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Background: In 2017, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) removed
spirometry as a criterion for classifying GOLD risk groups (A-D, low-high risk).

Methods: In this cross-sectional observational study in China, we used the GOLD 2016 (spirometry
included) and 2018 (spirometry eliminated) criteria for classifying GOLD risk groups to describe: the
proportion of patients with chronic obstructive pulmonary disease (COPD) in each GOLD risk group;
disease severity; demographics and comorbidities. Patients aged >40 years with a clinical COPD diagnosis for
>] year were included. During a single study visit, patients completed the COPD assessment test, modified
Medical Research Council (nMRC) dyspnea scale assessment, and spirometry tests. Demographics, medical
history, and treatment data were recorded.

Results: In total, 838 patients were included. Most patients were male (86.4%), >65 years old (58.6%),
and current or former smokers (78.5%). By GOLD 2016, the highest proportion of patients were Group D
(42.8%), followed by B (28.2%). By GOLD 2018, the highest proportion of patients were Group B (57.3%),
followed by A (25.5%). A total of 296 patients (35.3%) were reclassified, either from Group C to Group A
or from Group D to Group B. Overall, 36.2% of patients were receiving treatment concordant with GOLD
2016 recommendations; 34.1% were not receiving any inhaled medication.

Conclusions: The distribution of COPD severity shifted from a high-risk category (by GOLD 2016) to a
low-risk category (by GOLD 2018). The high proportion of patients not receiving maintenance medication

reflects a high level of under-treatment of the disease.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
a common, preventable and treatable disease that is
characterized by persistent respiratory symptoms and airflow
limitation, and is commonly associated with comorbidity (1).
The 2017 Global Burden of Disease Study (2) found that
COPD was the seventh leading cause of death in the world.
COPD is also associated with substantial economic and
social burden (1). In a nationwide study in China from 2014
to 2015, the estimated overall prevalence of COPD was
13.6% among adults aged >40 years (3); furthermore, in
China, COPD was the fifth leading cause of years of life lost
according to a survey from 1980 to 2013 (4), indicating that
COPD is a major public health problem. Although there
is a high prevalence of COPD in China, little is known
about the distribution of patients in terms of characteristics,
disease severity, and treatments.

Patients with COPD have traditionally been categorized
based on airflow limitation [assessed by forced expiratory
volume in 1 second (FEV,) measurement] (5). In 2011, the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) introduced a new classification system that
recommended patients with COPD should be classified
based on a combination of symptomatic assessment, using
either a dyspnea measure [modified Medical Research
Council (nMRC) dyspnea scale] or a health status measure
[COPD Assessment Test (CAT) score], in addition to
spirometry and/or risk of exacerbations (6,7). With this
system, patients with COPD are classified into four groups:
Group A (low risk, fewer symptoms), Group B (low risk,
more symptoms), Group C (high risk, fewer symptoms),
and Group D (high risk, more symptoms). The GOLD
strategy document is updated annually. In the 2017 revision,
the degree of airflow limitation (based on spirometry
classification) was eliminated from the ABCD categorization
system: the GOLD 2017 update recommended the
classification of patients into the four groups based only
on symptomatic assessment and COPD exacerbation
history (8). Subsequent updates to the GOLD guidelines
maintained this method of categorization of severity,
excluding spirometry measurements. Little is known about
the impact of this change in criteria from GOLD 2016 to
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2017 on the management of COPD.

In the present study, we used the GOLD 2016
classification criteria (9) (spirometry classification included)
and GOLD 2018 classification criteria (10) (spirometry
classification eliminated) to describe the proportion of
patients with COPD in Groups A to D in a Chinese
cohort. Additionally, we aimed to describe patients with
COPD in terms of their demographic characteristics,
disease severity (CAT score, exacerbation status, spirometry
outcomes), COPD treatments and comorbidities in the
overall population, and by GOLD 2016 and GOLD 2018
classifications.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-255).

Methods
Patients

The study population comprised patients with COPD seen
during routine follow-up in outpatient clinics of tertiary
hospitals (the largest and most sophisticated of the three-
level hospital system). The hospitals used as study sites were
selected through expert discussion with the aim of achieving
geographic and socio-demographic diversity representative
of the whole of China.

Eligible patients were men or women aged >40 years
with a clinical diagnosis of COPD for >1 year, with stable
disease at enrollment. A clinical diagnosis of COPD was
defined as dyspnea, chronic cough or sputum production,
a history of exposure to COPD risk factors, and a post-
bronchodilator FEV, to forced vital capacity (FVC) ratio
(FEV,/FVC) of <0.7. Additionally, eligible patients were
required to be outpatients; to be able to read, comprehend,
and record information in Chinese; and to have provided
written informed consent prior to study participation.

Patients were excluded from the study if they had any
of the following at screening: a medical diagnosis of active
tuberculosis, cystic fibrosis, lung cancer, hyper-eosinophilic
syndrome, or any other pulmonary condition; or current
participation in another COPD clinical study. Patients were
also excluded if they had exacerbations within the preceding
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month, or any other unstable disease that could influence
CAT or spirometry results. Thus, only patients with stable
COPD were included and therefore use of maintenance
medication could be accurately observed.

Ethical statement

Ethical approval and written informed consent was obtained
for all participants. This study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013) and
Good Clinical Practice. The study was approved by the
Ethics Committee of scientific research project review
in the First Affiliated Hospital of Guangzhou Medical
University (approval No. 2018 K-19).

Study design

This multicenter, cross-sectional, observational, descriptive
study was conducted at outpatient COPD clinics in
eight tertiary hospitals across China between May 2017
and December 2018. The study included only one visit,
during which all patients completed the CAT, and mMRC
dyspnea assessment, and investigators collected data on
demographics, exacerbations, blood eosinophil level,
medical history, and current COPD treatments. Information
was acquired from patient medical records; any information
not available in medical records was acquired through
patient recall (the type and amount of data collected
through patient recall varied depending on the study site
and the completeness of the patient’s medical record). This
was with the exception of spirometry data, which were
either collected during the study visit or from the most
recent data (within 6 months of study visit) in the patient’s
medical record. Patients were considered to have completed
the study once the above data were collected; there was no
follow-up for this study. After the study, management of
patients, including their prescribed medications, continued
to be at the physician’s discretion.

Endpoints

The primary endpoints were the proportion of patients
classified according to GOLD 2016 and GOLD 2018
ABCD groups; and the recording and evaluation of
demographic characteristics [including gender, age, body
mass index (BMI), waistline measurement, and smoking
status], disease severity (based on CAT score, exacerbation
status, mMRC dyspnea score, and spirometry), and
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comorbidities (determined from medical records and/or
patient recall). The secondary endpoint was the proportion
of patients in each GOLD 2016 group currently treated
in concordance with the first or alternative treatments
recommended.

Assessments

In order to categorize patients into ABCD groups according
to the GOLD 2016 classification system, patients’ symptoms,
exacerbation risk and spirometry measurements were
evaluated. The same approach was used to categorize
patients according to the GOLD 2018 classification system,
except that spirometry measurements were not included as
part of the assessment (Figure S1). First, symptoms were
evaluated based on the CAT score and categorized per
severity (fewer symptoms: CAT score <10; more symptoms:
CAT score >10). Exacerbation risk was then determined
based on exacerbation history, assessed by the number of
exacerbations within the previous 12 months: low risk: 0 or 1
exacerbation; high risk: >2 exacerbations or >1 exacerbation
requiring hospitalization. Lastly, to classify patients by
GOLD 2016, spirometry was used to determine the grade of
airflow limitation. The most recent spirometry data available,
collected either during the study visit or within 6 months
prior to study visit, were documented. The severity of
airflow limitation was categorized based on post-salbutamol
FEV,: GOLD 1 (mild): FEV,>80% predicted; GOLD 2
(moderate): 5S0%<FEV,<80% predicted; GOLD 3 (severe):
30%<FEV,<50% predicted; and GOLD 4 (very severe):
FEV,<30% predicted. GOLD 1 and 2 were considered low
risk, and GOLD 3 and 4 were considered high risk.

Statistical analyses

Data were analyzed descriptively only. Continuous data
were expressed as mean and standard deviation (SD) and
categorical data were summarized using frequency counts
and percentages. The analysis set was all eligible patients
who participated in this study.

Results
Study population

Of the 948 patients enrolled, 838 met the eligibility criteria
and were included in the analyses (Figure I). Patients who
were screen failures (n=100) or had protocol deviations (n=10)
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Total patients with COPD in
eight tertiary hospitals
n=948

Y

Patients excluded
Y Screen failures: n=100
Protocol deviations: n=10"

Patients analyzed
n=838

Y Y

Classification by GOLD 2016 Classification by GOLD 2018
Group A: n=162 Group A: n=214
Group B: n=236 Group B: n=480
Group C: n=81 Group C: n=29
Group D: n=359 Group D: n=115

Figure 1 Patient disposition. ', all protocol deviations were due
to failure to meet eligibility criteria. COPD, chronic obstructive
pulmonary disease; GOLD, Global Initiative for Chronic Obstructive

Lung Disease.
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Figure 2 Proportion of patients classified by GOLD 2016 and
GOLD 2018 (N=838). GOLD, Global Initiative for Chronic
Obstructive Lung Disease.

were excluded. All protocol deviations were due to failure
to meet eligibility criteria. By GOLD 2016 classification,
the highest proportion of patients were Group D [42.8%
(n=359)], followed by B [28.2% (n=236)]. By GOLD 2018
classification, the highest proportion of patients were Group
B [57.3% (n=480)], followed by A [25.5% (n=214)] (Figure 2,
Table 1). Cohen’s K-coefficient was calculated to assist the
evaluation of the agreement between the two GOLD criteria,
and was determined to be 0.5143.

Demographic and clinical characteristics

In the total study population (N=838), mean (SD) age was
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65.7 (8.6) years. The majority of patients were >65 years
of age [58.6% (n=491)], and were male [86.4% (n=724)]
(Table 1). There were no marked differences among Groups
A-D with respect to patient age by either GOLD 2016 or
GOLD 2018 classifications. Most patients [78.5% (n=658)]
were former or current smokers and the mean number of
pack years was 39.1. Patients in Group D by both GOLD
2016 and GOLD 2018 classifications had the highest mean
(SD) number of pack years [GOLD 2016 Group D: 41.4
(27.9); GOLD 2018 Group D: 45.1 (31.4)]. Patients in
Group C by GOLD 2016 and Group A by GOLD 2018
classifications had the lowest number of pack-years: 34.6
(22.5) and 35.0 (22.3), respectively. The mean (SD) BMI of
the total population was 23.1 (3.6) kg/m’ and the mean (SD)
waistline measurement was 86.5 (10.3) cm.

The majority of patients in the total population had
moderate-to-severe airflow limitation [GOLD 2: 44.5%
(n=373); GOLD 3: 32.8% (n=275)]. Overall, 71.0% (n=595)
of patients had a CAT score >10, meaning that they were
classified into Groups B or D according to both GOLD
2016 and 2018 classifications. Figure 3 shows the proportion
of patients with each GOLD spirometry classification
(GOLD 1-4) according to GOLD 2016 and GOLD 2018
ABCD groups. However, GOLD spirometry classification is
not considered as a criterion for GOLD 2018 classification;
this information is presented only for comparison between
the classifications. Per GOLD 2018 versus GOLD 2016,
respectively, fewer patients with GOLD 2 (moderate
airflow limitation) were classed as Group A [57.5% (n=123)
vs. 75.9% (n=123)] and Group B [42.3% (n=203) vs.
86.0% (n=203)]. Of patients with GOLD 3 (severe airflow
limitation) a marked proportion were classed as Group A
and B per GOLD 2018 classification [23.4% (n=50) and
33.1% (n=159), respectively] compared with GOLD 2016
classification, according to which no patients with GOLD 3
were classed as GOLD A or B.

For most patients, COPD had a mild-to-moderate
impact on health status, with 29.0% (n=243) of patients
having CAT score <10 and 41.2% (n=345) with a CAT
score of 10-<20. The mean (SD) CAT score was 15.0 (8.0).
In total, 25.1% (n=210) of patients had experienced >1
exacerbation in the preceding 12 months and 17.2% (n=144)
of patients had experienced >1 exacerbation requiring
hospitalization or >2 exacerbations. In comparison, 74.9%
(n=628) of the total patient population experienced no
exacerbations in the preceding 12 months.

The mean (SD) eosinophil percentage and absolute
eosinophil value of the overall population was 3.1 (2.5) and
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Table 1 Patient demographics and clinical characteristics by GOLD 2016 and GOLD 2018 classification (N=838)
GOLD 2016 GOLD 2018
Characteristic Total
Group A  Group B GroupC GroupD GroupA Group B Group C  Group D

n (%) 838 (100.0) 162 (19.3) 236 (28.2) 81 (9.7) 359 (42.8) 214 (25.5) 480(57.3) 29(3.5) 115(13.7)
Age, years, mean (SD) 65.7 (8.6) 64.7(9.4) 66.1(8.6) 65.3(8.5) 659(8.1) 64.6(9.1) 65.7(8.3) 66.9(9.1) 67.0(8.5)
Age group, n (%)

<65 years 347 (41.4) 66 (40.7) 91(38.6) 45(55.6) 145(40.4) 97 (45.3) 192 (40.0) 14(48.3) 44 (38.3)

>65 years 491 (58.6) 96 (59.3) 145(61.4) 36(44.4) 214(59.6) 117 (54.7) 288 (60.0) 15(51.7) 71 (61.7)
Gender, n (%)

Male 724 (86.4) 137 (84.6) 192 (81.4) 70(86.4) 325(90.5) 181(84.6) 413(86.0) 26(89.7) 104 (90.4)
BMI, kg/m®, mean (SD) 23.1(3.6) 24.3(3.3) 24235 226(3.6) 21.9(3.5) 23.8(3.3) 23.1(3.7) 22745 219(3.5

Missing, n (%) 2(0.2) 0 2(0.8) 0 0 0 2(0.4) 0 0
BMI category, n (%)

<18.5 78 (9.3) 6 (3.7) 9 (3.8) 8(9.9) 55(15.3) 10(4.7) 44 (9.2) 4(13.8) 20(17.4)

18.5-23.9 434 (51.9) 76 (46.9) 106 (45.3) 44 (54.3) 208 (57.9) 106 (49.5) 250 (52.3) 14 (48.3) 64 (55.7)

24.0-27.9 250(29.9) 61(37.7) 85(36.3) 22(27.2) 82(22.8) 76(355 140(29.3) 7 (24.1) 27(23.5)

>28.0 74(8.9) 19(11.7) 34(14.5) 7 (8.6) 14(3.9) 22(10.3) 44(9.2) 4(13.8) 4 (3.5)

Missing 2(0.2) 0 2(0.8) 0 0 0 2(0.4) 0 0
Waistline measurement, cm, 86.5(10.3) 88.6 (9.1) 87.9(9.5) 83.9(11.2) 85.3(10.8) 87.1(9.8) 86.8(10.5) 86.2(11.7) 84.5(9.6)
mean (SD)

Missing, n (%) 4 (0.5) 0 4(1.7) 0 0 0 4(0.8) 0 0
Smoking status, n (%)

Never smoker 180 (21.5) 45(27.8) 60(25.4) 17(21.00 58(16.2) 56(26.2) 102 (21.3) 6(20.7) 16 (13.9)

Former smoker 449 (53.6) 79 (48.8) 112 (47.5) 45(55.6) 213(59.3) 108 (50.5) 258 (53.8) 16(55.2) 67 (58.3)

Current smoker 209 (24.9) 38(23.5) 64(27.1) 19(23.5) 88(24.5) 50(23.4) 120(25.0) 7 (24.1) 32(27.9)
Pack-years' for former and current smokers

n 658 17 176 64 301 158 378 23 99

Mean (SD) 39.1(25.8) 35.4 (22.6) 39.2 (24.9) 34.6 (22.5) 41.4 (27.9) 35.0(22.3) 39.4 (25.4) 36.1(24.4) 45.1 (31.4)
mMRC dyspnea grade, n (%)

0 120 (14.3) 64(39.5) 27(11.4) 16(19.8) 13(3.6) 74(34.6) 34(7.1) 6 (20.7) 6 (5.2)

1 316 (37.7) 80(49.4) 97(41.1) 38(46.9) 101(28.1) 107 (50.0) 173(36.0) 11(37.9) 25(21.7)

2 269 (32.1) 17 (10.5) 86(36.4) 24(29.6) 142(39.6) 30(14.00 181(37.7) 11(37.9) 47 (40.9)

3 120 (14.3) 1(0.6) 23 (9.7) 33.7) 93 (25.9) 3(1.4) 84 (17.5) 1(3.4) 32 (27.8)

4 13 (1.6) 0 3(1.3) 0 10 (2.8) 0 8(1.7) 0 5 (4.3)
CAT total score, mean (SD) 15.0(8.0) 6.0(2.4) 17.0(5.9) 5.8(2.4) 19.8(6.3) 6.0(24) 183(6.1) 54(2.3 20.3(6.9)

Table 1 (continued)
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GOLD 2016 GOLD 2018
Characteristic Total
Group A Group B GroupC GroupD GroupA Group B GroupC  Group D
CAT total score category, n (%)
0-<10 243 (29.0) 162 (100.0) 0 81 (100.0) 0 214 (100.0) 0 29 (100.0) 0
10-<20 345 (41.2) 0 167 (70.8) 0 178 (49.6) 0 289 (60.2) 0 56 (48.7)
20-<30 221 (26.4) 0 61 (25.8) 0 160 (44.6) 0 172 (35.8) 0 49 (42.6)
30-<40 29 (3.5) 0 8 (3.4) 0 21 (5.8) 0 19 (4.0) 0 10 (8.7)
>1 exacerbation in the last 12 months, n (%)
Yes 210(25.1) 15(9.3) 25(10.6) 37(45.7) 133(37.00 23(10.7) 43(9.00) 29(100.0) 115 (100.0)
No 628 (74.9) 147 (90.7) 211 (89.4) 44 (54.3) 226 (63.0) 191(89.3) 437 (91.0) 0 0
Exacerbation status®, n (%)
No exacerbations” 628 (74.9) 147 (90.7) 211 (89.4) 44 (54.3) 226 (63.0) 191(89.3) 437 (91.4) 0 0
1 exacerbation (not 64(7.6) 15(9.3) 24(10.2) 8(9.9) 17 (4.7) 23(10.7) 41(8.6) 0 0
requiring hospitalization)
>1 exacerbation requiring 118 (14.1) 0 0 20 (24.7) 98 (27.3) 0 0 20 (69.0) 98(85.2)
hospitalization
=2 exacerbations 46 (5.5) 0 0 12(14.8) 34 (9.5) 0 0 12 (41.4) 34 (29.6)
>1 exacerbation requiring 144 (17.2) 0 0 29 (35.8) 115(32.0) 0 0 29 (100.0) 115(100.0)
hospitalization or
>2 exacerbations
Spirometry classification, n (%)
GOLD 1 77(9.2) 39(24.1) 33(14.0) 2 (2.5) 3(0.8) 39(18.2) 33(6.9) 2(6.9) 3(2.6)
GOLD 2 373 (44.5) 123 (75.9) 203 (86.0) 13(16.0) 34(9.5) 123(57.5) 203 (42.3) 13(44.8) 34(29.6)
GOLD 3 275 (32.8) 0 0 61(75.3) 214 (59.6) 50(23.4) 159(33.1) 11(37.9) 55(47.8)
GOLD 4 113 (13.5) 0 0 5(.2) 108 (30.1) 2(0.9) 85 (17.7) 3(10.3) 23(20.0)
FEV,, L, mean (SD) 1.39(0.6) 1.89(0.5) 1.73(0.5) 1.15(0.3) 1.0(0.4) 1.70(0.5) 1.33(0.6) 1.28(0.4) 1.12(0.5)
FEV,/FVC ratio, mean (SD)  0.49 (0.1) 0.58(0.1) 0.56(0.1) 0.44(0.1) 0.41(0.1) 0.54(0.1) 0.48(0.1) 0.49(0.1) 0.44(0.1)
FEV, % predicted, mean (SD) 52.7 (19.4) 70.3 (13.4) 66.1 (12.3) 44.9 (12.7) 37.7 (13.1) 63.1(17.4) 50.2 (19.1) 51.9 (17.5) 44.1 (17.0)
Eosinophil percentage (%), 3.1(2.5) 3.2(2.8) 3.2(2.7) 29(1.9) 3125 31(26) 3.1(2.6) 3.1(1.8) 3.1(2.3
mean (SD)
Eosinophil percentage category
0-<2%, n (%) 316(38.4) 60(37.5) 91(39.4) 28(34.6) 137(39.1) 81(38.2) 186(39.6) 7 (24.1) 42(37.9)
2-<4%, n (%) 305(37.1) 60(37.5) 80(34.6) 33(40.7) 132(37.7) 78(36.8) 168(35.7) 15(51.7) 44 (39.6)
4-<6%, n (%) 112 (13.6) 24 (15.0) 34 (14.7) 12(14.8) 42(12.00 32(15.1) 63(13.4) 4(13.8) 13 (11.7)
>6%, n (%) 89(10.8) 16(10.00 26(11.3) 8(9.9) 39(11.1)  21(9.9) 53(11.3) 3(10.3) 12 (10.8)
Missing, n 16 2 5 0 9 2 10 0 4

Table 1 (continued)
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Table 1 (continued)
GOLD 2016 GOLD 2018
Characteristic Total
Group A Group B GroupC GroupD GroupA Group B GroupC  Group D

Eosinophil absolute value,

10°/L. moan (SD) 0.23 (0.29) 0.22 (0.20) 0.22 (0.20)

0.22 (0.15) 0.23 (0.38) 0.22 (0.19) 0.21(0.18) 0.23 (0.15) 0.29 (0.63)

Eosinophil absolute value category

0-<75 cells/uL, n (%) 121 (14.7) 21 (18.1) 44(191) 9(11.1) 47(13.4) 28(132) 81(17.3) 2(69  10(9.0)
75-<100 cells/pL, n (%) 65(7.9) 16(10.0) 16(7.0) 7(86) 26(7.4) 23(10.8) 32(6.8) 0 10 (9.0)
100-<150 cells/uL, n (%) 174 (21.2) 31(19.4) 43(18.7) 17(21.0) 83(23.7) 40(18.9) 100(21.3) 8(27.6) 26 (23.4)
150-<300 cells/uL, n (%) 276 (33.6) 55(34.4) 80(34.8) 29(35.8) 112(32.0) 71(33.5) 159 (33.9) 13(44.8) 33(29.7)
>300 cells/pL, n (%) 185 (22.5) 37 (23.1) 47 (20.4) 19 (23.5) 82(23.4) 50(23.6) 97(20.7) 6(20.7) 32 (28.8)
Missing, n 17 2 6 0 9 2 11 0 4

', pack-years = number of packs per day x number of smoking years. ¥, grade 0, breathless only with strenuous exercise; grade 1,
breathless when hurrying on the level or walking on a slight hill; grade 2, walks slower than people of the same age on the level because of
breathlessness or has to stop when walking at own pace on the level; grade 3, stops for breath after walking 100 m or after a few minutes
on the level; grade 4, too breathless to leave the house or breathless when dressing or undressing. §, exacerbations in the last 12 months.
1 data from two patients omitted due to inconsistencies in patient response. ', GOLD 1: mild, FEV, 280% predicted; GOLD 2: moderate,
50%=< FEV, <80% predicted; GOLD 3: severe, 30%=< FEV, <50% predicted; GOLD 4: very severe, FEV, <30% predicted. BMI, body mass
index; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 second; FVC,
forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; mMRC, modified Medical Research Council; SD,

standard deviation.

0.23 (0.29), respectively. As per the eosinophil elevation
cut-off criteria of 2%, more than 40% of the patients from
each group had elevated blood eosinophil levels, when
classified according to both GOLD 2016 and GOLD 2018.
Irrespective of the classification criteria applied to the
patient population, approximately one-third of the patients
from all groups (range, 29.7-44.8%) had absolute blood
eosinophil values in the range 150-<300 cells/pL.

Comorbidity

In the total study population (N=838), 52.1% (n=437)
of patients had a comorbid condition (Table 2), the most
common being hypertension [27.0% (n=226)], followed by
current asthma [15.9% (n=133)], allergic rhinitis [11.8%
(n=99)], diabetes [7.4% (n=62)], and hyperlipidemia [7.2%
(n=60)]. The proportions of patients with hypertension
in each group varied depending on GOLD classification.
Per GOLD 2016 classification, proportions were equally
distributed across all four groups; however, per GOLD
2018 classification, hypertension was more common in
patients in Groups C and D [37.9% (n=11) and 33.9%
(n=39), respectively] compared with those in Groups A and

© Journal of Thoracic Disease. All rights reserved.

B [26.2% (n=56) and 25.0% (n=120), respectively]. On a
descriptive level, there was no obvious association between
the groups with high eosinophil counts (7zble 1) and the
groups with current asthma (7able 2).

Changes in patient ABCD classification according to
GOLD 2018 criteria

Demographics and clinical characteristics for patients
whose ABCD grouping changed in the reclassification from
GOLD 2016 to GOLD 2018 are described in Table SI.
The mean (SD) CAT score in all patients who were
reclassified (either from Group C to Group A or from
Group D to Group B, total n=296) was 17.1 (7.7). In the
group of patients who were reclassified from Group C (as
per GOLD 2016) to Group A (as per GOLD 2018), more
patients were <65 years of age than >65 years of age [59.6%
(n=31) vs. 40.4% (n=21), respectively]. The majority of
patients who were reclassified from Group C to A had grade
1 mMRC dyspnea [51.9% (n=27)], and the mean (SD) CAT
score in patients who were reclassified from Group C to A
(n=52) was 5.9 (2.5). In patients who were reclassified from
Group D (GOLD 2016) to Group B (GOLD 2018), more
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Figure 3 Proportion of patients in GOLD spirometry classifications’ (N=838). !, GOLD spirometry classification is not considered as a

criterion for GOLD 2018 classification; this information is presented only for comparison between the classifications. ¥, GOLD 1: mild,
FEV, 280% predicted; GOLD 2: moderate, 50%< FEV, <80% predicted; GOLD 3: severe, 30%< FEV, <50% predicted; GOLD 4: very
severe, FEV, <30% predicted. FEV|, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

patients were >65 years of age than <65 years of age [58.6%
(n=143) vs. 41.4% (n=101), respectively]. The majority of
patients [38.9% (n=95)] who were reclassified from Group
D (GOLD 2016) to Group B (GOLD 2018) had grade 2
mMRC dyspnea. The mean (SD) CAT score of patients
who were reclassified from Group D (GOLD 2016) to
Group B (GOLD 2018) was 19.5 (6.1); 95.5% (n=233)

© Journal of Thoracic Disease. All rights reserved.

of patients in this category had CAT scores of 10-<30.
The majority of patients who were reclassified in both
categories had no exacerbations in the preceding 12 months
[Groups C to A reclassification: 84.6% (n=44); Group D to
B reclassification: 93.0% (n=227)]. All remaining patients
experienced one exacerbation (not requiring hospitalization)
in the preceding 12 months [Group C to A reclassification:
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Table 2 Comorbidities in patients according to GOLD 2016 and GOLD 2018 classification (n=838)

GOLD 2016 GOLD 2018
Comorbidity Total
GroupA GroupB GroupC GroupD GroupA  GroupB Group C Group D
Patients, n (%) 838 (100.0) 162 (19.3) 236(28.2) 81(9.7) 359 (42.8) 214 (25.5) 480(57.3) 29(3.5) 115(13.7)
Comorbidities, n (%) 437 (52.1) 88 (54.3) 133(56.4) 41(50.6) 175(48.7) 110 (51.4) 242 (50.4) 19 (65.5) 66 (57.4)
Hypertension 226 (27.0) 44 (27.2) 66(28.0) 23(28.4) 93(25.9 56(26.2) 120(25.0) 11(37.9) 39 (33.9)
Current asthma 133(15.9) 30(18.5) 37(15.7) 18(22.2) 48(13.4) 37(17.3) 67(14.0) 11(37.9) 18(15.7)
Allergic rhinitis 99 (11.8) 24(14.8) 37(15.7) 5(6.2) 33(9.2) 27(12.6) 59(12.3) 2(6.9 11(9.6)
Diabetes 62 (7.4) 9 (5.6) 2189 7(8.6  25(7.0) 12(5.6) 40(8.3) 4(13.8) 6(5.2
Hyperlipidemia 60(7.2) 20(12.3) 15(6.4) 5(6.2) 20(5.6) 24(11.2) 28(.8 1(3.4) 7(6.1)
Ischemic heart disease 59 (7.0) 7 (4.3) 18(7.6) 6(7.4) 28(7.8) 10(4.7) 3369 3(10.3) 13(11.3)
Bronchiectasis 38 (4.5) 7 4.3) 8 (3.4) 5.2 18(5.0) 8(3.7) 18(3.8) 4(13.8) 8(7.0)
Gastroesophageal reflux 15(1.8) 1(0.6) 7 (3.0) 0 (0.0 7(1.9) 1(0.5) 11 (2.3) 0 (0.0 3(2.6)
disease
Heart failure 10(1.2) 1(0.6) 1(0.4) 0(0.0) 8(2.2) 1(0.5) 6(1.3) 0(0.0) 3(2.6)
Atrial fibrillation 9(1.1) 0(0.0) 3(1.3) 1(1.2) 5 (1.4) 1(0.5) 6(1.3) 00.00 2(1.7)
Obstructive sleep apnea 8(1.0) 0(0.0) 2(0.8) 4 (4.9) 2 (0.6) 1(0.5) 2 (0.4) 3(10.3) 2(1.7)
syndrome
Anxiety 6(0.7) 0(0.0) 4(1.7) 1(1.2) 1(0.3) 0(0.0) 5(1.0) 1(3.4) 0(0.0)
Depression 5 (0.6) 1(0.6) 2(0.8) 0 (0.0) 2 (0.6) 1(0.5) 4(0.8) 0(0.00 0(0.0)

GOLD, Global Initiative for Chronic Obstructive Lung Disease.

15.4% (n=8); Group D to B reclassification: 7.0% (n=17)].
No patients in either category experienced >1 exacerbation
requiring hospitalization or >2 exacerbations. Spirometry
indicated that all reclassified patients had GOLD 3 or
GOLD 4 severity, but this was only considered as a criterion
for classification in the GOLD 2016 criteria.

COPD inbaled medications

In the total study population (IN=838), the most frequently
prescribed therapy was inhaled corticosteroid (ICS) + long-
acting B,-agonist (LABA) [27.6% (n=231)] followed by
ICS + long-acting muscarinic antagonist (LAMA) + LABA
[25.9% (n=217)]. Notably, 34.1% (n=286) of patients were
not receiving any inhaled medication for their COPD,
representing a high level of under-treatment of COPD in
this patient population. A higher proportion of patients
received ICS + LAMA + LABA in Groups C and D per
the GOLD 2016 classification [38.3% (n=31) and 29.5%
(n=106), respectively] compared with Groups C and D per

© Journal of Thoracic Disease. All rights reserved.

the GOLD 2018 classification [37.9% (n=11) and 23.5%
(n=27), respectively]. On the other hand, per GOLD 2018,
a higher proportion of patients in Groups A and B received
ICS + LAMA + LABA [25.7% (n=55) and 25.8% (n=124),
respectively] compared with Groups A and B per GOLD
2016 classification [21.6% (n=35) and 19.1% (n=45),
respectively]. The proportion of patients in Group C who
did not receive any COPD treatment was lower per GOLD
2018 classification [3.4% (n=1)] compared with the GOLD
2016 classification [13.6% (n=11)]. All prescribed therapies
are shown in Figure 4 and Table S2. Overall, 36.2% (n=303)
of patients were receiving COPD treatment concordant
with GOLD 2016 recommendations: 32.8% (n=275) of
patients were receiving the recommended first choice for
COPD treatment, while 29.7% (n=249) were receiving a
recommended alternative choice (Figure 5, Table S2).
Details of patients who were managed on non-
pharmacologic therapy for their COPD were also collected
(data not shown). In total, 13.6% of patients (n=114) were
receiving oxygen therapy, most of whom (12.2% of the total
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Figure 4 Proportion of patients receiving COPD inhaled therapies (N=838). ', patients receiving SABA (n=7), SAMA + SABA (n=2), and
SAMA (n=1) are grouped with “Other” (n=12) in the above figure due to small patient numbers in these categories. The types of medication
included in the “Other” category (n=12) were not captured. COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LAMA, long-acting muscarinic antagonist;

SABA, short-acting p,-agonist; SAMA, short-acting muscarinic antagonist.

Demographic and clinical characteristics stratified

population, n=102) were using it for <15 hours per day.
according to COPD inbaled medications

Of the total study population, 1.0% were on non-invasive

ventilation support and none of the patients were reported The majority of patients across all treatment groups

to have undergone a surgical treatment for their disease. had experienced no exacerbations in the previous year
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Figure 5 Proportion of patients receiving treatment concordant with treatment recommendations per GOLD 2016 (N=838). GOLD,

Global Initative for Chronic Obstructive Lung Disease.

(range, 66.7-81.8%; Table S3). Patients receiving ICS +
LABA combination therapy were the most likely to have
experienced >1 exacerbation requiring hospitalization or
>2 exacerbations in the prior year [20.8% (n=48)] and
patients receiving LAMA or LABA therapy were the
least likely to have experienced >1 exacerbation requiring
hospitalization or >2 exacerbations in the prior year [10.5%
(n=8)]. Based on spirometry classification, 44.5% (n=373) of
all patients were classed as GOLD 2. Overall, 13.5% (n=113)
of patients were classed as GOLD 4. This was similar
across treatment groups, with the exception of the LAMA
+ LABA treatment group, in which no patients were classed
as GOLD 4, although this could be explained by the low
number of patients (n=6).

In patients not receiving any COPD treatment (n=286),
there was a slightly lower proportion of male patients
compared with the total population [79.4% (n=227)
vs. 86.4% (n=724), respectively] and a slightly higher
proportion of never smokers [28.3% (n=81) vs. 21.5%
(n=180), respectively]. A slightly higher proportion of
patients not receiving any COPD treatment had no history
of exacerbations in the previous year compared with the
total population [81.8% (n=234) vs. 74.9% (n=628)].
However, the mean (SD) FEV, in patients not receiving any
COPD treatment was similar to that of the total population
[1.44 L (0.6) vs. 1.39 L (0.6), respectively], as was the
mean (SD) FEV,/FVC ratio [0.51 (0.11) vs. 0.49 (0.12),
respectively] and the mean (SD) FEV, % predicted [54.7

© Journal of Thoracic Disease. All rights reserved.

(20.4) vs. 52.7 (19.4), respectively].

In patients with mMRC dyspnea grade >2, most patients
were either not receiving a current COPD treatment
[37.3% (n=150/402)] or were receiving ICS + LAMA +
LABA [29.4% (n=118/402)]. The majority of patients with
mMRC dyspnea grade <2 was also receiving no current
COPD treatment [31.2% (n=136/436)], with the second
largest majority of patients receiving ICS + LABA [30.7%
(n=134/436)].

In patients with a GOLD 3 or 4 spirometry classification
(i.e., those in GOLD Groups C or D according to GOLD
2016 criteria), most were receiving either ICS + LAMA
+ LABA [33.0% (n=128/388)] or no current COPD
treatment [31.7% (n=123/388)]. In patients with a GOLD
1 or 2 spirometry classification (i.e., those in GOLD
Groups A or B according to GOLD 2016 criteria), the
most common therapy was no current COPD treatment
[36.2% (n=163/450)], followed by ICS + LABA [31.1%
(n=140/450)].

Discussion

Our study described the distribution and clinical
characteristics of patients with COPD in a Chinese cohort
using GOLD 2016 and GOLD 2018 classifications.
The distribution of COPD severity shifted so that the
majority of patients were reclassified from a high-risk
category per GOLD 2016 to a low-risk category per
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GOLD 2018. According to the GOLD 2016 criteria, the
largest proportion of patients was in Group D (42.8%),
followed by Group B (28.2%), while according to GOLD
2018 criteria, more patients were classified in Group B
(57.3%) and Group A (25.5%). Overall, 35.3% of patients
(n=296/838) were reclassified from Group C to Group A, or
Group D to Group B. This change in distribution of disease
classification was due to the amendment of the classification
criteria in the GOLD 2018 report, which omitted the use
of spirometry. Per GOLD 2016, the majority of high-
risk patients (Groups C and D) had severe-to-very severe
airflow limitation (GOLD 3 and GOLD 4), while there
were no patients in the low-risk groups (Groups A and B)
with severe-to-very severe airflow limitation (GOLD 3 and
GOLD 4). However, per GOLD 2018, there was a marked
increase in the proportion of patients in Groups A and B
with GOLD 3 and GOLD 4 airflow limitation, indicating
that some patients with severe-to-very severe airflow
limitation were classified as low risk using the updated
criteria, which did not consider spirometry.

The argument for eliminating the degree of airflow
limitation (based on spirometric grades) from the GOLD
ABCD classification system was that spirometry does not
capture the heterogeneity of COPD, and does not directly
correlate with disease severity (11). Airflow limitation is
a clinically important trait that is both measurable and
treatable, with opportunities for intervention to improve
outcomes for individual patients (12). However, the data
reported here suggest that classifying patients using the
GOLD 2018 criteria, which do not consider airflow
limitation, may cause under-recognition of disease severity,
which may result in under-estimation of disease burden and
reduced intensity of therapy in patients with COPD. This
finding is consistent with several other studies comparing
the distribution of patients in Groups A-D using the
updated GOLD guidelines (13-19). Of particular relevance,
a study in China investigated the distribution of patients
with COPD in Groups A-D by GOLD 2017 criteria
compared with GOLD 2014 criteria (14). Approximately
one-third of patients who were originally classified into
high-risk groups (Groups C and D) by GOLD 2014
were reclassified into low-risk groups (Groups A and B)
by GOLD 2017. A greater proportion of patients were
classified into Groups A and B by GOLD 2017 (50.4%)
compared with GOLD 2014 (27.0%), with a corresponding
decrease in the proportion of patients in Groups C and
D (14). GOLD 2017 was the first GOLD classification to

eliminate spirometry as a criterion for classification (8),
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Jian et al. Clinical attributes of COPD by GOLD group in China

while GOLD 2014 still included spirometry; therefore,
this observation is broadly applicable to our analysis. Taken
together with the results of our study, these data could
suggest that, in Chinese patients with COPD, spirometry
remains a useful and reliable objective tool for physicians to
classify disease severity. Thus, it may be beneficial for local
guideline committees to consider the value of spirometry
as an assessment tool, alongside history of exacerbations, to
ensure that the presence of treatable traits including airflow
limitation are appropriately identified.

In the current study, there was a greater proportion of
patients in the overall population with >1 exacerbation
requiring hospitalization in the previous 12 months versus
those with one exacerbation not requiring hospitalization.
However, this relationship has previously been shown to be
inverted. In the ECLIPSE observational study (20), Hurst
et al. showed that in patients with COPD, there was a rate
of 0.22 exacerbations/patient/year requiring hospitalization
compared with a rate of 0.41 exacerbations/patient/year
requiring only corticosteroids and antibiotics, suggesting
that exacerbations not requiring hospitalization were nearly
twice as frequent as exacerbations requiring hospitalization.
In contrast, this study found that the proportion of patients
with exacerbations requiring hospitalization was nearly
twice that of patients with exacerbations not requiring
hospitalization (14.1% vs. 7.6%, respectively). This
discrepancy between different study populations may reflect
under-reporting or under-recognition of exacerbations not
requiring hospitalization in real-life practice compared
with clinical trials. It is possible that it may also represent
differences in healthcare systems between countries: the
ECLIPSE study was conducted in a global cohort in
centers in the United States, Canada, and across Europe,
compared with the Chinese cohort in the present study.
Speculatively, China may have a lower threshold for
hospitalization compared with other countries, or more
inclusive health insurance facilitating hospitalization.
Additionally, the recognition and recording of exacerbations
not requiring hospitalization depends on patients seeking
medical assistance in order to be prescribed medications
(corticosteroids and/or antibiotics); therefore, it is possible
that failure of patients to seek medical intervention could
lead to under-reporting of these exacerbations. This could
also represent a difference between real-world clinical
practice and clinical trials; for example, clinical trials may
have more rigid guidelines about how exacerbations are
recorded, while in this study, data were collected from real-
world clinical practice (patient recall and medical records),
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and as such may not be as accurate as clinical trials due to
inexact patient recall or under-reporting of exacerbations.
These data do however represent real-world challenges, and
under-reporting of all exacerbations (both those requiring
and those not requiring hospitalization) is a known issue in
real-world practice (21,22). Because history of exacerbations
is a key aspect in COPD disease classification, some patients
may be erroneously considered low risk, which may have
implications for management of their disease. Further
exploration is required to ensure the accurate diagnosis and
management of exacerbations not requiring hospitalization.
An additional contributing factor to the high rates of
hospitalization in this study population could be the high
levels of patients in this study not receiving any COPD
therapy: 35-40% of patients in Group D (by both GOLD
2016 and 2018) were not taking any COPD therapy.

Per GOLD 2016, the mean total CAT score of patients
in Group A was 6.0 out of a maximum of 40.0, indicative
of fewer COPD symptoms and a less severe impact of
COPD on health status. However, 66.0% of these patients
were receiving treatment, most commonly ICS + LABA
or ICS + LAMA + LABA. Given that enrolled patients
had a diagnosis of COPD for >1 year, this could suggest
that these therapies resulted in better control of symptoms
and a reduction in exacerbations compared with other
therapies. An alternative explanation for the low CAT
score (representing a low impact of COPD symptoms
on the health status of patients) is that the measurement
of CAT score and mMRC dyspnea score is subjective,
as they are based on patient self-assessment. Therefore,
CAT score may vary according to patient population; for
example, some patient populations may be more tolerant
of symptoms than others, hence CAT score may not always
fully reflect symptom burden. In this sample of patients
with COPD in China, ICS-containing treatments were the
dominant COPD inhaled maintenance medications, with
27.6% and 25.9% of total patients respectively receiving
ICS + LABA and ICS + LAMA + LABA. Speculatively, this
could be accounted for by an extensive availability of ICS-
containing treatments in China, or widespread acceptance
of the anti-inflammatory properties of ICS by Chinese
physicians, leading to a high level of use. However, the
GOLD 2021 report states that ICS is not suitable for
all patients with COPD (1), citing repeated pneumonia
events, blood eosinophil count <100 cells/pL,, and history
of mycobacterial infection as contraindications for ICS
therapy. Additionally, the American Thoracic Society 2020
guidelines also propose that ICS should be withdrawn
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in patients receiving triple therapy who have had no
exacerbations in the previous year (23). The possibility
of ICS overuse in patients with COPD in China requires
further investigation.

Of note, a large proportion of patients in this study were
not receiving any COPD therapy (neither maintenance
therapy nor rescue medication). When compared with
the total population, a greater proportion of patients not
receiving any COPD therapy experienced no exacerbations
in the previous year; however, their mean FEV,, FEV//
FVC ratio, and FEV % predicted values were indicative
of symptomatic disease, suggesting an unmet need
in this population. The proportion of patients in this
population not receiving any maintenance therapy may be
representative of a wider problem of under-treatment of
COPD in China. In a recent analysis of 25,011 patients
in the China Kadoorie Biobank, only 9% of patients with
COPD in China reported use of any medication in the
last 7 days to alleviate symptoms and reduce the frequency
and severity of exacerbations (24). Further investigation
into the lack of use of maintenance therapy is required,
as it may have implications on patient outcomes and
healthcare resource use due to worsening of disease and
risk of exacerbations. The reclassification of patients into
lower risk groups (i.e., reclassification from Group C to A
and Group D to B) may result in patients receiving ICS +
LABA + LAMA being downgraded to dual bronchodilators.
However, the effect of this step-down treatment in this
patient population would require further study. For
example, reclassification of patients from Group D to
Group B may result in the step down of triple therapy
(ICS + LABA + LAMA) to dual bronchodilators (LABA/
LAMA), due to the exacerbation risk being lower in Group
B than Group D (1). On the other hand, the reclassification
from Group C to Group A may result in treatment step
down from LAMA to short-acting B,-agonist/short-
acting muscarinic antagonist (pro 7e nata). This may have
important clinical implications for patients, especially those
who under-report or do not effectively communicate their
symptoms to healthcare professionals.

According to both the GOLD 2016 and GOLD 2018
classifications, the mean pack years for former and current
smokers were highest in patients in Group D, reflecting
the adverse impact of smoking. Smoking cessation remains
the primary obstacle for the prevention of COPD in
China. Secondary obstacles, including BMI and waistline
measurement, did not appear to be major contributing factors
for this population, with the majority of patients in the BMI
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category 18.5-23.9. Support with nutrition and smoking
cessation should be provided to patients with COPD, with
the goal of improving prognosis and quality of life.

A limitation of the present study was that the study
population comprised outpatients assessed at selected
tertiary hospitals, and therefore may not be representative
of the entire population of patients with COPD in China.
There are no general practitioner or respiratory specialist
offices in China, which means that patients tend to
visit tertiary hospitals for examinations, diagnoses, and
treatment. The focus on tertiary care centers, therefore,
might have resulted in a population sample with more
severe disease than the general population of patients with
COPD treated in primary care; alternatively, some patients
with severe COPD might not have been able to attend
hospital appointments, resulting in a study population with
less severe disease. However, efforts were made to include
a group of centers representative of the general population
in China. Finally, certain variables were based on patients’
recall and/or data collected from medical records; thus,
there was the potential for recall bias.

Since the GOLD 2017 update that eliminated spirometry
as a criterion for the ABCD categorization system, a
number of further minor updates to the GOLD report have
been published. In the GOLD 2021 revision (1), the main
changes address key points regarding COVID-19 in the
context of COPD including recommendations for remote
follow-up during pandemic restrictions. Notably, the
criteria for GOLD classification have not changed since the
2017 update, so these additional updates will not affect the
present analyses.

Conclusions

In this Chinese cohort, COPD severity for the majority
of patients shifted from a high-risk category (Group D)
per GOLD 2016 to a low-risk category (Group B) per
GOLD 2018. The elimination of spirometry as a criterion
from the GOLD 2018 classification could result in under-
recognition of disease severity, leading to a higher number
of patients in the low-risk categories. The reclassification
of patients to low-risk groups per GOLD 2018 (i.e., Group
C to A or Group D to B) compared with GOLD 2016 may
lead to a step down in treatment for these patients, which
is likely to influence patient outcomes. The proportion of
patients not receiving any COPD maintenance medication
was high according to both classifications, reflecting a high
level of under-treatment of COPD disease in this patient
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population. Further investigation is required to assess the
implications of these findings on patient outcomes and to
seek optimal solutions for disease management.
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Supplementary

Table S1 Demographics and clinical characteristics of patients reclassified to a new group per GOLD 2018 criteria (n=296)

Characteristic Total" (n=296) Group C to A (n=52) Group D to B’ (n=244)
Age, years, mean (SD) 65.2 (8.0) 64.4 (8.1) 65.3 (7.9)
Age group, n (%)

<65 years 132 (44.6) 31 (59.6) 101 (41.4)

=65 years 164 (55.4) 21 (40.4) 143 (58.6)
Gender, n (%)

Male 265 (89.5) 44 (84.6) 221 (90.6)
BMI, kg/m®

Mean (SD) 22.1 (3.4) 22.5(3.0) 22.0 (3.5)
BMI group, n (%)

<18.5 39 (13.2) 4(7.7) 35 (14.3)

18.5-23.9 174 (58.8) 30 (57.7) 144 (59.0)

24-27.9 70 (23.6) 15 (28.8) 55 (22.5)

>28 13 (4.4) 3(5.8) 10 (4.1)
Waistline measurement, cm

n 296 52 244

Mean (SD) 85.2 (11.3) 82.6 (10.7) 85.7 (11.4)
Smoking status, n (%)

Never smoker 53 (17.9) 11 (21.2) 42 (17.2)

Former smoker 175 (59.1) 29 (55.8) 146 (59.8)

Current smoker 68 (23.0) 12 (23.1) 56 (23.0)
Pack-years for former and current smokers'

n 243 41 202

Mean (SD) 38.6 (25.2) 33.8 (21.6) 39.6 (25.8)
mMRC dyspnea grade, n (%)

0 17 (5.7) 10 (19.2) 7(2.9)

1 103 (34.8) 27 (51.9) 76 (31.1)

2 108 (36.5) 13 (25.0) 95 (38.9)

3 63 (21.3) 2(3.8) 61 (25.0)

4 5(1.7) 0 5(2.0)
CAT total score, mean (SD) 171 (7.7) 5.9 (2.5) 19.5 (6.1)
CAT total score category, n (%)

0-<10 52 (17.6) 52 (100) 0

10-<20 122 (41.2) 0 122 (50.0)

20-<30 111 (37.5) 0 111 (45.5)

30-<40 11 (3.7) 0 11 (4.5)

Table S1 (continued)
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Table S1 (continued)

Characteristic

Total” (n=296)

Group C to A*(n=52)

Group D to B® (n=244)

Exacerbation status, n (%)

No exacerbations 271 (91.6) 44 (84.6) 227 (93.0)

1 exacerbation (not requiring hospitalization) 25 (8.4) 8 (15.4) 17 (7.0)

>1 exacerbation requiring hospitalization 0 0 0

>2 exacerbations 0 0 0

>1 exacerbation requiring hospitalization or

>2 exacerbations 0 0 0
Spirometry classification, n (%)*

GOLD 1 0 0 0

GOLD 2 0 0 0

GOLD 3 209 (70.6) 50 (96.2) 159 (65.2)

GOLD 4 87 (29.4) 2 (3.8 5 (34.8)
FEV,, L, mean (SD) 0.96 (0.3) 1.08 (0.2) 0.94 (0.3)
FEV,/FVC ratio, mean (SD) 0.40 (0.1) 0.41 (0.1) 0.40 (0.1)
FEV, % predicted, mean (SD) 35.82 (9.2) 40.91 (6.3) 34.73 (9.4)

T, Group C per GOLD 2016 reclassified to Group A per GOLD 2018 + Group D per GOLD 2016 reclassified to Group B per GOLD 2018.
* Group C per GOLD 2016 reclassified to Group A per GOLD 2018. §, Group D per GOLD 2016 reclassified to Group B per GOLD 2018.
1 pack-years = number of packs per day x number of smoking years. ™', exacerbations in the last 12 months. ¥, GOLD 1: mild, FEV,>80%
predicted; GOLD 2: moderate, 50% <FEV,<80% predicted; GOLD 3: severe, 30% <FEV,<50% predicted; GOLD 4: very severe, FEV,<30%
predicted. Spirometry was only considered in the GOLD 2016 classification, not in the GOLD 2018 classification. BMI, body mass index;
CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 second; FVC, forced

vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; mMRC, modified Medical Research Council; SD, standard
deviation.
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Table S2 Proportion of patients receiving treatment and concordance with treatment recommendations per GOLD 2016 (N=838)

GOLD 2016 GOLD 2018
Total
GroupA  GroupB GroupC Group D GroupA GroupB GroupC Group D
Patients, n (%) 838 (100.0) 162 (19.3) 236 (28.2) 81(9.7) 359 (42.8) 214(25.5) 480(57.3) 29(3.5) 115(13.7)
Patients receiving treatment
concordant with GOLD 2016 303 (36.2) 24 (14.8) 18(7.6) 39 (48.1) 222 (61.8) N/A N/A N/A N/A
recommendations, n (%)
Patients receiving treatment
concordant with the GOLD
2016 recommended first 275 (32.8) 0 16 (6.8) 38(46.9) 221 (61.6) N/A N/A N/A N/A
choice, n (%)
Patients receiving treatment
concordant with the GOLD 249 (29.7) 24 (14.9) 2(0.8) 1(1.2) 222(61.8) N/A N/A N/A N/A
2016 alternative choice, n (%)
COPD inhaled medications, n (%)
None 286 (34.1) 55(34.00 94(39.8) 11(13.6) 126(35.1) 65(30.4) 175(36.5) 1(3.4) 45 (39.1)
ICS + LABA 231 (27.6) 44 (27.2) 69(29.2) 27(33.3) 91(25.3) 59 (27.6) 124 (25.8) 12 (41.4) 36(31.3)
ICS + LAMA + LABA 217 (25.9) 35(21.6) 45(19.1) 31(38.3) 106 (29.5) 55(25.7) 124(25.8) 11(37.9) 27 (23.5)
LAMA 75 (8.9) 24 (14.8) 16 (6.8) 11(13.6) 24 (6.7) 31 (14.5) 36 (7.5) 4 (13.8) 4 (3.5)
Other' 12 (1.4) 2(1.2) 5(2.1) 0 5(1.4) 2 (0.9 8(1.7) 0 2(1.7)
SABA 7 (0.8) 0 5(2.1) 0 2(0.6) 0 7(1.5) 0 0
LAMA + LABA 6 (0.7) 2(1.2) 2(0.8) 1(1.2) 1(0.3) 2(0.9) 3(0.6) 1(3.4) 0
SAMA + SABA 2(0.2) 0 0 0 2(0.6) 0 2(0.4) 0 0
LABA 1(0.1) 0 0 0 1(0.3) 0 1(0.2) 0 0
SAMA 1(0.1) 0 0 0 1(0.3) 0 0 0 1(0.9)

', the types of medication included in the “Other” category were not captured. COPD, chronic obstructive pulmonary disease; GOLD,
Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting p,-agonist; LAMA, long-acting
muscarinic antagonist; N/A, not applicable; SABA, short-acting p,-agonist; SAMA, short-acting muscarinic antagonist.
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Table S3 Patient demographics and clinical characteristics by COPD inhaled medications (N=838)
Total LAMA or LABA LAMA + LABA ICS +LABA ICS +LAMA +LABA  Other"  No current COPD

Characteristic

(N=838) (n=76) (n=6) (n=231) (n=217) (n=22)  treatment (n=286)

Age, years, mean (SD) 65.7 (8.6) 66.6 (7.2) 59.3 (8.8) 66.6 (8.5) 66.8 (8.3) 65.1 (6.5) 63.9 (9.0)
Age group, n (%)

<65 years 347 (41.4) 25 (32.9) 4 (66.7) 103 (44.6) 84 (38.7) 8 (36.4) 123 (43.0)

>65 years 491 (58.6) 51 (67.1) 2(33.3) 128 (55.4) 133 (61.3) 14 (63.6) 163 (57.0)
Gender, n (%)

Male 724 (86.4) 67 (88.2) 5 (83.3) 206 (89.2) 200 (92.2) 19 (86.4) 227 (79.4)
BMI, kg/m®

n 836 76 6 231 216 21 286

Mean (SD) 23.1 (3.6) 22.4 (3.3) 23.6 (1.0) 23.2 (3.7) 22.7 (3.6) 22.3 (3.5) 23.5 (3.7)
BMI group, n (%)

<185 78 (9.3) 9(11.8) 0 18 (7.8) 26 (12.0) 2 (9.5) 23 (8.0)

18.5-23.9 434 (51.9) 44 (57.9) 4 (66.7) 125 (54.1) 110 (50.9) 14 (66.7) 137 (47.9)

24.0-27.9 250 (29.9) 21 (27.6) 2 (33.3) 68 (29.4) 64 (29.6) 3 (14.3) 92 (32.2)

=28 74 (8.9) 2(2.6) 0 20 (8.7) 16 (7.4) 2(9.5) 34 (11.9)

Missing 2(0.2) 0 0 0 1(0.4) 1 (4.5) 0

Waistline measurement, cm
n 834 76 6 229 216 21 286
Mean (SD) 86.5 (10.3) 84.0 (11.3) 90.5 (11.9) 87.04 (10.1) 87.8 (11.5) 85.3 (11.3) 85.8 (8.9)

Smoking status, n (%)

Never smoker 180 (21.5) 12 (15.8) 1(16.7) 44 (19.0) 39 (18.0) 3(13.6) 81 (28.3)
Former smoker 449 (53.6) 45 (59.2) 3 (50.0) 129 (55.8) 124 (57.1) 14 (63.6) 134 (46.9)
Current smoker 209 (24.9) 19 (25.0) 2(33.3) 58 (25.1) 54 (24.9) 5 (22.7) 71 (24.8)

Pack-years for former and current smokers*
n 658 64 5 187 178 19 205
Mean (SD) 39.05 (25.8) 41.04 (28.8) 54.0 (19.5) 37.4 (24.4) 41.9 (29.4) 35.7 (17.3) 37.5(23.2)

mMRC dyspnea grade’®, n (%)

0 120 (14.3) 12 (15.8) 2(33.3) 42 (18.2) 18 (8.3) 2(9.1) 44 (15.4)

1 316 (37.7) 38 (50.0) 3(50.0) 92 (39.8) 81 (37.3) 10 (45.5) 92 (32.2)

2 269 (32.1) 22 (28.9) 1(16.7) 68 (29.4) 83 (38.2) 4(18.2) 91 (31.8)

3 120 (14.3) 3(3.9) 0 25 (10.8) 30 (13.8) 4(18.2) 58 (20.3)

4 13 (1.6) 1(1.3) 0 4(1.7) 5(2.3) 2(9.1) 1(0.3)
CAT total score, 15.0 (8.0) 11.5 (6.7) 11.2 (4.9) 14.4 (7.9) 14.8 (8.0) 17.7 (7.0) 16.4 (8.0)
mean (SD)

CAT total score category, n (%)

0-<10 243(29.0) 35 (46.1) 3 (50.0) 71 (30.7) 66 (30.4) 2(9.1) 66 (23.1)
10-<20 345(412) 30 (39.5) 3 (50.0) 96 (41.6) 86 (39.6) 11 (50.0) 119 (41.6)
20-<30 221 (26.4) 11 (14.5) 0 59 (25.5) 55 (25.3) 9 (40.9) 87 (30.4)
30-<40 29 (3.5) 0 0 5(2.2) 10 (4.6) 0 14 (4.9)

Table S3 (continued)
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Table S3 (continued)

Total LAMA or LABA LAMA + LABA ICS + LABA ICS + LAMA + LABA Other' No current COPD

Characteristic (N=838) (n=76) (n=6) (n=231) (n=217) (n=22)  treatment (n=286)

Exacerbation status, n (%)"
No exacerbations 628 (74.9) 59 (77.6) 4 (66.7) 157 (68.0) 158 (72.8) 16 (72.7) 234 (81.8)

1 exacerbation
(not requiring 64 (7.6) 9(11.8) 1(16.7) 26 (11.3) 21 (9.7) 3(13.6) 4(1.4)
hospitalization)

>1 exacerbation
requiring 118 (14.1) 5 (6.6) 1(16.7) 33 (14.3) 31 (14.3) 3(13.6) 45 (15.7)
hospitalization

>2 exacerbations 46 (5.5) 4 (5.3) 0 22 (9.5) 14 (6.5) 1(4.5) 5(1.7)
>1 exacerbation
requiring
hospitalization or
>2 exacerbations

144 (17.2) 8 (10.5) 1(16.7) 48 (20.8) 38 (17.5) 3(13.6) 46 (16.1)

Spirometry classification, n (%)

GOLD 1 77 (9.2) 5 (6.6) 1(16.7) 26 (11.3) 8(3.7) 2(9.1) 35(12.2)
GOLD 2 373 (44.5) 37 (48.7) 3 (50.0) 114 (49.4) 81 (37.3) 10 (45.5) 128 (44.8)
GOLD 3 275 (32.8) 24 (31.6) 2 (33.3) 63 (27.3) 92 (42.4) 7 (31.8) 87 (30.4)
GOLD 4 113 (13.5) 10 (13.2) 0(0.0) 28 (12.1) 36 (16.6) 3(13.6) 36 (12.6)
FEV,, L, mean (SD) 1.39 (0.6) 1.35 (0.5) 1.88(0.8) 1.45 (0.6) 1.26 (0.5) 1.45 (0.6) 1.44 (0.6)
FEV,/FVC ratio, 0.49 (0.12) 0.48 (0.12) 0.53 (0.12) 0.50 (0.12) 0.46 (0.11) 0.46 (0.14) 0.51 (0.11)
mean (SD)
FEV, % predicted, 52.7 (19.4) 52.1 (17.4) 60.5 (19.7) 55.2 (19.9) 47.4 (17.3) 53.1(19.2) 54.7 (20.4)
mean (SD)

GOLD 2016, n (%)

Group A 162 (19.3) 24 (31.6) 2(33.3) 44 (19.0) 35 (16.1) 2(9.1) 55 (19.2)
Group B 236 (28.2) 16 (21.1) 2(33.3) 69 (29.9) 45 (20.7) 10 (45.5) 94 (32.9)
Group C 81(9.7) 11 (14.5) 1(16.7) 27 (11.7) 31(14.3) 0(0.0) 11 (3.8)

Group D 359 (42.8) 25 (32.9) 1(16.7) 91 (39.4) 106 (48.8) 10 (45.5) 126 (44.1)

GOLD 2018, n (%)

Group A 214 (255)  31(40.8) 2(33.3) 59 (25.5) 55 (25.3) 2(9.1) 65 (22.7)
Group B 480 (57.3) 37 (48.7) 3 (50.0) 124 (53.7) 124 (57.1) 17 (77.3) 175 (61.2)
Group C 29 (3.5) 4 (5.3) 1(16.7) 12 (5.2) 11 (5.1) 0(0.0) 1(0.3)

Group D 115 (13.7) 4 (5.3) 0(0.0) 36 (15.6) 27 (12.4) 3(13.6) 45 (15.7)

', patients receiving SABA (n=7), SAMA + SABA (n=2), and SAMA (n=1) are grouped with “Other” (n=12) in the above due to small patient
numbers in these categories. The types of medication included in the “Other” category (n=12) were not captured. ¥, pack-years = number
of packs per day x number of smoking years. §, Grade 0, breathless only with strenuous exercise; grade 1, breathless when hurrying on
the level or walking on a slight hill; grade 2, walks slower than people of the same age on the level because of breathlessness or has to
stop when walking at own pace on the level; grade 3, stops for breath after walking 100 m or after a few minutes on the level; grade 4, too
breathless to leave the house or breathless when dressing or undressing. ", exacerbations in the last 12 months. BMI, body mass index;
CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 second; FVC, forced
vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; LABA, long-acting f,-agonist;
LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council; SABA, short-acting p,-agonist; SAMA, short-acting
muscarinic antagonist; SD, standard deviation.
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GOLD 2016

mMRC dyspnea grade 0 or 1
or CAT score <10

mMRC dyspnea grade >2
or CAT score 210

GOLD 2018

mMRC dyspnea grade 0 or 1
or CAT score <10

mMRC dyspnea grade >2
or CAT score 210

GOLD Group C GOLD Group D GOLD Group C GOLD Group D
GOLD 3 or GOLD 4 GOLD 3 or GOLD 4
AND/OR AND/OR
mMRC dyspnea grade 0-1 mMRC dyspnea grade >2 or mMRC dyspnea grade 0-1 mMRC dyspnea grade >2 or
or CAT score <10 CAT score 210 or CAT score <10 CAT score 210
E AND AND B AND AND 22 =
g Exncerbatiox_l frfaqu_ency 22 Exacerbmim_l fr_equfency 22 g Exacerbatim_l frfequ'ency >2 Exacerba\iol} fr.equfency >2 5
g or 21 hospitalization for or >1 hospitalization for = or >1 hospitalization for or 21 hospitalization for =
i‘ exacerbation per year exacerbation per year ”g_ exacerbation per year exacerbation per year g._
}-i GOLD Group A GOLD Group B =4 GOLD Group A GOLD Group B %
; GOLD 1 or GOLD 2 GOLD 1 or GOLD 2 -'é 'E
= AND/OR AND/OR 1 g 1 g
8 mVIRC dyspnea grade 01 mMRC dyspnea grade >2 or <2 mMRC dyspnea grade 0-1 mMRC dyspnea grade >2 or =
or CAT score <10 CAT score 210 or CAT score <10 CAT score 210
AND AND AND AND
Exacerbation frequency 0-1 Exacerbation frequency 0-1 0 Exacerbation frequency 0-1 Exacerbation frequency 0-1 0
and no hospitalization for and no hospitalization for and no hospitalization for and no hospitalization for
exacerbation per year exacerbation per year exacerbation per year exacerbation per year

Symptoms Symptoms

Figure S1 ABCD classification criteria for GOLD 2016 and GOLD 2018. !, GOLD 1: mild, FEV,>80% predicted; GOLD 2: moderate,
50% <FEV,<80% predicted; GOLD 3: severe, 30% <FEV,<50% predicted; GOLD 4: very severe, FEV,<30% predicted. Only considered
for GOLD 2016 criteria. CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; FEV/, forced expiratory volume in
1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; mMRC, modified Medical Research Council.
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