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Purpose: While GOLD classification has been revised, its clinical impacts on outcomes of
COPD patients have not been widely evaluated in real-world cohorts.

Materials and methods: According to 2007, 2013, and 2017 GOLD classifications, distri-
bution and clinical characteristics of group-shifted patients and the risk of acute exacerbation
were analyzed in combined Korean COPD cohorts. Future risk for annual moderate-to-severe
exacerbation was estimated as incidence rate ratio (IRR) and compared by groups.

Results: Among 1,880 COPD patients, in GOLD 2017 classification, groups B and A were
increased to 61.2% and 22.2% of total population, while group C was shrunken to 2.2% and
patients with higher risk were decreased (16.6% in GOLD 2017 vs 44.7% in GOLD 2013).
The kappa coefficient of agreement of both systems was 0.581 (agreement 71.7%). Groups B
and D showed higher IRR of moderate-to-severe exacerbation than group A (IRR 2.4 and 5.3
respectively, P<<0.001), whereas group C was not different from group A. When groups C and
D were combined, the IRR for acute exacerbation for each group showed good linear trends
(2.5 [1.6-3.7] for group B and 4.8 [3.0—7.7] for combined group [C+D], P<<0.001).
Conclusions: In the revised GOLD 2017 system, COPD patients with higher risk were much
decreased in Korean cohorts, and group C was negligible in size and clinical impacts on
expecting future exacerbation. Serial increase in the risk for exacerbation was more concrete
and predictable when group C was combined with group D.

Keywords: pulmonary disease, chronic obstructive/classification, pulmonary disease,
chronic obstructive/diagnosis, chronic obstructive/epidemiology, risk factors, severity of ill-

ness index

Introduction

COPD is a complex disease with various manifestations in symptoms and perfor-
mance status.! GOLD 2007 suggested classification according to airflow obstruction
level and evaluated severity.? However, the correlation between airflow limitation
and the patient’s symptoms or risk of acute exacerbation was not clear® and its use
was limited.

In GOLD 2013, patients were divided into four groups of A, B, C, and D consider-
ing previous exacerbation history and patient’s symptom score (COPD Assessment
Test [CAT] and mMRC scale) as well as the airflow limitation severity.* Follow-
ing GOLD 2011, it was revised to be classified as high risk of acute exacerbation
when there was one hospital admission in GOLD 2013. Despite the complexity of
classification, there has been controversy on predicting clinical outcomes with the
classification.>¢
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According to the newly suggested GOLD 2017
classification,’ the history of acute exacerbation of COPD
(AECOPD) was the only variable for assessing future risk
on this assessment tool. This new classification system will
be tested for its usefulness in real fields. Recently, a study of
PLATINO showed no clear change in the GOLD 2017 clas-
sification and difference in mortality prediction.® However,
until now, reports on the usefulness of this new classification
tool are limited.

This study was aimed to evaluate the clinical implication
of GOLD 2017 classification system in real fields’ cohorts
in terms of distribution of patients, distribution changes of
grouping after annual follow-up, risk prediction of future
AECOPD, and changes in symptom scores.

Materials and methods
Study design and population

Data of three prospective observational cohorts in South
Korea, namely Korean COPD Subtype Study (KOCOSS;
NCT02800499),° The Korean Obstructive Lung Disease
Cohort Study (KOLD),'® and Seoul National University
airway registry (SNU airway registry; NCT02527486), were
combined and analyzed. As some patients were overlapped
in each cohort, duplicated cases were controlled. This study
was approved by the Institutional Review Board of each
hospital. All patients provided written informed consent form
at enrollment. We obtained the approval for using patients’
data from each center, and confidentiality of patients was
maintained. The institutions participating in this study were
as follows: Gachon University Hospital; Gangnam Sever-
ance Hospital, Kyung Hee University Hospital, Gangdong
Kyung Hee University Hospital, Gangbuk Samsung Hos-
pital, Kangdong Sacred Heart Hospital, Kangbuk Samsung
Hospital, Kangwon National University Hospital, Konkuk
University Chungju Hospital, Kyungbuk University Hos-
pital, Konkuk University Medical Center, Gyeongsang
University Hospital, Korea University Hospital, National
Medical Center, Dongguk University Hospital, Dong-A
University Hospital, Pusan National University Hospital,
Bucheon St Mary’s Hospital, Soon Chun Hyang University
Bucheon Hospital, Pochon CHA University Hospital, Eulji
General Hospital, Korea University Anam Hospital, Samsung
Medical Center, Sungkyunkwan University Hospital, Seoul
National University Hospital, Seoul National University
Bundang Hospital, Seoul Metropolitan Government-Seoul
National University Boramae Medical Center, Ulsan Uni-
versity Asan Hospital, Catholic University of Korea St

Paul’s Hospital, St Vincent’s Hospital, Soon Chun Hyang
University Seoul Hospital, Ajou University School of
Medicine Hospital, Yeungnam University Hospital, Ilsan
Dongguk University Hospital, Ilsan Paik Hospital, Yonsei
University Wonju Hospital, Uijeongbu St Mary’s Hospi-
tal, Incheon St Mary’s Hospital, Inha University Hospital,
Inje University Hospital, Ewha Womans University Medical
Center, Chonbuk National University, Jeju National Univer-
sity Hospital, Soon Chun Hyang University Cheonan Hospi-
tal, Hallym University Sacred Heart Hospital, and Hanyang
University Guri Hospital. All patients provided written
informed consent form. Also, we obtained the approval for
using patients’ medical records from each center, and con-
fidentiality of patients was maintained.

Data collection

Epidemiologic data including age, sex, body mass index,
and pack-years of smoking at initial visit were collected.
We included patients’ data from standardized spirometry at
initial visit and 1-year follow-up visit. Post-bronchodilator
tests were conducted pre- and post-200 pg of salbutamol
administration. FEV , FVC, and FEV /FVC records were
collected. Quality of life of patients at initial visit and at
l-year follow-up visit was measured using St George’s
Respiratory Questionnaire (SGRQ), CAT, and mMRC. Use
of medications including inhalers such as inhaled corticos-
teroid/long-acting beta agonist (ICS/LABA), short-acting
beta agonist, long-acting muscarinic antagonist (LAMA),
LAMA/LABA, and oral roflumilast was reviewed for 1 year
before the first visit.

Definition and classification of patients
COPD was defined as a patient with irreversible airway
obstruction, with post-bronchodilator FEV /FVC <70%.
Moderate-to-severe AECOPD was defined by using anti-
biotics in outpatient clinics, emergency room admission, or
admission due to an increased quantity or purulent changes
of sputum, or aggravation of dyspnea.

We stratified patients according to the GOLD 2007 staging
and GOLD 2013 and GOLD 2017 classifications. According
to GOLD 2007 criteria, patients were classified into stage I
(mild airflow limitation; FEV, =80%), stage II (moderate
airflow limitation; FEV, =50% and <80%), stage III (severe
airflow limitation; FEV, =30% and <50%), stage IV (very
severe airflow limitation; FEV, <30%). According to GOLD
2013 classification, patients were stratified into four groups.
Group A was defined as patients with less symptoms (mMRC
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0 or 1, CAT <10), low risk (mild/moderate airflow limita-
tion or 0—1 exacerbations per year), group B was defined
as patients with more symptoms (mMRC =2, CAT =10),
low risk (mild/moderate airflow limitation or 0—1 exacerba-
tions per year), group C was defined as patients with less
symptoms (MMRC 0 or 1, CAT <10), high risk (severe or
very severe airflow limitation or =2 exacerbations per year
or =1 hospitalized exacerbation per year), and group D was
defined as patients with more symptoms (mMRC =2, CAT
=10), high risk (severe or very severe airflow limitation
or =2 exacerbations per year or =1 hospitalized exacerba-
tion per year). By contrast, the GOLD 2017 classification
excludes classification by airflow limitation grade. The
differences in COPD classifications are summarized in
Figure S1.

Statistical analyses
Statistical analyses were performed by using Stata 13.0
(StataCorp 2013, Stata Statistical Software: Release 13,
College Station, TX: StataCorp LP).

Categorical variables were described as absolute numbers
(n) and relative frequencies (%) and continuous variables
as the mean £ SD. We applied Pearson’s chi-square test and
Fisher’s exact test for categorical variables and Student’s
t-test for continuous variable. Multivariate logistic regression
analysis was used to predict AECOPD in each group. The
incidence rate ratio (IRR) of AECOPD was acquired with
negative binomial regression analysis. Annual change of
total SGRQ and CAT scores across GOLD 2013 and 2017
groups were compared by using ANOVA test.

Results

Among the 2,037 patients enrolled in KOLD, KOCOSS,
and SNU airway registry, 1,880 patients were included in
this analysis (Figure 1). Mean age was 69.2 (SD 8.9) and
percentage of males was 93.9%. Baseline mean FEV %
predicted was 56.6 (SD 18.6), CAT score was 15.0 (SD 7.9),
and SGRQ score was 33.2 (SD 18.7). The mean number of
AECOPD:s in the year prior to enrollment was 0.5 (SD 1.5).
Frequently prescribed medications in this population were
LAMA, ICS/LABA, and LABA in order. However, when we
compared the three cohorts incorporated in this study popula-
tion, there was heterogeneity of baseline characteristics such
as age, sex, and patient-reported outcomes including symp-
tom scores and exacerbation rate because of the difference
in inclusion criteria and recruitment period of each cohort
(Table 1).

Distribution of COPD patients according
to GOLD classification systems

The study population was classified with the criteria accord-
ing to GOLD 2007 stages, GOLD 2013 and GOLD 2017
groups, and the distribution is described in Table 2 and
Figure 2.

In GOLD 2007 staging, most patients showed mild-to-
moderate airflow limitation with FEV, >50% (n=1,171,
62.3%), while the patients with very severe airflow limita-
tion was only 6.2%. In GOLD 2013 classification, group D
patients were most common (720 patients, 38.1%) followed
by group B, group A, and group C.

Eligible COPD patients in Korean cohorts (N=2,037)
KOCOSS (n=1,528), KOLD (n=245), SNUH airway registry (n=264)

Excluded patients with missing data on (n=157)

— Acute exacerbation and hospital admission (n=138)
— mMRC and CAT total score (n=89)
—FEV, (%) (n=3)

A 4

Total population in final analyses (N=1,880)

KOCOSS (n=1,500), KOLD (n=236), SNUH airway registry (n=144)
— Exacerbation 22 or hospital admission 21 (n=312; 16.6%)

Figure | Patient selection flow.

Abbreviations: CAT, COPD Assessment Test; KOCOSS, Korean COPD Subtype Study; KOLD, The Korean Obstructive Lung Disease Cohort Study; SNUH registry,

Seoul National University airway registry.
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Table | Baseline characteristics of study population

Variables Total population KOCOSSs KOLD SNUH airway P-value
(N=1,880) (n=1,500) (n=236) registry
(n=144)

Age 69.2+8.9 (n=1,662) 69.319.3 (n=1,294) | 67.9£7.4 70.2+7.9 (n=132) | 0.028
Sex, male (%) 1,629/1,734 (93.9%) (n=1,734) | 1,273/1,368 (93.1%) | 216/222 (97.3%) | 140/144 (97.2%) 0.009
Smoking pack-years 44.5+25.4 (n=1,736) 44.2424.9 (n=1,365) | 45.0+26.8 45.9+25.6 (n=135) | 0.721
Body mass index 22.8+3.3 (n=1,876) 22.943.4 (n=1,500) | 22.8+3.2 (n=232) | 22.1£3.3 (n=143) | 0.04I
FEV, (% pred) 56.6+18.6 56.5+18.5 55.8+17.9 58.7+20.5 0.309
Post-BDR FEV /FVC 49.0x11.7 49.4%11.7 47.6x11.2 46.7£12.5 0.006
Positive BDR (>12% and 200 mL) 68/1,870 (3.6%) (n=1,870) 49/1,498 (3.3%) 19/236 (8.1%) 0/135 (0%) <0.001
mMRC 1.5+0.9 (n=1,842) 1.5+0.9 I.5+1.1 1.7+0.9 0.004
CAT total 15.0£7.9 (n=1,670) 15.4+7.9 9.6£7.6 14.5+6.4 <0.001
SGRQ total 33.2+18.7 (n=1,825) 33.9+18.8 29.4+18.8 31.3+16.5 0.002
Medication for COPD at baseline

LAMA 937/1,671 (56.1%) 864/1,292 (66.9%) 71/235 (30.2%) 2/144 (1.4%) <0.001

LABA 237/1,353 (14.9%) 233/1,211 (19.2%) 4/235 (1.7%) 0/144 (0%) <0.001

LAMA/LABA 96/412 (23.3%) 33/33 (100.0%) 63/235 (26.8%) 0/144 (0%) <0.001

ICS/LABA 616/1,617 (38.1%) 568/1,238 (45.9%) 4/235 (1.7%) 42/144 (29.2%) <0.001

Roflumilast 76/1,545 (4.9%) 74/1,092 (6.4%) 2/235 (0.9%) 0/144 (0%) <0.001
Total moderate-to-severe exacerbation | 0.5+1.5 (n=1,873) 0.5x1.4 (n=1,498) 0.7£2.2 (n=235) | 0.2+0.7 (n=140) 0.004
rate in the year prior to enrollment

Note: Continuous variables are presented as mean value * SD.

Abbreviations: BDR, bronchodilator response; CAT, COPD Assessment Test; ICS, inhaled corticosteroid; KOCOSS, Korean COPD Subtype Study; KOLD, The Korean
Obstructive Lung Disease Cohort Study; LABA, long-acting beta agonist; LAMA, long-acting muscarinic antagonist; SGRQ, St George’s Respiratory Questionnaire; SNUH

registry, Seoul National University airway registry.

In the new classification system of GOLD 2017, COPD
patients in group B were predominantly common and group
C was shrunken to 2.2% of total population. As a result,
COPD patients with high risk were decreased to 16.6% in
GOLD 2017 from 44.7% of population in GOLD 2013. The
kappa coefficient of agreement for subject classification by
the two grouping (GOLD 2013 vs GOLD 2017) was 0.581
(agreement 71.7%).

By applying new classification of GOLD 2017, 83.4%
of patients of the total population were re-classified as
group A and B, the low-risk group, while 55.3% of the
population was in the low-risk group according to GOLD
2013 classification.

Comparison of clinical characteristics
between patients in group B of GOLD
2013 classification and patients newly

migrated to group B by GOLD 2017

classification
We compared clinical characteristics of patients in group B
of GOLD 2013 and patients newly recruited in group B of
GOLD 2017 (initially classified as group D in GOLD 2013
and abbreviated as group B’; Table 3).

As expected, there was no statistically significant
difference between groups B and B’ in total moderate-
to-severe exacerbation rate or incidence. Mean age of

Table 2 Comparison of patients’ distribution between GOLD 2007, GOLD 2013, and GOLD 2017

Total GOLD 2013 GOLD 2017
(N=1,880) (A) (B) (©) (D) (A) (B) (©) (D)
335 701 124 720 418 1,150 41 271
(17.8%) (37.5%) (6.6%) (38.1%) (22.2%) (61.2%) (2.2%) (14.4%)
GOLD || | 197 (10.5%) | 65 (19.4%) | 116 (16.6%) |4 (3.2%) 12 (1.7%) 65 (15.6%) | 116 (10.1%) | 4 (9.8%) 12 (4.4%)
2007 | || | 974 (51.8%) | 270 (80.6%) | 585 (83.5%) |28 (22.6%) | 91 (12.6%) | 270 (64.6%) | 585 (50.9%) |28 (68.3%) | 91 (33.6%)
I | 592 @31.5%) |0 0 86 (69.4%) | 506 (70.3%) | 78 (18.7%) | 380 (33.0%) | 8 (19.5%) | 126 (46.5%)
IV | 117 (62%) |0 0 6 (4.8%) 11 (15.4%) |5 (1.2%) 69 (6.0%) | (2.4%) 42 (14.4%)

Note: Data are presented as number of patients (percent).
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Figure 2 Changes in distribution of COPD patients with new GOLD 2017 classification.
Notes: (A) Distribution of patients by GOLD classification. (B) Comparison of subgroup proportion of GOLD 2013 and 2017 classifications.

group B’ was statistically significantly lower than group
B (P=0.008). But, FEV % predicted and FEV /FVC ratio
were poorer in group B’, and patient-reported symptom
scores including mean mMRC score, total CAT score, and
total SGRQ score were more severe in group B’. Exposure

W

Proportion of group (%)

100

90
80
70
60
50
40
30
20
10

14.4
38.1
6.6
GOLD 2013 GOLD 2017
u Group (A) Group (C)
u Group (B) Group (D)

to ICS/LABA and roflumilast during a year before cohort
enrollment was much higher in group B’ than in group
B (51.5% vs 31.0% for ICS/LABA, P<0.001; 9.2% vs
0.9% for roflumilast, P<<0.001; Table 3). Though there
is no difference in total moderate-to-severe exacerbation

Table 3 Comparison of baseline clinical characteristics between patients in group B of GOLD 2013 and patients newly migrated to
group B by GOLD 2017 classification

Group (B) in Group (B) newly P-value
GOLD 2013 migrated in 2017;
(n=701) group B’ (n=449)
Age 69.819.1 (n=629) 68.318.0 (n=387) 0.008
Sex, male (%) 601/650 (92.5%) 390/404 (96.5%) 0.007
Smoking pack-years 43.7£24.3 (n=642) 44.8+25.9 (n=421) 0.490
Body mass index 23.543.1 (n=698) 21.813.4 (n=448) <0.001
FEV, (% pred) 67.9£14.0 38.1£7.5 <0.001
Post-BDR FEV/FVC 54.6+9.2 39.319.2 <0.001
Positive BDR (>12% and 200 mL) 23/697 (3.3%) 14/446 (3.1%) 0.881
mMRC 1.5+0.8 (n=684) 1.940.9 (n=44) <0.001
CAT total 16.4+6.1 (n=664) 18.2+6.9 (n=402) <0.001
SGRQ total 32.6£15.6 (n=677) 39.7£19.1 (n=439) <0.001
Medication for COPD at baseline
LAMA 337/614 (54.9%) 242/406 (59.6%) 0.136
LABA 108/599 (18.0%) 42/381 (11.0%) 0.003
LAMA/LABA 26/118 (22.0%) 17194 (18.1%) 0.478
ICS/LABA 186/600 (31.0%) 207/402 (51.5%) <0.001
Roflumilast 5/572 (0.9%) 35/381 (9.2%) <0.001
Total moderate-to-severe exacerbation 0.07£0.26 0.09+0.29 0.221

rate in the year prior to enrollment

Note: Continuous variables were presented as mean value * SD.
Abbreviations: BDR, bronchodilator response; CAT, COPD Assessment Test; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting muscarinic

antagonist; SGRQ, St George’s Respiratory Questionnaire.
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rate or incidence between two groups, prospective annual
experience of moderate-to-severe exacerbation was
higher in group B” (102/372 [27.4%] vs 100/260 [38.5%],
P=0.003).

In Table S1, we compare the characteristics of patients
in group A of GOLD 2013 and patients in group A of
GOLD 2017 (abbreviated as group A”). Group A” showed
significantly more severe airflow limitation (FEV ) and
symptoms (total CAT and SGRQ scores). Also, prospective
total annual moderate-to-severe exacerbation rate was higher
in group A’.

Comparison of group shifting in
| -year follow-up according to GOLD
classification systems
Among the 1,880 COPD patients, 1,096 patients could
be reevaluated with GOLD 2013 and 2017 classifications
at 1-year follow-up visit. At 1-year follow-up visit, 29
patients (2.7%) were improved in airflow limitation above
the criteria for COPD. Overall, the proportion of group C
was very similar at both time points, while patients in the
higher risk groups were shifted to less severe group prob-
ably with treatment for 1 year. The trends were prominent
when groups C and D were combined (Table 4; P for
trends <0.001).

Based on the classification of GOLD 2013, 140 patients
(12.8%) migrated to lower risk groups. Similar changes were
observed in the view of GOLD 2017; 273 patients (24.9%)

moved to higher risk groups and 161 patients (14.7%)
improved to lower risk groups (Tables 4 and S2).

Impact of GOLD classifications on the

risk of acute exacerbations

For the patients followed regularly for more than 1 year,
the associations with acute exacerbations and GOLD clas-
sifications were analyzed (Table 5). In GOLD 2013 and
GOLD 2017 classification systems, the OR for the risk
of moderate-to-severe AECOPD was reversed between
groups B and C. Furthermore, in GOLD 2017, group C did
not show any statistical significance for the risk of exac-
erbation compared with group A (Table 5, OR 1.0, 95%
CI 0.3-3.8, P-value 0.997). When groups C and D were
combined, the OR for the risk of AECOPD was linearly
and significantly increased from group A to combined group
(Table 5 and Figure 3).

Stages II, 111, and IV showed higher IRR for moderate-
to-severe exacerbations than stage I in GOLD 2007 staging.
IRRs for exacerbation in group C by GOLD 2013 and GOLD
2017 were not statistically different from that of group A
(IRR =1.0, 95% CI 0.3-3.6, P=0.997).

Associations between GOLD
classifications and symptomatic score

change in |-year follow-up period

In Table 6, total SGRQ and CAT scores change during
follow-up for 1 year was calculated; statistically signifi-
cant difference was observed between groups A, C (less

Table 4 Comparison of group shifting among GOLD classification systems in |-year follow-up

GOLD Group at Group in |-year Difference P for
classification enrollment follow-up trend
GOLD 2013

Group (A) 335 (17.8%) 234 (21.4%) 36 <0.001
Group (B) 701 (37.3%) 424 (38.7%) 1.4

Group (C) 124 (6.6%) 72 (6.6%) 0

Group (D) 720 (38.3%) 337 (30.8%) -7.5

GOLD 2017

Group (A) 418 (22.2%) 276 (25.2%) 3.0 <0.001
Group (B) 1,150 (61.2%) 6,408 (58.4%) -2.8

Group (C) 41 (2.2%) 30 (2.7%) 0.5

Group (D) 2,714 (14.4%) 121 (11.0%) -34

Reclassified GOLD 2017

with combined group

Group (A) 418 (22.2%) 276 (25.2%) 3.0 <0.001
Group (B) 1,150 (61.2%) 640 (58.4%) -2.78

Group (C+D) 312 (16.6%) I51 (13.8%) -2.8
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Table 5 Univariate and multivariate analyses for impact of GOLD classifications on the risk of AECOPD in |-year follow-up period

GOLD classification Univariate analysis Multivariate analysis®
OR (95% CI) P-value OR (95% CI) P-value
GOLD 2007
Stage | Reference Reference
Stage Il 2.3 (1.24.2) 0.010 2.1 (1.04.3) 0.043
Stage llI 3.6 (1.9-6.8) <0.001 3.9 (1.9-8.1) <0.001
Stage IV 3.8 (1.8-8.0) 0.001 4.4 (1.9-10.7) 0.001
GOLD 2013
Group (A) Reference Reference
Group (B) 2.0 (1.2-3.1) 0.005 2.5 (1.4-44) 0.001
Group (C) 2.0 (1.1-3.7) 0.032 2.3 (1.1-4.8) 0.033
Group (D) 4.0 (2.6-638) <0.001 5.8 (3.4-10.1) <0.001
GOLD 2017
Group (A) Reference Reference
Group (B) 2.0 (1.4-2.9) <0.001 2.4 (1.5-3.6) <0.001
Group (C) 1.7 (0.7-4.1) 0.234 1.0 (0.3-3.8) 0.997
Group (D) 4.5 (2.9-6.9) <0.001 5.9 (3.5-10.0) <0.001
GOLD combined group
Group (A) Reference Reference
Group (B) 2.0 (1.4-2.9) <0.001 2.4 (1.5-3.6) <0.001
Group (C+D) 4.0 (2.6-6.1) <0.001 5.0 (3.0-8.3) <0.001
Note: *Adjusted for age, sex, body mass index, and pack-years.
Abbreviation: AECOPD, acute exacerbation of COPD.
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Figure 3 Associations between GOLD classifications and prospective total moderate-to-severe annual exacerbation rate.
Note: *Adjusted for age, sex, body mass index, and pack-years.

Abbreviation: IRR, incidence rate ratio.
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Table 6 Associations between GOLD classifications and symptomatic score (SGRQ and CAT) changes® in |-year follow-up

GOLD classification Total SGRQ score P-value Total CAT score P-value
GOLD 2007

Stage | —4.8 (14.3) (n=96) 0.105 —1.1 (6.7) (n=66) 0.085
Stage Il —1.5 (13.4) (n=611) —0.8 (6.4) (n=507)

Stage Il —0.6 (16.3) (n=404) 0.1 (7.2) (n=340)

Stage IV —1.1 (20.7) (n=81) —1.8 (7.4) (n=70)

GOLD 2013

Group (A) 0.6 (9.5) (n=183) 0.017 1.7 (4.7) (n=121) <0.001
Group (B) —2.8 (14.9) (n=447) —1.6 (6.8) (n=393)

Group (C) 1.8 (13.8) (n=86) 3.3 (6.1) (n=66)

Group (D) —1.5 (16.9) (n=488) —-0.9 (7.0) (n=415)

GOLD 2017

Group (A) 1.0 (1'1.1) (n=243) 0.023 2.3 (5.4) (n=166) <0.001
Group (B) —1.8 (16.1) (n=749) —1.2 (7.0) (n=655)

Group (C) 0.6 (10.9) (n=26) 2.5 (4.9) (n=21)

Group (D) 3.1 (15.3) (n=186) —1.3 (6.6) (n=153)

Reclassified GOLD 2017 with

combined group

Group (A) 1.0 (11.1) (n=243) 0.017 2.3 (5.4) (n=166) <0.001
Group (B) —1.8 (15.9) (n=7,495) —1.2 (7.0) (n=655)

Group (C+D) —2.6 (15.4) (n=212) —0.8 (6.6) (n=174)

Note: *Mean change (SD).

Abbreviations: CAT, COPD Assessment Test; GOLD, global initiative for chronic obstructive lung disease; SGRQ, St George’s Respiratory Questionnaire.

symptomatic groups) and B, D (more symptomatic groups)
in both GOLD 2013 and 2017 classifications.

Discussion

Based on the controversy on the role of severity of airflow
limitation in determining strategy for medical treatment,
new GOLD 2017 suggested a separate approach to evalu-
ate airflow limitation and risk of AECOPD. In this study,
we tried to figure out the distribution of GOLD 2017 clas-
sification and how the new system affects the future risk
of exacerbation. With this study, we could describe the
distribution of COPD patients under new classification
system and show the clinical difference in patients of old
and new group B.

At first, we should consider the distribution change
of COPD patients in real fields under new classification.
Compared with the COPDgene study in which group A was
33.6%, B was 20.5%, C was 7.9%, and D was 38.0%,'! the
distribution of higher risk group (group C and D) was similar
while the symptomatic lower risk group was larger in this
study population. Patients with high risks migrated to groups
A and B and group B became the dominant group occupying
61.5% of all COPD patients. The change is similar to that of
the recent report from the PLATINO study.® Our study con-
ducted in a different area than the PLATINO study, patients
were from Latin America, and the COPDGene Cohort study,
patients were from USA, respectively, the change in group

reorganization of GOLD 2017 among Korean COPD patients
was similar to the other large cohorts.

Another important finding is that group C was shrunk to
only 2.2% under GOLD 2017 classification. Even in GOLD
2013 classification, the proportion of group C was variable
but small with a proportion of 4%—23% according to previous
COPD cohorts. Considering the specific risk factor used to
determine category assignment in the higher risk groups of
GOLD 2013, namely, C1 (FEV only) group was 74.2% in
this study (Table S3) which is similar to other large COPD
cohorts.>>!!

In the new classification, group B was dominant but might
be heterogeneous. When we compared the characteristics of
patients in group B of GOLD 2013 and patients migrated
to group B under the new classification (ie, group B’), we
found that patients in group B’ were more symptomatic
(higher score in mMRC, CAT, and SGRQ) and used ICS
and roflumilast more frequently despite the exacerbation
rate in previous year was not different. The differences were
extended to the association with the higher risk of prospec-
tive acute exacerbation in group B’ than in group B. The
findings suggest that GOLD 2017 may undervalue the risk
of acute exacerbations in patients with poor symptom score
and lung function. Although the prior exacerbation history
is the major and important determinant of future exacerba-
tion, mMRC and airflow limitation were also risk factors for
exacerbation.'> ! Therefore, these limitations and combining
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heterogeneous subpopulation with a simple criteria of exac-
erbation frequency may be hurdles to utilization of the new
GOLD criteria by clinicians.

In this study, prospective acute exacerbation risk and
incidence rate were sequentially increased according to
severity of airflow limitation as shown in previous studies. '
However, group C was not different from group A in expect-
ing future risk of exacerbation (Tables 5 and 7). Interestingly,
the limitations of GOLD 2017 were minimized, and the linear
association by groups with clinical outcomes including trends
in group shifting with follow-up, exacerbation risk for 1-year
follow-up, and annual exacerbation risk was more consistent.
Korean COPD guideline stratified the groups with either
FEV, (<60% or =60%) or exacerbation history (0—1 vs =2)
in the previous year resulting in low-risk or high-risk group
(group “da”). Group “da” included the 23.3% of low-risk
group assigned in GOLD 2013 as a higher group, and 15.3%
of GOLD B included in Korean group “da’ had experienced
exacerbation the following year which was similar to 17%
of GOLD D included in Korean group “da”.'¢

Considering the results of this study, we suggest that
the future classification algorithm might be necessary to be
modified to combine group C and D, and incorporating the
baseline FEV,.

Potential limitations of this study are related to patient
enrollment and data sampling. Our cohorts are not a popula-
tion-based cohort and recruited patients in tertiary hospital.

Therefore, 37.6% of patients in this study had moderate-
to-severe airflow limitation, higher than a previous
report from South Korea (6.4%).!” Nevertheless, the largest
cohort, KOCOSS, is a nation-wide cohort and it may
attenuate the selection bias. Also there was limitation in
analyzing mortality, and pulmonary function change was
not included because of short history of cohorts. At the
enrollment, about 20% of patients in group A and 30% in
group B according to GOLD reported ICS/LABA use. The
overtreatment could affect prospective result of AECOPD
in this study.

Conclusion

In conclusion, this study used a comprehensive database of
nationwide COPD cohorts in South Korea and showed that
in new GOLD 2017, greater portion of COPD patients were
identified as being at lower risk of acute exacerbations than
the previous GOLD 2013 (83.4% vs 55.3%). In the new
classification, Group C was shrunk to a minor group and it
did not show any benefit in predicting acute exacerbation
compared with group A. Combining groups C and D showed
advantage in predicting exacerbations.

Clinical trial registration

KOrea COpd Subgroup Registry and Subtype Research
(KOCOSS); https://ClinicalTrials.gov/ct2/show/
NCT02800499, NCT02800499.

Table 7 Associations between GOLD classifications and prospective total moderate-to-severe annual exacerbation rate

GOLD classification Univariate analysis Multivariate analysis®

IRR (95% CI) P-value IRR (95% CI) P-value
GOLD 2007
Stage | Reference Reference
Stage Il 2.3 (1.34.1) 0.0069 2.0 (1.0-3.8) 0.036
Stage Il 2.9 (1.6-5.4) <0.001 2.3 (1.2-4.6) 0.014
Stage IV 3.8 (1.8-7.9) <0.001 3.2 (1.4-7.3) 0.006
GOLD 2013
Group (A) Reference Reference
Group (B) 2.8 (1.7-4.4) <0.001 3.1 (1.8-5.2) <0.001
Group (C) 2.3 (1.3423) 0.008 2.0 (1.0-4.2) 0.052
Group (D) 4.6 (2.9-7.2) <0.001 5.1 (3.0-8.4) <0.001
GOLD 2017
Group (A) Reference Reference
Group (B) 2.5 (1.6-3.4) <0.001 2.4 (1.6-3.5) <0.001
Group (C) 2.3 (1.0-5.3) 0.060 1.0 (0.3-3.6) 0.997
Group (D) 5.1 (3.3-7.9) <0.001 5.3 (3.3-86) <0.001
Reclassified GOLD 2017
with combined group
Group (A) Reference Reference
Group (B) 2.3 (1.6-3.4) <0.001 2.5 (1.6-3.7) <0.001
Group (C+D) 4.7 (3.1-7.2) <0.001 4.8 (3.0-7.7) <0.001
Note: *Adjusted for age, sex, body mass index, and pack-years.
Abbreviation: IRR, incidence rate ratio.
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Seoul National University Airway Registry; https://Clini-
calTrials.gov/ct2/show/NCT02527486, NCT02527486.
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Supplementary materials

Assessment of airflow limitation,
GOLD 2007 grading system
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Figure SI Changes in COPD classifications.
Abbreviations: CAT, COPD Assessment Test; GOLD, global initiative for chronic obstructive lung disease.
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Table S1 Comparison of demographical and clinical characteristics between Class A in GOLD 2013 and 2017

Class (A) in GOLD Class (A) migrated P-value

2013 (n=335) in 2017 (C—A; n=83)
Age 68.519.1 (n=292) 69.0+9.2 (n=78) 0.584
Sex, male (%) 308/320 (96.3%) 73179 (92.4%) 0.140
Smoking pack-years 43.6+23.3 (n=312) 47.8+30.4 (n=70) 0.201
Body mass index 23.613.1 (n=334) 22.1£3.6 <0.001
Baseline FEV, (% pred) 68.7£13.2 40.616.3 <0.001
Baseline FEV /FVC 55.548.7 41.1£9.4 <0.001
Positive bronchodilator response 15/334 (4.5%) 7/82 (8.5%) 0.166
(>12% and 200 mL)
mMRC 0.7+0.5 0.8+0.4 0.046
Baseline CAT total 5.7+2.5 5.8+2.4 0.789
Baseline SGRQ total 18.9£12.0 22.7+134 0.012
Initial LAMA use 118/293 (40.3%) 40/73 (54.8%) 0.025
Initial LABA use 45/275 (16.4%) 10/70 (14.3%) 0.672
Initial LAMA/LABA use 28/112 (25.0%) 8/29 (27.6%) 0.776
Initial ICS/LABA 60/271 (22.1%) 22/69 (20.3%) 0.091
Initial roflumilast use 3/266 (1.1%) 3/67 (4.5%) 0.098
Total moderate-to-severe exacerbation 0.2+0.7 0.5+1.0 0.028
rate in the year prior to enrollment

Note: Continuous variables were presented as mean value * SD.

Abbreviations: CAT, COPD Assessment Test; GOLD, global initiative for chronic obstructive lung disease; ICS, inhaled corticosteroid; LABA, long-acting beta agonist;

LAMA, long-acting muscarinic antagonist; SGRQ, St George’s Respiratory Questionnaire.
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Table S2 Comparison of group shifting among GOLD classification systems in |-year follow-up

Group at Group in | year
enrollment By GOLD 2013
Group (A) Group (B) Group (C) Group (D) Group without
airflow limitation
Group (A) 96 (41.0%) 35 (8.3%) 13 (18.1%) 9 (5.6%) 8 (27.6%)
Group (B) 79 (33.8%) 237 (56.2%) Il (15.3%) 58 (14.7%) 11 (37.9%)
Group (C) 16 (6.8%) 18 (4.3%) 25 (34.7%) 14 (18.2%) 4 (13.8%)
Group (D) 43 (18.4%) 132 (31.3%) 23 (31.9%) 256 (55.7%) 6 (20.7%)
By GOLD 2017
Group (A) Group (B) Group (C) Group (D) Group without
airflow limitation
Group (A) 128 (46.4%) 59 (9.2%) 12 (40.0%) 6 (5.0%) 10 (34.5%)
Group (B) 128 (46.0%) 462 (72.2%) 10 (33.3%) 74 (61.2%) 14 (48.3%)
Group (C) 7 (2.5%) I (1.7%) 3 (10.0%) 0 (0%) 2 (6.9%)
Group (D) 14 (5.1%) 108 (16.9%) 5(16.7%) 41 (33.9%) 3 (10.3%)
By reclassified GOLD 2017 with combined group
Group (A) Group (B) Group (C+D) Group without airflow limitation
Group (A) 128 (46.4%) 59 (9.2%) 18 (11.9%) 10 (34.5%)
Group (B) 127 (46.0%) 462 (72.2%) 84 (55.6%) 14 (48.3%)
Group (C+D) 21 (7.3%) 119 (18.6%) 49 (32.5%) 5(17.2%)

Table S3 Comparison of patients’ distribution between GOLD 2007, GOLD 2013, and GOLD 2017

Total GOLD 2013 GOLD 2017
(N-=1,880) ) (B) (€3) (D3) ) (B) (©) (D)
335 704 124 720 418 1,157 41 271
(17.8%) (37.5%) (6.6%) (38.1%) (22.2%) (61.5%) (2.2%) (14.4%)
GOLD |1 | 197 (10.5%) | 65 (19.4%) | 116 (16.6%) | 4 (3.2%) 12(1.7%) | 65(15.6%) | 117 (10.1%) | 42 (9.8%) | 12°% (4.6%)
2007 | 11 | 974 (51.8%) | 270 (80.6%) | 587 (83.5%) | 27 (22.6%) | 91 (12.6%) | 270 (64.6%) | 587 (50.7%) | 28 (68.3%) | 91°* (33.7%)
I | 592 (31.5%) |0 0 86 (69.4%) | 506 (70.3%) | 78" (18.7%) | 380°' (33.1%) | 8 (19.5%) | 124°* (47.0%)
IV | 117 (62%) |0 0 6 (4.8%) 11 (15.4%) | 5" (1.2%) | 69°' (6.1%) 1€ (2.4%) | 4297 (14.4%)
Notes: Cl, C2, C3, DI, D2, D3: classified by GOLD 2013; Cl, DI: by FEV,; C2, D2: by exacerbation; C3, D3: by both.
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