incidence of
290 GERD in asthma patient§?® The GERD symptoms of acid regurgitation (28.3%6v&%),
291 heartburn (28.2% vs. 16.7%), and dysphagia (38.8% v%) were more common in the

292 asthma patients than in the control grétipAnother case-control study demonstrated that the

12



293 odds of heartburn were 19.5 times higher in thieragtgroup than in the control group (95%
294 Cl=4.5-85.7F. In addition to a higher prevalence of GERD irhas patients (58% vs.
295 32.75%), upper gastrointestinal symptoms, includiegrtburn, retrosternal pain, and

296 regurgitation, were more prevalent in the asthntept than in the control participants (52%
297 vs. 28%)Y. However, because of the cross-sectional studgmlethe causality between

298 GERD and asthma could not be elucidated in themaqars studies. Using two respective
299 study and control groups, the present study demetesta reciprocal temporal and

300 potentially causal relation between asthma and GERihma was diagnosed approximately
301 40.0 months after the index date in GERD patientsGERD was diagnosed approximately
302 43.5 months after the index date in the asthmampigtin this study. Although the underlying
303 pathophysiology is still elusive, there is putatexedence for the relation between asthma
304 and GERD, which supports the current results.

305 Asthma could influence the risk of GERD by inflatipressure or hyperventilation-
306 induced LES dysfunction, vagal stimulation, andhiast medication effects. A cough or

307 elevated respiratory effort may induce lung hypitation and the subsequent herniation or
308 dysfunction of the LES®. The common vagal innervation between the esoghagd airway
309 may cause the bronchoconstriction stimuli to inficee LES relaxatiof. Because both the
310 esophagus and the airway are innervated by theswagwe, it is possible that chronic

311 bronchoconstriction could initiate or aggravateptsmeal dysfunction. In addition, the

312 chronic use of asthma medications, including costieroids, theophylline, arfdagonists,

313 could decrease the LES pressure and promote GE&DFor instance, thR-agonist

314 albuterol reduced the LES basal tone in a dosesressprelationship even in healthy

315 individuals (P = 0.01%*

316 GERD could elevate the risk of asthma viaeased microaspiration and abnormal

317 vagal activation. Although a number of physicalrteas, such as the upper esophageal

13
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342

sphincter, esophageal motility, gastric emptying] elearance reflexes, prevent the
microaspiration of gastric conterlfs the degradation of elastin in the lung tissue thied
elevated number of polymorphonuclear cells werenteg following a single instillation of
gastric fluid in rats and humar$ The loss of elastin and the pulmonary inflamnratio
response in GERD patients could mediate the risistifma. In addition to histological
changes, the microaspiration of gastric contentsnekated to respiratory symptoms
associated with asthma. It has been reported titeflux decreased the peak expiratory
flow in asthma patient¥'. Because both the esophagus and the airway agevatad by the
vagus nerve, it was suggested that distal esophsty®ali could initiate or aggravate
bronchoconstrictioh. This esophageal-bronchial neural crosstalk coesdlt in an elevated
risk of asthma in GERD patients.

The shared etiologic factors, such as inflammatonditions or environmental
irritants, could increase the risks of both astlamad GERD. In addition to type 2
inflammation, there are a number of T helper 2-&mthma endotypes associated with airway
inflammation®?. For example, type 1 inflammation was reportedawatribute to obesity-
related asthma, systemic inflammation and metaloytizegulatiori®. Likewise, GERD is
related to mucosal inflammation with increased ese@n of inflammatory mediators and
neurotransmittery’. GERD, in turn, may contribute to extraesophaggmmation and
may be associated with obesityMoreover, there are several common aggravatinigkr
factors, such as smoking and irritants, for bothras and GERB®*°. Although information
on smoking and obesity was not available from th@dwal Health Insurance Service (NHIS)
data, the participants of NHIS-HEALS with BMI redsrwere analyzed. The reciprocal
relation between asthma and GERD was consisterteMiere demographic and clinical
differences between participants with versus witlBMI records, but the direction of any

bias introduced by these differences is not cl@&A was also adjusted to attenuate the
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367

confounding effects of obesity in the total popigiat In addition, we adjusted for the CClI,
which included diabetes, hypertension, and otheabwdic diseases. COPD was adjusted to
minimize the possible confounding effects of COBEpecially in current or past smokers.
Furthermore, we additionally analyzed the bidiraaal relation between asthma and GERD
in groups with more than 6 months of follow-up andltiple treatment historie$8, >4, and
>5 times) to improve the validity of our results aglore the effects of the disease severity
on the bidirectional associations (Tables E1-Ep flesults of these sensitivity analyses
showed that the bidirectional association betwestinaa and GERD was consistent.

This study used a large sample size, therelsnpiating the statistical power. The
representative, nationwide population was seleatetiverified in a previous study:
Because all Koreans are legally registered in tHENsystem and all medical records are
tracked using the Health Insurance Review and Assest (HIRA) system, there was no
missing participants in this study. Both asthma @&dRD were classified based on the
multiple and objective measures of ICD-10 codesraadication histories. Additionally, bias
in the control groups was prevented by matchingfm, sex, income, and region of
residence. In addition to age and sex, matchingdoioeconomic factors is imperative in
studies using health claim codes because medicatsibility is largely determined by
socioeconomic factors. The very large study coboabled the random selection of each
control participant matched for these confoundéng stratified and adjusted models for
demographic and comorbidity factors improved trability of the reciprocal relation
between asthma and GERD. However, there wergstintial confounders that could not be
assessed in this study. Firstly, because this stiddgot have wash out periods, there were
potentials for the length time bias and the leatktbias. Lifestyle factors such as diet,
smoking, obesity in the total cohort, and stresdccaot be considered due to a lack of

information in the NHIS database, as mentioned abAithough we could not adjust for
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391

stress, depression, which is related to stressadjasted for in this study. An association
between asthma and depression has been previepsisted™. The E-value were 2.27 for
study | and 2.06 for the study*fl. It means that the association between GERD ahdhas
(HR = 1.46 for study | and HR = 1.36 for studydfuld be explained by an un-measured
confounder if that was associated with GERD andraatat a risk ratio of 2.27 fold or
greater for Study | and 2.06 or greater for studyhese values were higher than the ORs of
asthma for smoking, which was estimated 2.18 &“fesFor GERD, the ORs for smoking
was estimated 1.7 or le¥5Although the OR of asthma for obesity was as ligl2.5 in
previous stud?, the adjusted HRs of asthma in GERD (study 1) @&RD in asthma (study
II) were high after adjusting BMI in the presenidy (Table E7). The E-values were 2.34 for
study | and 2.24 for study Il when the BMI was adigd. In addition, subclinical cases of
asthma and GERD might have been excluded in thif/diecause this study was based on
health claim codes. Although medication historiesemused for the identification of asthma
and GERD patients, detailed prescription inforntattoeatment compliance data, and the
severity of disease were heterogeneous amongutg garticipants. Previous studies
reported the improvement of symptoms of asthmaedsas GERD following the proton
pump inhibitor (PPI) medicatiofis*® Thus, further studies considering the PPl meitinat
histories will be warranted to delineate the bicli@nal association between asthma and

GERD excluding the potential effects of PPI use.

Conclusions

GERD increased the risk of asthma, and asthmaanretkthe risk of GERD.

16



392 Acknowledgments

393 The manuscript was edited for proper English laggugrammar, punctuation, spelling, and
394 overall style by the highly qualified native Engjlispeaking editors at American Journal
395 Experts (A3F7-0F14-9635-9827-7F6P).

396

397 Funding

398 This work was supported in part by a research idRF-2018-R1D1A1A02085328) from
399 the National Research Foundation (NRF) of Korea.

400

401 Availability of data and materials

402 Releasing of the data by the researcher is novatldegally. All of data are available from
403 the database of National health Insurance Shaengc (NHISS) https://nhiss.nhis.or.kr/
404 NHISS allows all of this data for the any researchleo promises to follow the research
405 ethics with some cost. If you want to access tha dhthis article, you could download it
406 from the website after promising to follow the rasdh ethics.

407

408 Authorscontributions

409 HCG performed the literature search, data anafysisinterpretation, and wrote the first draft
410 of the manuscript. SYK, CM, and DJO contributedh® study design, data collection, data
411 interpretation and writing of the manuscript. Alithors read and approved the final

412  manuscript.

413

17



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

References

1.

Loftus PA, Wise SK. Epidemiology of asthma. CDpin Otolaryngol Head Neck
Surg 2016; 24:245-9.

Shin JY, Sohn KH, Shin JE, Park M, Lim J, Lee dtval. Changing patterns of adult
asthma incidence: results from the National Helal$arance Service-National
Sample Cohort (NHIS-NSC) database in Korea. Sci Z48; 8:15052.

Hekking PP, Wener RR, Amelink M, Zwinderman Atuvy ML, Bel EH. The
prevalence of severe refractory asthma. J Alleriyy iIBxmunol 2015; 135:896-902.
Brussino L, Solidoro P, Rolla G. Is it severthasa or asthma with severe
comorbidities? J Asthma Allergy 2017; 10:303-5.

Peters SP. Asthma phenotypes: nonallergicrisitt) asthma. J Allergy Clin Immunol
Pract 2014; 2:650-2.

Schatz M, Rosenwasser L. The allergic asthmagtipe. J Allergy Clin Immunol
Pract 2014; 2:645-8; quiz 649.

llImarinen P, Tuomisto LE, Niemela O, DanielsSpkhlaanpaa J, Kankaanranta T, et
al. Comorbidities and elevated IL-6 associate wihgative outcome in adult-onset
asthma. Eur Respir J 2016; 48:1052-62.

Rubenstein JH, Chen JW. Epidemiology of gastpleageal reflux disease.
Gastroenterol Clin North Am 2014; 43:1-14.

Min BH, Huh KC, Jung HK, Yoon YH, Choi KD, SoiikH, et al. Prevalence of
uninvestigated dyspepsia and gastroesophageak iiflaase in Korea: a population-

based study using the Rome lll criteria. Dig Di$ Zx14; 59:2721-9.

18



437 10. Vaezi MF, Katzka D, Zerbib F. Extraesophagsah@oms and Diseases Attributed
438 to GERD: Where is the Pendulum Swinging Now? Clastéoenterol Hepatol 2018;
439 16:1018-29.

440 11. Roka R, Rosztoczy A, Izbeki F, Taybani Z, Kislsonovics J, et al. Prevalence of
441 respiratory symptoms and diseases associated asthogsophageal reflux disease.
442 Digestion 2005; 71:92-6.

443 12. Houghton LA, Lee AS, Badri H, DeVault KR, SmitA. Respiratory disease and the
444 oesophagus: reflux, reflexes and microaspiratiat.Rev Gastroenterol Hepatol
445 2016; 13:445-60.

446 13. Broers C, Tack J, Pauwels A. Review articlstigaoesophageal reflux disease in
447 asthma and chronic obstructive pulmonary diseabmefit Pharmacol Ther 2018;
448 47:176-91.

449 14.  Amarasiri LD, Pathmeswaran A, de Silva HJ, Rartea CD. Prevalence of gastro-
450 oesophageal reflux disease symptoms and refluxceded respiratory symptoms in
451 asthma. BMC Pulm Med 2010; 10:49.

452 15. Havemann BD, Henderson CA, El-Serag HB. Theaaton between gastro-

453 oesophageal reflux disease and asthma: a systenentev. Gut 2007; 56:1654-64.
454 16. Kim SY, Kim HJ, Lim H, Kong IG, Kim M, Choi H@idirectional association

455 between gastroesophageal reflux disease and depreswo different nested case-
456 control studies using a national sample cohortReg 2018; 8:11748.

457 17. Kim SY, Lim JS, Kong IG, Choi HG. Hearing impaent and the risk of

458 neurodegenerative dementia: A longitudinal follopvatudy using a national sample

459 cohort. Sci Rep 2018; 8:15266.

19



460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

ar7

478

479

480

481

482

18.

19.

20.

21.

22.

23.

24,

25.

Kim SY, Park B, Lim H, Kim M, Kong IG, Choi H&astroesophageal reflux

disease increases the risk of chronic rhinosirmisitnested case-control study using a

national sample cohort. Int Forum Allergy Rhinoll®09:357-62.
Rim TH, Ko J, Kim SS, Yoon JS. Lacrimal Draiedgbstruction and
Gastroesophageal Reflux Disease: A Nationwide Ltadgal Cohort Study. J Clin

Gastroenterol 2019; 53:277-83.

Kim S, Kim J, Kim K, Kim Y, Park Y, Baek S, at Healthcare use and prescription

patterns associated with adult asthma in Koredysisaof the NHI claims database.
Allergy 2013; 68:1435-42.

Choi HG, Kim JH, Park JY, Hwang Y1, Jang SHadKS. Association Between
Asthma and Depression: A National Cohort Studylldrgy Clin Immunol Pract
2019; 7:1239-45 e1231.

Quan H, Li B, Couris CM, Fushimi K, Graham Rdét P, et al. Updating and
validating the Charlson comorbidity index and sdorerisk adjustment in hospital
discharge abstracts using data from 6 countriesJAipidemiol 2011; 173:676-82.
The Korea Academy of Tuberculosis and Respiatseases. The guideline of
chronic obstructive pulmonary disease, Available at
https://www.lungkorea.org/bbs/?code=guide.

Kendra Becker. Medscape; 2018. Central Sleeeayndromes. Available at:
https://emedicine.medscape.com/article/304967-oeerat.

Aras G, Kanmaz D, Kadakal F, Purisa S, Sonmekulkcay E, et al.

Gastroesophageal reflux disease in our asthmangstibe presence of dysphagia can

influence pulmonary function. Multidisciplinary @satory medicine 2012; 7:53.

20



483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sontag SJ, O'Connell S, Miller TQ, Bernsen Kidgl J. Asthmatics have more
nocturnal gasping and reflux symptoms than nonaatics) and they are related to
bedtime eating. Am J Gastroenterol 2004; 99:789-96.

Rameschandra S, Acharya V, Kunal, VishwanatRamkrishna A, Acharya P.
Prevalence and Spectrum of Gastro Esophageal Reft@ase in Bronchial Asthma.
J Clin Diagn Res 2015; 9:0C11-4.

Field SK. Asthma and gastroesophageal refloatreer piece in the puzzle? Chest
2002; 121:1024-7.

Ates F, Vaezi MF. Approach to the patient vatesumed extraoesophageal GERD.
Best Pract Res Clin Gastroenterol 2013; 27:415-31.

Kim J, Lee JH, Kim Y, Kim K, Oh YM, Yoo KH, etl. Association between chronic
obstructive pulmonary disease and gastroesophegfeat disease: a national cross-
sectional cohort study. BMC Pulm Med 2013; 13:51.

Crowell MD, Zayat EN, Lacy BE, Schettler-DunaanLiu MC. The effects of an
inhaled beta(2)-adrenergic agonist on lower esogdladgnction: a dose-response
study. Chest 2001; 120:1184-9.

Ayala P, Vivar R, Montalva R, Olmos P, Menegg®8orzone GR. Elastin
degradation products in acute lung injury inducedyastric contents aspiration.
Respir Res 2018; 19:165.

Jack ClI, Calverley PM, Donnelly RJ, Tran J,$&liSG, Hind CR, et al. Simultaneous
tracheal and oesophageal pH measurements in agttpaténts with gastro-
oesophageal reflux. Thorax 1995; 50:201-204.

Fahy JV. Type 2 inflammation in asthma--presemhost, absent in many. Nat Rev

Immunol 2015; 15:57-65.

21



507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

35.

36.

37.

38.

39.

40.

4].

42.

43.

44,

Rastogi D, Holguin F. Metabolic Dysregulati®@ystemic Inflammation, and
Pediatric Obesity-related Asthma. Ann Am Thorac 30t7; 14.S363-S7.

Altomare A, Guarino MP, Cocca S, EmerenziarCi8ala M. Gastroesophageal
reflux disease: Update on inflammation and symppenception. World J
Gastroenterol 2013; 19:6523-8.

Gupta S, Lodha R, Kabra SK. Asthma, GERD anesi Triangle of Inflammation.
Indian J Pediatr 2018; 85:887-92.

Fernandes AGO, de Souza-Machado C, Pinheiral&BlJiva ST, Mota RCL, de
Lima VB, et al. Dual exposure to smoking and hoosehir pollution is associated
with an increased risk of severe asthma in adal&razil. Clin Transl Allergy 2018;
8:48.

Ness-Jensen E, Lagergren J. Tobacco smokoaj)@lconsumption and gastro-
oesophageal reflux disease. Best Pract Res Clitr@ggaserol 2017; 31:501-8.

Lee J, Lee JS, Park SH, Shin SA, Kim K. CoRodfile: The National Health
Insurance Service-National Sample Cohort (NHIS-NSSouth Korea. Int J
Epidemiol 2017; 46:e15.

VanderWeele TJ, Ding P. Sensitivity Analysi©bservational Research: Introducing
the E-Value. Ann Intern Med 2017; 167:268-74.

Polosa R, Thomson NC. Smoking and asthma: demngéaisons. Eur Respir J 2013;
41:716-26.

Carpaij OA, van den Berge M. The asthma-obeslationship: underlying
mechanisms and treatment implications. Curr OpimRved 2018; 24:42-9.

Chan WW, Chiou E, Obstein KL, Tignor AS, WhakoTL. The efficacy of proton
pump inhibitors for the treatment of asthma in &ld meta-analysis. Arch Intern

Med 2011; 171:620-29.

22



532

533

534

535

536

537

538

45,

46.

American Lung Association Asthma Clinical ReshaC, Mastronarde JG,
Anthonisen NR, et al. Efficacy of esomeprazoletfeatment of poorly controlled
asthma. N Engl J Med 2009; 360:1487-99.

Kiljander TO, Harding SM, Field SK, Stein MReNon HS, Ekelund J, et al. Effects
of esomeprazole 40 mg twice daily on asthma: agwarzked placebo-controlled trial.

Am J Respir Crit Care Med 2006; 173:1091-7.

23



539

540 Table1 General Characteristics of Participants

Characteristics Study | Study I
GERD (n, %) Control | (n, P-value Asthma (n, %) Control Il (n, P-value
%) %)
Age (years old) 1.000 1.000
20-24 4,235 (3.6) 8,470 (3.6) 4,410 (4.2) 4,440
25-29 6,793 (5.8) 13,586 (5.8) 6,930 (6.7) 6,080)
30-34 9,262 (8.0) 18,524 (8.0) 10,204 (9.8) 10,008)
35-39 11,518 (9.9) 23,036 (9.9) 10,179 (9.8) 19,(.8)
40-44 15,048 (12.9) 30,096 (12.9) 9,710 (9.3) 10,®.3)
45-49 15,737 (13.5) 31,474 (13.5) 9,951 (9.6) 59,8.6)
50-54 15,646 (13.4) 31,292 (13.4) 9,392 (9.0) 99,®.0)
55-59 11,951 (10.3) 23,902 (10.3) 8,945 (8.6) 48,8.6)
60-64 10,169 (8.7) 20,338 (8.7) 9,190 (8.8) 9,(08)
65-69 7,590 (6.5) 15,180 (6.5) 9,124 (8.8) 9,(28)
70-74 4,922 (4.2) 9,844 (4.2) 7,350 (7.1) 7,360
75-79 2,392 (2.1) 4,784 (2.1) 4,817 (4.6) 4,848)
80-84 901 (0.8) 1,802 (0.8) 2,701 (2.6) 2,7086)2.
85+ 338 (0.3) 676 (0.3) 1,243 (1.2) 1,243 (1.2)
Sex 1.000 1.000
Male 54,451 (46.7) 108,902 (46.7) 37,968 (36.5) 7,988 (36.5)
Female 62,051 (53.3) 124,102 (53.3) 66,178 (63.5p6,178 (63.5)
Income 1.000 1.000
1 (lowest) 17,974 (15.4) 35,948 (15.4) 17,307416 17,307 (16.6)
2 16,922 (14.5) 33,844 (14.5) 15,633 (15.0) 13,@8%.0)
3 21,096 (18.1) 42,192 (18.1) 18,774 (18.0)  18,@B.0)
4 26,459 (22.7) 52,918 (22.7) 23,733 (22.8) 23,22.8)
5 (highest) 34,051 (29.2) 68,102 (29.2) 28,69Q4R 28,699 (27.6)
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541
542

543

544
545
546

Region of

residence
Urban 54,335 (46.6)
Rural 62,167 (53.4)
CCI (score)
0 42,280 (36.3)
1 17,328 (14.9)
2 18,433 (15.8)
3 13,239 (11.4)
4 9,640 (8.3)
5 6,084 (5.2)
>6 9,498 (8.2)
Depression 14,744 (12.7)
COPD 8,079 (6.9)
OSA 913 (0.8)
Asthma 14,595 (12.5)
GERD 116,502
(100.0)

1.000

108,670 (46.6)

124,334 (53.4)
<0.001*

123,367 (53.0)

30,915 (13.3)

25,358 (10.9)

18,330 (7.9)
13,114 (5.6)
8,090 (3.5)

13,830 (5.9)

16,772 (7.2)  <0.001*
9,960 (4.3)  <0.001*
1,073 (0.5)  <0.001*
18,135 (7.8)  <0.001*
0 (0.0) <0.001*

1.000
47,727 (45.8047,727 (45.8)
56,419 (54.2)56,419 (54.2)
<0.001*
38,339 (36.8) 5D@B.1)
15,657 (15.0)  13@34)
14,354 (13.8)  11@13)
11,016 (10.6)  8,8B3)(
8,444 (8.1) 6,775 (6.5)
5,796 (5.6) 4,440 (4.3)
10,540 (10.1)  8,268)(7
19@3.2) 8572(8.2)  <0.001*
20,173 (19.4) 4,841 (4.7)  <0.001*
190 (0.6) 6921)0.  <0.001*
104,146 0 (0.0) <0.001*
(100.0)
17,582 (16.9) 12,393 (11.9)  <0.001*

* Chi-square test, Significance at P < 0.05

" Charlson Comorbidity Index was calculated withpulmonary disease

Abbreviation: COPD, Chronic Obstructive Pulmonaigdase GERD, Gastro esophageal

reflux disease; IHD, Ischemic heart disease; O®Atractive sleep apnea
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547
548

549
550

551

552

553

554
555
556

Table 2 Crude and adjusted hazard ratios (95% confiderteevial) of asthma in GERD
(study I) and GERD in asthma (study II)

Characteristics Hazard ratios
Crudet P-value Adjustedtt P-value
Study |
GERD 1.65 (1.61-1.68) <0.001* 1.46 (1.42-1.49) 0€Q*
Control 1.00 1.00
Study 1l
Asthma 1.48 (1.45-1.52) <0.001* 1.36 (1.33-1.39) 0.001*
Control 1.00 1.00

* Cox-proportional hazard regression model, Sigaifice at P < 0.05

T Stratified model for age, sex, income, and regibresidence.

T Adjusted model for COPD, depression, OSA hisgraad Charlson Comorbidity Index
calculated without pulmonary disease.

Abbreviation: COPD, Chronic Obstructive Pulmonalgdase GERD, Gastro esophageal

reflux disease; OSA, obstructive sleep apnea
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557
558

559
560

561

Table 3 Subgroup analysis of crude and adjusted hazams @5% confidence interval) of

asthma in GERD according to age and sex (study I)

Characteristics Hazard ratios for asthma
Crudet P-value Adjustedtt P-value
Age < 40 years old, men (n = 43,854)
GERD 2.02 (1.85-2.19) <0.001* 1.80 (1.65-1.96) 0oea*
Control 1.00 1.00
Age < 40 years old, women (n = 51,570)
GERD 1.67 (1.57-1.77) <0.001* 1.47 (1.39-1.56) 0oea*
Control 1.00 1.00
Age> 40 years old & < 60 years old, men (n = 83,895)
GERD 1.82 (1.73-1.92) <0.001* 1.56 (1.48-1.65) 0oea*
Control 1.00 1.00
Age> 40 years old & < 60 years old, women (n = 91,251)
GERD 1.63 (1.57-1.69) <0.001* 1.45 (1.39-1.51) (0, < iy
Control 1.00 1.00
Age> 60 years old, men (n = 35,604)
GERD 1.48 (1.39-1.57) <0.001* 1.23 (1.15-1.31) (0, < iy
Control 1.00 1.00
Age> 60 years old, women (n = 43,332)
GERD 1.52 (1.45-1.60) <0.001* 1.35(1.28-1.42) 0oea*
Control 1.00 1.00

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05

T Stratified model for age, income, and regionesidence.
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562 1 Adjusted model for COPD, depression, OSA hisgpr@ad Charlson Comorbidity Index
563 calculated without pulmonary disease.

564 Abbreviation: COPD, Chronic Obstructive Pulmonaigdase GERD, Gastro esophageal
565 reflux disease; OSA, obstructive sleep apnea
566
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568

569
570

571

Table 4 Subgroup analysis of crude and adjusted hazams @5% confidence interval) of

GERD in asthma according to age and sex (study II)

Characteristics Hazard ratios for GERD

Crudet P-value Adjustedtt P-value

Age < 40 years old, men (n = 20,850)
Asthma 1.69 (1.55-1.85)  <0.001*  1.57 (1.43-1.71) 0.001*
Control 1.00 1.00

Age < 40 years old, women (n = 42,596)
Asthma 1.48 (1.39-1.57)  <0.001*  1.35(1.27-1.43) 0.001*
Control 1.00 1.00

Age> 40 years old & < 60 years old, men (n = 27,836)
Asthma 1.66 (1.56-1.76)  <0.001*  1.51 (1.42-1.61) 0.001*
Control 1.00 1.00

Age> 40 years old & < 60 years old, women (n = 48,160)
Asthma 1.46 (1.40-1.52)  <0.001*  1.33(1.28-1.39) 0.001*
Control 1.00 1.00

Age> 60 years old, men (n = 27,250)
Asthma 1.34 (1.25-1.43)  <0.001*  1.23(1.15-1.32) 0.001*
Control 1.00 1.00

Age> 60 years old, women (n = 41,600)
Asthma 1.42 (1.34-1.49)  <0.001*  1.28 (1.22-1.35) 0.001*

Control 1.00 1.00

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05

T Stratified model for age, sex, income, and regibresidence.
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572 1 Adjusted model for COPD, depression historiesA@8d Charlson Comorbidity Index
573 calculated without pulmonary disease.

574  Abbreviation: COPD, Chronic Obstructive Pulmonaigdase GERD, Gastro esophageal
575 reflux disease; OSA, obstructive sleep apnea
576
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Figure Legend

Fig. 1 Schematic illustration of the participant seleatpyocess that was used in the present
study. Of a total of 1,125,691 participants, 118 8ERD patients were matched with
233,004 control | participants for age, group, $egome group, region of residence, and past
medical histories (a). Of a total 1,125,691 pgvtaaits, 104,146 asthma patients were
matched with 104,146 control Il participants foeagroup, sex, income group, region of

residence, and past medical histories (b).

Fig. 2 Kaplan-Meier survival analysis. (a) the group WBBERD demonstrated a higher

cumulative rate of asthma than the control | grgbpthe group with asthma demonstrated a

higher cumulative rate of GERD than the contragribup.
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A 1,125,691 Participants with 114,369,638 Medical claim codes
from 2002-2013

’ Control (n = 987,884) | ‘ GERD (n = 137,807)

—>| Previous asthma (n = 18,291)

1:2 matching
|

Un-matched (n=519)

—>| Age <20 years old (n=2,495)

GERD (n = 116,502)
Control T (n = 233,004)

Analyses ocourrence of asthma

from 2002-2013

B | 1,125,691 Participants with 114,369.638 Medical claim codes

‘ Control (n = 894,927) I ‘ Asthma (n = 230,764)

o

Previous GERD (n = 14,634)

1:1 matching

Un-matched (n = 21,531)

—>| Age <20 years old (a.= 90,

Asthma (n=104,146)
Control II (n = 104,146)

Analyses occurrence of GERD




Table E1 Analysis of crude and adjusted hazard ratios (86%6idence interval) of asthma in
GERD (study 1) and of GERD in asthma (study ll)tie periods after 6 months of index

dates.

Characteristics Hazard ratios
Crudet P-value Adjustedtt P-value
Study |
GERD 1.77 (1.73-1.81)  <0.001* 1.57 (1.54-1.61) oea*
Control 1.00 1.00
Study 1l
Asthma 1.50 (1.46-1.54)  <0.001*  1.39 (1.35-1.42) 0.001*
Control 1.00 1.00

* Cox-proportional hazard regression model, Sigaifice at P < 0.05

T Stratified model for age, sex, income, and regibresidence.

T Adjusted model for COPD, depression, OSA hisgrand Charlson Comorbidity Index

calculated without pulmonary disease.

Abbreviation: COPD, Chronic Obstructive Pulmonaryséase;GERD, Gastro esophageal

reflux disease; OSA, obstructive sleep apnea



Table E10 Crude and adjusted hazard ratios (95% confidemegvial) of asthma in GERD
(study I) and GERD in asthma (study Il) with thagko had BMI records in a sensitivity

analysis**
Characteristics Hazard ratios
Crudet P-value Adjustedtt P-value
GERD> 3 times (n = 114,125)
Study |
GERD 1.65 (1.60-1.70)  <0.001* 1.45(1.41-1.50) €00
Control 1 1
Study I
Asthma 1.47 (1.43-1.52) <0.001* 1.37 (1.32-1.41) .0€a*
Control 1 1
GERD> 4 times (n = 95,244)
Study |
GERD 1.71 (1.65-1.78) <0.001* 1.49 (1.44-1.55) €00
Control 1 1
Study I
Asthma 1.59 (1.53-1.65) <0.001* 1.44 (1.39-1.50) .0€Q*
Control 1 1
GERD> 5 times (n = 80,467)
Study |
GERD 1.79 (1.72-1.87) <0.001* 1.53(1.47-1.60) €00
Control 1 1

Study I




Asthma 1.60 (1.53-1.67) <0.001* 1.46 (1.40-1.53) .08Q*

Control 1 1

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05

T Adjusted model for age, sex, income, region sidence, COPD, depression, OSA histories,

Charlson Comorbidity Index calculated without puimaoy disease, and BMI.

Abbreviation: BMI, body mass index; COPD, ChronibdBuctive Pulmonary Disease;
GERD, Gastro esophageal reflux disease; OSA, diisteusleep apnea

**|n these analyses, GERD was defined using the-kDxode K21 from 2002 through 2013.
We selected participants treated for GERDB times, GERD> 4 times, and GERD 5 times

and prescribed a proton pump inhibitor (PPI1)%d weeks.

Asthma was defined as asthma (ICD-10: J45) or stasthmaticus (J46) from 2002 through
2013. Among them, we selected the participants wieoe diagnosed with asthma by a
physician more than 3 times, and who were treatétth @wsthma-related medications
including inhaled corticosteroid(ICS), ICSs comlinvath long-acting32-agonists (LABAS),
oral leukotriene antagonists (LTRAS), short-actpiyagonists (SABAS), systemic LABAS,

xanthine derivatives, and systemic corticoster@nds 176,510).



Table E11 The differences of general characteristics of theigpants in study Il according to

with/without BMI record

Characteristics Study |
Asthma Asthma with P-value Control Il Control Il with  P-value
without BMI BMI record without BMI BMI record
record (n, %) (n, %) record (n, %) (n, %)
Obesity record 80,125 (76.9) 24,021 (23.1)  <0.001*75,265 (72.3) 28,881 (27.7)  <0.001*
Age (years old) <0.001* <0.001*
20-24 2,238 (2.8) 2,172 (9.0) 2,309 (3.1) 2,1038)
25-29 4,101 (5.1) 2,829 (11.8) 4,194 (5.6) 2,86)
30-34 7,002 (8.7) 3,202 (13.3) 6,626 (8.8) 3,607B4)
35-39 7,973 (10.0) 2,206 (9.2) 7,431 (9.9) 2,{18)
40-44 8,145 (10.2) 1,565 (6.5) 7,618 (10.1) 2,002)
45-49 8,631 (10.8) 1,320 (5.5) 8,031 (10.7) 1,a20)
50-54 8,319 (10.4) 1,073 (4.5) 7,844 (10.4) 1,68)
55-59 7,881 (9.8) 1,064 (4.4) 7,593 (10.1) 1,882)
60-64 8,002 (10.0) 1,188 (5.0) 7,554 (10.0) 1,68)
65-69 7,550 (9.4) 1,574 (6.6) 6,902 (9.2) 2,222
70-74 5,462 (6.8) 1,888 (7.9) 4,978 (6.6) 2,32)
75-79 2,971 (3.7) 1,846 (7.7) 2,676 (3.6) 2,142
80-84 1,391 (1.7) 1,310 (5.5) 1,139 (1.5) 1,962)
85+ 459 (0.6) 784 (3.3) 370 (0.5) 873 (3.0)
Sex <0.001* <0.001*
Male 30,254 (37.8) 7,714 (32.1) 28,132 (37.4)  308,84.1)
Female 49,871 (62.2) 16,307 (67.9) 47,133 (62.6) 19,045 (65.9)
Income <0.001* <0.001*
1 (lowest) 12,395 (15.5) 4,912 (20.5) 10,944%)4. 6,363 (22.0)
2 12,187 (15.2) 3,446 (14.4) 11,486 (15.3) 4,(4174)

3 14,633 (18.3) 4,141 (17.2) 13,876 (18.4) 4,8980)




4 18,619 (23.2) 5,114 (21.3) 17,808 (23.7) 5,82B5)
5 (highest) 22,291 (27.8) 6,408 (26.7) 21,1514p8 7,548 (26.1)
Region of residence <0.001* <0.001*
Urban 36,401 (45.4) 11,326 (47.2) 34,077 (45.3) 3,680 (47.3)
Rural 43,724 (54.6) 12,695 (52.9) 41,188 (54.7) 5,231 (52.7)
CClI (score <0.001* <0.001*
0 28,798 (35.9) 9,541 (39.7) 34,875 (46.3) 15,222 (52.7)
1 11,480 (14.3) 4,177 (17.4) 10,032 (13.3) 3,900 (13.5)
2 11,116 (13.9) 3,238 (13.5) 8,900 (11.8) 2,872 (9.9)
3 8,892 (11.1) 2,124 (8.8) 6,800 (9.0) 2,062 (7.1)
4 6,885 (8.6) 1,559 (6.5) 5,248 (7.0) 1,527 (5.3)
5 4,727 (5.9) 1,069 (4.5) 3,406 (4.5) 1,034 (3.6)
>6 8,227 (10.3) 2,313 (9.6) 6,004 (8.0) 2,264 (7.8)
Depression 9,154 (11.4) 2,505 (10.4) <0.001* 6,(818) 2,158 (7.5) <0.001*
COPD 15,308 (19.1) 4,865 (20.3) <0.001* 3,693(4.9) 1,148(4.0) <0.001*
OSA 429 (0.5) 89 (0.4) <0.001* 310 (0.4) 55(0.2) <0.001*
GERD 15,591 (19.5) 1,991 (8.3) <0.001* 10,897 (14.5 1,496 (5.2) <0.001*

* Chi-square test, Significance at P < 0.05

" Charlson Comorbidity Index was calculated withpulmonary disease

Abbreviation: COPD, Chronic Obstructive Pulmonaryséase;GERD, Gastro esophageal

reflux disease; IHD, Ischemic heart disease; O®Atractive sleep apnea



Table E12 Subgroup analysis of crude and adjusted hazaiakrégd5% confidence interval)
of GERD in asthma according to age and sex (stl)dyHo had BMI records

Characteristics Hazard ratios for GERD

Crudet P-value Adjustedtt P-value

Age < 40 years old, men (n = 15,086)
Asthma 1.57 (1.43-1.73)  <0.001*  1.46 (1.33-1.61) 0.001*
Control 1.00 1.00

Age < 40 years old, women (n = 26,788)
Asthma 1.45 (1.35-1.56)  <0.001*  1.33(1.24-1.43) 0.001*
Control 1.00 1.00

Age> 40 years old & < 60 years old, men (n = 23,076)
Asthma 1.54 (1.45-1.64)  <0.001*  1.42(1.34-1.52) 0.001*
Control 1.00 1.00

Age> 40 years old & < 60 years old, women (n = 40,986)
Asthma 1.38 (1.33-1.45)  <0.001*  1.28 (1.23-1.34) 0.001*
Control 1.00 1.00

Age> 60 years old, men (n = 20,224)
Asthma 1.23 (1.15-1.32) <0.001* 1.15(1.07-1.24) 0.001*
Control 1.00 1.00

Age> 60 years old, women (n = 29,230)
Asthma 1.30 (1.23-1.38)  <0.001*  1.23(1.16-1.30) 0.001*

Control 1.00 1.00

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05



t Adjusted model for age, sex, income, region sidence, COPD, depression, OSA histories,

Charlson Comorbidity Index calculated without pulraoy disease, and body mass index.

Abbreviation: BMI, body mass index; COPD, ChronibgDuctive Pulmonary Disease;
GERD, Gastro esophageal reflux disease; OSA, dlisteusleep apnea



Table E2 Crude and adjusted hazard ratios (95% confidentszvial) of asthma in GERD
(study I) and GERD in asthma (study Il) in a sewisit analysis**

Characteristics Hazard ratios

Crudet P-value Adjustedt? P-value

GERD> 3 times (n = 114,125)

Study |
GERD 1.74 (1.70-1.79)  <0.001* 1.52 (1.48-1.56) €0.0
Control 1 1

Study 1l
Asthma 1.57 (1.53-1.62)  <0.001*  1.44 (1.39-1.48) .00Q*
Control 1 1

GERD2> 4 times (n = 95,244)

Study |
GERD 1.80(1.74-1.86) <0.001* 1.55 (1.50-1.60) €0.0
Control 1 1

Study 1l
Asthma 1.69 (1.63-1.75)  <0.001*  1.51 (1.46-1.57) .00Q*
Control 1 1

GERD=> 5 times (n = 80,467)

Study |
GERD 1.88 (1.81-1.96) <0.001* 1.659(1.53-1.66) €00
Control 1 1

Study 1l

Asthma 1.72 (1.65-1.79)  <0.001*  1.54 (1.48-1.61) .0€Q*




Control 1 1

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05

t Stratified model for age, sex, income, and regibresidence.

T Adjusted model for COPD, depression, OSA hisgrand Charlson Comorbidity Index

calculated without pulmonary disease.

Abbreviation: COPD, Chronic Obstructive Pulmonaryséase;GERD, Gastro esophageal

reflux disease; OSA, obstructive sleep apnea

**|n these analyses, GERD was defined using the-kDxode K21 from 2002 through 2013.
We selected participants treated for GERDB times, GERD> 4 times, and GERD 5 times
and prescribed a proton pump inhibitor (PP1)%& weeks (n = 114,125).

Asthma was defined as asthma (ICD-10: J45) or stasthmaticus (J46) from 2002 through
2013. Among them, we selected the participants wieoe diagnosed with asthma by a
physician more than 3 times, and who were treatétth @wsthma-related medications
including inhaled corticosteroid(ICS), ICSs comlinvath long-acting32-agonists (LABAS),
oral leukotriene antagonists (LTRAS), short-actpiyagonists (SABAS), systemic LABAS,

xanthine derivatives, and systemic corticoster@nds 176,510).



Table E3 Crude and adjusted hazard ratios (95% confiderteevial) of asthma in GERD (study I) and GERD irhasa (study 1)

Characteristics Hazard ratios

Crudet P-value Model 1t% P-value Model 28 P-value Model 3| P-value
Study |
GERD 1.67 (1.64-1.71) <0.001* 1.50 (1.47-1.53) 0€a* 2.12 (1.94-2.31) <0.001* 1.58 (1.46-1.71) <O
Age*GERD 0.97 (0.96-0.97)  <0.001*
Sex*GERD 0.95 (0.91-1.00)  0.029*
Control 1.00 1.00 1.00 1.00
Study 1l
Asthma 1.49 (1.45-1.52) <0.001* 1.37 (1.34-1.41)0.001* 1.67 (1.54-1.81) <0.001* 1.52 (1.40-1.65) .O@*
Age*asthma 0.98 (0.98-0.99) <0.001*
Sex*asthma 0.94 (0.90-0.99) 0.011*
Control 1.00 1.00 1.00 1.00

* Cox-proportional hazard regression model, Sigaifice at P < 0.05

T Stratified model for age, income, and regionesidence.



¥ Model 1 was adjusted for COPD, depression hespand Charlson Comorbidity Index calculated withpulmonary disease.

§ In study I, model 2 was adjusted for age, age*BHRteraction), sex, income, region of residenC@PD, depression histories, and
Charlson Comorbidity Index calculated without pulmaoy disease. In study Il, model 2 was adjustechfm, age*asthma (interaction), sex,

income, region of residence, COPD, depressioniestoand Charlson Comorbidity Index calculatechaiit pulmonary disease.

[| In study I, model 3 was adjusted for age, sex;GERD (interaction), income, region of residenG&PD, depression histories, and
Charlson Comorbidity Index calculated without puimaoy disease. In study Il, model 3 was adjustedhf@m, sex, sex*asthma (interaction),

income, region of residence, COPD, depressioniestoand Charlson Comorbidity Index calculatechaitt pulmonary disease.

Abbreviation: COPD, Chronic Obstructive Pulmonaigdase; GERD, Gastro esophageal reflux disease



Table E4 Crude and adjusted hazard ratios (95% confidentszvial) of asthma in GERD

(study 1) according to the numbers of the visit@&ERD

Characteristics

Hazard ratios

Crudet P-value Adjustedtt P-value
GERD< 3 times (n = 108,816)
GERD 1.17 (1.11-1.23) <0.001* 1.10 (1.04-1.16) 000
Control 1.00 1.00
GERD > 3 anck 8 times (n = 124,650)
GERD 1.53 (1.47-1.59) <0.001* 1.37 (1.32-1.43) 0€Q*
Control 1.00 1.00
GERD=> 9 times (n = 116,040)
GERD 1.97 (1.91-2.03) <0.001* 1.70 (1.65-1.75)  0€Q*
Control 1.00 1.00

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05

T Stratified model for age, income, and regionesidence.

¥ Adjusted model for COPD, depression historiesg &harlson Comorbidity Index

calculated without pulmonary disease.

Abbreviations: COPD, Chronic Obstructive Pulmon®igease;GERD, Gastro esophageal

reflux disease



Table E5 General characteristics of participants who had B&dbrds

Characteristics Study | Study Il
GERD (n, %)  Control I (n, %) P-value Asthma (n, % Control Il (n, %) P-value
Age (years old) <0.001* <0.001*
20-24 2,208 (2.2) 4,031 (2.3) 2,238 (2.8) 2,39
25-29 4,540 (4.5) 8,541 (4.9) 4,101 (5.1) 4,196)
30-34 6,865 (6.8) 12,414 (7.1) 7,002 (8.7) 6,628)
35-39 9,723 (9.6) 16,724 (9.5) 7,973 (10.0) 7,689)
40-44 13,849 (13.7) 23,283 (13.3) 8,145 (10.2)  618,(10.1)
45-49 14,595 (14.4) 25,189 (14.3) 8,631 (10.8)  038,(10.7)
50-54 14,721 (14.5) 25,557 (14.5) 8,319 (10.4)  847,(10.4)
55-59 11,330 (11.2) 19,918 (11.3) 7,881 (9.8) 93,8.0.1)
60-64 9,620 (9.5) 16,825 (9.6) 8,002 (10.0) 7,88%10)
65-69 7,019 (6.9) 11,909 (6.8) 7,550 (9.4) 6,602)
70-74 4,232 (4.2) 7,146 (4.1) 5,462 (6.8) 4,998)
75-79 1,788 (1.8) 3,006 (1.7) 2,971 (3.7) 2,696)
80-84 567 (0.6) 913 (0.5) 1,391 (1.7) 1,139 (1.5)
85+ 170 (0.2) 269 (0.2) 459 (0.6) 370 (0.5)
Sex 0.078 0.121
Male 48,398 (47.8) 83,407 (47.5) 30,254 (37.8) ,138(37.4)
Female 52,829 (52.2) 92,318 (52.5) 49,871 (62.2) 47,133 (62.6)
Income <0.001* <0.001*
1 (lowest) 14,696 (14.5) 24,127 (13.7) 12,395%15 10,944 (14.5)
2 14,813 (14.6) 25,153 (14.3) 12,187 (15.2) 18 4%.3)
3 18,519 (18.3) 32,064 (18.3) 14,633 (18.3) 18,8B.4)
4 23,381 (23.1) 41,144 (23.4) 18,619 (23.2) 19 @&B.7)
5 (highest) 29,818 (29.5) 53,237 (30.3) 22,2918p 21,151 (28.1)
Region of residence 0.133 0.542

Urban

46,994 (46.4)

81,060 (46.1)

36,401 (45.4) 4,037 (45.3)




Rural 54,233 (53.6)

CCI (score)
0 36,285 (35.9)
1 14,486 (14.3)
2 15,996 (15.8)
3 11,859 (11.7)
4 8,753 (8.7)
5 5,484 (5.4)
>6 8,364 (8.3)
Depression 12,693 (12.5)
COPD 7,319 (7.2)
OSA 827 (0.8)
Asthma 13,027 (12.9)
GERD 101,227

(100.0)

94,665 (53.9)

89,462 (50.9)
23,573 (13.4)
20,241 (11.5)
14,876 (8.5)
10,572 (6.0)
6,514 (3.7)
10,487 (6.0)
12,886 (7.3)
7,981 (4.5)
933 (0.5)
14,667 (8.4)

0 (0.0)

<0.001*

43,724 (54.6) 1,188 (54.7)

28,798 (35.9)

11,480 (14.3)
11,116 (13.9)
8,892 (11.1)
6,885 (8.6)
4,727 (5.9)

8,227 (10.3)

<0.001*  9(1A44)

<0.001*

<0.001*

<0.001*

<0.001*

34,875 (46.3)

10,032 (13.3)

8,900 (11.8)
6,800 (9.0)
5,248 (7.0)
3,406 (4.5)
6,004 (8.0)

6,414 (8.5)

15,308 (19.1) 3,693 (4.9)

429 (0.5)

80,12(0)

15,591 (19.5)

310 (0.4)

0 (0.0)

10,897 (14.5)

<0.001*

<0.001*
<0.001*
<0.001*
<0.001*

<0.001*

* Chi-square test, Significance at P < 0.05

" Charlson Comorbidity Index was calculated withpulmonary disease

Abbreviation: BMI, body mass index; COPD, ChronibsBuctive Pulmonary Disease;

GERD, Gastro esophageal reflux disease; IHD, Isahbeart disease; OSA, obstructive sleep apnea,;



Table E6 The differences of general characteristics of plaeticipants in study | according to

with/without BMI records

Characteristics Study |
GERD without GERD with P-value  Control | without Control | with  P-value
BMI record BMI record BMI record BMI record
(n, %) (n, %) (n, %) (n, %)
Obesity record 101,227 (86.9) 15,275 (13.1)  <0.001%175,725 (75.4) 57,279 (24.6)  <0.001*
Age (years old) <0.001* <0.001*
20-24 2,208 (2.2) 2,027 (13.3) 4,031 (2.3) 4,438)
25-29 4,540 (4.5) 2,253 (14.8) 8,541 (4.9) 5,(B1B)
30-34 6,865 (6.8) 2,397 (15.7) 12,414 (7.1) 6,(11D7)
35-39 9,723 (9.6) 1,795 (11.8) 16,724 (9.5) 6,@1120)
40-44 13,849 (13.7) 1,199 (7.9) 23,283 (13.3)  18,81.9)
45-49 14,595 (14.4) 1,142 (7.5) 25,189 (14.3)  85,011.0)
50-54 14,721 (14.5) 925 (6.1) 25,557 (14.5) 5,(13560)
55-59 11,330 (11.2) 621 (4.1) 19,918 (11.3) 3,080)
60-64 9,620 (9.5) 549 (3.6) 16,825 (9.6) 3,513)6
65-69 7,019 (6.9) 571 (3.7) 11,909 (6.8) 3,271)5
70-74 4,232 (4.2) 690 (4.5) 7,146 (4.1) 2,698)4.
75-79 1,788 (1.8) 604 (4.0) 3,006 (1.7) 1,778)3.
80-84 567 (0.6) 334 (2.2) 913 (0.5) 889 (1.6)
85+ 170 (0.2) 168 (1.1) 269 (0.2) 407 (0.7)
Sex <0.001* <0.001*
Male 48,398 (47.8) 6,053 (39.6) 83,407 (47.5)  495,(44.5)
Female 52,829 (52.2) 9,222 (60.4) 92,318 (52.5) 1,784 (55.5)
Income <0.001* <0.001*
1 (lowest) 14,696 (14.5) 3,278 (21.5) 24,1277)3. 11,821 (20.6)
2 14,813 (14.6) 2,109 (13.8) 25,153 (14.3) 8,@%12)
3 18,519 (18.3) 2,577 (16.9) 32,064 (18.3) 10,(1287)




4
5 (highest)
Region of residence

Urban
Rural
CCI (score)

0

1

5
>6
Depression
COPD
OSA

Asthma

23,381 (23.1)

29,818 (29.5)

46,994 (46.4)

54,233 (53.6)

36,285 (35.9)
14,486 (14.3)
15,996 (15.8)
11,859 (11.7)
8,753 (8.7)
5,484 (5.4)
8,364 (8.3)
12,693 (12.5)
7,319 (7.2)
827 (0.8)

13,027 (12.9)

3,078 (20.2)

4,233 (27.7)

7,341 (48.1)

7,934 (51.9)

5,995 (39.3)
2,842 (18.6)
2,437 (16.0)
1,380 (9.0)
887 (5.8)
600 (3.9)

1,134 (7.4)

2,051 (13.4)

760 (5.0)
86 (0.6)

1,568 (10.3)

41,144 (23.4)

53,2373B0

<0.001*

81,060 (46.1)

94,665 (53.9)

<0.001*
89,462 (50.9)
23,573 (13.4)
20,241 (11.5)
14,876 (8.5)
10,572 (6.0)
6,514 (3.7)
10,487 (6.0)

0.002* 12(g88)

<0.001*
<0.001* 933 (0.5)

<0.001*

7,981 (4.5)

14,667 (8.4)

11,Z046)

14,865 (26.0)

<0.001*

620 (48.2)

689 (51.8)
<0.001*

33,905 (59.2)

7,342 (12.8)

5,117 (8.9)

3,454 (6.0)

2,542 (4.4)

1,576 (2.8)

3,343 (5.8)

3,886 (6.8)  <0.001*

9,635)  <0.001*

140 (0.2) QL0

6346.1)  <0.001*

* Chi-square test, Significance at P < 0.05

" Charlson Comorbidity Index was calculated withpulmonary disease

Abbreviation: COPD, Chronic Obstructive Pulmonaryséase;GERD, Gastro esophageal

reflux disease; IHD, Ischemic heart disease; O®Atractive sleep apnea



Table E7 Crude and adjusted hazard ratios (95% confidentszvial) of asthma in GERD
(study 1) and GERD in asthma (study Il) who had B#itords

Characteristics Hazard ratios
Crude P-value Adjustedt P-value
Study |
GERD 1.58 (1.54-1.62) <0.001* 1.41 (1.38-1.44) 0€Q*
Control | 1.00 1.00
Study 1l
Asthma 1.39 (1.36-1.43) <0.001* 1.30 (1.27-1.34) 0.001*
Control I 1.00 1.00

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05

T Adjusted model for age, sex, income, region sidence, COPD, depression, OSA histories,

Charlson Comorbidity Index calculated without pulraoy disease, and body mass index.

Abbreviation: BMI, body mass index; COPD, ChronibgDuctive Pulmonary Disease;
GERD, Gastro esophageal reflux disease; OSA, diisteusleep apnea



Table E8 Subgroup analysis of crude and adjusted hazams rg5% confidence interval) of

asthma in GERD according to age and sex (studynd) mad BMI records

Characteristics Hazard ratios for asthma
Crudet P-value Adjustedtt P-value
Age < 40 years old, men (n = 32,263)
GERD 1.93 (1.76-2.11) <0.001* 1.74 (1.58-1.91) 0oea*
Control 1.00 1.00
Age < 40 years old, women (n = 32,783)
GERD 1.64 (1.53-1.76) <0.001* 1.46 (1.36-1.57) (0, <V iy
Control 1.00 1.00
Age> 40 years old & < 60 years old, men (n = 70,110)
GERD 1.73 (1.64-1.83) <0.001* 1.51 (1.42-1.60) 0oea*
Control 1.00 1.00
Age> 40 years old & < 60 years old, women (n = 78,332)
GERD 1.55 (1.49-1.62) <0.001* 1.42 (1.36-1.48) (0, < iy
Control 1.00 1.00
Age> 60 years old, men (n = 29,432)
GERD 1.42 (1.33-1.51) <0.001* 1.18 (1.11-1.27) 0oea*
Control 1.00 1.00
Age> 60 years old, women (n = 34,032)
GERD 1.45 (1.37-1.53) <0.001* 1.31 (1.24-1.39) 0oea*
Control 1.00 1.00

* Cox-proportional hazard regression model, Sigiaifice at P < 0.05



t Adjusted model for age, sex, income, region sidence, COPD, depression, OSA histories,

Charlson Comorbidity Index calculated without pulraoy disease, and body mass index.

Abbreviation: BMI, body mass index COPD, Chronics®bctive Pulmonary DiseaseERD,

Gastro esophageal reflux disease; OSA, obstrusteep apnea



Table E9 Analysis of crude and adjusted hazard ratios (86%6idence interval) of asthma in
GERD (study 1) and of GERD in asthma (study ll)tie periods after 6 months of index

dates with those who had BMI records

Characteristics Hazard ratios
Crude P-value Adjustedt P-value
Study |
GERD 1.68 (1.63-1.72)  <0.001*  1.51 (1.47-1.55) oea*
Control 1.00 1.00
Study 1l
Asthma 1.41 (1.37-1.44)  <0.001*  1.33(1.29-1.36) 0.001*
Control 1.00 1.00

* Cox-proportional hazard regression model, Sigaifice at P < 0.05

T Adjusted model for age, sex, income, region sidence, COPD, depression, OSA histories,

Charlson Comorbidity Index calculated without pulmaoy disease, and BMI.

Abbreviation: BMI, body mass index; COPD, ChronibsDuctive Pulmonary Disease;
GERD, Gastro esophageal reflux disease; OSA, dlisteusleep apnea



