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Abstract

Background: Few reports have investigated the efficacy of gigmaled corticosteroid
(ICS)-containing inhalers to treat patients witthasa—chronic obstructive pulmonary
disease (COPD) overlap (ACO).

Objective: To investigate the effect of ICS treatment ongyas with ACO using five sets of
diagnostic criteria.

Methods: Patients with stable COPD enrolled in the Kore@PO subgroup study
(KOCOSS) cohort were assessed for asthma overddien®s who were prospectively
followed-up for 1 year were included in an exacédrmaanalysis.

Results:Among 1,067 COPD patients, 138 (12.9%), 32 (3.}, (16%), 221 (20.7%), and
264 (24.7%) were classified as having ACO by theb@l Initiative for Asthma
(GINA)/Global Initiative for Chronic Obstructive Ing Disease (GOLD) criteria, the
American Thoracic Society (ATS) roundtable critetiee modified Spanish criteria, the
updated Spanish criteria, and specialists’ diagnasspectively. According to the specialists’
diagnoses, the ACO exacerbation rate was higharttied for COPD alone (incidence rate
ratio [IRR] = 1.65;p < 0.01), even after adjustment for covariatesieRtgt with ACO who
used ICSs experienced less exacerbation, accaualihg specialists’ diagnoses and the
GINA/GOLD criteria (IRR = 0.55p = 0.026; IRR = 0.6 = 0.046; respectively). The only
factor associated with a decrease in ACO exacemé&iilowing ICS use was a blood
eosinophil count of 300 cells/pL (IRR = 0.5%) = 0.03) irrespective of the diagnosis of
ACO by any set of criteria.

Conclusions:This study suggests that ICS treatment can dextbagisk of exacerbation in

patients with ACO, and that a blood eosinophil ¢afrr300 cells/pL can predict the
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response to ICS treatment.

Clinical Trial Number: NCT02800499

® \What is already known about this topic?
There have been no clinical trials investigating ¢ffectiveness of ICS (inhaled

corticosteroids) treatment on exacerbation risk@O patients.

® \What does this article add to our knowledge?
ICS treatment significantly decreased ACO exacerbatccording to the specialists’
diagnoses and the GINA/GOLD criteria, and the dabtor associated with decreased

exacerbation following ICS treatment was a bloosimaphil count of> 300 cells/uL.

® How does this study impact current management guidees??

The present study highlights that a comprehengeeialist-led approach is more effective

than individual criteria for identifying ACO and &treatment reduced exacerbation. For

uncertain cases, a high blood eosinophil count lneag good indication for ICS treatment.

Keywords: Asthma-COPD overlap, exacerbation, inhaled corterosd, blood eosinophil
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Abbreviations: ACO, asthma-COPD overlap; ATS, American Thoracici€ly; BDR,
bronchodilator response; CAT, Chronic Obstructivdni®nary Disease Assessment Test;
COPD, chronic obstructive pulmonary disease; FEdced expiratory volume in 1 s; FVC,
forced vital capacity; GINA, Global Initiative foAsthma; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; ICS, inhaled icosteroid; IgE, immunoglobulin E;
LABA, long acting beta2 receptor agonist; LAMA, pacting muscarinic receptor agonist;
MmMRC, modified Medical Research Council; SGRQ, Skorge's Respiratory Disease

Questionnaire; 6MWD, 6-min walk distance
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Introduction

Asthma and chronic obstructive pulmonary diseas@RD) are airway diseases with similar
clinical manifestations, despite their differenttp@physiologies. Asthma—COPD overlap
(ACO) is a condition that is characterized by oappling clinical features from both diseases.
Childhood asthma is regarded as an independenfiaicstr for COPD, especially when
accompanied by smokirfgwith substantial proportion of COPD patients shmsignificant
improvements in their forced expiratory volume ia (FEW) following the use of a
bronchodilator (BDY. In addition, as many as 30% to 40% of COPD pétishow signs of
eosinophilic inflammation in either their blood sputum®. Christensoret al. * collected
transcriptomic data using bronchial brushes andrteg an “asthma genetic signature”,
which involves the T-helper 2 inflammatory pathwags more obvious in the airways of
patients with COPD compared to healthy control sctisjand smokers who did not have
COPD.

Although it has recently been recognized as a desearemains debatable whether ACO
is a single disease entity distinct from asthma@@dPD. This is due to the exclusion of
patients with characteristics of both asthma andPD®@om clinical studies on either disease,
and to the lack of consensus on ACO diagnosis r@atiment.

The ACO diagnostic criteria proposed by the Gldbaiative for Asthma (GINA) and the
Global Initiative for Chronic Obstructive Lung Dese (GOLD) are difficult to apply in
clinical practice because they are based on questices rather than laboratory results.

Therefore, several studies have suggested alteendiagnostic criteria, such that the
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prevalence of ACO can vary widely (from 10-50%) efeging on the criteria usétf. In
addition, there is a lack of evidence-based guiéslifor treatment, although GINA/GOLD
recommends inhaled corticosteroids (ICSs) when ACSuspected.

In this study, involving a multicenter cohort of &l Korean COPD patients, we used
different diagnostic criteria to investigate theearbation risk, and effect of ICS treatment
on the exacerbation risk, in patients with ACO where followed-up prospectively for 1 year.

We also sought factors predicting whether ICS tneatt would have a positive effect.
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Materials
Study population and data collection

All subjects were registered with the Korean CORDBgsoup study (KOCOSS) cohort,
which is a prospective cohort for investigating @@PD phenotype of patients drawn from
48 tertiary referral hospitals in the Republic afréa. The KOCOSS has been running since
December 2011 and the study details have beenspeblipreviously. The inclusion criteria
for the cohort were ageel40 years with post-bronchodilator FE#érced vital capacity
[FVC] < 0.70.

At enrolment, data including age, sex, smokingdnisand pack-years, comorbidities,
spirometry results, exercise capacity (i.e., 6-matking distance), symptoms (based on
guestionnaires including the Modified Medical ReshaCouncil Dyspnea Scale), and self-
reported quality of life (based on the COPD assessitest and the St. George's Respiratory
Questionnaire) were recorded by physicians orédhimurses using electronic case-report
forms. Spirometric data were collected using steshéguipment and lung volume was
measured in accordance with the American Thoraooe®y (ATS)/European Respiratory
Society guideline& °. Blood samples, including for measurement of emstils and total
serum IgE, were collected from patients for basdlaoratory evaluations during a stable
period.

We used an observational study design, and patiares treated by their pulmonologists.
Patients were followed-up at least every 6 monttisexacerbation data were recorded at
every visit. Exacerbation was defined as a posiegponse to the question “Have you had an
aggravation of your respiratory symptoms that ted visit to the outpatient clinic sooner

than planned, or hospitalization, or a visit to ¢éimeergency department during the past 6
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months?” Moderate exacerbation was defined as aceesation that led a visit to an
outpatient clinic earlier than scheduled with asprgtion of systemic steroids and/or
antibiotics, whereas severe exacerbation was defrsen exacerbation that led to a visit to
the emergency department or hospitalization.

The ACO study was initiated by the Korean Asthmadaech Group since July 2016.
Korean Asthma Research Group asked KOCOSS mentbpesform ACO study
prospectively. Thus, previously enrolled particifsalbefore ACO study and those in hospitals
not participating in the ACO study were not incldd®uestionnaires were issued to
determine the presence of ACO and collect datarda@ggpreviously diagnoses of asthma or
allergic diseases, such as allergic rhinitis angtin both patients and their families, age at
asthma diagnosis, variation in symptoms over tingeseasons, trigger factors, the course of
symptoms, and any relieving factors. All 1,067 @aits who were enrolled were included in
the analyses, and exacerbation data from the basasit until the 1-year follow-up were
available for 604 patients. All of the hospitalsaived in the study obtained approval from
the Institutional Review Board Committee and infedrconsent from their patients. The
study protocol was approved by the InstitutionaliBe Board of KONKUK university

medical center (IRB No. KHH1010338).

Criteria for ACO

We selected four sets of diagnostic criteria folA@hcluding the GINA/GOLD criteria,
the ATS roundtable criteria, the modified Spanisteda and the updated Spanish criteria.
Details of each criteria are described in Tabla hddition to these four sets of criteria,

pulmonology specialists at each of the hospitale ginalified by respiratory medicine
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through national certification examination wereexskhe following question: “Is this patient
likely to be classified with ACO?”. This questiommawas conducted independently of
whether individual other four diagnostic criteri@ne met. Thus, ACO patients were also

identified according to specialists’ clinical judgent.

Statistical analysis

We compared the prevalence of ACO using the diftesets of criteria. Then, we
compared clinical features between patients withwithout a diagnosis of ACO. Pearson’s
chi-square tests andests were used to analyze categorical and canisdata, respectively.

Diagnostic consistency among the sets of diagnostiria was assessed using the
GINA/GOLD criteria, as the gold standard, and repreged using receiver operating
characteristic (ROC) curves.

All the comparisons presented in our results inetbidll 1067 patients and were between
patients with ACO and those with COPD only accagdmeach of the diagnostic criteria.

The risk of exacerbation during the 1-year folloprperiod was analyzed using a negative
binomial regression model. Covariates including, @g&, smoking pack-years, FEst
baseline, history of exacerbation during the yeac@ding enrolment, and the use of ICS
treatment were included in the multivariate analysi

All tests were two-sided andpavalue < 0.05 was considered statistically sigaffitc All
analyses were performed using STATA software (412; StataCorp, College Station, TX,

USA).
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Results
Prevalence of ACO and patient characteristics according to diagnostic criteria

Among 2,757 patients with COPD, 1,067 were clasgdifis patients with or without ACO
using the five sets of diagnostic criteria. Amohgde, 264 (24.7%), 32 (3%), 138 (12.9%),
171 (16%), and 221 (20.7%) patients with ACO weemtified using the specialists’
diagnoses, ATS roundtable criteria, GINA/GOLD aide modified Spanish criteria, and
updated Spanish criteria, respectively (Figureabld | and see Figure E1 in the Online
Repository).

Various clinical characteristics were compared leetwpatients with and without ACO
using the five sets of diagnostic criteria, andrémults are shown in Table E1 in the Online
Repository. There was a higher proportion of meoragthe patients who did not have ACO
according to the specialists’ diagnoses and GINA/B@riteria. Patients with ACO had
more pack-years of smoking according to the ATSidbaible and updated Spanish criteria.
Patients with ACO were less likely to have dyspaeeording to the specialists’ diagnoses,
but were more likely to have a poor quality of liecording to the GINA/GOLD criteria, and
to have a history of exacerbation before enrolnaenbdrding to the modified Spanish criteria.
Inhalers containing ICS only, ICS/long-actipgagonist (LABA), and ICS/LABA/long-
acting muscarinic antagonist combinations weregpitesd more frequently for patients with
ACO according to the specialists’ diagnoses, thdAsGOLD criteria, and the modified
Spanish criteria.

Patients with ACO had superior FES®Nnd FVC results, according to the specialists’

diagnoses, ATS roundtable criteria, and GINA/GOlrlPecia, as well as less severe airflow

11
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obstruction, compared to patients who did not He®® according to the specialists’

diagnoses (see Table E2 in the Online Repository).

Diagnostic consistency across criteria

The GINA/GOLD criteria were used as the gold staddand the specialists’ diagnoses
showed the greatest diagnostic consistency (aréerihe ROC curve [AUROC], 0.871),
followed by the updated Spanish and modified Spaaigeria (AUROC, 0.723 and 0.697,
respectively). The ATS roundtable criteria showsalleast agreement with the GINA/GOLD

criteria (AUROC, 0.56; see Figure E2 in the OnlRepository).

Asthmatic features

The medical history data from patients and theiili@s, together with respiratory symptoms
suggesting an asthmatic component, are presenii@bia E3 in the Online Repository.
Patients with ACO were significantly more likelyhave a history of asthma, according to all
sets of criteria except the updated Spanish ait&atients with ACO were also more likely
to have a history of allergic disease, includingpgtand allergic rhinitis, according to all sets
of criteria. Regarding symptom variations, patiemith ACO were more likely to show
seasonal symptom variations according to all setsiteria. Patients with ACO were also
more likely to show diurnal symptom variations acitog to all sets of criteria, except the

ATS roundtable criteria.

12
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Risk of exacerbation and the effect of | CS treatment on exacerbation risk in ACO patients

A total of 604 patients followed-up prospectivety i year were included in the
exacerbation analysis (Table II). According to $ipecialists’ diagnoses, the incidence rate of
exacerbation and frequency of moderate to sevexeeglation were higher in patients with
ACO, even after adjustment for covariates. Howeaecprding to the modified Spanish
criteria, the frequency and incidence of exaceopatn patients with ACO were significantly
lower than in patients who did not have ACO.

ICS therapy was carried out in all 604 patienthalongitudinal sub-cohort, irrespective
of whether or not they fulfilled criteria for ACQeording to any of the five diagnostic
criteria used. Patients with and without ACO wespagated into two groups according to
whether they had ICS treatment, and the incideatss rof exacerbation were compared using
the five sets of diagnostic criteria during theelayfollow-up period (Table 11l). Among the
patients with ACO, those who had ICS treatmentdamnificantly lower risk of
exacerbation than those who did not have ICS treattnaccording to the specialists’
diagnoses and GINA/GOLD criteria. According to thpglated Spanish criteria, patients with
ACO who had ICS treatment also had a lower riséxafcerbation than those who did not
have ICS treatment; however, the risk of exaceobatias not lower after adjustment for
covariates. For patients who did not have ACOfiad sets of criteria showed no change in
the risk of exacerbation, regardless of whetheptteents had ICS treatment.

We also compared various clinical parameters aodgstion of ACO depending on
adopted diagnostic criteria according to inclussomot in one year exacerbation analysis

(see Table E4 and Figure E3 in the Online Repaggitor

13
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Factors predicting a response to | CS treatment

To identify factors that may predict a positivepesse to ICS treatment, seven clinical
criteria were evaluated in 604 patients who folldvug for a year irrespective of whether or
not they satisfied with any of five criteria for &C These were all components of the five
sets of ACO diagnostic criteria and included admsbf asthma in patients under 40 years of
age, a history of atopy or allergic rhinitis, a BBR5% and 400 mL, a BDR 12% and 200
mL, a blood eosinophil court300 cells/pL, blood eosinophils > 5%, and IgE ® 10
(Figure 2). Only a blood eosinophil counB00 cells/pL distinguished patients who showed
a significant decrease in exacerbation risk inaasp to ICS treatment from those who did

not (incidence rate ratio, 0.52= 0.03).

14
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Discussion

We applied five sets of diagnostic criteria deriyien a large cohort study, expert
consensus, and specialists’ diagnoses to investaggtoup of patients with both asthmatic
and COPD characteristics. In this study, therelisoad spread when using 5 different
definitions. It is mainly because each componermawh criterion differs. Among features of
asthma, each criterion requires different compaeavibreover, the number of components
required in major and minor criteria also diffeurGtudy is valuable because we have
validated the usefulness of five different critekée followed-up patients with ACO drawn
from a large, well-characterized cohort of patiesith COPD. We confirmed that both the
prevalence of ACO and the risk of exacerbatiorelatron to the presence of ACO versus
COPD only were variable, and depended on the d&tgneriteria used to define ACO. ICS
treatment significantly decreased the risk of AG@caerbation according to the specialists’
diagnoses and GINA/GOLD criteria. Specialists’ diagis of ACO and updated Spanish
ACO showed good consistency with the GINA/GOLDamid. Our results can be helpful for
clinicians to select and utilize one among many Ad&fnitions in practice, and we also
showed that a high blood eosinophil count was thg aseful index for distinguishing
responders from non-responders to ICS treatmeagspective of the diagnosis of ACO by
any set of criteria.

Patients with ACO have more severe respiratory $gmg, poorer quality of life and lung
function, a higher risk of exacerbation, and higmertality rates than patients with COPD
alone® ***3 However, the ACO diagnostic criteria have vaaetbng studies. Therefore,
identifying consistent ACO traits has proven diffic and studies have produced conflicting

results. We compared various clinical features,thedliagnostic consistency, among four

15
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327

widely used sets of ACO diagnostic criteria, togethith specialist judgement in our
previous study*. Overall, the differences in clinical featuresvegn patients with and
without ACO showed similar patterns across the sketiagnostic criteria. We found that the
patients with ACO included a lower proportion ofrmand lower proportion of light or non-
smokers, than did the patients who did not have AR&dients with ACO also had a lower
quality of life and less severe airflow limitatitiman patients who did not have ACO. These
findings are consistent with previously reportedrefateristics of patients with ACH*> > 1°
We performed this study to investigate the risk@O exacerbation and the beneficial
effects of ICS treatment on reducing exacerbations.

Whether ACO is a unique disease entity, i.e., mistirom asthma and COPD, is
controversial. However, it is generally recommentted it is important to identify patients
with ACO so that ICS treatment can be initiated@sn as possible. Although several studies
reported that ICS treatment was not shown to hdagaable impact on outcome in ACO
patients'’*° there have been no large scale studies on I@8rtent of ACO patients that
focused on exacerbation. In this study, we fourad k&S treatment decreased the risk of
exacerbation in patients with ACO according togpecialists’ diagnoses, GINA/GOLD
criteria, and updated Spanish criteria. We alsavsldathat a peripheral blood eosinophil
count> 300 cellsAL may be a good predictor of a favorable respoad€$ treatment
irrespective of the diagnosis of ACO. These obg@na were derived from a large cohort of
patients with COPD who had asthma or COPD feata@yrding to the GINA/GOLD
recommendations. None of the asthmatic featurelkjdimg a previously diagnosis of asthma,
allergic diseases such as atopy and/or allergiuti$i elevated total IgE levels, or positive

BDR were capable of identifying ICS responders.y@nblood eosinophil couat 300
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cellsilL was useful for identifying patients who showesignificant response to ICS
treatment designed to decrease exacerbationsidteésvorthy that this study showed a
positive effect of ICS treatment on exacerbatisk reduction in patients with ACO, and
identified a predictor of a favorable responsed8 treatment.

Currently, the GOLD report recommends ICS treatnfi@npatients with a blood
eosinophil count 300 cellsiL, history of asthma, or elevated risk of exacedvain
response to initial therasy. However, our results did not show that a histifrgsthma was
a predictor of the ICS treatment response. Thus/ighing ICS treatment to patients who only
have a history of asthma may not be beneficialtifeurstudies are needed to resolve this
issue. Since ICS therapy was carried out irrespect whether or not they fulfilled criteria
for ACO, our findings that a blood eosinophil coar200 cellsiL predicted a favorable
response to ICS with respect to exacerbations cbty equally well to patients with or
without ACO.

Studies on patients with ACO have generally remopt@orer clinical outcomes than those
on patients with COPD alort& 22 In this study, we observed inconsistent resuits w
respect to moderate to severe exacerbation atyearlfollow-up. We found that the risk of
exacerbation was greater in patients diagnosedAG by specialists, but the opposite
finding was observed in those diagnosed using theaifred Spanish criteria. The possible
reason for this is that the specialists’ judgmegiarding the presence of ACO  has
probably better identified patients who are atkigrisk of exacerbation than the modified
Spanish criteria. As such, specialists’-diagnos€®Apatients had a significant difference in
exacerbations depending on ICS use, but this washserved in modified Spanish

criteria-defined ACO patients. In contrast to aesults, a previous stud§reported an

17
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increase in the risk of exacerbation in patienth WCO, according to the modified Spanish
and GINA/GOLD criteria. Although we included moratignts than the previous study and
applied the same diagnostic criteria, the resujuite opposite. We do not know the reason
of discrepancy. Furthermore, the risk of exacedpain patients with ACO was low

according to the ATS roundtable criteria; it waghw@r according to the updated Spanish
criteria, although the difference was not clinigaignificant. Several well-established ACO
diagnostic criteria have been developed based bartstudies, but no consensus has been
achieved. We applied ACO diagnostic criteria tagras with COPD to identify those most
likely to benefit from ICS treatment. We found th@s treatment for patients with ACO
decreased the risk of exacerbation, accordingdapiecialists’ diagnoses and GINA/GOLD
criteria. This implies that because COPD is a loggemeous disease, a multidimensional
approach to asthmatic symptoms and clinical lalboyatesults, reflecting T-helper 2
inflammation, is more important for ACO diagnosesd aarly ICS treatment than satisfying a
list of diagnostic criterid”.

This is the first study to prospectively evaludte éffect of ICS treatment on patients with
ACO via several widely used sets of diagnostieadat We confirmed that a blood eosinophil
count> 300 cellsiL is a significant predictor of decreased the agkxacerbation in
response to ICS treatment. Our study does haveeradimitations. First, because our
patients were recruited from outpatient clinicteatiary referral hospitals, and not from
primary care, our results may not be representalitiee entire patient population. However,
due to the high accessibility of medical care i ®epublic of Korea, this cohort may well
reflect the prevalence and clinical features of Ag@ients in clinical practice. Second,

additional parameters for evaluating asthmatic camepts, such as sputum cellular profile,
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bronchial provocation test results, and fractiandialed nitric oxide were not available.
Third, in Republic of Korea, the approved doselatidasone propionate for COPD is
250mcg. The results of our study needs to be ireegd with caution since the approved dose
in Europe is 500 mcg. It is unclear whether therel@se of exacerbations by ICS in COPD is
affected by the dose. Further validation studie§ouo results in other parts of the world

such as Europe are needed. Finally, because teismvabservational cohort study, the ICS
prescriptions depended on physician judgment, antegatients were not followed up and

were not included in the one year exacerbatiotyaisa

Conclusions

Several sets of ACO diagnostic criteria were comg@ao improve our understanding of
ACO and promote appropriate treatment. Comparedher diagnostic criteria, the
judgement of specialists was most consistent vighGINA/GOLD diagnostic criteria and
was capable of characterizing both the high risk@O exacerbation and the beneficial
effects of ICS treatment. However, it is more difft for non-specialists to diagnose ACO. In
such cases, a high blood eosinophil count servagyasd indication for ICS treatment,
irrespective of whether the patient fulfills anytlee diagnostic criteria of ACO or not.
In conclusion, ACO diagnoses made by a specialisiccording to the GINA/GOLD criteria,
and a high blood eosinophil count predicted thpaoase to ICS treatment. Our results

require validation in future prospective clinicaats.
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509

510 Table I. The prevalence of asthma—chronic obstructe pulmonary disease overlap based
511  on five diagnostic criteria

Criteria Number of patients, n (%)

meet the do not meet
criteria the criteria

specialists’ diagnosis ACO 264 (24.7) 720 (67.5)
ATS roundtable criteri&
Major
Post-BD FEV/FVC < 0.7 and Age-40 1067 (100) -
Smoking> 10 pack-year or exposure to air polluttedOyear 898 (89.4) 5.3(5.3)
History of Asthma before 40years or BDR > 400mIEEV; 75 (7.0) 911 (85.4)
Minor
History of atopy or allergic rhinitis 77 (7.2) 893 (83.7)
separate BDR 12% and 200mL 45 (4.2) 1022 (95.8)
Blood eosinophil court 300cell{1L 234 (21.9) 739 (69.3)
ACO (all 3 major and at least 1 minor) 32 (3.0) 841 (78.8)
GINA/GOLD document
Component of asthmatic featur@ 152 (14.2) 915 (85.8)
Component of COPD featur&® 1026 (96.2) 41 (3.8)
ACO (=3 asthma and3 COPD features) 138 (12.9) 929 (87.1)

modified Spanish COPD Guidelin&s
Major criteria

Previous history of asthma 330 (30.9) 722 (67.7)

BDR >15% and 400 mL 13(1.2) 1054 (98.8)
Minor criteria

IgE >100 IU, or history of atopy 396 (37.1) 305 (28.6)

BDR >12% and 200 mL 45 (4.2) 1022 (95.8)

Blood eosinophil >5% 180 (16.9) 832 (78.0)
ACO (At least 1 major or 2 minor) 171 (16.0) 821 (76.9)
updated Spanish COPD Guideliriés
1. Age>35, smoker10 pack year and Post-BD FEWVC < 0.7 898 (84.2) 56 (5.3)
2. Current diagnosis of asthma 10 (0.9) 1057 (99.1)
3. BDR>15% and 400 mL, and/or eosinophilia in blae®DO celliL 243 (22.8) 731 (68.5)
ACO (1 and 2 or 1 and 3) 221 (20.7) 509 (47.7)

512 "GOLD/GINA criteria based ACO was defined if theipats met at least 3 items in both the asthma @DBT
513 categories” % "Current diagnosis of asthma must include (a) and (&) respiratory symptoms of variable
514 course with history and/or symptoms causing clingsspicion; family asthma history or personal drgtof
515 asthma in childhood, or personal history of atapyinflammation of the upper airway (e.g. rhinogitis), (b)
516  post BD FEV > 12% and 200 mL, or diurnal variability of PER0%, or FENO> 50 ppb

517  ACO, asthma-COPD overlap; BDR, bronchodilator resgo ATS, American Thoracic Society; BMI, body
518 mass index; COPD, chronic obstructive pulmonareate; ATS, American Thoracic Society; REY¥brced
519 expiratory volume in 1 s; FVC, forced vital capgriGINA, Global Initiative for Asthma; GOLD, Global
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520 Initiative for Chronic Obstructive Lung Disease;Nfg, fractional exhaled nitric oxide; IgE, immunopidin E;
521 PEF, peak expiratory flow
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522

523
524
525
526
527
528

529

530

531

532

533

Table II. The risk of exacerbations within a year anong patients with ACO and those with non-ACO (N=69)

specialists’ diagnosis P ATS roundtable P GINA/GOLD P modified Spanish p updated Spanish P
ACO non-ACO ACO non-ACO ACO non-ACO ACO non-ACO ACO non-ACO

(N=264)  (N=720) (N=32)  (N=841) (N=138)  (N=929) (N=171) (N=821) (N=221)  (N=509)
Frequency of
moderate to 4355 2620 0.02 3.3+3.8 15407 0.52 3.1+2.5 32437 094 23+10 35#.0 012 4.1#6.0 2.9+2.3 0.21
severe AE
Unadjusted IRR 1.65 (1.24-2.19) 0.00 0.46 (0.11-1.83) 0.27 0.9940..31) 0.92 0.65 (0.46-0.92) 0.02 1.38 (0.95). 0.07
Adjusted IRR 1.70 (1.26-2.29) 0.00 0.46 (0.12-1.82) 0.27 1.08641.35) 0.95 0.66 (0.46-0.94) 0.02 1.43 (1.0BR.0 0.05
Adjusted IRE 1.71 (1.27-2.32) 0.00 0.47 (0.12-1.85) 0.28 1.0764..35) 0.95 0.66 (0.46-0.94) 0.02 1.42 (1.0QR.0 0.05
Adjusted IRE 1.81 (1.31-2.50) 0.00 0.49 (0.13-1.92) 0.31 1.0264..43) 0.79 0.65 (0.43-0.97) 0.03 1.36 (0.98)..9 0.08
Adjusted IRA 1.82 (1.31-2.54) 0.00 0.49 (0.13-1.92) 0.31 1.0B64L.44) 0.78 0.65 (0.43-0.97) 0.03 1.37 (0.951.9 0.08

AE, acute exacerbation; HR, hazard ratio; IRR,dani rate ratio; See the expansion of abbreviatidrable 1

*Adjusted by age, sex, post-bronchodilator %)

*Adjusted by age, sex, post-bronchodilator %), use of ICS containing inhaler

qtAdjusted by age, sex, post-bronchodilator F@%), use of ICS containing inhaler, smoking pack+ye

§Adjusted by age, sex, post-bronchodilator %), use of ICS containing inhaler, smoking packty@revious history of exacerbation
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534

535
536

537
538

539
540

Table Ill. Analysis of exacerbation according to tle use of ICS in patients with ACO and non-ACO by d@ignostic criteria

A) Specialist diagnosis

specialists’ diagnosiBCO (n=264) P value specialists’ diagnosison-ACO (n=720) P value
With ICS Without ICS With ICS Without ICS
(n=152) (n=112) (n=174) (n=546)
Frequency of moderate to 3.24+1.61 5.87+8.25 0.17 2.70+2.25 2.58+1.7 0.80
severe AE
Unadjusted IRR 0.55 (0.33-0.93) 0.026 1.05 (0.77-1.42) 0.78
Adjusted IRR 0.52 (0.31-0.89) 0.017 0.98 (0.72-1.34) 0.90
Adjusted IRB 0.35 (0.18-0.68) 0.002 1.02 (0.75-1.41) 0.89
Adjusted IRR 0.34 (0.17-0.69) 0.003 1.09 (0.78-1.52) 0.62
B) ATS roundtable criteria
ATS roundtableACO (n=32) P value ATS roundtable non-ACO (n=841) P value
With ICS Without ICS With ICS Without ICS
(n=21) (n=11) (n=268) (n=573)
Frequency of moderate to - 5.87+£8.25 - 2.95+2.12 3.57+4.87 0.44
severe AE
Unadjusted IRR N/A - 0.83 (0.60-1.14) 0.25
Adjusted IRR N/A - 0.87 (0.62-1.21) 0.39
Adjusted IRB N/A - 0.86 (0.62-1.20) 0.38
Adjusted |RF€ N/A - 0.85 (061-118) 0.34
C) GINA/GOLD
GINAACO (n=138) P value GINA non-ACO (n=929) P wel
With ICS Without ICS With ICS Without ICS
(n=81) (n=57) (n=268) (n=472)
Frequency of moderate to 2.58+1.26 3.76+2.65 0.05 3.0+2.08 3.33+4.57 0.64
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541
542

543
544

545
546

severe AE

Unadjusted IRR 0.69 (0.47-0.99) 0.046 0.90 (0.67-1.22) 0.49
Adjusted IRB 0.68 (0.46-0.99) 0.046 0.90 (0.66-1.23) 0.51
Adjusted IRB 0.57 (0.37-0.88) 0.011 0.92 (0.67-1.28) 0.64
Adjusted IRB 0.61 (0.39-0.95) 0.031 0.96 (0.68-1.35) 0.81
D) modified Spanish criteria
modified SpanistACO (n=171) P value modified Spanisitnon-ACO (n=821) P value
Without ICS With ICS Without ICS
(n=97) (n=256) (n=565)
Frequency of moderate to 2.45x1.13 2.12+0.99 0.41 3.08%2.20 3.821#5.13 0.40
severe AE
Unadjusted IRR 1.16 (0.70-1.91) 0.56 0.80 (0.57-1.13) 0.21
Adjusted IRR 1.18 (0.70-1.97) 0.54 0.84 (0.59-1.20) 0.34
Adjusted IRB 1.14 (0.59-2.20) 0.70 0.93 (0.64-1.34) 0.69
Adjusted IRE 1.30 (0.65-2.62) 0.46 0.92 (0.63-1.34) 0.67
E) updated Spanish criteria
updated SpanisACO (n=221) P value updated Spanishon-ACO (n=509) P value
With ICS Without ICS With ICS Without ICS
(n=128) (n=141) (n=368)
Frequency of moderate to 2.38+1.19 5.38+7.68 0.19 3.07+2.45 2.83+2.23 0.70
severe AE
Unadjusted IRR 0.45 (0.24-0.87) 0.02 1.08 (0.75-1.56) 0.66
Adjusted IRR 0.57 (0.28-1.15) 0.12 1.01 (0.70-1.44) 0.98
Adjusted IRB 0.57 (0.29-1.15) 0.12 0.99 (0.72-1.35) 0.95
Adjusted IRE 0.58 (0.28-1.18) 0.13 0.99 (0.71-1.39) 0.98
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547 *Adjusted by age, sex, post-bronchodilator k%)
548 *Adjusted by age, sex, post-bronchodilator FfZ%), smoking pack-year
549 3FAdjusted by age, sex, post-bronchodilator F&%), smoking pack-year, previous history of exaaddn
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550  Figure legends
551
552

553  Figure 1. Study flow

554

555  Figure 2. Comparing the risk of exacerbation depenittg on the use of ICS for seven
556  clinical criteria

557

558
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2757 patients with COPD

\

Survey for specialists’ diagnosis of ACO
Survey for GINA/GOLD questionnaire
Survey for history of allergic disease and age of asthma diagnosis
Measurement of blood eosinophil and total IgE
Spirometry with bronchodilator response

\

Identified ACO according to five diagnostic criteria (N=1067)

il

Specialists’
diagnosed ACO
(n=264)

ATS roundtable GINA/GOLD
criteria defined document defined
ACO (n=32) ACO (n=138)

modified Spanish
criteria defined
ACO (n=171)

updated Spanish
criteria defined
ACO (n=138)

Prospectively followed up for a year

604 patients were included in exacerbation analysis
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