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Abstract

ventilator use among COPD patients.

ventilation use for patients with and without GORD.

Introduction: Gastro-oesophageal reflux disease (GORD) is common among chronic obstructive pulmonary disease
(COPD) patients and may have a deleterious effect on COPD prognosis. However, few studies have investigated
whether GORD increases the risk of severe outcomes such as intensive care unit (ICU) admittance or mechanical

Methods: Propensity score matching by age, sex, comorbidities and COPD severity was used to match the 1,210
COPD patients with GORD sourced in this study to 2,420 COPD patients without GORD. The Kaplan-Meier method
was used to explore the incidence of ICU admittance and machine ventilation with the log rank test being used
to test for differences. Cox regression analysis was used to explore the risk of ICU admittance and mechanical

Results: During the 12-month follow-up, GORD patients and non-GORD patients had 5.22 and 3.01 ICU admittances
per 1000 person-months, and 4.34 and 2.41 mechanical ventilation uses per 1000 person-month, respectively. The
log rank test revealed a difference in the incidence of ICU admittance and machine ventilation between the two
cohorts. GORD was found to be an independent predicator of ICU admittance (adjusted hazard ratio (HR,q;) 1.75, 95%
confidence interval (Cl) 1.28-2.38) and mechanical ventilation (HR,g; 1.92, 95% Cl 1.35-2.72).

Conclusion: This is the first investigation to detect a significantly higher incidence rate and independently increased
risk of admission to an ICU and mechanical ventilation use among COPD patients who subsequently developed GORD
during the first year following their GORD diagnosis than COPD patients who did not develop GORD.

Introduction

Chronic obstructive pulmonary disease (COPD) is a
major problem worldwide and a risk factor for increased
mortality and morbidity [1-3]. The vast majority of
unscheduled visits and hospitalizations for COPD patients
can be attributed to acute exacerbations, which are episodes
of increased respiratory compromise that contribute
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to accelerated lung function decline, impaired quality
of life, related morbidity and mortality, and increased
economic costs [4,5].

To date the etiology of one-third of all acute exacerba-
tions remains unclear [2,5,6]. One putative risk factor
that has gained attention over the past decade for these
idiopathic exacerbations is gastro-oesophageal reflux
disease (GORD). Earlier studies have reported a high
prevalence of GORD among COPD patients [7-11], with
preliminary data suggesting that gastro-oesophageal reflux
may heighten bronchial reactivity in GORD patients
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through esophago-bronchial reflux and microaspiration
[12,13], which in turn may precipitate a greater frequency
of COPD exacerbations [11,14-17]. Because many COPD
patients are simultaneously afflicted with GORD, and
because GORD has been suggested to exacerbate COPD
symptoms, GORD may thus represent a novel risk factor
for exacerbations that is highly prevalent in the COPD
patient population.

Currently, the studies in the literature exploring the
association between GORD and COPD exacerbations
have all utilized self-reported GORD symptoms and
prevalent cases in their analyses [12-14,18]. While these
studies did observe an increase in the frequency of acute
exacerbations of chronic obstructive pulmonary disease
(AECOPD), they did not comment on the extent of the
AECOPD event severity. The data available in the literature
are therefore insufficient to establish causality, to establish
temporality, or to link the effect of GORD to any specific
outcome severity among COPD patients.

There is evidence indicating that patients who require
mechanical ventilation or admission to an ICU generally
have poor prognoses and consume large amounts of
healthcare resources, with respiratory failure secondary
to COPD being their most common cause of death
(56.8%) [19]. Moreover, while the in-hospital mortality of
patients suffering from an exacerbation has been reported
to range between 10 and 20% [1,20], the mortality rate of
patients requiring mechanical ventilation use has been
shown to reach 40% during the first year following their
discharge [4,20-22]. As mechanical ventilation use and
ICU admission are reliable markers of poor COPD prog-
nosis, this study aimed to investigate whether GORD is
associated with an independently increased risk of ICU
admittance and mechanical ventilation use to better
understand the effect of GORD on COPD severity. This
investigation was achieved by leveraging the statistical
power of a nationwide healthcare database to conduct a
cohort study analysis adjusting for a panel of comorbidities
predictive of COPD prognosis as well as COPD severity in
accordance with Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines [23].

Materials and methods

Data sources

The information analyzed in this study was sourced
from the National Health Insurance Research Database
(NHIRD). This database comprises the administrative
records of the Taiwan Insurance Program, a compulsory
social insurance program that covers over 99% of the 23
million citizens of Taiwan. The Taiwan National Health
Research Institute, which manages this dataset, used it
to create the Longitudinal Health Insurance Database.
The Longitudinal Health Insurance Database is a more
manageable dataset consisting of all the original claims
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data spanning the timeframe between the year 2000 and
2010 for 1 million beneficiaries randomly sampled in
2005. There were no statistically significant differences
in age distribution, sex distribution, or healthcare costs
between the subjects in the Longitudinal Health Insurance
Database and all enrollees of the NHIRD [24].

In this study, we used the inpatient and outpatient
databases, the catastrophic illness database, the pharma-
ceutical prescription database, and the registry for benefi-
ciaries. The registry for beneficiaries contained information
regarding subject gender, date of birth, date of outpatient
visits (including emergency department visits), date of
admission, prescriptions, as well as socioeconomic and
neighborhood characteristics. The NHIRD protects the
privacy and confidentiality of all beneficiaries and provides
health insurance data for research only. This study has been
approved by the Institutional Review Board of Taipei
Medical University (No. 201407047). Furthermore, individ-
ual consent to participate was not required or obtained
because the data in the NHIRD that could be used to
identify patients or care providers are anonymized by
scrambling the data cryptographically before being passed
along to the National Health Research Institute for
database construction, where the data are scrambled again
before being released for research purposes.

Study design

A retrospective population-based cohort study was
conducted on COPD patients with and without a
diagnosis of GORD sourced between 1 January 2000
and 31 December 2009. The primary outcome measures
were ICU admission and mechanical ventilation use. We
hypothesized that GORD would precipitate an increased
risk of ICU admittance and mechanical ventilation use
during the 1-year follow-up.

Study patient identification

The pool of subjects eligible for study entry consisted of
patients aged >40 years who had received two or more
COPD diagnoses within 1 year of each other at out-
patient visits during which they were also prescribed
COPD-related medications between 1 January 2001 and 31
December 2009. The diagnosis of COPD was identified
based on International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) codes 491,
492, and 496, and the COPD-related medications utilized
in the above-mentioned inclusion criterion comprised
short-acting [,-agonists, inhaled long-acting [,-agonists,
inhaled corticosteroids, inhaled anticholinergics, and
theophyllines.

Patients were excluded if they had ever been diagnosed
with asthma, lung cancer, ventilator dependence, diseases
of the esophagus, dyskinesia of the esophagus, malignant
neoplasms of the esophagus, Zollinger—Ellison syndrome,
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alcohol dependence syndrome, or obesity (for ICD-9-CM
code definitions, see Additional file 1).

After the COPD patients conforming to the above cri-
teria were enrolled, they were allocated to either the study
cohort or the comparison cohort based on their exposure
status. Exposure was defined as having received a GORD
diagnosis (ICD-9-CM codes 530.11, 530.81, and 530.10)
and having taken GORD-related medication (proton
pump inhibitors or H2 antagonists). The index date for
subjects in the study cohort was defined as the first date
on which the subject received a GORD diagnosis.

However, as the comparison cohort was not diagnosed
with GORD, pseudo-diagnostic dates that corresponded
to the index date of one of the pools of patients with
GORD were randomly assigned according to a prior
study [25].

This investigation builds on our prior work demonstrat-
ing that newly diagnosed GORD increases the risk of
exacerbation [25]. In the present study, we sought to
characterize the severity of the downstream COPD exac-
erbations detected in the prior study. As we originally
sought to establish temporality between GORD acquired
among COPD patients and an increased risk of exacerba-
tion, we excluded patients who had been diagnosed with
GORD prior to having being diagnosed with COPD. In
order to investigate the temporality of GORD acquired
during COPD and the severity of downstream COPD
exacerbations, as well as to maintain comparability
between the results of these two studies, we also excluded
patients with GORD prior to COPD in the present work.

Moreover, AECOPD events are strong predictors for
susceptibility to exacerbation in the following year [14].
However, as this study sought to ascertain the independ-
ently increased risk of ICU admission and mechanical
ventilation associated with GORD among COPD patients,
the inclusion of any subjects who recently suffered from an
AECOPD, which may or may not have been more likely to
occur on account of GORD, may have introduced an
unwanted foreign risk into our estimate. Therefore, while
probably resulting in a more conservative estimate, we
required all of the included subjects to be in a stable status
of the disease, and excluded all subjects who had visited the
emergency department or were hospitalized within 1 year
due to suffering an AECOPD event prior to the index date.

Potential risk factors

The comorbidity burden of subjects with stable COPD is
an established predictor of mortality [26,27]. Because
mortality is often associated with increased admission to
an ICU and mechanical ventilation, the comorbidity
burden may act as a strong confounder in this study. The
Charlson Comorbidity Index (CCI) score was developed
to predict mortality among patients with chronic diseases
and is currently the most widely used tool to adjust for
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confounding due to comorbidities in epidemiological
studies [28].

The CCI was thus used in this study to adjust for co-
morbidities, with diseases defined by ICD-9-CM codes.
To increase the diagnostic validity of the comorbidities
included in this study, comorbidities were only included
if they were diagnosed at least twice at either clinic or
hospital visits more than 30 days apart. In this study, we
adjusted for the comorbidity burden by classifying
patients into one of four categories based on the CCI
(detailed description shown in Table 1).

Furthermore, items such as baseline respiratory symp-
toms, pulmonary function, and supplemental oxygen use
were not available in the database. COPD severity was
therefore assessed using the GOLD guideline recommen-
dation that long-acting muscarinic antagonists or inhaled
corticosteroids combined with long-acting [5,-agonists
should be used in patients with severe and very severe air-
flow limitations (GOLD severity of airflow obstruction
grades 3 and 4) and/or frequent exacerbations (groups C
and D in the 2011 update) [23]. In this study, we used these
treatment regimens as a proxy indicator of COPD severity.

Residential area, occupational category, and monthly in-
surance premium were also included in our analysis to
better adjust for socioeconomic and neighborhood charac-
teristics. The NHIRD divides residential area into three
categories: urban, suburban, and rural. The occupational
category is also divided into three categories (detailed
description shown in Additional file 2). Monthly insurance
premiums for the NHIRD are calculated according to
monthly income and are categorized into four levels [29].

Propensity score model

Matching is often used to reduce selection bias in observa-
tional studies [30]. Propensity score methods are increas-
ingly used to reduce or minimize the confounding that
frequently occurs in observational studies investigating the
effect of a treatment or exposure on an outcome [31]. In
propensity score matching, matched sets of exposed and
nonexposed subjects are formed by virtue of sharing
similar propensity score values. These weighted values
essentially describe the risk of the subject for the outcome
of interest based on how their baseline characteristics
predispose them for that outcome irrespective of the
exposure of interest [30].

In the current study, pairs were matched in 1:2 ratio
based on their calculated propensity scores. The propensity
score was calculated based on the results of a multivariate
logistic regression model including a panel of covariates
consisting of age, sex, index year of GORD diagnosis, CCI
score category, and proxy COPD severity. We used calipers
of width equal to 0.2 of the standard deviation of the logit
of the propensity score, because this caliper width has been
found to be optimal under a variety of scenarios [32].
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Table 1 Demographic characteristic for COPD patients with and without GORD
Characteristic With GORD (n=1,210) Without GORD (n = 2,420) P value
Male 807 (66.69) 1,621 (66.98) 0.861°
Age 634 (+£12.16) 63 (+£12.38) 0414°
Age category
40 to 50 214 (17.69) 461 (19.05) 0.795°
51 to 60 267 (22.07) 516 (21.32)
61 to 70 309 (25.54) 632 (26.12)
71 to 80 324 (26.78) 616 (25.45)
280 96 (7.93) 195 (8.06)
CCl category
0 22 (1.82) 55(227) 0.757°
1t03 563 (46.53) 1,142 (47.19)
4106 415 (34.3) 802 (33.14)
27 210 (34.3) 421 (17.4)
Proxy COPD severity 40 (3.31) 79 (3.26) 0.947°
COPD medication
SABA 171 (14.13) 396 (16.36) 0.081
LABA 12 (0.99) 22 (091) 0.808
SAMA 157 (12.98) 344 (14.21) 0.307
Theophylline 1,071 (88.51) 2,066 (85.37) 0.009
ICS 42 (343) 65 (2.67) 0.187
LAMA 15 (1.24) 26 (1.07) 0.657
Vaccines
Influenza and pneumococcal 454 (37.52) 890 (36.78) 0.662
Residential area
Urban 675 (55.79) 1,363 (56.32) 0.888°
Suburban 418 (34.55) 817 (33.76)
Rural 117 (967) 240 (9.92)
Occupation category
1 325 (26.86) 714 (29.5) 0.098°
2 535 (44.21) 1,078 (44.55)
3 350 (28.93) 628 (25.95)
Monthly insurance premium (SNT)P
No fee 274 (22.64) 628 (25.95) 0.079°
1to0 19,199 332 (27.44) 602 (24.88)
19,200 to 23,999 400 (33.06) 817 (33.76)
224,000 204 (16.86) 373 (1541)

Data presented as n (%) or mean (+ standard deviation). CCl, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; GORD, gastro-oesophageal
reflux disease; ICS, inhaled corticosteroids; LABA, long-acting 3,-agonists; LAMA, long-acting muscarinic antagonists; NT, new Taiwan dollar; SABA, short-acting

B,-agonists; SAMA, short-acting muscarinic antagonists. *Standard difference. PUS$1 = $NT30.

Outcome measurement

The outcomes of interest in this study were ICU admission
and mechanical ventilation. We used inpatient expenditures
and the details of inpatient orders from NHIRD by details
of inpatient orders numbers to define ICU admission
(03010E, 03011 F, and 03012G) and mechanical ventilation

(57001B, 57002B, and 57023B). Follow-up began with

the index date and ended on the date of the first
instance of the following: ICU admission, mechanical ven-
tilation use, administrative censoring following 12 months
of observation, or discontinuation of enrollment from the
National Health Insurance program.
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Statistical analysis

Subject characteristics were compared using a chi-
squared test for categorical variables and Student’s
t test for continuous variables as the results of the
Kolmogorov—Smirnov test and Levene’s test indicated
the data’s normality and homogeneity of variance, re-
spectively. Logistic regression was used to calculate
the propensity scores. Standardized differences were
computed for each matched variable to examine
differences between the exposure and comparison
subjects with regard to the propensity score. The
Kaplan—Meier method was used to plot the cumula-
tive incidence curves for the two groups, which were
compared with the log-rank test. Cox proportional
hazards regression models were used to assess the ef-
fect of GORD on the risk of ICU admission and
mechanical ventilation. Univariate analyses were first
conducted for each parameter, with factors significant
at the P <0.05 level then being tested simultaneously
in a multivariate analysis with a stepwise regression
model. All of the statistical models in this study were
tested to ensure that they conformed to the propor-
tional hazards assumption. All analyses were performed
using SAS 9.3 software (SAS Institute Inc., Cary, NC,
USA) and STATA 12 software (Stata Corp LP, College
Station, TX, USA). All statistical tests were two sided, with
P <0.05 considered to indicate statistical significance.
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Sensitivity analysis

To test the robustness of the main findings, we performed
two sensitivity analyses to assess the potential confounding
introduced by the exclusion criteria. The first sensitivity
analysis comprised the subjects in our original model with
the additional inclusion of those subjects that had been di-
agnosed with GORD prior to COPD. We then treated
GORD prior to COPD as a covariate in a survival model
and followed-up for ICU admittance and ventilator use.
The second sensitivity analysis comprised the subjects in
our original model with the additional inclusion of those
who had suffered an AECOPD within the 1 year preceding
the index date. In this analysis, we treated prior AECOPD
as a covariate in the survival model and followed-up for
ICU admittance and ventilator events.

Results

Baseline characteristics

After propensity score matching, a total of 1,210 COPD
patients with GORD were identified, and 2,420 individuals
without GORD were matched (Figure 1). The propensity
score provided the discrimination between groups with
GORD and without GORD (C-statistic, 0.618). Table 1
presents the characteristics of the study patients and the
matched comparison subjects. These two groups were
quite comparable in terms of sex, age, CCI score category,
proxy COPD severity, and socioeconomic status. However,

Study cohort

& treated with related drugs
N =34,390

COPD diagnosed with OPD visit=2 times/year

Diagnosis with confounding factors :
asthma, lung cancer, known of esophageal

diseases, ventilator dependence
N =20.688

Diagnosed GORD before COPD, AECOPD

with hospitalizations or ED admittance one

year prior index date
N=5.367

Eligible patients
N=28,535

A

With GORD
N=1.210

Without GORD
N=7.040

'—I 1 : 2 propensity score matched I—F

With GORD
N=1.210

Without GORD
N=2420

Figure 1 Flow diagram of the study population. AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, chronic
obstructive pulmonary disease; ED, emergency department; GORD, gastro-oesophageal reflux disease.
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COPD patients with GORD were more likely to have a
prescription for theophylline (P = 0.009).

Comparisons of ICU admittance and mechanical ventilator
use incidence rates in COPD patients with or without GORD
The ICU admittance and mechanical ventilator use inci-
dence rates were presented by Kaplan—Meier analysis.
COPD patients with GORD had a higher incidence rate of
admission to the ICU than those without GORD. The
incidence rate of admission to the ICU was 5.22 per 1,000
person-months in COPD patients with GORD, but only
3.01 per 1,000 person-months in the cohort without
GORD. The log-rank test showed that patients with GORD
had significantly higher incidence rates of ICU admission
than those without GORD (P <0.0001) (Figure 2A). In
addition, the Kaplan—Meier estimates of the 12-month inci-
dence rate of mechanical ventilation were 4.34 per 1,000
person-months in the GORD cohort (95% confidence inter-
val (CI), 3.38 to 5.58) and 2.41 per 1,000 person-months
(95% CI, 1.90 to 3.05) for the comparison cohort (Figure 2B).
The log-rank test revealed a statistically significant differ-
ence between the incidence rates over time (P = 0.0007).

GORD is independently associated with ICU admittance
and mechanical ventilator use in COPD patients

Table 2 presents a summary of the univariate Cox
proportional hazards regression analyses. In addition
to GORD, the factors age, CCI category, proxy COPD
severity, and monthly insurance premium were associated
with ICU admittance. The factors associated with
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occupational categories, and monthly insurance premium.
The association between GORD and risk of ICU admis-
sion remained after adjusting for these factors in the
multivariate analysis (adjusted hazard ratio, 1.75; 95%
CI, 1.28 to 2.38, P <0.0001) (Table 3). Patients with GORD
were independently associated with a 1.92-fold increased
risk of mechanical ventilation use compared with compari-
son subjects (95% CI, 1.35 to 2.72; P <0.0001).

Sensitivity analyses

Figure 3 indicates that the increased risk of ICU admit-
tance and ventilator use remained significant even after in-
cluding people diagnosed with GORD prior to COPD and
AECOPD within the first year preceding the index date.
After including GORD prior to COPD as a covariate,
GORD was found to be independently associated with a
1.36-fold (95% CI, 1.02 to 1.80) increased risk of ICU
admittance and a 1.55-fold increased risk of ventilator
use (95% CI, 1.13 to 2.13). In the analysis treating prior
AECOPD as a covariate, GORD was also found to be
independently associated with a 1.71-fold (95% CI, 1.31 to
2.22) increased risk of ICU admittance and a 1.58-fold
increased risk of ventilator use (95% CI, 1.20 to 2.09).

Discussion

This is the first investigation to detect a significantly
higher incidence rate and independently increased risk
of both admission to an ICU and mechanical ventilation
use among COPD patients who subsequently developed

mechanical ventilator use included GORD, age, GORD during the first year following their GORD
N
A oo with GORD B oo A
—--— without GORD 77| e with GORD
0.05 0.054 —--— without GORD
0.04+ 0044 et
-
0.02 o 0.03 —
r e
Sk K L
0.02+ = T 0.02 i g
_:—"’_" e c—— i
J . . .
0.014 :’.'_- o it 0.014 ',.-:'. > -K.,f
L o Log-rank test P<0.0001 T Log-rank test P=0.0007
i -
0.00 =* 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0
. . month since observation
Number at risk month since observation Number at risk
with GORD 1210 1188 1173 1160 1152 1144 1137 with GORD 1210 1193 1174 1166 1161 1153 1149
without GORD 2420 2403 2392 2379 2363 2343 2335 without GORD 2420 2410 2397 2386 2379 2362 2351
Observed Person- ICU admittance  Incident <o, Observed Person-  Mechanical Incident <o/
Groups Month events Rate (95%CT) Groups Month Ventilator Rae  0°CD
With GORD 1308233 73 522 (415-657)  With GORD 130554 50 334 (3.38-5.38)
Without GORD 28535.17 86 3.01 (244~3.72)  Without GORD 28642.7 61 241 (1.90~3.05)
* Incidence rate per 1,000 person-month
Figure 2 Cumulative incidence of ICU admittance and ventilator among chronic obstructive pulmonary disease patients with and
without gastro-esophageal reflux disease over 12 months. (A) Incidence rate of ICU admittance. (B) Incidence rate of ventilator use. Cl,
confidence interval; GORD, gastro-esophageal reflux disease.
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Table 2 Crude hazard ratio of COPD patients’ serious events
Factor ICU admittance Ventilator used
Hazard ratio 95% ClI Hazard ratio 95% Cl

Without GORD Reference Reference
With GORD 167 122102277 185 13110262
Male 1.12 0.8 to 1.56 1.18 081 to 1.72
Age 40 to 50 Reference Reference
Age 51 to 60 348 13110 9.28" 148 0.58 to 3.76
Age 61 to 70 66 26210166 364 16210827
Age 71 to 80 992 400 to 246 502 2271011177
Age >80 122 46610318 899 3910207
Ccd=0 Reference Reference
Cl=1t03 1.77 0.24 to 129 1.59 022t0 116
Cl=41t06 3.09 043 to 224 23 032to 168
Cccl 27 9.59 133 t0 689" 7.3 099 to 51.5
Theophylline used 1.26 0.77 to 2.06 1.87 098 to 3.57
Proxy COPD severity 224 121 t0 412" 148 065 to 3.37
Residential area

Urban Reference Reference

Suburban 1.32 0.95 to 1.82 1.55 1.08 to 2.23

Rural 0.89 0.50 to 1.60 114 0.61to 2.12
Occupation categories

Category 1 Reference Reference

Category 2 113 0.77 to 1.66 16 101 to 2.55"

Category 2 1.8 084 to 1.94 176 107 to 290"
Monthly insurance premium (SNT)?

No fee Reference Reference

1t0 19,199 0.76 0.51to 1.12 1.04 0.67 to 1.61

19,200 to 23,999 0.63 04310 0.92" 0.77 05to0 1.2

24,000 029 01510056 024 0110056

CCl, Charlson Comorbidity Index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; GORD, gastro-esophageal reflux disease; NT, new Taiwan

dollar. *P <0.05, **P <0.01, ***P <0.0001. ®USS$1 = $NT30.

diagnosis compared with COPD patients who did not
develop GORD.

In the sensitivity analysis, we further demonstrated
that a diagnosis of GORD after COPD is an independent
risk factor for ICU admittance and mechanical ventilation

Table 3 Adjusted hazard ratio of ICU admittance and
mechanical ventilation

Factor ICU admittance Mechanical ventilation
HR.qj 95% CI HR.qj 95% Cl

Without GORD ~ Reference Reference

With GORD 175 12810238 192 13510272

Adjusted for sex, age, Charlson Comorbidity Index category, proxy chronic
obstructive pulmonary disease severity, occupational category, monthly
insurance premium. Cl, confidence interval; GORD, gastro-esophageal reflux
disease; HR,q; adjusted hazard ratio. ***P <0.0001.

even after including patients whose GORD was diagnosed
prior to their COPD diagnosis and those patients that
suffered an AECOPD within the first year preceding their
diagnosis with GORD.

GORD is a frequently observed condition in patients
with COPD [15,18,25,33]. GORD symptoms have been
demonstrated to be an important factor associated with
AECOPD (relative risk, 6.55) [18]. In our previous
population-based study, we demonstrated newly developed
GORD in COPD patients to be an independent risk factor
for AECOPD [25]. However, not all AECOPD events are
equal in terms of severity. Patients with COPD admitted to
an ICU for an acute exacerbation have a substantial
hospital mortality (24%) that has been associated with the
development of nonrespiratory organ system dysfunction
and exacerbation of the underlying respiratory disease [20].
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_

A
Adjusted Hazard Ratio of ICU Admittance
Model HR,; (95%CI)
Original® 1.75 (1.28-2.38) P
Original + Prior GORDf 136 (1.02-1.8) ? —
Original + Prior AECOPD? 171 (1.31-222) Po——
; T
0 1 2 3
B
Adjusted Hazard Ratio of Ventilator Used
Model HR,; (95% CI)
Original® 192 (135-2.72) P ———
Original + Prior GORD' 155 (1.13-212) e
Original + Prior AECOPD? 158 (1.20-2.09) Po——
: 3 ! ‘
] 1 2 3
Figure 3 Sensitivity analysis. (A) Adjusted hazard ratio of ICU admittance. (B) Adjusted hazard ratio of ventilator used. §Adjusted for sex,
age, CCl category, proxy COPD severity, occupational category, and monthly insurance premium. YAdjusted for sex, age, CCI category, proxy
COPD severity, occupational category, monthly insurance premium, and prior GORD. *Adjusted for sex, age, CCl category, proxy COPD severity,
occupational category, monthly insurance premium, and prior AECOPD. AECOPD, Acute exacerbation of chronic obstructive pulmonary disease;
CCl, Charlson Comorbidity Index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; GORD, gastro-esophageal reflux disease;
HR.q;, adjusted hazard ratio.

While patients undergoing acute exacerbations resulting in
respiratory failure or ICU admittance are at a high
risk for poor outcomes, few studies in the literature
have investigated the risk factors that may be associated
with the severity of these exacerbations [34,35].

The only prior study utilizing large-scale data to explore
the relationship between GORD and COPD including
ICU admittance as an outcome of severity was performed
in Korea by Kim and colleagues [15]. They sourced data
from the National Health Insurance Database of Korea to
conduct a cross-sectional study investigating the preva-
lence and risk factors of GORD in patients with COPD as
well as the association between GORD and COPD exacer-
bation. They found that GORD was associated with an
increased risk of AECOPD requiring hospitalization
(odds ratio, 1.54; 95% CI, 1.50 to 1.58) and frequent
emergency department visits (odds ratio, 1.55; 95% CI,
1.48 to 1.62). However, they did not detect an increased
risk of ICU admission.

While Kim and colleagues did detect that there were
significant differences in demographic characteristics,
comorbidities, and pharmaceutical prescriptions between
their COPD with and without GORD groups, they did
not adjust for these parameters in their regression analysis
[15]. The only factors they adjusted for were sex, age, type
of health insurance, and COPD severity by pharmaceutical
prescription. As some of these unadjusted factors are in-
dependent predictors for AECOPD, the results of that

study were probably confounded. Moreover, as Kim and
colleagues’ study was cross-sectional in design, they
were unable to establish either temporality or a cause—
effect relationship, and thus were further unable to report
any measure of risk.

The current cohort study did adjust for demographic
characteristics and medical comorbidities in our multi-
variate logistic regression analysis, only included newly
diagnosed cases of GORD, and did exclude all the
subjects who had ever received a diagnosis of asthma.
This allowed us to better establish temporality, which
is a necessary prerequisite to establishing a cause—effect re-
lationship and critical to the elucidation of an underlying
mechanism. This study also further excluded patients who
had suffered an AECOPD in the year preceding study
recruitment, which is a strong predictor for subsequent
AECOPD and considered an indicator for the frequent
exacerbator phenotype [14].

The estimates reported in this study may thus be
considered independent and robust because of the
above-mentioned inclusion and exclusion criteria as well
as our comprehensive statistical adjustment. These results
further underscore the association between GORD
and worse outcomes among COPD patients, as well
as demonstrating that even in a relatively stable group of
COPD patients, a diagnosis of GORD is associated with an
increased risk of severe outcomes, namely ICU admittance
and mechanical ventilation use.
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The pathological role of GORD in subjects with COPD
is not conclusive. There are several mechanisms through
which GORD may have proceeded pathologically to
produce the increased risk of ICU admission and
mechanical ventilator use observed in this study. As
mentioned, the principal etiological factor precipitating
the above outcomes is likely to be AECOPD, which in
turn may have been brought on by the reflux of gastric
contents into the esophagus of GORD patients. This
would not have been experienced by the comparison
cohort, and may help explain the differences observed
between the two cohorts in this study. The first of these is
the possibility of silent microaspiration, which would
produce an inflammatory reaction [12,36] resulting in a
heightened bronchial reactivity and increased airway
resistance. Another possibility is that the anatomical
changes leading to the flattening of the diaphragm seen in
COPD patients may produce GORD symptoms. These
changes may proceed through the loosening of the lower
esophageal sphincter, which would allow gastric con-
tents to reflux more easily [8] and augment airway
hyperresponsiveness through the vagal reflex [36,37].

The results of this study may suggest that GORD-like
symptoms are an extrapulmonary manifestation of
COPD and are warning signs for disease progression.
Prior work has demonstrated that ventilated patients
experience difficulty weaning due to a reduction in
splanchnic blood flow [38]. Thus, it is also possible
that a reduction in splanchnic blood flow might also
result in symptoms similar to GORD in COPD patients.
These symptoms might arise from the gradual exacerba-
tion of dyspnea and increase in breathing workload among
COPD patients, which in turn engender an augmented
intra-abdominal pressure, thus working to further reduce
oxygen delivery to splanchnic organs [39]. As GORD-like
symptoms occurring in COPD patients may be a product
of the pathophysiological changes experienced by COPD
patients, such symptoms may thus be useful as a warning
sign for disease progression and warrant further
investigation.

However, COPD patients may be admitted to the ICU
for many reasons in addition to respiratory failure, and
while we used multiple strategies to ensure for the
adequateness of the study population and to minimize the
effect of confounding factors and competing etiologies,
there still probably remain other comorbid conditions and
mechanisms at play. Nevertheless, while our study is the
first to identify the prospective impact of GORD on ICU
admission and mechanical ventilator use among COPD
patients, our results need to be interpreted through a
number of limitations.

First, we were unable to obtain information regarding
the real severity of airflow obstruction, clinical symptoms,
or Body-mass index, airflow Obstruction, Dyspnea, and
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Exercise (BODE) index. We recommend that prospective
studies clarify the effect these factors have on the associ-
ations detected in this study.

Second, the diagnoses sourced in this study were based
on ICD-9-CM codes and might not be as reliable as those
made according to the well-defined criteria of prospective
studies. However, to help assure for diagnostic validity,
we only included COPD subjects that had received two
diagnoses and were prescribed medication.

Third, comorbidities were quantified according to the
CCI. This index assigns a score to each disease that is pro-
portionate to the disease-related risk of death. The arith-
metic sum of scores of individual diseases coexisting in the
same patient provides the index of comorbidity. Neither
indices of COPD severity nor comorbid conditions other
than the components of the CCI were available. However,
this index has been developed to predict mortality among
patients with chronic diseases, and has been widely used
and validated for most major diseases including COPD
[40-43]. Moreover, we established a severity indicator in
accordance with the latest GOLD guidelines to adjust
for the severity of COPD in our multivariate analysis.

Conclusion

This study is the first investigation to detect a significantly
higher incidence rate and independently increased risk of
both admission to an ICU and mechanical ventilation use
among COPD patients who subsequently developed
GORD during the first year following their GORD diagno-
sis compared with COPD patients who did not develop
GORD. The authors hope that these results will encourage
physicians treating COPD patients with GORD to exercise
caution and be cognizant of their increased risk for severe
outcomes.

Key messages

e GORD symptoms are an important risk factor
associated with AECOPD, which is the principal
etiological factor precipitating the majority of
unscheduled visits and hospitalizations for patients
with COPD.

e We have demonstrated that COPD patients with
GORD have a higher incidence rate of admission to
the ICU and mechanical ventilation use than those
without GORD during the first year following their
GORD diagnosis than COPD patients without
GORD.

o After weighting comorbidities by propensity score,
COPD patients diagnosed with GORD had a
significantly increased risk of admission to the ICU
(hazard ratio, 1.75) and mechanical ventilation use
(hazard ratio, 1.92) within the first 12 months
following a diagnosis of GORD.
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e We have established temporality in the relationship
between COPD and GORD. Caution should be
exercised when assessing GORD symptoms among
COPD patients in clinical practice. Physicians
should be cognizant of their increased risk for
severe outcomes.

Additional files
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Abbreviations

AECOPD: acute exacerbation of chronic obstructive pulmonary disease;

CCl: Charlson Comorbidity Index; Cl: confidence interval; COPD: chronic
obstructive pulmonary disease; GOLD: Global Initiative for Chronic
Obstructive Lung Disease; GORD: gastro-esophageal reflux disease; ICD-9-
CM: International Classification of Diseases, 9th revision, Clinical Modification;
NHIRD: National Health Insurance Research Database.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

C-LT conceived the idea for the study, participated in data collection,
performed statistical analysis, and wrote the manuscript. Y-HL conducted the
analyses, interpreted the results and wrote the part of manuscript, and
helped to revise the manuscript. M-TW participated in the design of the
study, performed the statistical analysis, and helped to revise the manuscript.
L-NC performed the statistical analysis and made critical revisions to the
paper. C-FC, C-HC, CJ, and W-CP conceived the study, participated in
manuscript revision, and made critical revisions to the paper for important
intellectual content. H-YC conceived the study, and participated in its design
and coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Acknowledgements

The authors are grateful to the Health and Clinical Research Data Center,
Taipei Medical University, Taiwan for providing data management advice.
This work was partly supported by a grant from the Tri-Service General
Hospital (TSGH-C104-090).

Author details

'Division of Pulmonary and Critical Care, Tri-Service General Hospital, National
Defense Medical Center, No. 325 sec. 2 Chenggong Road, Taipei 114, Taiwan.
“Graduate Institute of Nursing, College of Nursing, Taipei Medical University,
No. 250 Wu-Hsing Street, Taipei 110, Taiwan. 3School of Pharmacy, National
Defense Medical Center, No. 161, Minguan E. Road, Taipei 114, Taiwan.
4School of Health Care and Administration, College of Public Health and
Nutrition, Taipei Medical University, No. 250 Wu-Hsing Street, Taipei 110,
Taiwan. *Division of Respiratory Therapy, Chest Department, Taipei Veterans
General Hospital, No. 201, Sec. 2, Shipai Road, Taipei 112, Taiwan. ®School of
Public Health, College of Public Health and Nutrition, Taipei Medical
University, No. 250 Wu-Hsing Street, Taipei 110, Taiwan.

Received: 16 August 2014 Accepted: 2 March 2015
Published online: 24 March 2015

References

1. Funk GC, Bauer P, Burghuber OC, Fazekas A, Hartl S, Hochrieser H, et al.
Prevalence and prognosis of COPD in critically ill patients between 1998
and 2008. Eur Respir J. 2013;41:792-9.

2. Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM. Global
burden of COPD: systematic review and meta-analysis. Eur Respir J.
2006;28:523-32.

20.

22.

23.

24.

25.

Page 10 of 11

Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence, and
future trends. Lancet. 2007;370:765-73.

Connors Jr AF, Dawson NV, Thomas C, Harrell Jr FE, Desbiens N, Fulkerson
WJ, et al. Outcomes following acute exacerbation of severe chronic
obstructive lung disease. The SUPPORT investigators (Study to Understand
Prognoses and Preferences for Outcomes and Risks of Treatments). Am J
Respir Crit Care Med. 1996;154:959-67.

Lopez AD, Shibuya K, Rao C, Mathers CD, Hansell AL, Held LS, et al. Chronic
obstructive pulmonary disease: current burden and future projections.

Eur Respir J. 2006;27:397-412.

Vitacca M, Clini E, Porta R, Foglio K, Ambrosino N. Acute exacerbations in
patients with COPD: predictors of need for mechanical ventilation.

Eur Respir J. 1996,9:1487-93.

Andersen LI, Jensen G. Prevalence of benign oesophageal disease in the
Danish population with special reference to pulmonary disease. J Intern
Med. 1989;225:393-402.

Casanova C, Baudet JS, del Valle VM, Martin JM, Aguirre-Jaime A,

de Torres JP, et al. Increased gastro-oesophageal reflux disease in

patients with severe COPD. Eur Respir J. 2004;23:841-5.

Mokhlesi B, Morris AL, Huang CF, Curcio AJ, Barrett TA, Kamp DW. Increased
prevalence of gastroesophageal reflux symptoms in patients with COPD.
Chest. 2001;119:1043-8.

Niklasson A, Strid H, Simren M, Engstrom CP, Bjornsson E. Prevalence of
gastrointestinal symptoms in patients with chronic obstructive pulmonary
disease. Eur J Gastroenterol Hepatol. 2008;20:335-41.

Takada K, Matsumoto S, Kojima E, Iwata S, Okachi S, Ninomiya K, et al.
Prospective evaluation of the relationship between acute exacerbations of
COPD and gastroesophageal reflux disease diagnosed by questionnaire.
Respir Med. 2011;105:1531-6.

Mokhlesi B. Clinical implications of gastroesophageal reflux disease and
swallowing dysfunction in COPD. Am J Respir Med. 2003;2:117-21.

Terada K, Muro S, Ohara T, Kudo M, Ogawa E, Hoshino Y, et al.
Abnormal swallowing reflex and COPD exacerbations. Chest.
2010;137:326-32.

Hurst JR, Vestbo J, Anzueto A, Locantore N, Mullerova H, Tal-Singer R, et al.
Susceptibility to exacerbation in chronic obstructive pulmonary disease.

N Engl J Med. 2010;363:1128-38.

Kim J, Lee JH, Kim Y, Kim K, Oh YM, Yoo KH, et al. Association between
chronic obstructive pulmonary disease and gastroesophageal reflux disease:
a national cross-sectional cohort study. BMC Pulm Med. 2013;13:51.
Rascon-Aguilar IE, Pamer M, Wludyka P, Cury J, Coultas D, Lambiase LR, et al.
Role of gastroesophageal reflux symptoms in exacerbations of COPD. Chest.
2006;130:1096-101.

Terada K, Muro S, Sato S, Ohara T, Haruna A, Marumo S, et al. Impact of
gastro-oesophageal reflux disease symptoms on COPD exacerbation.
Thorax. 2008,63:951-5.

Rogha M, Behravesh B, Pourmoghaddas Z. Association of gastroesophageal
reflux disease symptoms with exacerbations of chronic obstructive
pulmonary disease. J Gastrointestin Liver Dis. 2010;19:253-6.

Chung LP, Winship P, Phung S, Lake F, Waterer G. Five-year outcome in
COPD patients after their first episode of acute exacerbation treated with
non-invasive ventilation. Respirology. 2010;15:1084-91.

Seneff MG, Wagner DP, Wagner RP, Zimmerman JE, Knaus WA. Hospital
and 1-year survival of patients admitted to intensive care units with

acute exacerbation of chronic obstructive pulmonary disease.

JAMA. 1995;274:1852-7.

Gunen H, Hacievliyagil SS, Kosar F, Mutlu LC, Gulbas G, Pehlivan E, et al.
Factors affecting survival of hospitalised patients with COPD. Eur Respir J.
2005;26:234-41.

Wouters EF. The burden of COPD in The Netherlands: results from the
Confronting COPD survey. Respir Med. 2003;97 Suppl C:S51-9.

Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, et al.
Global strategy for the diagnosis, management, and prevention of chronic
obstructive pulmonary disease: GOLD executive summary. Am J Respir Crit
Care Med. 2013;187:347-365.

Bureau of National Health Insurance. National Health Insurance in Taiwan
2011 Annual Report. http://www.nhi.gov.tw/resource/Webdata/
20774_1_NHI%20IN%20TAIWAN%202011%20ANNUAL%20REPORT pdf.
Accessed 10 Jul 2013.

Lin YH, Tsai CL, Chien LN, Chiou HY, Jeng C. Newly diagnosed
gastroesophageal reflux disease increased the risk of acute exacerbation of


http://ccforum.com/content/supplementary/s13054-015-0849-1-s1.pdf
http://ccforum.com/content/supplementary/s13054-015-0849-1-s2.pdf
http://www.nhi.gov.tw/resource/Webdata/20774_1_NHI%20IN%20TAIWAN%202011%20ANNUAL%20REPORT.pdf
http://www.nhi.gov.tw/resource/Webdata/20774_1_NHI%20IN%20TAIWAN%202011%20ANNUAL%20REPORT.pdf

Tsai et al. Critical Care (2015) 19:110

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

chronic obstructive pulmonary disease during the first year following
diagnosis — a nationwide population-based cohort study. Int J Clin Pract.
2015,69:350-7.

Antonelli Incalzi R, Fuso L, De Rosa M, Forastiere F, Rapiti E, Nardecchia B, et al.
Co-morbidity contributes to predict mortality of patients with chronic
obstructive pulmonary disease. Eur Respir J. 1997;10:2794-800.

Holguin F, Folch E, Redd SC, Mannino DM. Comorbidity and mortality in
COPD-related hospitalizations in the United States, 1979 to 2001.

Chest. 2005;128:2005-11.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40:373-83.

Liu CYHY, Chuang YL, Chen YJ, Weng WS, Liu JS. Incorporating
development stratification of Taiwan townships into sampling design of
large scale health interview survey. J Health Manage. 2006;4:1-22.
D'Agostino Jr RB. Propensity score methods for bias reduction in the
comparison of a treatment to a non-randomized control group. Stat Med.
1998;17:2265-81.

Austin PC. The performance of different propensity score methods for
estimating marginal hazard ratios. Stat Med. 2013;32:2837-49.

Austin PC. Optimal caliper widths for propensity-score matching when
estimating differences in means and differences in proportions in observational
studies. Pharm Stat. 2011;10:150-61.

Kiliander TO, Laitinen JO. The prevalence of gastroesophageal reflux disease
in adult asthmatics. Chest. 2004;126:1490-4.

Burge S, Wedzicha JA. COPD exacerbations: definitions and classifications.
Eur Respir J Suppl. 2003;41:46 s-53s.

Rodriguez-Roisin R. Toward a consensus definition for COPD exacerbations.
Chest. 2000;117:3985-401.

Allen GB, Leclair TR, von Reyn J, Larrabee YC, Cloutier ME, Irvin CG, et al.
Acid aspiration-induced airways hyperresponsiveness in mice. J Appl Physiol.
2009;107:1763-70.

Field SK, Evans JA, Price LM. The effects of acid perfusion of the esophagus
on ventilation and respiratory sensation. Am J Respir Crit Care Med.
1998;157:1058-62.

Bouachour G, Guiraud MP, Gouello JP, Roy PM, Alquier P. Gastric
intramucosal pH: an indicator of weaning outcome from mechanical
ventilation in COPD patients. Eur Respir J. 1996,9:1868-73.

Kolkman JJ, Mensink PB. Non-occlusive mesenteric ischaemia: a common
disorder in gastroenterology and intensive care. Best Pract Res Clin
Gastroenterol. 2003;17:457-73.

Almagro P, Cabrera FJ, Diez J, Boixeda R, Alonso Ortiz MB, Murio C, et al.
Comorbidities and short-term prognosis in patients hospitalized for acute
exacerbation of COPD: the EPOC en Servicios de medicina interna (ESMI)
study. Chest. 2012;142:1126-33.

Almagro P, Calbo E, Ochoa de Echaguen A, Barreiro B, Quintana S, Heredia
JL, et al. Mortality after hospitalization for COPD. Chest. 2002;121:1441-8.
Crisafulli E, Costi S, Luppi F, Cirelli G, Cilione C, Coletti O, et al. Role of
comorbidities in a cohort of patients with COPD undergoing pulmonary
rehabilitation. Thorax. 2008;63:487-92.

de Torres JP, Cote CG, Lopez MV, Casanova C, Diaz O, Marin JM, et al. Sex
differences in mortality in patients with COPD. Eur Respir J. 2009;33:528-35.

Page 11 of 11

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Data sources
	Study design
	Study patient identification
	Potential risk factors
	Propensity score model
	Outcome measurement
	Statistical analysis
	Sensitivity analysis

	Results
	Baseline characteristics
	Comparisons of ICU admittance and mechanical ventilator use incidence rates in COPD patients with or without GORD
	GORD is independently associated with ICU admittance and mechanical ventilator use in COPD patients
	Sensitivity analyses

	Discussion
	Conclusion
	Key messages
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

