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Definition of terms

Early COPD
Mild COPD
PRISmM
Young COPD
. Pre-COPD
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Farly COPD

» “Early” refers to the biological beginning of the disease process,
not necessarily the clinical onset.

 Distinguished from “clinical early,” which involves symptoms,
functional limitation, or structural abnormalities.

GOLD 2025



Mild COPD

* Mild airflow obstruction” has often been used as a surrogate for
“early COPD,” but this is incorrect.

e ““Mild” only reflects the severity of airflow limitation measured by
spirometry, not the disease’s stage or duration.”

GOLD 2025



PRISmMm

* Defined by FEV1/FVC > 0.7 with FEV1 < 80% predicted (after
bronchodilation).

* Prevalence: about 7-11% in population-based studies.

* Common in smokers, females, individuals with high BMI, or
multimorbidity.

* Associated with increased risk of respiratory symptoms,
cardiovascular disease, metabolic disorders, and mortality.

* Clinically important as a potential precursor or variant of COPD
(airway-dominant type)

GOLD 2025
Int J Chron Obstruct Pulmon Dis. 2024 Mar 15:19:753-764



PRISm as an independent risk factor for COPD

OLIN COPD Study (1986-1992 -> 1992-1996 -> 2002-2004)

f/u period mean 10.5 (SD 4.0) years

Prevalence of PRIsm 18.6%

NLF
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RSP only _
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Figure 3 — A, B, Illustrations showing distribution by spirometric pattern among cases (A) and control participants (B): NLF, AO, RSP only, PRISm
only, and both RSP and PRISm or missing at first examination. AO = airway obstruction; NLF = normal lung function; PRISm = preserved ratio

impaired spirometry; RSP = restrictive spirometric pattern.
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Epigenetic-expression difference between
COPD and PRISm

Fig. 1 Venn diagram showing
differential methylation sites
with or without difference

expression
DNA methylation mRNA sequencing
COPD/PRISm 39,980 7 19 COPD/PRISm

(P-value, FDR < 0.05) (P-value, FDR < 0.05)
Table 4 The genes that show differential expression
SeqName Symbol Base Mean log2FoldChange 1fcSE stat p-value adj_FDR
ENSGO00000101210 EEF1A2 1.3763704  —1.85943 0.442666743 —4.20051842 2.66E-05 0.0488296
ENSG00000104728 ARHGEF10 11.750663 1.631349 0.330964437 4.929077868 8.26E-07 0.00601989
ENSGO00000119888 EPCAM 1.5985632  —2.495019 0.441399563 —5.652518503 1.58E-08 0.00034545
ENSG00000132613 MTSSIL 2.375187 —1.146067 0.270609661 —4.235131151 2.28E-05 0.04747611
ENSG00000134824 FADS2 32.683477 —0.646223 0.154318338 —4.18759687 2.82E-05 0.04932518
ENSG00000157423 HYDIN 4.4053575  —0.32203 0.06996261 1 —4.602886282 4.17E-06 0.01647088
ENSG00000213853 EMP2 3.0398676  —0.818896 0.196103903 —4.175829374 2.97E-05 0.04995083

Funct Integr Genomics. 2025 Apr 10;25(1):86



PRISm in KHANES

Table 2. Age-standardized prevalence (%) of PRISm.

All 2010 2011 2012 2013 2014 2015 APCl1 2017 2018 2019 APC2
Total 7.0 8.5
40-49 10.6 7.6 9.0 10.4 8.2 8.1 9.3 1.3 17.7 18.0 17.7 0.0
50-59 11.8 8.0 10.1 9.1 8.5 9.5 7.0 -2.6 14.3 19.3 15.8 5.1
60-69 9.9 8.8 8.6 8.9 6.7 6.2 5.7 -9.4* 10.9 10.3 10.2 -3.3%
>70 7.9 5.3 4.5 5.0 5.8 4.8 7.4 5.9 9.6 11.9 9.6 0.0
Male 10.8 8.2 10.0 6.8 8.1 8.0 7.1 -34 14.9 18.1 15.6 2.3
40-49 11.7 8.9 10.8 8.9 8.7 8.0 10.2 -0.7 20.9 21.7 21.6 1.7%
50-59 12.1 8.5 12.0 6.2 8.5 8.9 6.2 -6.0 15.1 22.4 16.1 3.3
60-69 10.1 9.4 10.6 7.0 7.7 8.5 4.6 -11.2 11.0 12.4 11.0 0.0
=70 6.9 3.3 2.1 24 6.1 5.2 5.1 18.2 6.5 9.4 9.2 19.0*
Female 10.0 7.0 7.2 10.8 7.2 7.3 7.9 0.7 13.0 13.5 12,5 -1.9
40-49 9.4 6.3 7.2 12.1 7.6 8.2 8.4 4.0 14.3 14.3 13.7 2.1%
50-59 11.6 7.5 8.1 12.0 8.4 10.1 7.8 1.4 13.5 16.2 155 7.2
60-69 9.8 8.2 6.9 10.7 6.0 4.7 6.3 -8.3 10.6 8.7 9.5 -5.3
=70 8.7 6.5 6.0 6.7 53 4.0 9.7 1.6 12.9 14.1 9.7 -13.3

*APC is significantly different from 0.
APC1 was calculated between 2010 and 2015 and APC2 was calculated between 2017 and 2019.
Age-standardized prevalence was calculated using the 2010 population census data for all South Koreans.

PRISm = preserved ratio impaired spirometry; APC = annual percentage change.

PLoS ONE 19(7):e0307302.



PRISm in KHANES — metabolic syndrome

Table 4. Multivariable-adjusted model for factors associating PRISm compared to normal spirometry pattern based on the fixed ratio of 0.7 or LLN (5™

percentile).
Fixed ratio LIN ¥
OR (95% CI) p OR (95% CI) P
Age <0.001 <0.001
40-49 Reference Reference
50-59 1.10 (0.98-1.24) 0.83 (0.75-0.92)
60-69 0.87 (0.77-0.99) 0.55 (0.49-0.62)
=70 0.68 (0.58-0.79) 0.52 (0.45-0.61)
Sex 0.746 <0.001
Male Reference Reference
Female 1.02 (0.89-1.18) 5.22 (4.40-6.20)
Residence 0.328 0.628
Urban Reference Reference
Rural 0.95 (0.85-1.07) 1.03 (0.92-1.15)
Smoking 0.338 0.741
Never Reference Reference
Former 1.01 (0.87-1.19) 1.08 (0.90-1.30)
Current 1.08 (0.92-1.26) 0.96 (0.79-1.16)
BMI (kg/m”) 0.034 <0.001
<23 Reference Reference
23-249 101 (090-114) 107 (0.95-1.20)
>25 1.13 (1.01-1.26) 1.31 (1.18-1.45)
S
Metabolic disorders
Metabolic syndrome 1.43(1.29-1.59) <0.001 1.28 (1.15-1.43) <0.001
Hypertriglyceridemia 1.25(1.14-1.37) <0.001 1.18 (1.07-1.30) 0.001
Abdominal obesity 1.48 (1.31-1.68) <0.001 1.31(1.16-1.49) <0.001
Low HDL-cholesterol 1.10 (1.01-1.21) 0.039 0.98 (0.89-1.07) 0.633
Hypertension 1.27 (1.16-1.39) <0.001 1.15 (1.05-1.27) 0.003
Diabetes mellitus 1.33 (1.21-1.45) <0.001 1.22(1.11-1.34) <0.001

PLoS ONE 19(7):e0307302.



PRISm in US from NHANES 2007-

Panel A: Overall Panel B: Gender Panel C: Smoking Status
Overall Female Current Smoker
2011-2012
2011-2012
Former Smoker
2007-2008
2011-2012
Never Smoker
2007-2008
2007-2008
0.00 0.25 0.50 0.78 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Panel D: Body Mass Index Panel E: Age Panel F: Race/Ethnicity
Normal Ages 20-39 Mexican American
2011-2012 |
2007-2008
e o [ | | oo S —
NH Black
wor-zooe| [N || -~ I | - o S—
2009-2010 [
Overweight ) ) Ages 40-64 - 2007-2008 | |
~ 2011-2012] [ |
F000 [N | | oo Y | o0 —
2007-2008 | [ |
z0r-zo0s| - [ | Otac Hapanic
2011-2012 | [
es 65+
Obese Ag 2009-2010 | |
oo [ | m——
2009-2010 _ | 2011-2012| [ |
2009-2010 | [ |
2007-2008 _ | 2007-2008 | [ |
0.00 0.25 0.50 0.75 1.00 0.00 0.25 050 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Prevalence Prevalence Prevalence

COPD/PRISm Status [ cowoa—+  cowz [ oot [l prism [l cooo

Prevalence of COPD and PRISm from 2007-2012 ranged from
13.1%-14.3% and 9.6%-10.2% Respir Res. 2024 May 15;25:208



PRISm in US from NHANES 2007-2012

Survival Proportion

Survival Proportion

.75

.25

75

.25

Panel A: All-Cause Mortality

T T T T
0 5 10 15
Panel C: Cardiovascular Disease-Specific Mortality
T T T
0 10 15
Survival Time (Years)
95% CI 95% CI
- GOLDO GOLD 1

Panel B: Cancer-Specific Mortality

Y EL;L
75
5
.25+
T T T T
0 5 10 15
Panel D: Chronic Lower Respiratory Disease-Specific Mortality
1 —~
75+
5-
25
T T T
0 5 10 15
Survival Time (Years)
95% CI 95% CI 95% CI
GOLD 2 == GOLD 3+ PRISm

Respir Res. 2024 May 15;25:208



PRISm in US from NHANES 2007-2012

- increased mortality risk

Table 2 Cox proportional hazard models for all-cause and cause-specific mortality for NHANES 2007-2012

All-Cause Mortality Cancer Cardiovascular Diseases Chronic Lower Respiratory
Diseases
Hazard Ratio  95%Cl Hazard Ratio  95%Cl Hazard Ratio  95% Cl Hazard Ratio  95% Cl

COPD Status

GOLD O Ref Ref Ref Ref

PRISm 23 (1.9—2.9) 2.0 (1.2—3.2) 24 (1.6—3.6) 5.3 (1.1—26.0)

GOLD 1 1.2 (05—16) 1.4 (09—24) 09 (06—1.4) 14 (04—5.4)

GOLD 2 2.1 (1.7—2.6) 2.0 (1.4—2.8) 24 (1.6—3.7) 33 (1.0—11.3)

GOLD 3-4 4.2 (2.7—6.5) 13 (06—28) 47 (23—9.8) 53.2 (14.0—202.0)
Gender

Female Ref Ref Ref Ref

Male 1.7 (1.5-2.00 17 (1.3—24) 21 (1.5—3.1) 16 (0.7—386)
Age

Age 20-39 0.3 (0.2—0.4) 041 (0.0—0.3) 0.2 (0.1—0.4) 0.1 (0.0—0.9)

Age 40-64 Ref Ref Ref Ref

Age 65+ 4.7 (4.0—5.5) 4.3 (3.1—6.0) 6.6 (49—8.9) 4.3 (1.3—13.7)
Body Mass Index

Norma Ref Ref Ref Ref

QOverweight 09 (07—11) 08 (05—13) 13 (08—2.1) 05 (02—1.8)

Obese 1.1 08—1.4) 1.0 (0.7—1.4) 1.8 (1.1—2.7) 09 [0.2—3.3)
Smoking Status

Never Smoker Ref Ref Ref Ref

Current Smoker 2.1 (1.7—26) 23 (1.4—3.6) 1.6 (1.1—2.3) 5.8 (1.6—21.7)

Former Smoker 1.2 (0.9—1.4) 1.1 07—17) 09 (07—13) 30 (0.9—29)
Race/Ethnicity

Non-Hispanic White  Ref Ref Ref Ref

NH Black 1.0 (08—1.2) 09 (06—1.3) 1.0 (0.7—15) 04 (0.2—09)

Mexican American 08 (06—10) 06 04—1.1) 09 (06—15) 04 (0.0—35)

Other Hispanic 0.8 06—1.1) 0.8 (05—1.2) 1.1 (06—1.8) 0.1 (0.0—1.1)

Other 0.6 (0.4—0.8) 06 (03—13) 06 (0.3—1.0) 1.0 (0.2—4.4)

Values in bold are statistically significant

All-cause mortality (hazard ratio [HR]: 2.3 95% Cl: 1.9—2.9) and
various cause-specific deaths (HR ranges: 2.0-5.3)

Respir Res. 2024 May 15;25:208



PRISm and All-cause mortality ; Korean data

| Adult men and women with FEV,/FVC 2 0.7 aged 40 or older and underwent at least 1
| comprehensive health check-up examinations between April 2003 and December 2020
| (N=126,503)

EXclusion (N = 14,278)
History or diagnosed cancerwithin 6 months after heaith screening(N = 5.908)

Pneumothorax, bullectomyon chestCT (N = 2)
Restrictive spirometric pattern without PRISm(N = 8,785)

Participants eligible to this study (N = 112,225)

EXclusion

Missing information on smoking (N = 5,767)

Study participants(N = 106,458)

'

Normallung function
(N = 86,208)

PRISm
(N =20,250)

[ ' |

PRISm with normal FVC PRISm with low FVC
(N = 6,249) (N = 14,001)

Figure 1. Sludy flow chart. CT = computed tomography: FEV. =forced expiralory volume in
1 second; FVC = forced vilal capacity: PRISm = preserved-ralio impaired spirometry.
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wee Normal lung function
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07% 1

o wew PRISm with low FVC

All.cause maortality rato
(&)
!

3 6 ;
Follow-up (vears)

- 86208 79487 £7260 52001 31732 17316
- 6249 5446 4173 307¢ 1784 795
14001 12373 G816 7775 5421 3126 °
Table 2. HRs for all-cause mortality associated with lung function (N =106,458)
L)
No. of Deaths (Mortality HR (95%C1)
Rate per 10,000 person-years) Crude Adjusted*
Normal lung function 1,456 (16) Reference Reference
PRISm 763 (39) 2.42 (2.22-2.64) 1.43 (1.31-1.56)
With normal FVC 107 (19) 1.29 (1.06-1.57) 1.25 (1.03-1.52)
With low FVC 606 (47) 2.82 (2.58-3.10) 1.47 (1.33-1.62) -

Ann Am Thorac Soc. 2025 Apr;22(4):486-493



Young COPD

e Refers to COPD in younger individuals (20-50 years).

* Normal peak lung function followed by an early decline
or abnormal early-life lung development.

* Significant structural and functional abnormalities.

* Family history of respiratory disease
or early-life respiratory events

GOLD 2025



Natural history of chronic airflow obstruction

Framingham Offspring Cohort
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\/
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Lung function decline in Lovelace Smokers Cohort (LSC)

1
08 ~— High LF/ND n = 40 Incident COPD = 2
B High LF/RD n = 63 Incident COPD = 3
;- ~——— Low LF/ND n = 70 Incident COPD = 3
L ;g —— Low LF/RD n = 44 Incident COPD = 10
First follow-up spirometry Incident Spirometric GOLDII COPD
0 500 1000 1500

Days

Am J Respir Crit Care Med. 2018 Dec 1;198(11):1449-1451



Trajectories of lung function and COPD : TAHS data
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Respirology. 2024 Jul;29(7):551-562
Lancet Respir Med. 2018;6:535-44.
Lancet Respir Med. 2023;11:273-82.
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Early low-rapid decline



FEV,

Natural history of chronic airflow obstruction

-- Fetal development
—— Childhood: lung growth
and alveolar formation
,,// —— Adolescent lung growth
—— Adult plateau phase
—— Loss of lung funtion due
to normal aging
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COPD may result from different
trajectories of lung function —
either normal growth and
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submaximal growth and normal
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Early COPD

1.

2.
3.
4

35-50 years of age

Caucasian origin

current or former smokers (>10 pack-years)
the presence of airflow limitation after
bronchodilation (FEV./FVC<0.7)

ERJ Open Res. 2020 Oct 5;6(4):00047-2020.



Variables associated (p<0.05) with the presence of

voung COPD in the population studied

O Demographics

O Family history

O Previous history

. Symptoms
. Lung function

Olmaging

O Blood markers

p-values

— <0.05->0.01
— <0.01->0.001
— <0.001->0-0001
— <107%->10"¢
— <107%->10"%0
—_ 20
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Leukocytes x107 per L

COPD | B.G.COSIO ETAL.

Male Working status
Haematocrit %

\

\ @
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Educational level

%

d F

ERJ Open Res. 2020 Oct 5;6(4):00047-2020.



Pre-COPD

* Describes individuals (any age) with respiratory symptoms and/or structural or
functional lung abnormalities but without airflow obstruction on spirometry.

* These individuals may or may not develop COPD later.

1. Symptoms with normal spirometry (the
former GOLD-0 concept)

2. PRISm (normal FEV4/FVC but FEV; < 80%)
Early structural abnormalities on CT

Borderline but “normal-range” low lung
function

Am J Respir Crit Care Med. 2021 Feb 15;203(4):414-423
Respirology. 2024 Jul;29(7):551-562



Pre-COPD - pathophysiology

(1) Epithelial injury and EMT
* Smoking and oxidative stress reprogram basal epithelial cells

* This triggers epithelial-mesenchymal transition (EMT) - airway
wall thickening, fibrosis, and small-airway obstruction

* Smokers with pre-COPD already show EMT features similar to COPD

e Some regulatory mechanisms (e.g., MAD family factors, blocked -
catenin nuclear translocation) remain partially intact

Lancet Respir Med. 2025 Sep;13(9):778-781



Pre-COPD - pathophysiology

e » 4 Luminalinflammation

Toxic luminal

environment

Toxic luminal
environment

Epithelial activation
(TGF-B and other growth factors)

Cytoplasmic signalling:
Kinase activation
TF activation
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s Basal cell
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Eur Respir Rev. 2021 May 26;30(160):200364.



Increased myofibroblast in small airways
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Pre-COPD - pathophysiology

(2) Genetic susceptibility
e About 40% of COPD heritable risk comes from common variants

* Polygenic risk scores predict low early-life lung function and early

airflow limitation
— Implies genetic contribution to pre-COPD

Lancet Respir Med. 2025 Sep;13(9):778-781



Genetic susceptibility of COPD
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Pre-COPD - GETomics

Clinical omics
(eg, phenomics,
physiomics,
radiomics)

Basic omics
(eg, genomics,
epigenomics,
proteomics,
metabolomics)

Development, health,

Health and disease

Health, disease, and

and disease E) Phenotypes and treatable ) ageing
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Pre-COPD - pathophysiology

* (3) Immune/inflammatory markers

* Biomarkers such as CRP, CC16, CCL19, CCL2, SP-D, sRAGE are
associated with impaired lung function

* DNA methylation patterns differ across lung-function trajectories

e Potential tools for future early detection

Lancet Respir Med. 2025 Sep;13(9):778-781
ERJ Open Res. 2021 Jun 7;7(2):00876-2020



Accelerated decline and biomarkers ; TAHS data

—— Persistently high
— Early low, accelerated growth, normal decline
— Average
—— Below average
Persistently low
—— Early below average, accelerated decline

Trajectory Prevalence 9% participants with
% FEV,/FVC <0.7 at 53 years
Persistently high 12 0.2
Early low, accelerated growth, normaldecline 8 0.5
Average 39 22
Below average 32 9.1
Persistently low 6 17.6
Early below average, accelerated decline 4 62.5
lll} 1'10 3I0 4IU 5I(}
Age (years)

TABLE 3 Adjusted association between CC16 and C-reactive protein (CRP) levels and the two COPD groups

COPD with accelerated lung function decline (AD) OR (95% CI)*

CC16 levels at 53 years, per unit increase 0.79 (0.63-0.98)*
CC16 levels at 45 years, per unit increase 0.69 (0.52-0.91)**
CRP levels at 53 years, per unit increase 1.07 (1.00-1.13)*
CRP levels at 45 years, per unit increase 1.08 (0.96-1.21)

ERJ Open Res. 2021 Sep 13;7(3):00020-2021
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Pre-COPD, PRISm and COPD in NOVELTY cohort

Overall n=3183

GOLD 1-2 (n=1288) : = Pre-COPD (n=417)
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Patients with data n=995

—

~
Y
N

GOLD
B Fre-corp

44% [41.1% ] 38.7% | [(37.4% ] B PrISM
GOLD 1-2
B colp3-4

Baseline

Year 2 Year 3

1) COPD GOLD 1-2 (FEV,/FVC ratio <0.70 and FEV, 250% to <80% pred)

2) COPD GOLD 3-4 (FEV,/FVC ratio <0.7 and FEV, <50% pred)

3) pre-COPD: diagnosis of COPD with normal spirometry (FEV,/FVC ratio 20.70 and FEV, 280% pred)
4) PRISm: diagnosis of COPD with FEV,/FVC ratio 20.70 and FEV, <80% pred

ERJ Open Res. 2024 Feb 12;10(1):00895-2023



Pre-COPD, PRISm and COPD in NOVELTY cohort
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0 365 730 1095

ERJ Open Res. 2024 Feb 12;10(1):00895-2023



Definition of terms

“Early” = Biological term

“Mild” = Airflow limitation level

“Young” = Age 20-50

“Pre” = Symptom or structural change without airflow obstruction

“PRISm” = correlates with metabolic syndrome and elevated all-cause
mortality.



Etiotypes



Proposed Taxonomy (Etiotypes) for COPD

Figure 1.2

Classification Description

Genetically determined COPD Alpha-1 antitrypsin deficiency (AATD)

(COPD-G) Other genetic variants with smaller effects acting in
combination

COPD due to abnormal lung Early life events, including premature birth and low

development (COPD-D) birthweight, among others

Environmental COPD

Cigarette smoking COPD (COPD-C) Exposure to tobacco smoke, including in utero or via
passive smoking

Vaping or e-cigarette use

Cannabis
Biomass and pollution exposure Exposure to household pollution, ambient air pollution,
COPD (COPD-P) wildfire smoke, occupational hazards
COPD due to infections (COPD-I) Childhood infections, tuberculosis-associated COPD, HIV-

associated COPD

COPD & asthma (COPD-A) Particularly childhood asthma

COPD of unknown cause (COPD-U)

*Adapted from Celli et al. (2022) and Stolz et al. (2022)

GOLD 2025



COPD Risk Factor Profiles in General Population
and Referred Patients mgmemmee

(n =229, 9.4%) (n =259, 10.7%)
COPD-C COPD-A
(n =1326, 54.6%) 86 103 (n =192, 7.9%)
(3.5%) (4.2%)
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(4.0%) ’ (0.5%)
1024 9 1 83
Excluded (n = 22,151) (42.1%) (0.4%) (0.0%) (3.4%)
Subjects under 40 years old* (n = 16,620)
Subjects without appropriate spirometry (n=5,531) 0
115 (0.0%) 14
. . (4.7%) 7 1 (0.6%)
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63
(2.6%)
Subjects with COPD Subjects without COPD COPE);l;r;idsezmsi;:ed
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B)
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596 subjects with COPD lled in KOLD (n =154, 26.6%) (n =241, 41.6%)
subjects wi were enrolled in — corbA
(n =512, 88.4%) 4 7 (n =204, 35.2%)
Excluded (n = 17) (0.7%) . (1.2%)
Subjects with FEV,/FVC 20.7 (n = 17) 34 (0.9%) 10
(5.9%) 2 (1.7%)
o 20 5 10
(27.1%) (1.7%)
579 subjects were selected for this study (3.5%) (0.9%)
15
130 (2.6%) 8
(22.5%) 49 63 (1.4%)
(8.5%) (10.9%)
a4
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Int J Chron Obstruct Pulmon Dis. 2023 Nov 9:18:2509-2520.




COPD Risk Factor Profiles in General Population
and Referred Patients
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COPD etiotypes — limitations and controversy

* New definitions - COPD as a heterogeneous, multi-etiologic disease
group rather than a smoking-related disorder

* This expansion may lead to over-inclusiveness

* How to classify post-TB airflow limitation, bronchiectasis, NTM-PD,
anthracofibrosis, and pneumoconiosis?

Tuberc Respir Dis (Seoul). 2024 Feb 6;87(3):221-233



Figure 1. Prevalence of chronic obstructive pulmonary disease (COPD). (A) Bronchiectasis.

Prevalence of COPD-I

lung. (C) Non-tuberculous mycobacterial pulmonary disease. (D) Anthracofibrosis.
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Tuberc Respir Dis (Seoul). 2024 Feb 6;87(3):221-233



b=

Annual FEV, decline rate (mL/yr)

@]

Annual FEV, decline rate (mLfyr)

Prevalence of COPD-I

Figure 2. Annual decline in lung function. (A) Bronchiectasis. (B) Tuberculosis-destroyed lung. (C) Non-tuberculous my-
cobacterial pulmonary disease. There have been no research results on changes in lung function in anthracofibrosis.
FEV,: forced expiratory volume in 1 second.
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COPD after NTM-PD

Table 3 Association between NTM-PD and COPD development

n Incident cases of COPD Unadjusted HR Adjusted HR"
(n [%]) (95% Cl) (95% CI)
Before matching
Control cohort 90,088 2,031(23) Reference Reference
NTM-PD cohort 1,715 241 (14.0) 546 [478-6.24) 1.81(1.54-2.13)
After matching
Matched control cohort 6,860 293 (4.3) Reference Reference
NTM-PD cohort 1,715 241 (14.0) 3.02 (2.54-3.58) 257 (2.15-3.09)
Sex
Male
Matched control cohort 2,560 209 (8.2) Reference Reference
NTW-PD cohort 735 120 (163) 184 (147-230] 1,56 (] 23-1.97]
Female
Matched control cohort 4,300 84 (2.0 Reference Reference
NTM-PD cohort 980 121(123) 575 [436-761) 544 (411-723)
Age
<60 years
Matched control cohort 3111 48 (1.5) Reference Reference
NTM-PD cohort 686 BO(11.7) 7.18 (5.02-10.26) 6.94 (4.84-9.94)
=60 years
Matched control cohort 3,749 245 (6.5) Reference Reference
MNTM-PD cohort 1,029 161 (15.6) 217 (1.78-265) 2.01(1.63-247)

"Adjusted for age, sex, BMI, smoking status, and comorbidities (tuberculosis, hypertension, diabetes mellitus, ischemic heart disease, and cerebrovascular disease)

Abbreviations: NTM-PD, nontuberculous mycobacterial pulmonary disease; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; Cl, confidence interval;

BMI, body mass index

Groups = Control = NTM-PD

031
&
=
0 021 p < 0.0001
Q
@
2
©
=2
g J
001
0 1 2 3 4
Time (Years)
Number at risk
"
2 6860 4195 2256 1507 1087
o]
@ NTM-PD 11715 976 664 502 355
0 1 2 3 4

Time (Years)

Respir Res. 2024 Sep 9;25(1):333



COPD after TB

Table 3 Univariate and Multivariate Logistic Regression Models for the Development of Tuberculosis-Associated Chronic
Obstructive Pulmonary Disease

Variables Univariate Logistic Regression Multivariate Logistic Regression
Table 2 Incidence Rate and Incidence Rate Ratio of Tuberculosis-Associated Chronic OR |LowerCl|UpperCl] P |2OR|Lowercl)Uppercl] P
Sex (Ref, Male) 060 | 034 1.05 0073 | 121 | o042 348 0.724
Obstructive Pulmonary Disease Stratified by the Follow-Up Duration Quartile
Age, year (TB diagnosis) 02| 101 1.05 0010 | 104 | 1ol 1.07 0.009
FOI |0W-I.IP Duration [min—ma.x] ll"lCidEl'ICE ll"lCidEl"ICE P Ever smoker 1.90 1.09 3.32 0.025 3.23 1.14 9.17 0.028
Rate (1000 PY) Rate Ratio Baseline FEV: (%), (Ref, >90%)
80%<FEV,<90% 158 | 073 338 0242 | 172 | 068 439 0255
QI [18-7] months] 40.48 Reference - FEV,<80% 297 | 164 539 | P<0o0l | 398 | 192 824 | p <000l
Endobronchial tuberculosis 242 | 097 602 0057 | 258 | 073 9.18 0.142
Q2 [72-95 months] 26.58 0.66 0.241 Multidrug resistant tuberculosis 147 | 045 475 0.524
03 [96-13 : 21,89 0.54 0,083 Sputum AFB > |+ 184 | 098 345 00s9 | 109 | o5 233 0.830
[%6- months] ] ) ) Airway stenosis in Radiography 232 | 089 6.08 0085 | 301 093 9.79 0.067
Q4 [ I 32_235 monthS] I 96 I 0‘49 0‘027 Bronchiectasis in Radiography 1.69 0.89 319 0.106
Muiltilobar involvement in Radiography 1.69 0.98 293 0.059 204 1.08 3.85 0.028
Pleurisy in Radiography 09 | o040 229 0921
Bronchiolitis in Radiography 1.24 0.66 2.30 0.504
. . . . Volume loss in Radiography 1.61 0.55 4.70 0.380
0,
Older age at tuberculosis diagnosis, lower baseline FEV1 <80%, PR 7% P Rt me—
smoking history, and multilobar involvement were identified as Destroyed ung in Radiography 079 | o0m | 18 | os
risk factors for tuberculosis-associated COPD Massin Radlograply M| 0% | 2% | ok
Bronchial wall thickening in Radiography | 1.18 0.24 5.85 0.836

Abbreviations: AFB, Acid-Fast Bacilli; aOR, adjusted odds ratio; Cl, confidence interval; FEV,, Forced Expiratory Velume in | s; OR, odds ratio; TB, tuberculosis.

Int J Chron Obstruct Pulmon Dis. 2025 Jun 26:20:2091-2102



Air pollution and COPD incidence (COPD-P)

RHINE | RHINE I RHINE Il RHINE IV
1990-1994 1999-2001 2010-2012 2020-2023
| | | |
| | | I
| | ' 10.7 years of follow- '
< . ‘ up, n = 5,355 .
Time 4 + - .
! Exposure time windows I i
IPM, s, PM,,, BC, NO,, O3 and NDVI | '
' ' CB ' COPD
PMys 0. PM10 10.BC n =252 n=104
I S SN S
- Total §~,‘°' o ' : é : Y 306‘ : g 2
= Aathus 3 N~ — z— 10 v 3 2™ e A
« Bergen o] 021 Study centres of Respiratory Health
v Reykjavik in Northern Europe (RHINE) Study
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X txla _No; o  ow Reykjavik «5-AND
Tartu l . * Umea
'“ézo, . . .-%w . o . : £ "
§ 101 o ; : 2’55 : 7; — : ‘2: 024 : . : G g éae. yre % Tartu
ot . P « Gothenburg
* e 2000 2010 0 200 20 *° g0 200 2010 Aarhus

Baseline. Total participants in RHINE 11l (2010)

n=13,656

Complete air pollution

Y

RHINE 1, RHINE I, RHINE 11|
n=10,914

and greenness data in

Subjects with available data at baseline
n=_8433

n = 5,355 included in the analysis

n = 5,027 with no CB/COPD
n = 328 with incident CB/COPD

Excluded (n = 2,742) '
Participants with missing environmental exposure data across |
all time exposure windows

Excluded (n = 2481)
Participants with CB/COPD at baseline, n = 801
Missing data on CB/COPD at baseline, n = 543
Missing covariates {education, BMI, smoking status, smoking
duration and smoking intensity) data at baseline, n= 1,137

Excluded (n = 3,078)
Participants who died from RHINE Hll to RHINE IV, n =277
Did not participate in RHINE IV, n = 2,609

328 incident cases of CB/COPD during 2010-2023

Environ Res. 2024 Sep 15:257:119240.



Air pollution and COPD incidence

Table 2

Incidence rate ratio (IRR) and 95% CI for the association between air pollutants and greenness and CB/COPD incidence in all subjects (n = 5355).

CB/COPD

Exposure in 1990

Model 1

Model 2

Exposure in 2000

Model 1

Model 2

Exposure in 2010

Model 1

Model 2

PM; s
PM10
BC'.*
NO,
04*
NDVI

1.00 (0.71-1.40)
1.01 (0.76-1.37)
0.96 (0.76-1.24)
1.12 (0.90-1.41)
0.88 (0.70-1.11)
1.02 (0.91-1.14)

0.97 (0.70-1.35)
1.00 (0.74-1.34)
0.97 (0.75-1.24)
1.13 (0.90-1.41)
0.87 (0.69-1.10)
1.01 (0.90-1.13)

1.05 (0.66-1.69)
1.06 (0.71-1.60)
1.04 (0.79-1.36)
1.15 (0.94-1.42)
0.86 (0.67-1.10)
0.97 (0.89-1.06)

1.12 (0.70-1.79)
1.11 (0.74-1.67)
1.08 (0.82-1.40)
1.18 (0.96-1.45)
0.84 (0.66-1.07)
0.96 (0.88-1.05)

1.05 (0.75-1.48)
1.05 (0.77-1.42)
1.12 (0 86-1.47)
1.13 (0.95-1.34)
0.89 (0 69-1.14)
1.00 (0.91-1.10)

1.07 (0.76-1.51)
1.07 (0.79-1.45)
1.16 (0.88-1.51)
1.14 (0.96-1.35)
0.88 (0.69-1.14)
1.00 (0.90-1.10)

Table 3

Incidence rate ratio (IRR) and 95% CI for the relationship between air pollution
and greenness with CB/COPD incidence, derived from a two-exposure model.

Exposure

Exposure in 1990

Exposure in 2000

Exposure in 2010

IRR (95% CI)

IRR (95% CI)

IRR (95% CI)

PM; 5
BC'.*
NO,
03*
NDVI
NDVI
NDVI
NDVI
NDVI

+ NDVI
4+ NDVI
+ NDVI
+ NDVI
<+ NDVI
+ PMz 5
+ PMyq
+ BC*

+ NO»

+ 0g*

0.98 (0.69-1.39)
1.00 (0.74-1.37)
0.97 (0.74-1.27)
1.18 (0.90-1.55)
0.82 (0.62-1.08)
1.00 (0.89-1.13)
1.01 (0.90-1.13)
1.00 (0.89-1.13)
1.05 (0.92-1.9)

1.06 (0.93-1.20)

1.07 (0.66-1.75)
1.07 (0.70-1.64)
1.04 (0.78-1.39)
1.17 (0.93-1.46)
0.86 (0.66-1.12)
0.97 (0.88-1.06)
0.97 (0.88-1.06)
0.97 (0.88-1.06)
0.99 (0.90-1.09)
0.98 (0.89-1.08)

1.08 (0.75-1.56)
1.08 (0.78-1.50)
1.20 (0.89-1.61)
1.17 (0.96-1.42)
0.85 (0.64-1.12)
1.00 (0.90-1.12)
1.01 (0.90-1.12)
1.04 (0.93-1.15)
1.04 (0.93-1.16)
1.04 (0.93-1.16)

Environ Res. 2024 Sep 15:257:119240.

The association between residential air pollution
and COPD incidence was insignificant in this study



COPD-P - Evidence from UK Biobank data

Transition 5

490 (7.8%) CLM

n=1,050

Transition 1 Transition 7
Transition 6

6,317 (2.4%) 9%
310 (4.9%) 448 (6.9%)

Transition 2

[ Baseline 6,520 (2.5%) COPD Transition 11

n=265,493 n=6,520 326 (31.0%)

Transition 8
899 (13.8%)
Transition 4

10,562 (4.0%)

Transition 3

1,011 (0.4%) Transition 9

112 (11.1%)

Lung cancer All-cause death

n=1,011 Transition 10 n=12,770
673 (66.6%)

Median follow-up of 11.9 years, 13,863 participants developed at least one chronic

lung disease, 1,055 developed chronic lung multimorbidity and 12,772 died
Thorax 2023;78:698-705.



COPD-P - Evidence from UK Biobank data

Table 2 HR (95% Cls) for each transition in transition pattern A by ambient air pollutants

HR (95% Cl), per 5pg/m?

PM

2.5

PM

2.5-10

PM

10

NO

2

NO,

Baseline — incident chronic lung disease

Incident chronic lung disease — chronic lung
multimorbidity

Baseline — death
Incident chronic lung disease — death

Chronic lung multimorbidity — death

1.31(1.22 to 1.42)
1.27 (1.01 to 1.57)

1.32 (1.21 to 1.45)
1.24 (1.01 to 1.53)
1.91 (1.14 to 3.20)

Bold values denote statistically significant results.

NO,, nitrogen dioxide; NO , nitrogen oxides; PM

10

0.94 (0.85 to0 1.03)
1.22 (0.88 to 1.68)

0.98 (0.88 to 1.09)
1.09 (0.85 to 1.41)
1.17 (0.64 to 2.13)

particulate matter with diameter <10pm.

1.10 (1.05 to 1.15)
1.14 (0.97 to 1.35)

1.06 (1.01 to 1.11)
1.18 (1.05 to 1.33)
1.55 (1.13 to 2.11)

1.02 (1.01 to 1.03)
1.05(1.01 to 1.08)

1.02 (1.01 to 1.03)
1.03 (1.00 to 1.06)
1.11(1.04 to 1.18)

Thorax 2023;78:698—705.

1.01(1.01 to 1.02)
1.02 (1.00 to 1.04)

1.02 (1.01 to 1.02)
1.01(1.00 to 1.03)
1.04 (1.01 to 1.07)



COPD-P - Evidence from UK Biobank data

171,132 participants free of COPD and asthma at baseline from the UK Biobank, who had data on air
pollution and metabolomics.

PM2.5-related metabolic signature PM10-related metabolic signature |
3,909, Main.Group Main.Group ¥
[0 Triglycerides [ Triglycerides ¢ B
[ Lipoprotein particle sizes [ Lipoprotein particle sizes s s
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Figure 1 - Composition and distribution of the derived metabolites. NO; = nitrogen dioxide; NOy = nitrogen oxide; PM: 5 = fine particulate matter 14
with a diameter < 2.5 um; PM;y = particulate matter with a diameter = 10 pm. 2
24

oy - - -y

10 15 20 25
Concentration of air pollution NOx ( 1 g/ m*)

v v v -
10 20 30 40
Concentration of air pollution NO; ( g/ m* )

Metabolite changes associated with air pollution exposure, and
the metabolite signature score increased in proportion to the

level of pollution. CHEST 2024; 166(5):975-986



COPD-P - Evidence from UK Biobank data

Follow-up of 12.51 years, 8,951 and 5,980 incident COPD and asthma

TABLE 2 | Associations of Air Pollution and Metabolomic Signature Scores With CRD

CRD COPD Asthma

Air Pollutants HR (95% CI)® P Value HR (95% CI)® P Value HR (95% C1)® P Value
PM2 5

Basic” 1.14 (1.11-1.16) | <.001 | 1.14 (1.11-1.17) | <.001 | 1.15(1.11-1.19) | < .001

MV~ 1.09 (1.06-1.13) | < .001 | 1.07 (1.04-1.11) | < .001 | 1.14 (1.10-1.18) | < .001

MV + mutual adjustment® 1.09 (1.06-1.12) | <.001 | 1.06 (1.03-1.10) | <.001 | 1.14(1.09-1.18) | < .001
PM, s-related metabolomic

signature score

[\ 1.11 (1.09-1.14) | <.001 | 1.16(1.13-1.19) | < .001 | 1.02(0.99-1.05) .161

MV + mutual adjustment® 1.11 (1.08-1.13) | < .001 | 1.15(1.13-1.18) | < .001 | 1.02 (0.99-1.05) .169
PM1g

Basic” 1.15(1.12-1.18) | < .001 | 1.17 (1.14-1.20) | < .001 | 1.15(1.11-1.19) | < .001

MV~ 1.09 (1.06-1.12) | < .001 | 1.08 (1.04-1.11) | < .001 | 1.12(1.08-1.17) | < .001

MV + mutual adjustment? 1.08 (1.05-1.11) | <.001 | 1.07 (1.03-1.10) | <.001 | 1.12(1.08-1.17) | < .001
PM,,-related metabolomic

signature score

MV*© 1.13 (1.11-1.16) | <.001 | 1.17 (1.14-1.20) | < .001 | 1.04 (1.01-1.07) .019

MV + mutual adjustment® 1.13 (1.10-1.15) | < .001 | 1.17(1.14-1.20) | < .001 | 1.03(1.00-1.06) .042
NOy

Basic” 1.20 (1.17-1.22) | < .001 | 1.27 (1.24-1.30) | < .001 | 1.14(1.11-1.18) | < .001

MV© 1.09 (1.06-1.12) | < .001 | 1.12 (1.08-1.15) | < .001 | 1.08 (1.05-1.12) | < .001

MV + mutual adjustment? 1.08 (1.06-1.11) | <.001 | 1.11(1.07-1.14) | <.001 | 1.08 (1.04-1.12) | < .001
NOy-related metabolomic

signature score

MV 1.15(1.12-1.17) | <.001 | 1.18(1.15-1.21) | < .001 | 1.04(1.01-1.07) .012

MV + mutual adjustment? 1.14 (1.12-1.17) | <.001 | 1.17 (1.14-1.20) | < .001 | 1.04 (1.01-1.07) .022
NO,

Basic” 1.20 (1.17-1.22) | < .001 | 1.27 (1.24-1.30) | < .001 | 1.14(1.11-1.17) | < .001

Mv© 1.09 (1.07-1.12) | < .001 | 1.12 (1.09-1.15) | < .001 | 1.08 (1.05-1.12) | < .001

MV + mutual adjustment? 1.09 (1.06-1.12) | <.001 | 1.11 (1.08-1.15) | <.001 | 1.08 (1.05-1.12) | < .001
NO>-related metabolomic

signature score

MV© 1.08 (1.06-1.11) < .001 | 1.10(1.08-1.13) < .001 | 1.02 (0.99-1.05) .318
MV -+ mutual adjustment? 1.08 (1.06-1.10) | <.001 | 1.10 (1.07-1.13) | <.001 | 1.01(0.98-1.04) 452 CHEST 2024; 166(5) :975-986




Etiotypes of COPD

* COPD has multiple Etiotypes

* Post-infectious etiotypes (TB, NTM-PD, bronchiectasis) show relatively
high COPD prevalence, incidence and faster lung-function decline

* The expanded etiotype model improves understanding but risks over-
inclusion in complex diseases



Early detection & Screening



Pre-COPD — Prevention and Screening

Primary prevention

* Prematurity, childhood asthma, pneumonia, and smoking are key
drivers of pre-COPD lung-function trajectories

* Preventing these early-life risk factors is essential

Lancet Respir Med. 2025 Sep;13(9):778-781



Novel App-Based Portable Spirometer for the
Early Detection of COPD

e Age of 240 years
e 210 pack-years of smoking

e Chronic respiratory symptoms (cough, phlegm, or dyspnea)

Subject enrolled (N = 945)

Excluded (n = 178)
* Not met criteria 94

Screened for eligibility and met criteria (n = 767)

*  Withdrawal of consent 17
*  Other 67

~

Patients with complete post-BD spirometry (n = 370)

Excluded (n = 397)

*  Subjects refused confirmative spirometry 134

* Subjects incomplete confirmative spirometry 18

* Subjects not undertaken confirmative spirometry 59
*  Other 186

COPD (n=103) ’( Non-COPD (n = 267)

MIR Spirobank Smart

and Smart Oxi

Remote respiratory monitoring the
smart way with optional pulse oximetry

Watch Video

SPIROB@NK

SMART

Diagnostics (Basel). 2021 Apr 27;11(5):785



Difference

30

-40

Novel App-Based Portable Spirometer for the
Early Detection of COPD

FEV,/FVC
i " Diagnostic Spirometer Spirobank Smart
GOLD Grade 1 (%) CAT Score 1 (%) CAT Score

GOLD1 25 (24.3%) 10 £5 16 (15.5%) 104
GOLD 11 53 (51.5%) 12+7 59 (57.3%) 11+6
GOLD III 22 (21.3%) 11£6 22 (21.4%) 13+38
GOLD IV 3 (2.9%) 21 +£19 6 (5.8%) 18 £ 12

o T T Total 103 (100%) 127 103 (100%) 12+7

20 40 60 80 100 120

Mean of FEV,/FVC (%)

Diagnostics (Basel). 2021 Apr 27;11(5):785



Young COPD and pre-COPD in general population

* The EPISCAN II study
* COPD in Spain in subjects >40 years

1. Pre-COPD definition

- emphysema > 5%
- and/or bronchial thickening in CT
- and/or DLCO < 80% and FEV1/FVC > 0.7

2. Young COPD definition
- FEV1 /FVC < 0.70 in age < 50 years

ERJ Open Res. 2023 Feb 20;9(1):00334-2022



Young COPD and pre-COPD in general population

Non-COPD
8015 (88.2%)

Dico or CT scan not available
7665

DLco and/or CT scan
350 (4.3%)

lIncomplete data set |
9 (2.6%)

Non-COPD Pre-COPD
263 (75.1%) 78 (22.3%)

EPISCAN II
population
9092

COPD
1077 (11.8%)

Young COPD COPD >50 years
65 (6%) 1012 (94%)

Symptomatic patients n=148

Emphysema >5% Bronchial
15 12 thickening >1.13
23
il
E
4

Drco <80% of predicted
12

ERJ Open Res. 2023 Feb 20;9(1):00334-2022



Young COPD and pre-COPD in general population

TABLE 1 Differential demographic and clinical characteristics of young COPD (YC) and pre-COPD (PC) subjects compared to COPD (C) and non-COPD (NC) populations

c YC PC NC p-value

C versus YC  NC versus YC C versus PC  NC versus PC  PC versus YC

Subjects 1012 65 78 263
General characteristics
Age, years, meanzso, median 67.8+9.9, 45.8+2.6, 63.5+11.6, 59.3+10.1, <0.0001 <0.0001 0.003 0.0002 <0.0001
(interquartile range) 68.0 (59.0-75.0 46.0 (43.0-48.0 65.0 (54.0-72.0 59.0 (51.0-67.0
Females 418 (41.3%) 30 (46.2%) 44 (56.4%) 163 (62.0%) 0.44 0.02 0.009 0.37 0.22
BMI, kg-m_2 27.4+4.6 27.4+7.0 28.0+4.8 26.7+4.5 0.88 0.49 0.31 0.06 0.52
Smoking status 0.004 <0.0001 0.009 0.59 0.0002
Active smokers 301 (29.7%) 32 (49.2%) 14 (17.9%) 58 (22.1%)
Former smokers 433 (42.8%) 20 (30.8%) 31 (39.7%) 90 (34.2%)
Mever-smokers 278 (27.5%) 13 (20%) 33 (42.3%) 115 (43.7%)
Smoking exposure, pack-years 29.2+30.1 22.2421.35 18.5425.6 13.1417.9 0.06 0.0005 0.002 0.04 0.35
Education level 0.15 0.03 0.23 0.27 0.56
No studies 41 (4.1%) 0 1 (1.3%) 2 (0.8%)
Primary education 270 (26.7%) 14 (21.5%) 17 (21.8%) 52 (19.8%)
Secondary education 243 (24.0%) 19 (29.3%) 17 (21.8%) 45 (17.1%)
University or vocational 454 (44.9%) 31 (47.7%) 42 (53.8%) 164 (62.4%)
training
Clinical characteristics
mMRC dyspnoea scale 0.14 0.0009 0.32 <0.0001 0.01
Grade 0 499 (49.2%) 42 (64.6%) 30 (38.5%) 223 (84.8%)
Grade 1 355 (35.1%) 18 (27.7%) 36 (46.2%) 36 (13.7%)
Grade 2 113 (11.2%) 3 (4.6%) 9 (11.5%) 3 (1.1%)
Grade 3 39 (3.9%) 2 (3.1%) 3 (3.8%) 1 (0.4%)
Grade 4 6 (0.6%) 0 0 0
CAT 9.1+6.8 9.1+6.4 11.3#6.1 5.7¢5.1 0.98 <0.0001 0.004 <0.0001 0.03
Cough and phlegm* 621 (66.3%) 37 (58.7%) 78 (100.0%) 70 (28.0%) 021 <0.0001 <0.0001 <0.0001 <0.0001
Asthma 163 (16.1%) 19 (29.2%) 5 (6.4%) 24 (9.1%) 0.006 <0.0001 0.02 0.45 0.0003
Charlson Comorbidity Index 0.7+1.1 0.6£1.7 0.5+0.9 0.3+£0.8 071 0.01 0.22 0.01 0.63
COTE index 12+2.4 1.4+2.8 1.7+2.8 0.9+£2.1 0.44 0.12 0.10 0.01 0.62
Exacerbations last year 114 (11.3%) 5 (7.7%) 2 (2.6%) 9 (3.4%) 037 0.12 0.01 0.70 0.15
Treatments
Any respiratory treatment 641 (63.3%) 28 (43.1%) 39 (50.0%) 86 (32.7%) 0.001 0.11 0.01 0.005 0.40
Treatment with short-acting 251 (24.8%) 17 (26.29%) 4 (5.1%) 8(3.0% ] 0.80 <0.0001 <0.0001 037 0.0004
B-agonist
Treatment with 159 (15.7%) 4 (6.2%) 2 (2.6%) 5 (1.9%) 0.03 0.06 0.001 0.71 0.28
anticholinergics
Treatment with inhaled 189 (18.7%) 10 (15.4%) 4 (5.1%) 9 (3.4%) 0.50 0.0002 0.002 0.48 0.03

corticosteroids

Data are presented as meantso or n (%), unless otherwise stated. BMI: body mass index; mMRC: modified Medical Research Council; CAT: COPD Assessment Test; COTE: COPD-specific
comorbidity test. *: European Coal and Steel Community questionnaire.

ERJ Open Res. 2023 Feb 20;9(1):00334-2022



and non-COPD (NC) populations

Young COPD and pre-COPD in general population

TABLE 2 Differential functional, inflammatory and imaging characteristics of young COPD (YC) and pre-COPD (PC) subjects compared to COPD (C)

o YC PC NC p-value
C NC c NC PC
versus YC wversus YC versus PC versus PC  versus YC
Subjects 1012 65 78 263
Lung function
FVC, % of 99.3+18.5 99.8+14.8 101.2+16.5 104.9+13.3 0.83 0.02 0.39 0.11 0.60
predicted
FEV:, % of 80.6+18.8 80.3+16.2 103.6+18.0 105.3+13.7 0.08 <0.0001  <0.0001 0.33 <0.0001]
_predicted
6MWT distance, m  477.1#108.1  525.5+121.0  467.3.0+114.8  527.2+87.8 0.09 0.94 0.47 <0.0001 0.07
Dyco, 0 OF 88.6£23.1 108.9£19.5 90.9:19.4 101.5217.4 0.001 0.11 040 <0.0001 0.001
predicted
BODE index” 1541.2 1.1+0.8 1.4+0.9 0.940.4 0.13 0.30 0.24 <0.0001 0.22
BODEx index" 1.441.0 1.3£0.9 1.240.6 0.940.3 0.19 <0.0001 0.01 <0.0001 0.31
Biomarkers
Eosinophils per L~ 191+123, 2334169, 158495, 1594120, 0.22 0.02 0.03 0.98 0.02
175 (101-249) 182 (168-227) 140 (89-215) 128 (88-198)
CRP, mg-dL™* 1.9+4.0, 2.144.1, 1.642.8, 1.3£2.7, 0.93 0.33 0.46 0.43 0.60
0.4 (0.1-2.0) 0.2 (0.1-1.0) 0.6 (0.1-1.5) 0.4 (0.1-1.1)
Fibrinogen, g-L " 3.9+0.9, 3.310.8, 39411, 3.740.8, 0.02 0.07 0.995 0.10 0.04
3.7 (3.345) 3.0 (2.74.0) 3.9(32-45)  3.6(3.1-4.3)
Imaging
Emphysema >5% 160 (59.7%) 3 (27.3%) 39 (50.0%) 55 (20.9%) 0.03 0.61 0.12 <0.0001 0.15
Bronchiole 1.1#0.1, 1.1£0.1, 1.120.2, 1.040.2, 0.67 0.21 0.03 0.0001 0.69
thickness, mm 1.1 (1.0-1.1) 1.1 (1.1-1.2) 11(1.0-1.2)  1.1(1.0-1.1)

Data are presented as meantso or meantsp, median (interquartile range), unless otherwise stated. FVC: forced vital capacity; FEV,: forced expiratory
volume in 1s; 6MWT: 6-min walk test; Dico: diffusing capacity of the lung for carbon monoxide; BODE: body mass index, obstruction, dyspnoea,
exercise; BODEx: simplified BODE; CRP: C-reactive protein; IQR: interquartile range. *: out of 10; *: out of 9.

ERJ Open Res. 2023 Feb 20;9(1):00334-2022



Screening and early diagnosis of COPD

Table 1 COPD screening questionnaire

Questions

Options and scoring criteria

Your age (years)

Your consumption of cigarettes
(packs per year)
Your BMI (Kg/m2)

Do you cough often when you do
not have a cold?

Do you usually feel shortness of
breath?

Do you currently use coal stoves or
firewood for cooking or heating?

Is there a family history of bronchial
asthma, or COPD

20-49(0), 50-59(3), 60-69(7),
>70(10)
0-14(0),15-30(1), >30(2)

<185(7), 185-23.9(4), 24.0-
279(1), =28.0(0)

Yes (3), No (0)

No (0), feeling shortness of
breath when walking quickly on
level ground or climbing gentle
slopes (2), feeling shortness of
breath when walking at a nor-
mal pace on level ground (3)

Yes (1), No (0)

Yes (2), No (0)

Table 5 Analysis of influencing factors for pulmonary function grading in COPD high-risk groups - Multivariate ordinal multi-

classification logistic regression analysis

Variables Coefficient OR 95% confi- t value P
value dence inter- value
val for the OR
value
Gender male 0561 1753 (1.114.2.777) 2412 0016
Age 5U-5Y years 'R =P L2TT {Ubsb,ls524) Usel Usoel
Age 60-69 years 0.795 2215 (1.133,4.383) 2308 0.021
Age=70 years 0.808 2244 (1.113,4573) 2245 0.025
Consumption of cigarettes (packs per year) 15-30 -0.008 0.992 (0577,1.702) -0.029 0976
Consumption of cigarettes (packs per year) =30 016 1.174  (0.739,1.866) 0679 0497
BMI 18.5-239 0217 1242  (0.731,2116) 0.801 0423
BMI 24.0-27.9 0.305 1.357  (0.734,2.515) 0.972 0331
Feeling shortness of breath when walking at a2 normal pace on level ground -2414 0089 (0.057,0138) -10671 <0001
Feeling shortness of breath when walking quickly on level ground or climbing gentle -4.163 0016 (0.002,0.066) -5.061 <0001
slopes
Use of firewood, grass, and coal stoves -0.579 0561 (0.364,0.861) -2.643 0.008

BMC Pulm Med. 2023 Nov 3;23(1):424.



Pre-COPD indicators in association with
COPD development

a b

Subjects with acceptable post-bronchodilator spirometry results and Subjects investigated in the ) Subjects investigated in the
questionnaire in 14 sites in the 2014-2015 survey of COPD surveillance 2014-2015 survey of COPD 2019-2020 survey of COPD
(n=7576) surveillance (n=75107) surveillance (n=74559)

oy

A

Matched subjects by ID card
number with acceptable
»| post-bronchodilator spirometry |[#———
results and questionnaire in

both surveys (n=545)

Atternpt to contact subjects
2018-2020 (n=5306)

Excluded: subjects with airflow N
limitation in the 2014-2015 survey

(n=887) Excluded: subjects with airflow
v limitation in the 2014-2015 survey
. L (n=63)
[ Subjects without airflow limitation in the]
Y

2014-2015 survey (n=4419)
Subjects without airflow limitation in the
2014-2015 survey (n=482)

A 4 Y

Died of causes other Interviewed  with  questionnaire Lost to follow-up
than COPD (n=47) 2018-2020 (n=4093) (n=279) Excluded: subjects in the 14 sites ]
r

selected for follow-up (n=21)

Y "

and guestionnaire 2018-2020 (n=35286) selected for follow-up (n=461)

[ Final analysis: subjects with acceptable post-bronchodilator spirometry results J [ Final analysis: subjects not in the 14 sites

Fig. 1: Flowchart of study participants. a) the 3526 study participants in the training cohort; b) the 461 study participants in the validation

cohort.  **235(6.79%)** COPD cases (post-BD FEV1/FVC < 70%) among 3,526 participants
Lancet Reg Health West Pac. 2023 Dec 18:44:100984.



Pre-COPD indicators in association with COPD
development

Model 1° Model 2°

Adjusted HR (95% Cl) P

Crude HR (95% Cl) Model 3¢

Adjusted HR (95% Cl) P

Adjusted HR (95% Cl) P

[Chronic bronchitis  2.89 (1.40-5.93) 1.80 (0.85-3.85) 0.1274  2.84 (1.38-5.84) 0.0046  2.94 (1.43-6.04) 0.0035 |
PRISm 1.63 (1.08-2.47) 1.57 (1.03-2.40) 0.0361 0.87 (0.56-1.36) 0.5385  0.76 (0.48-1.19) 0.2270
Low PEF 1.75 (1.32-2.32) 1.66 (1.25-2.21) 0.0005  1.28 (0.94-1.75) 01115  1.22 (0.90-1.68) 0.2055
[sSAD 2.86 (2.21-3.70) 2.69 (2.07-3.49) <0.0001 _ 2.74 (2.07-3.61) <0.0001 |

[Cow MMEF 3.26 (2.50-4.25) 2.93 (2.24-3.83) <0.0001 2.38 (1.65-3.43) <0.0001 |
Low FEF50 2.58 (1.99-3.34) 2.46 (1.89-3.19) <0.0001 1.42 (0.98-2.06) 0.0622
Low FEF75 1.98 (1.44-2.71) 2.37 (1.73-3.26) <0.0001 1.23 (0.86-1.76) 0.2598

Definition of abbreviations: Cl = confidence interval; PRISm = preserved ratio impaired spirometry; PEF = peak expiratory flow; sSAD = spirometric small airway dysfunction;
MMEF = maximal midexpiratory flow; FEF50 = forced expiratory flow at 50% of FVC exhaled; FEF75 = forced expiratory flow at 75% of FVC exhaled. *Model 1: included each
one of chronic bronchitis, PRISm, low PEF, sSAD, low MMEF, low FEF50, and low FEF75 respectively, adjusted for sex, age, smoking status, exposure to dust or chemicals in
the workplace, indoor exposure to coal, and indoor exposure to biomass. PModel 2: included chronic bronchitis, PRISm, low PEF, and sSAD. “Model 3: included chronic
bronchitis, PRISm, low PEF, low MMEF, low FEF50, and low FEF75. Definition of sSAD (2 of 3)

MMEF (FEF25-75%) < LLN
FEF50 < LLN

Table 2: Crude and adjusted hazard ratios of COPD development for potential indicators for pre-COPD.

FEF75 < LLN
Lancet Reg Health West Pac. 2023 Dec 18:44:100984.

Concurrent chronic bronchitis and sSAD/low MMEF indicating
pre-COPD optimally require more high attention




Screening and

early diagnosis of COPD

Model 4 Model 5
Coefficient SE P Coefficient SE P
Age 0.0382 0.0069 <0.0001 0.0394 0.0069 <0.0001
Male 0.9977 0.1400 <0.0001 0.9206 0.1419 <0.0001
sSAD 0.9953 0.1325 <0.0001
Low MMEF 0.7552 01812 <0.0001
Low FEF50 0.4541 0.1762 0.0100
Indoor exposure to biomass 0.6932 0.1393 <0.0001 0.7169 01387 <0.0001
Internal validation
Dxy 0.534 0.541
C 0.7670° 0.0171 0.7704b 0.0170
AlC 3184.793 3180.358
Corrected Dxy 0527 0.532
Corrected C 07635 0.0228 0.7660" 0.0229
Temporal validation
AUC 0.715° 0.049 0.730f 0.050
X-squared of HL test 1.7459 0.9878 2.8828 0.9415

Definition of abbreviations: sSAD = spirometric small airway dysfunction; MMEF = maximal midexpiratory flow; FEF50 = forced expiratory flow at 50% of FVC exhaled;
AIC = akaike information criterion; AUC = area under the receiver operating characteristic curve; HL test = Hosmer-Lemeshow test; SE = standard error. "95% Confidence
Interval: 0.7335-0.8005. ®95% Confidence Interval: 0.7371-0.8037. 95% Confidence Interval: 0.7188-0.8082. 995% Confidence Interval: 0.7210-0.8110. “95% Confidence

Interval: 0.6190-0.8110. ’95% Confidence Interval: 0.6320-0.8280.

Table 4: Cox regression analysis results and performance metrics for the internal and temporal validation of the prediction models for COPD

development.

o | o |
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Fig. 3: Receiver operating characteristic curves for the temporal validation of the prediction models for COPD development. a) Model 4: The cut-
off value of prognostic index was 3.341 to discriminate individuals at a high or low risk of COPD, at which the sensitivity and the specificity was
0.700 and 0.627 respectively and the positive and negative predictive value was 0.117 and 0.967 respectively. The area under the curve was
0.715; b) Model 5: The cut-off value of prognostic index was 3.630 to discriminate individuals at a high or low risk of COPD, at which the
sensitivity and the specificity was 0.633 and 0.774 respectively and the positive and negative predictive value was 0.165 and 0.968 respectively.
The area under the curve was 0.730. For example for the usage of the cut-off value in model 5, a 65 year-old (65%0.0394) man (0.9206) with
low MMEF (0.7552), but without low FEF50 (0) and indoor exposure to biomass (0) presents a prognostic index of 4.2368 indicating a high risk
of COPD.

Lancet Reg Health West Pac. 2023 Dec 18:44:100984.



SLIM risk calculator ; pre-COPD to COPD

Subjects with
normal spirometry at
enrolment (n=677)

Spirometric
classification by end
of observation period

P W "Unstable" n=63 (9%)

PRISm n=15 (2%)

Symptomatic*
(54%)

CAL n=110 (16%)

Normal spirometry

n=489 (72%)

Asymptomatic
(46%) | 7-

Observation period (mean+sp): 6.3+1.8 years
Number of spirometries (median (interquartile range)): 5 (4-6)

Among 2273 Lovelace Smokers’ Cohort (LSC) participants
677 with normal spirometry, current and ex-smoker

. Probability of incident
FEV,/FVC<0.75 | 230packyears = BMI<25kgm-2 |Chronic b'°“°hiti’| Sl
(yes) Probability maintaining

normal lung function (%)

+ + + S - e

. : ‘ - e

+ + - + 29%

! : : . T

: ; - T

- : . -~ e sa

- - : P aw s

+ - - - 28% 72%

= + + + 2% 73%

= + + - 1% 83%
"""" SRR ) R 86%
- - + + 10% 90%

- + - - 8% 92%

5 - + - 6% 94%

- - - + 4% 96%

- = = = 2% 98%

Eur Respir J 2023; 62: 2300806.




0.50 0.75 1.00

Sensitivity

0.25

Pre-COPD to COPD; according to TAHS data

0.00

L

1.00

0.75

L

Sensitivity
0.50

0.25

n

0.00

B o
&h z-Score Percentile Sensitivity Specificity LR* LR™ Ymax
© | Pre-BD FEV4/FVC —1.264 <10th 88% (71, 96) 87% (84, 89) 6.79 (5.40, 8.52) 0.14 (0.05, 0.38) 0.75
o Pre-BD FEF,s5.75 —1.328 <09th 79% (60, 90) 88% (86, 90) 6.76 (5.13, 8.89) 0.24 (0.12, 0.50) 0.67
. Pre-BD FEV, -0.535 <30th 73% (54, 86)  67% (64,70)  2.20 (1.71,2.83)  0.41 (0.22, 0.75)  0.40
2o Post-BD FEV,/FVC —0.701 <24th 81% (63, 92) 84% (81, 86) 5.09 (3.99, 6.49) 0.22 (0.10, 0.49) 0.65
2341 Post-BD FEF;s5.75 —-0.775 <21st 73% (55, 86) 86% (83, 88) 5.23 (3.93, 6.97) 0.31 (0.17, 0.58) 0.59
& Post-BD FEV, —0.113 <46th 79% (61, 90) 61% (58, 65) 2.04 (1.65, 2.53) 0.34 (0.17, 0.71) 0.40
& Dico +0.366 <64th 60% (41, 76) 49% (46, 53) 1.18 (0.86, 1.53) 0.81 (0.51, 1.30) 0.09
ah Kco +0.505 <69th 81% (63, 92) 40% (36, 43) 1.35 (1.11, 1.64) 0.47 (0.21, 1.05) 0.21
TLC* +0.623 >73rd 56% (37, 73) 66% (63, 70) 1.65 (1.15, 2.37) 0.67 (0.43, 1.04) 0.22
RV* +1.015 >84th 52% (34,70)  71% (67,75)  1.82 (1.23,2.69)  0.76 (0.45, 1.01)  0.23
g RV/TLC* +1.061 >86th 58% (40, 75)  69% (66, 72)  1.90 (1.36, 2.64)  0.60 (0.39, 0.94)  0.27
0.00 025 0.50 075 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity
Pre-BD FEV1/FVC: 88% (81-96) Pre-BD FEF25-75: 88% (82-95) Post-BD FEV1/FVC: 89% (83-95) Post-BD FEF25-75: 88% (83-93)
Pre-BD FEV1: 75% (67-83) Reference Post-BD FEV1: 70% (61-78) Reference
D S
— Pre-BD FEV,/FVC z-score < -1.264
i - 36-fold increased risk of developing COPD
|n._ . . . 0 L oLl . o
S - Sensitivity 88%, and Specificity 87%
4 8
T T T T T o v T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity
DLCO: 53% (41-64) KCO: 62% (51-73) TLC: 69% (58-80) RV: 67% (56-78)
Reference ——— TV/TLC: 69% (58-80) Reference

Am J Respir Crit Care Med. 2024 Jun 15;209(12):1431-1440



Susceptible Young Adults and Development of COPD

* Copenhagen General Population Study from 2003 (N =5,497) and the Copenhagen City Heart
Study from 1976-1978 (N = 2,609)
 For 10 and 25 years
e Susceptible group
1. Chronic bronchitis
FEV1/FVC >0.70 & >LLN
FEV1, FVC >80% predicted
2. PRISm
FEV1/FVC >0.70 & >LLN
FEV1 or FVC <80% predicted
3. Early airflow limitation
FEV1/FVC >0.70 & <LLN
4. Asthma
5. Active smoking history
* Development of COPD (FEV,/FVC <0.70) and COPD GOLD 2-4 (FEV, <80% pred).

Am J Respir Crit Care Med. 2024 Sep 1;210(5):607-617



Susceptible Young Adults and Development of COPD

The Copenhagen General Population Study The Copenhagen City Heart Study
Prevalence of COPD at final examination 10 years later Prevalence of COPD at final examination 25 years later
70 67% 70
. [] copPD(N=646) - [] coPD(N=431) )
B COPDGOLD 2-4 (N=165) Bl COPDGOLD2-4 (N=337)
50 50 -
S g
o4 404 § 40 36%
E 2 ] 30% 30%
g 30 E 2 21% 2Z%
o 20% 20% 19% | 18% g
20 4 16% 14% 20 13% 4%
8%
8% 8% 10 -
1%
0 - O [l ;
e . o~ . e No susceptibility Chronic bronchitis PRISm Early airflow limitation Asthma
No susceptibility Chronic bronchitis PRISm Early airflow limitation Asthma i i iy =
to COPD or asthma (N=197) (N=398) Y (N=144) (N=335) to COPD or asthma (N=217) (N=674) (N=103) (N=48)
(N=4423) (N=1569)

Am J Respir Crit Care Med. 2024 Sep 1;210(5):607-617



Susceptible Young Adults and Development of COPD

The Copenhagen General Population Study

COPD at final examination 10 years later

N/Events
No susceptibility to COPD or asthma 4423/372
Susceptible to COPD 739/209
Chronic bronchitis 197/32
PRISm 398/81
Early airflow limitation 144/96
Asthma 335/65

The Copenhagen City Heart Study

"

0.5

-
__._
E =
-
-
[ LN | T 1
1 5 10 40
OR (95% Cl)

OR (95% CI)

1 [Reference]

3.42(2.78-4.21)
1.40(0.91-2.15)
2.13(1.62-2.80)
21.8(14.8-32.0)
2.77 (2.05-3.75)

COPD at final examination 25 years later

N/Events
No susceptibility to COPD or asthma 1569/198
Susceptible to COPD 994/219
Chronic bronchitis 217/39
PRISm 674/143
Early airflow limitation 103/37
Asthma 46/14

PRISm and Early airflow limitation
related to development of COPD

0.5

OR (95% Cl)

40

OR (95% CI)

1 [Reference]

1.54 (1.23-1.93)
0.96 (0.64-1.45)
1.50(1.17-1.93)
4.06 (2.57-6.42)
2.90(1.35-6.24)

P-value

<0.0001
0.12

<0.0001
<0.0001
<0.0001

P-value

0.0002
0.85
0.002
<0.0001
0.006

COPD GOLD 2-4 at final examination 10 years later

N/Events

4423/43
739/95
197/9
398/57
144/29
335/27

s =
I
.
-
——
[ R | T |
5 10 40

0.5

OR (95% Cl)

OR (95% Cl)

1 [Reference]

10.1(6.77-15.2)
2.58 (1.16-5.72)
11.7 (7.51-18.1)
20.4 (11.9-35.1)
9.40 (5.68-15.6)

COPD GOLD 2-4 at final examination 25 years later

N/Events

1569/131
994/196
217130
674/135
103/31
46/10

0.5
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OR (95% Cl)

OR (95% CI)

1 [Reference]

2.12 (1.64-2.73)
1.09 (0.68-1.74)
2.22 (1.68-2.93)
5.25 (3.22-8.54)
2.80 (1.23-6.37)

P-value

<0.0001
0.02

<0.0001
<0.0001
<0.0001

P-value

<0.0001
0.73
<0.0001
<0.0001
0.01



Susceptible Young Adults and Development of COPD

Risk factors Point on COPD risk score COPD at final examination 10 years later COPD GOLD 2-4 at final examination 10 years later
0 1 N/Events OR (95% CI) P for trend N/Events OR (95% CI) P for trend
COPD risk score
h . b h .. Low risk - Score O 2339/128 1 [Reference] <0.0001 2339/9 1 [Reference] <0.0001

C ronic bronc Itls no yes Intermediate risk — Score 1 2463/304 = 2.37(1.91-2.94) 2463/52 —— 5.38 (2.64-11.0)

High risk - Score 2 579/158 k3 6.21(4.81-8.03) 579/66 —i— 31.3 (15.4-63.6)
FEV1 and FVC >=80 <80 Very high risk - Score 3-5 116/56 - 16.0 (10.6-24.0) 116/38 —— 124 (57.6-268)
FEV1/FVC >=LLN <LLN s — T —

1 5 10 100 270 1 5 10 100 270
Active smoking history  No Yes OR (85% C) OR (95% C)
Asthma No Yes The Copenhagen City Heart Study
RlSk management COPD risk score COPD at final examination 25 years later COPD GOLD 2-4 at final examination 25 years later
N/Events OR (95% CI) P for trend N/Events OR (95% CI) P for trend

LOW 0 COPD risk score

Low risk - Score 0 484/23 1 [Reference] <0.0001 484/12 1 [Reference] <0.0001
Intermediate 1 Intermediate risk — Score 1 1295/187 — 3.23 (2.06-5.06) 1295/130 —— 4.12 (2.25-7.53)

High risk - Score 2 658/140 - 5.04 (3.18-7.99) 658/122 —— 8.16 (4.45-15.0)

. Very high risk - Score 3-5 172/81 —— 16.4 (9.76-27 4) 172/73 —— 26.1(13.6-50.0)
High 2
I = T T 1 I T | T T 1
Very H|gh >=3 1 5 10 100 270 1 5 10 100 270
OR (95% CI) OR (95% CI)

Am J Respir Crit Care Med. 2024 Sep 1;210(5):607-617



SAD in pre-COPD with emphysema - microCT

Table 2. Summary of ex vivo Computed Tomography Scoring

Correlation (R) with

Control Pre-COPD GOLD | GOLD Il GOLD v Second Observer
Emphysema, % 13+19 22.0+16.9 22.9+16.0 31.3+127 852+ 11.2 0.87 (0.75 to 0.93)
Bronchiectasis, % 43+41 3530 42+36 23+15 1.7+14 0.44 (0.13 to 0.67)
Airway wall thickening, % 47+28 7.8-6.1 9.7+6.4 57+19 10.5+ 3.3 0.22 (—0.12t0 0.51)
Mucus plugging, % 0.0+:0.0 1.7+44 0.0+0.0 05+13 1.4+1.3 0.17 (—0.17 t0 0.47)
Tree-in-bud changes, % 25+79 6.1+9.4 4.0+76 0.7+1.6 1.4+25 0.15 (—0.19 to 0.46)

Am J Respir Crit Care Med. 2024 Mar 15;209(6):683-69



SAD in pre-COPD with emphysema - microCT
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Expanding COPD diagnostic criteria

COPDgene & CanCOLD

Figure 1. Diagnostic Schema for Chronic Obstructive Pulmonary Disease

(COPD) Using Major and Minor Criteria Reclassification overall (N = 9416)

No airflow
DIAGNOSTIC CRITERIA COPD by both obstruction

Airflow obstruction Emphysema Dyspnea dlignostlc gpcordn:g to new
FEV1/FVC <0.70 =Mild visual emphysema  mMRC score =2 ‘(‘-':1: frggaséz;) S(I:?]ge?'?; (II(1: - 811)
L Bronchial wall Quality of life - =
FEV1/FVC <LLN thickening SGRQ score 225

or

CAT score 210

Chronic bronchitis

'

DIAGNOSIS

Chronic obstructive pulmonary disease

Major diagnostic category Minor diagnostic category

Major criterion : 23 Minor criteria

plus . If symptoms are explained by

>1 Minor criterion other diseases, both imaging
criteria should be met.

Airflow
obstruction

but no COPD
according to new
diagnostic
schema (n = 282)

No COPD by both
old and new
diagnostic
schemas

(n =4439)

JAMA. 2025,;333(24):2164-2175.



FEV,/FVC

Expanding COPD diagnostic criteria

E Multivariable cumulative hazards plot of all-cause
mortality by COPD category
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Screening of pre-COPD or COPD risk group

* Respiratory symptom - Chronic bronchitis or asthma
identified via questionnaire

e Spirometry data - Evidence of small airway disease or PRISm

* Radiologic findings — Presence of emphysema or small
airway disease

* Potential blood biomarkers — CC16, hsCRP



Pre-COPD — early treatment strategies

Secondary prevention

e Attempts to slow progression from pre-COPD to COPD have produced
mixed results:

* 12-week trial: no improvement in symptoms
e 1-year trial: improved gas diffusion and small-airway metrics

* A large trial (PRE-TREAT) of triple therapy is underway

* Non-pharmacologic strategies (physical activity, smoking cessation)
also matter

* Addressing “treatable traits” (airflow limitation, bronchitis, inactivity,
mental health) may help

Lancet Respir Med. 2025 Sep;13(9):778-781



Bronchodilators in Tobacco-Exposed Persons with
oms and Preserved Lung Function

Sympt

Outcome

Primary outcome

Overall
Modified intention-to-treat analysis
Sensitivity analysis 1
Sensitivity analysis 2
Sensitivity analysis 3
Sensitivity analysis 4
Per-protocol analysis

Smoking status
Current smoking
Former smoking

Body-mass index
>30
=30

Sex
Female
Male

Age
<65 yr
=65 yr

Bronchodilator responsiveness
Yes
No

Baseline inspiratory capacity
<Median
=Median

Baseline FEV, % of predicted
<Median
=Median

Presence of chronic bronchitis
Yes
No

Secondary outcomes

=4-point improvement in SGRQ score
plus TDI score of 21 without
treatment failure

TDI score of =1 without treatment
failure

=2-point improvement in CAT score
without treatment failure

Placebo
(N=244)

Treatment
(N=227)

no. of participantstotal no. (%)

144/244 (59.0)
143/242 (59.1)
144240 (60.0)
115/196 (58.7)
146/249 (58.6)
110/176 (62.5)

91/151 (60.3)
53/93 (57.0)

63/108 (58.3)
81/136 (59.6)

68/125 (54.4)
76/119 (63.9)

103/169 (60.9)
41/75 (54.7)

16/25 (64.0)
128/219 (58.4)

72/122 (59.0)
72/122 (59.0)

66/112 (58.9)
78/132 (59.1)

63/92 (68.5)
77/144 (53.5)

60/234 (25.6)

80/234 (34.2)

166/244 (68.0)

128/227 (56.4)
129/230 (56.1)
124/220 (56.4)
109/192 (56.8)
131/232 (56.5)
101/170 (59.4)

84/142 (59.2)
44/85 (51.8)

47/93 (50.5)
81/134 (60.4)

61/115 (53.0)
67/112 (59.8)

101/168 (60.1)
27/59 (45.8)

14/27 (51.9)
114/200 (57.0)

68/116 (58.6)
60/111 (54.1)

61/109 (56.0)
67/118 (56.8)

4472 (61.1)
76/146 (52.1)

55/220 (25.0)

80/220 (36.4)

169/227 (74.4)

Odds Ratio (95% Cl)

—— 0.91 (0.60-1.37)
I ] 0.89 (0.59-1.34)
rome 0.87 (0.57-1.33)
— 0.98 (0.61-1.58)
. 0.93 (0.65-1.35)
—— 0.88 (0.65-1.20)
—a— 0.96 (0.54-1.70)
Poome 0.84 (0.47-1.52)
—— 0.80 (0.47-1.35)
em 1.00 (0.63-1.59)
—a— 0.88 (0.44-1.76)
[ 0.96 (0.72-1.28)
—— 0.94 (0.60-1.46)
—— 0.72 (0.42-1.26)
——————8————— 066 (0.13-2.47)
—a— 0.96 (0.62-1.50)
——a—— 102 (0.52-2.00)
—a— 0.86 (0.55-1.36)
—a— 0.93 (0.61-1.42)
—a— 0.84 (0.46-1.55)
—— 0.63 (0.27-1.49)
—a— 0.93 (0.56-1.55)
! 0.97 (0.60-1.57)
e 114 (082-158)
—a—

1.45 (0.96-2.18)

r T T ™
0.10 050 1.001.50 2.50
Placebo Better Treatment
Better

A Change in FEV, (absolute)
0.10

0.05 0.04

Liters

Treatment Placebo

B Change in FEV, (% of predicted)

Percentage Points

Treatment Placebo

C Change in Inspiratory Capacity
0.20

0.15

0.10

Liters

Placebo

Treatment

D AUC,,,, for FEV, at Wk 12

Liters

9
8
7
6
S
4
3.
2
1
0

3.09 7.82

* No significant difference in clinically
meaningful symptom improvement

* The treatment group showed a small
but favorable change in lung

Treatment Placebo

E Change in SGRQ Score
0.07--

Points
i

Treatment

F Change in CAT Score

Points

function, and inspiratory capacity

Treatment Placebo

G TDI Score

Points

Treatment

Placebo

N Engl J Med. 2022 Sep 29;387(13):1173-1184.



Dual bronchodilator treatment for prevention of
COPD in at-risk smokers

Mean difference of primary and secondary outcomes between treatment arms

Outcomes Placebo Anoro Mean difference (95% CI)
Dual BD therapy would reduce lung T —
. . . . Primary Outcomes
function decline in smokers with small Change in post-BD FEV1 at 6 months, L 18 0.04(0.19) 20  0.01(0.18) ~0.04 (-0.16, 0.09)
LFully adjusted model e . =0:04. (0,17, 0.10)
airways dysfunction (abnormal multiple Secondary Outcomes
pirometry
: Change in post-BD FEV1 at 12 months, L 17 0.03(0.19) 20  0.04(0.14) 0.01 (-0.10, 0.12)
nltrogen breath washout) and normal Change in post-BD FEVA/FVC at6 months, % 18  0.22(2.61) 20 0.38(1.53) 0.23 (=1.11, 1.56)
. Change in post-BD FEV1/FVC at 12 months, % 17  0.74(3.21) 20 1.17(1.71) 0.68 (-0.99, 2.36)
Sp| rom et ry Change in post-BD FEV1 rate of decline, L/year 20 -0.00(0.23) 20 0.04(0.14) 0.04 (-0.09, 0.16)
Change in pre-BD FEV1 at 6 months, L 18 -0.02(0.20) 20 0.10(0.21) 0.12 (-0.02, 0.26)
Change in pre-BD FEV1 at 12 months, L 17 -0.09(0.20) 20  0.05(0.16) 0.13 (0.01, 0.25)
Change in pre-BD FEV1/FVC at 6 months, % 18 -0.52(2.09) 20 2.29(2.28) 2.85(1.54, 4.17)
N d ff b h d Change in pre-BD FEV1/FVC at 12 months, % 17 -1.02(2.48) 20 1.52(2.75) 2.64 (0.85, 4.43)
O differences between the stu Yy arms Gas Diffusion Capacity
. . Change in DLCO at 6 months, Z-score 17 -=0.17(0.51) HiH 18  0.34(0.65) 0.50 (0.10, 0.91)
were found in cha nge from baseline pOSt- Change in DLCO at 12 months, Z-score 17 0.10(0.57)  ~mk 20 -0.18(1.07) -0.36 (~0.95, 0.23)
Change in KCO at 6 months, Z-score 15 -0.22(0.59) i 18  0.31(0.56) 0.57 (0.15, 0.98)
B D F EVl at 6 mo nt h S Change in KCO at 12 months, Z-score 15 -0.08(0.48) L 20 -0.03(0.84) 0.11(-0.37, 0.59)
Multiple Breath Nitrogen Washout (MBNW)*
Change in Scond at 6 months, Z-score 18  0.89(3.42) —a— 20 -1.98 (4.01) 2.49 (0.05, 4.93)
Change in Scond at 12 months, Z-score 17 0.13 (3.31) +~—T@——— 20 -1.10 (4.77) 0.56 (—2.22, 3.34)
Change in Sacin at 6 months, Z-score 18  0.19(1.05) —— 20 -0.55(1.72) 0.71 (-0.15, 1.57)
Change in Sacin at 12 months, Z-score 17 -0.05(1.32) il 20 -0.72(1.59) 0.69 (—0.15, 1.52)
Oscillometry
Change in R5 at 6 months, Z-score* 16 -0.40(0.98) 17 -0.11(0.46) -0.30 (-0.81,0.21)
Change in R5 at 12 months, Z-score* 14 -0.16(0.83) 17 -0.07(0.58) -0.15 (-0.62, 0.32)
Change in X5 at 6 months, Z-score 16  0.37(0.76) 17 0.01(0.58) -0.33 (-0.79, 0.14)
Change in X5 at 12 months, Z-score 14 0.27(1.09) 17 0.03(0.53) -0.20 (-0.73, 0.34)
Symptoms*
Change in BCSS at 6 months 19 -0.2(2.69) —. 21 -1.1(2.26) 1.05 (—0.14, 2.25)
Change in BCSS at 12 months 17 -0.5(2.35) T ——— 20 -0.5(2.63) 0.14 (=1.17, 1.44)
-1012345
<---Placebo Better--- ---Anoro Better --->

* Note: Mean difference calculated as Anoro versus Placebo, except for MBNW, Oscillometry (R5 only) and Symptoms, which are Placebo versus Anoro

Respirology. 2022 Nov;27(11):983-986



Future direction of screening & intervention

1. Early Screening

- Target individuals with family history of COPD, childhood respiratory
infections, early abnormalities on imaging or PFTs, or respiratory symptoms
without COPD diagnosis.

- Use CT, PFT, and risk-score—based surveillance for early detection
- Lung function tracking strategy
2. Intervention in PRISm Groups

- Manage metabolic comorbidities and promote weight reduction to improve
respiratory outcomes.

3. Treatment Approaches for Pre-COPD

- Consider early therapeutic strategies, including inhaler therapy, to prevent
progression to COPD.

Respirology. 2024 Jul;29(7):551-562



Summary

 COPD develops through multiple etiotypes, including impaired lung
growth, infections, genetics, and environmental exposures.

* Pre-COPD and PRISm are early abnormal states with meaningful
symptom burden, faster decline, and increased mortality

* Early identification of high-risk markers (chronic bronchitis, small-
airway dysfunction, PRISm) enables timely intervention and may
prevent progression to COPD.



Thank you for listening
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