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Definition

Mild COPD

Some studies have used “mild” airflow obstruction as a surrogate for “early” disease.4V This assumption is incorrect
because not all patients started their journey from a normal peak lung function in early adulthood, so some of them
may never suffer “mild” disease in terms of “severity” of airflow obstruction.®22 Further, “mild” disease can occur at

any age and may progress or not over time.®22 Accordingly, we propose that “mild” should not be used to identify
“early” COPD andlused only to describe the severity of airflow obstruction measured spirometrically. I
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What is mild COPD?

Spirometrically
confirmed diagnosis
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FEV1/FVC<0.7
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Lung Function and Mortality
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Spirometry vs. ABE assessment:
ECLIPSE
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% of Patients

50~

40-

30

204

10-

B Hospitalized for exacerbation

inyrl

GOLD 2
(N=945)

GOLD 3
(N=900)

1.5

GOLD 4
(N=293)

N Engl J Med. 2010;363(12):1128-1138.



Spirometry vs. ABE assessment:
ECLIPSE
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GOLD Grade/Severe Exacerbation
History On Mortality: Taiwan Study

Survival Probability
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Symptom, Exacerbation History and

Future Exacerbation: Copenhagen Study

COPD subgroup No. of participants Males Age (years) FEV, in % predicted FEV,/FVC Current smokers
Severe dyspnoea mMRC > 2
H., zero, treatment naive 1486 677 (45.6%) 70.9 £11.5 73.6 £ 20.4 0.62 + 0.07 491 (33.9%)
Hey zero, on treatment 369 178 (48.2%) 72.1 £ 89 55.1 £ 18.4 0.54 + 0.11 102 (28.0%)
H.. one, treatment naive 25 11 (44.0%) 71.7 £ 9.6 73.2 £ 18.7 0.62 + 0.07 9 (36.0%)
H.. one, on treatment 41 18 (43.9%) 70.3 = 10.1 50.6 = 22.3 0.51 £ 0.11 11 (28.2%)
H., freq, treatment naive 42 19 (45.2%) 72.6 £10.4 72.8 £ 231 0.61 + 0.08 9 (22.0%)
H,, freq, on treatment 55 24 (43.6%) 73.8 + 8.0 46.6 + 16.5 0.52 + 0.09 9 (16.4%)
Less dyspnoea mMRC < 2
H.. zero, treatment naive 10640 5139 (48.3%) 65.2 £ 11.2 85.4 £ 20.4 0.65 £+ 0.06 3142 (30.4%)
H,, zero, on treatment 434 215 (49.5%) 68.4 £ 10.6 71.3 £18.9 0.61 £+ 0.08 119 (28.3%)
H.. one, treatment naive 121 63 (52.1%) 68.1 £ 10.5 81.4 £ 18.8 0.63 £ 0.06 37 (31.6%)
H.. one, on treatment 35 10 (30.3%) 70.4 + 8.9 74.7 = 20.8 0.61 £+ 0.09 7 (21.9%)

Respir Med. 2022;192:106725.



Cumulative Incidence of
Moderate Exacerbations

1-year 3-years Full follow-up
No. of No. of No. of Hazard ratio
events (%) events (%) events (%) (95% Cl) Forest plot P-value
Moderate exacerbations i
in treatment naive subjects :
2t Hey zero, mMMRC<2 179 (1.89%) 438 (5.29%) 797 (18.5%) 1.00 (reference) 'f'
2t Hgy zero, MMRCz2 42  (3.0%) 115 (9.3%) 215 (28.19%) 1.77 (152—207) i [ <0.001
Hey 0ne, mMMRC<2 29 (24.6%) 37 (34.8%) 44 (50.6%) 7.04 (5.19—9.54) ! hoH <0.001
v Hg, one, mMRCz2 8 (32.0%) 14 (63.1%) 15 (70.5%) 11.28 (6.76—18.80) é = <0001
Moderate exacerbations .
in subjects on treatment :
® Hg, zero, nMRC<2 25 (6.3%) 63 (18.0%) 102 (43.5%) 1.00 (reference) [
® H,, zero, MMRC22 42 (119%) 108 (35.3%) 145 (613%) 182 (1.41—234) | o <0001
Hzx one, mMRC<2 9 (29.4%) 11 (37.0%) 13 (55.5%) 219 (1.23—3.91) il— — 0.008
® H,, one, MMRC22 12 (33.1%) 19 (55.4%) 25 (86.5%) 540 (3.48—838) —e— <0001
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051 2 5 1020

Hazard ratio (95% Cl)

Respir Med. 2022;192:106725.



Exacerbation (%)

GOLD A/B, Exacerbation History, and Future
Exacerbation: Swedish National data
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GOLD A/B, Exacerbation History, and Future
Exacerbation: Swedish National data
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Comorbidities

KEY POINTS:

e | COPD often coexists with other diseases (comorbidities) that may have a significant
impact on disease course.

e In general, the presence of comorbidities should not alter COPD treatment and
comorbidities should be treated per usual standards regardless of the presence of COPD.

e Cardiovascular diseases are common and important comorbidities in COPD.

e Lung cancer is frequently seen in people with COPD and is a major cause of death.

GOLD 2024



Cause of Death in GOLD 1

Deaths Underlying cause of death (%)*
Respiratory Lung cancer Cardiac Other

GOLD 3 or 47 92 31.5 23.9 13.0 31.5

GOLD 2 232 3.5 25.4 27.6 43.5
LGOLD 1 137 0.7 18.3 24.8 56.2
I.Besm:.cgd 150 1.3 73 393

GOLD 0 204 0.5 8. 35.3 55.9

Normal 427 0.5 6.3 30.2 63.0

Total 1242 3.5 13.0 29.8 53.8

From the Atherosclerosis Risk in Communities (ARIC) study 1986-1989 and follow-up through 1997.

*Based on International Classification of Disease, Ninth Revision (ICD-9) codes to classify death as respiratory (ICD-9 490-496),
lung cancer (ICD-9 162), cardiovascular (ICD-9 410-429), or other (all others).

TGOLD stage 3 or 4 (FEV,/FVC<0.70 and FEV,<50% predicted), GOLD stage 2 (FEV,/FVC<0.70 and FEV,>=50 to <80%
predicted), GOLD Stage 1 (FEV,/FVC <0.70 and FEV, =80%), restricted (FEV,/FVC=0.70 and FVC < 80% predicted), GOLD stage 0
(presence of respiratory symptoms in the absence of any lung function abnormality), and no lung disease.

Ann Intern Med. 2005;142(4):233-239.



HOW TO DEFINE AND SCREEN Miid COPD

Q1. Preserved lung function and low risk of exacerbation
R1. Spirometry and exacerbation history

Q2. Depends on symptoms
R2. Questionnaires : CAT, mMRC

Q3. Number of comorbidities
R3. Echocardiography, CT, and guestionnaires
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Definition

Young COPD

The term “young COPD” is seemingly straightforward because it directly relates to the chronological age of the patient.
Given that lung function peaks at around 20-25 years,®? we propose to operationally consider “young COPD” in
|patient5 aged 20-50 years.ll—""‘z Of note, this can include patients who had never achieved normal peak lung function
in early adulthood and/or those with shorter plateau and/or early lung function decline.(142.144) Young COPD may be
associated with significant structural and functional lung abnormalities (i.e., Iyoung COPD is not necessarilyl
Isynﬂnymnus with “mild” COPD)Ithat can have a substantial impact on health and, importantly, is frequently not
diagnosed and thus not treated. A family history of respiratory diseases and/or early-life events (including

hospitalizations before the age of 5 years) is reported by a significant proportion of young patients with COPD, further
supporting the possibility of early-life origins of COPD.(140.144)

GOLD 2024



Why young people?
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Prevalence of COPD in Individuals Aged 40-49:
Danish Population Cohort

COPD prevalence in the general population (%)
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Am J Respir Crit Care Med. 2022;206(3):271-280.




Prevalence of COPD in young population (%)

[N

Prevalence of COPD in Young people - U.S.
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Prevalence of COPD in Young people - U.S.
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Prevalence of COPD in Young people - KOR
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Prevalence of COPD in Young people - KOR
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Characteristics of COPD in Young people - U.S

Unweighted Weighted
Level Non-COPD COPD P values Non-COPD COPD P values
Sex (%)
Female 3896 (50.9) 28 (21.5) <0.001 64888155 (51.1) 471368 (22.2) <0.001
Male 3758 (49.1) 102 (78.5) 62186874 (48.9) 1652709 (77.8)
Age (mean (SD)) 34.86 (9.02) 40.72(7.79) <0.001 35.17 (9.11) 41.36 (7.40) <0.001
Race (%)
Mexican American 1365 (17.8) 6 (4.6) <0.001 13937594 (11.0) 45274 (2.1) 0.001
Non-Hispanic black 1558 (20.4) 22 (16.9) 15734511 (12.4) 192977 (9.1)
Non-Hispanic white 3115 (40.7) 94 (72.3) 78672445 (61.9) 1762937 (83.0)
Other Hispanic 825 (10.8) 3(2.3) 8666670 (6.8) 22101 (1.0
Other race 791 (10.3) 5(3.8) 10063810 (7.9) 100787 (4.7)
BMI (mean (SD)) 28.72 (7.07) 26.73(5.67) 0.002 28.42 (6.85) 27.04 (5.40) 0.005
Family income to poverty (mean (SD)) 2.40 (1.64) 2.45(1.74) 0.722 2.81 (1.68) 3.08 (1.75) 0.142
Smoking status (%)
Current 1988 (26.0) 77 (59.2) <0.001 31227546 (24.6) 1125638 (53.0) <0.001
Ever 1097 (14.3) 19 (14.6) 20619373 (16.2) 425555 (20.0)
Never 4563 (59.6) 34 (26.2) 75163769 (59.1) 572883 (27.0)
Not available 6 (0.1) 0(0.0) 64341 (0.1) 0 (0.0)
Passive smoking (%)
Yes 1339 (17.5) 58 (44.6) <0.001 20276302 (16.0) 944053 (44.4) <0.001
No 6278 (82.0) 72 (55.4) 106138576 (83.5) 1180023 (55.6)
Not available 37 (0.5) 0 (0.00) 660151 (0.5) 0 (0.0)
Occupational exposure (%)
Yes 3955 (51.7) 86 (66.2) 0.004 65872426 (51.8) 1443492 (68.0) 0.006
No 3426 (44.8) 42 (32.3) 57 146593 (45.0) 648803 (30.5)

BMJ Open Respir Res. 2023;10(1):e001550.



Characteristics of COPD in Young people - U.S

Unweighted Weighted
Level Non-COPD COPD P values Non-COPD COPD P values
Self-reported asthma (%)
Yes 1093 (14.3) 27 (20.8) 0.009 18573023 (14.6) 320395 (15.1) 0.023
No 6553 (85.6) 102 (78.5) 108366090 (85.3) 1781931 (83.9)
Naot available 8(0.1) 1(0.8) 135916 (0.1) 21751 (1.0)
Self-reported emphysema (%)
Yes 32 (0.4) 4 (3.1) <0.001 695925 (0.5) 64197 (3.0) <0.001
Nao 7621(99.6) 125(96.2) 126338246 (99.4) 2026371 (95.4)
Not available 1(0.0) 1(0.8) 40858 (0.0) 33509 (1.6)
Self-reported chronic bronchitis (%)
Yes 286 (3.7) 10 (7.7) 0.002 5015364 (3.9) 141679 (6.7) 0.063
No 7362 (96.2) 119(91.5) 121959624 (96.0) 1971504 (92.8)
Naot available 6 (0.1) 1(0.8) 100042 (0.1) 10894 (0.5)
Self-reported cancer (%)
Yes 202 (2.6) 6 (4.6) 0.371 4228071 (3.3) 175608 (8.3) 0.148
No 7448 (97.3) 124 (95.4) 122714211 (96.6) 1948469 (91.7)
Not available 4(0.1) 0 (0.00) 132747 (0.1) 0 (0.0)
Self-reported congestive heart failure (%)
Yes 40 (0.5) 1(0.8) 0.875 707293 (0.6) 37463 (1.8) 0.288
No 7607 (99.4) 129(99.2) 126306191 (99.4) 2086614 (98.2)
Not available 7(0.1) 0 (0.0) 61545 (0.0) 0 (0.0)
Pre-FEV, (mean (SD)) 3.42 (0.81) 2.99(0.84) <0.001 3.54 (0.82) 3.07 (0.90) <0.001
Pre-FEV /FVC (mean (SD)) 0.81 (0.07) 0.62 (0.06) <0.001 0.81 (0.07) 0.61 (0.07) <0.001

BMJ Open Respir Res. 2023;10(1):e001550.



Characteristics

Subjects (M)

Age, years

Sex, male (%)

BMI (kg/m?)

Smoking, pack-year

Comorbid condition
DA
HTH

Ischemic heart disease

Congestive heart failure
Gastroescphageal reflux disease
Histary of PTB
Depression
Atopic dermatitis
Any allergy®
Asthma

Index of quality of life, EQ-5D

Lung function
FEV,, % predicted
FVC, % predicted
FEV,/FVC, %%

of COPD in Young people - Kor

Non-COPD (n=2141)

Never-smoker

1294

4447 +5
163 (12.6)
23874+£3098
0

121 (9.4)
194 (15.0)
16 (1.24)
9(0.7)
473 (36.6)
8 (0.6)

76 (5.9)
57 (4.4)
521 (40.3)
214 (16.5)
0.57+0.09

893.794+14.25
9451 +14.32
083+£006

Ever-smoker

847

4437 £5

761 (89.9)
24654383
1877 £ 1565

59 (11.7)
162 (19.1)
18(2.13)
4(0.5)
247 (29.2)
8(0.94)
28(33)
27(3.2)
295 (34.8)
96 (11.3) Total 14%
057 +0

9237+1342
9338+ 1419
081+£007

Young COPD (n=95)

Never-smoker

36
4506+£6
7(194)
23544458
0

5(13.9)
40110
1(2.78)
0
14 (38.9)
(5.6)
(5.6)
3(8.3)
15 (41.7)
11 (306)
0.95+009

7291£1505
9340£1542
0.65+£006

p value

Ever-smoker

59

4408 4 0.255
55(93.2) Total 65% <0.001
2374390 < 0.001
225241500 <0.001
7119 0.302
12(20.3) 0.053
350 0.076
101.7) 0.630)
20(33.9) 0,005
101.7) 002
70119 0,005
3(51) 0270
18(30.5) 0.045
7(11.9) Total 19%-<0.001
056009 0224
75.00£14.87 < 0.001
0427 £16.69 0139
065005 < 0.001

Respir Res. 2022;23(1):212.



Limitations

“...Third, the KNHANES only assessed probronchodilator PFT.”

“...First, post-bronchodilator spirometry was not used to identify
COPD in young patients at the baseline, nor we identified changes
in lung function during the follow-up period.”



Use of Pre-bronchodilator Results:
SPIROMICS

No Obst / Variable Obst /

1.0 ——

0.8 - é ' —
0.6 ]

0.4 4 —=

0.2 1

Proportion without post-BD
airflow obstruction

0.0 { Log-rank P < 0.001
T T

0 2 4 6 8 10
Time

V5 Fixed Obstruction: 135 Variable obstruction at Visit 1 No obstruction ~— VO present

Am J Respir Crit Care Med. 2022;206(5):554-562.



PRE-BD LLN vs. Post-BD LLN:
Swedish General Population

Characteristic

Number of subjects
Age, yr
Female sex
Smoking habits
Never-smokers
Ex-smokers
Current smokers
Cough
Sputum production
Wheeze
Dyspnea”
Chronic bronchitis
Having reported asthma
Having reported COPD
Emphysema’
Emphysema scoret

FEV, = pre-BD

LLN and 2

FEV, < post-BD FEV, < post-BD

LLN but =2

LLN and <

P Value

post-BD LLN (G1) pre-BD LLN (G2) pre-BD LLN (G3) G1 vs. G2 G1vs. G3 G2vs. G3

26,274 (91.0%)
57.4+4.3
51.3

51.9
36.7
11.4
17.4
10.0

pONB OO
COgh W=

0.17 = 0.99

1,056 (3.7%)
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Am J Respir Crit Care Med. 2023 Aug 15;208(4):461-471.



Fixed Ratio vs. LLN:
Copenhagen Study
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Eur Respir J. 2018;51(3):1702681.



Age Distribution in Clinical Groups of AFL

Density
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Eur Respir J. 2018;51(3):1702681.



Future Effect of Underdiagnosed AFL

Number Events

Exacerbations
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L
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FEV1Q : Clinical Utility of Raw Value

a) 1.00+ b) 1.00
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FIGURE 2 Kaplan-Meier curves of survival comparing a) forced expiratory volume in 1 s quotient (FEV,Q) and b) FEV, z-score quartiles from the
National Health and Nutrition Examination Survey Ill study population.

Eur Respir J. 2024 Apr 4,63(4):2301622



FEV1Q: How Good the Model is

0.65
FEV, 4 ——
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T T T
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Harrell's C-statistic

FIGURE 3 Comparison of Harrell’'s C-statistics for univariate Cox regression models in the National Health and
Nutrition Examination Survey Il population for each method of forced expiratory volume in 1s (FEV,)
interpretation. FEV,Q: FEV, quotient; GLI: Global Lung Initiative.

Eur Respir J. 2024 Apr 4;63(4):2301622



HOW TO SCREEN COPD IN YOUNG PEOPLE

Q1. Pre vs. Post BDR
R1. Use of pre-bronchodilator should be considered

Q2. Fixed ratio vs. LLN
R2. LLN is more appropriate, but has limitation

Q3. Others
R3. What If we can use raw value
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Definition

Early COPD

The word “early” means “near the beginning of a process”. Because COPD can start early in life and take a long time
to manifest clinically, identifying “early” COPD is difficult. Further, a biological “early” related to the initial mechanisms
that eventually lead to COPD should be differentiated from a clinical “early”, which reflects the initial perception of
symptoms, functional limitation and/or structural abnormalities noted. Thus, we propose to use the term “early COPD”

only to discuss thel”biological” first steps of the disease in an experimental setting. I

GOLD 2024



Definition

Table 1. Definitions

Term

Definition

Airflow limitation
COPD

Early COPD

Pre-COPD

FEV,/FVC < LLN or 0.70 that does not fully reverse with bronchodilators

Patients with typical pulmonary symptoms of cough and/or dyspnea in the
context of significant airflow limitation that is incompletely reversed with
bronchodilators

Persons of any agelwho manifest pathological I)r functional hallmarks of COPD
in their lungs (e.g., emphysema) but do not yet demonstrate significant airflow
limitation on spirometry

Persons of any age, who harbor hallmarks of COPD in their lungs (e.g.,
emphysema) but do not yet demonstrate significant airflow limitation

Tuberculosis and Respiratory Diseases 2023;86(2):71-81.



Definition

Pre-COPD
FEV,/FVC > 0.70

Function
Low DLCO
Hyperinflation
Small airways obstruction
Accelerated FEV, decline

Respir Care. 2023;68(7):881-888.



Prevalence (%)

Prevalence of Early Risk Factors for COPD:
Copenhagen Study

307
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14%"
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I:| Below normal lung function (n=1830)
|:| Normal lung function (n=14 48g)
: Supernormal lung function (n=573)

1204° 11%*

11%

10%

6%

COPD predisposition
(n=3595)

Asthma predisposition
(n=3183)

Premature birth >3 weeks
(n=485)

Low birthweight <2500 g
(n=349)"

Antibiotic-requiring
respiratory tract infection
before age 15
(n=1103)

Asthma diagnosis
before age 15
(n=1160)

Allergy diagnosis
before age 15
(n=1656)

EClinicalMedicine. 2021;37:100974.



Risk of Hospitalisations and Mortality

Acute obstructive lung disease hospitalisations
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EClinicalMedicine. 2021;37:100974.



Suggested diagnostic approach
for Early COPD

Smokers or other risk At risk
factors for COPD (presewed spirometry)
|
| |
CAT score 10+ Symptomatic Non-
symptomatic
|
PFTs l l
cT
10S Abnormal Normal No COPD
LCI
CPET, Others
Diagnosis/Management Early COPD Follow Follow

Tuberculosis and Respiratory Diseases 2023;86(2):71-81.



Future COPD Development in
Susceptible Smokers: COPDgene

10720 participants Exclusion:

524  Never-smokers

4510 Spirometric COPD (FEV,/FVC
<0.7) at baseline visit

4409 GOLD-0 smokers 1277 PRISm at baseline visit
Missing data:
927  FRCor TLC at baseline visit

| 1323 Follow-up data
2159 GOLD-0 with complete

data at 5-year follow-up visit

ERJ Open Res. 2023;9(5):00289-2023.



Odds ratio of developing COPD

Future COPD Development in
Susceptible Smokers: COPDgene
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Coefficient of change in
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Overlap of Genes Implicated by
Murine Emphysema and COPD

a N\

HHIP
FAM13A
IREB2
Murine emphysema MMP12
model genes (~119) MMP1T
AGER
SFTPD
FBLNS

COPD and
emphysema GWAS
loci (~84)

\_Total genes ~20,000 Y

Annu Rev Physiol. 2020;82:413-431.



GWAS for Possible Early COPD:
Small Airway Thickening
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Genome-wide Association Analysis of Rapid Decline
in Lung Function: Analysis from the KoGES

Design

GWAS

Ansan-Ansung cohort

H
Korean adults aged 40-69 years
(n=6,516)

alm's
11.6

Years

Follow-up Duration

Phenotypes

Rapid decline in FEV:

Annual decline in FEV:

40910{9}

Findings

Identified 15 SNPs, inclduing rs1496255 and rs9833533,
which are associated with lung function development

12 14 16 18 21

Chromosome

Unpublished data



Definition

Pre-COPD
FEV,/FVC > 0.70

+ alpha

Function
Low Do
Hyperinflation
Small airways obstruction
Accelerated FEV, decline

Respir Care. 2023;68(7):881-888.
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1. Which COPD is mild?

Table 1| Classification of blood pressure (BP) levels in adults’
SystolicBP  Diastolic BP

BP classification {mmHg) (mmHg)  Typical management
Mormal ¢120 <80 Healthy lifestyle recommendations to maintain optimal BP
Pre-hypertension 120-139  80-89 Healthy lifestyle recommendations to try to prevent hypertension
Stage 1 ("mild”) 140-159  90-99 Healthy lifestyle recommendations plus BP lowering drug(s)*
hypertension
Stage 2 ("moderate/ 2160 =100 Healthy lifestyle recommendations plus BP lowering drug(s)

severe”) hypertension
Adapted from Joint National Committee-7 report."
*BP lowering drugs may not be indicated for all; the evidence for this group is limited

Classification of asthma

Mild asthma

Currently defined as asthma is well
controlled with as-needed ICS-

formoterol, or with low dose ICS as-

needed SABA

BMJ. 2016;355:i5719.



2. Who is a Young?
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2. Who is a Young?

FEV,

Postnatal risk factors

Smoking during adolescance
Matemal factors Alr Pollution
matemal smoking Childhood respiratary infections

Childhood Asthma

LBW/Preterm birth
Matemnal nutrition Manual working class and overcrowding
Delivery
’f
’I
r/ ,’
”
4
”
’l
R
f f I | | 1 I I
Birth 10 20 30 40 50
Age(years)

=== Fetal development
Adolescent lung growth

——— Childhood:lung growth and alveolar formation
Adult plateau phase
= Loss of lung function due to normal ageing

60

The Stage of
Life

The Risk Factors for Lung Function

al-antitrypsin deficiency

ADAM33, SOX5, TNSI

Maternal smoking

LBW/VLBW, Preterm birth

Maternal nutrition

Mode of delivery Vitamin D deficiency

Childhood smoking

Air Pollution

Childhood respiratory infections

Childhood asthma Manual working class and

overcrowding

Abbreviations: LBW, low birth weight; VLBWV, very low birth weight.

Int J Chron Obstruct Pulmon Dis. 2021;16:3217-3228.



3. Time to review of diagnostic
criteria of COPD?

Predisease Functional/Structural abnormality COPD

grapny, 10S Spirorneiry



4. Role of Early COPD

Lowering disease burden, development of potential therapy, so on..
Genetic counseling in COPD?

Cliniclans centered care - Patients centered care



Summary

Mild COPD: Exacerbation/Symptom/Comorbidities
COPD in Young People: Underdiagnosis/Pre-BD/LLN

Early COPD: Concept/Risk factors/Diagnosis/Genetics
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