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Factors that influence disease development and
progression

» Genetic factors

» Age and sex

* Lung growth and development

= Exposure to particles

= Socioeconomic status

* Asthma and airway hyper-reactivity
» Chronic bronchitis

* Infections

GOLD 2019
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Combined Impact of Smoking and Early-Life Exposures on Adult Lung
Function Trajectories

James P. Allinson’, Rebecca Hardy®, Gavin C. Donaldson’, Seif O. Shaheen®, Diana Kuh®, and Jadwiga A. Wedzicha'
TAirways Disease Section, National Heart and Lung Institute, Imperial College London, London, United Klngdnrn “Medical Research Council

Unit for Lifelong Health and Ageing at UCL, University Eﬂllege London, London, United Kingdom: and 3Centre for Primary Care and Public
Health, Barts and the London School of Medicine and Dentistry, Queen Mary Unn.*ersm_.f of London, London, United Kingdom

= National Survey of Health and Development (NSHD)

» 5,362 individuals; born during 1 wk in March 1946 within England,
Scotland, and Wales

= Early-life exposure: infant lower respiratory infection (2yrs old), home
overcrowding (2yrs old), father’s social class (4, 11, or 15 yrs old),
pollution exposure (domestic local coal consumption at ages 0 and 2 yrs)

= At age 43 yrs, 53 yrs and 60-64 years; interviewed at home by
research nurses.

= How early-life exposures impacted adult FEV,and FVC level and
decline between ages 43 and 60-64 years and whether these
relationships were modified by smoking.
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Odds ratios (95% Cl) of having an infant lower respiratory infection

LESS LIKELY <——!—» MORE LIKELY

L i ] 1-12
Male sex = *>—i (0.92 to 1.37) 0.25
~ Manual Occupational : b . : 1.56
Class Father i (1.26 to 1.92) <0.001
Early Life . | 1.46
Exposures Overcrowded Home | . (119 10 1.79) <0.001
. . : 1.60
L High Pollution : | . | <0.001
Exposure : (1.32 to 1.95)
Birth weight L 1.01
(per kg increase) S (0.83t0 1.23) 0.20
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Odds Ratio OR P Value
(N=2,172) (Infant Lower Respiratory Infection) (95% CI)
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Table 1. Estimated Associations between Early-Life Factors and Adult FEV; for Subjects between 43 and 60-64 Years of Age"

FEV, Linear Change per Year

In models including only age, (mi/yr) between Ages

estimated mean FEV1 at age 43 :3.02 L FEV, Intercept (ml) at Age 43 Years 43 and 60-64 Years
overall FEV1 decline: 24.8 ml/yr Coefficient 95% ClI P Value Coefficient 95% CI P Value
I Ever-smokers in = 1=29'BI I
onstan —23051 -—-209528tn —1 65758 — -17.3 —-29.4 to —5.1 0.001
Male sex 586.3 511.7 to 660.8 =0.001 1.6 50tc 1.8 0.34
Height at 43 yr (per cm) 31.0 26.8 1o 35.3 <0.001 —_ —_ —_
Weight at age 43 yr (per kg) —2.9 —5.1 to 0.7 0.01 — — —
Infant lower respiratory infection, 0-2 yr —-108.2 —170.1 to —46.3 0.001 -1.2 —-521t0 27 0.53
(ves vs. no)
Father's occupational class at 4 yr —71.6 —130.1 to —13.2 0.02 —-1.8 —531tc1.8 0.32
(manual vs. nonmanual)
Home overcrowding at 2 yr (yes vs. na) 89.2 147.0to —31.5 0.002 1.8 -1.81053 0.33
High pollution exposure, 0-2 yr (yes vs. no) 27.0 27.8 to 81.7 0.33 1.7 1.7 10 5.1 0.32
Birth weight (per g) 0.07 0.01 to 0.12 0.02 —0.002 -0.005to0 0.002 0.28
Pack-years accrued between ages —12.7 —15.4 to —10.0 <0.001 — — —
20 and 43 vyr (per k-vear
moking 43 and B4 yr (per cigarette 2.1 —03to46 0.09 I—D.4 —06to —02 <=0.001 I
smoked daily)

I Never-smokers (n=873) I

Tor —2 0898 —29164 to —1 2632 — —-15.8 274 to —4.3 0.007
Male sex 561.6 468.6 to 654.7 <0.001 1.4 —-1.81to 4.7 0.38
Height at 43 yr (per cm) 28.7 23.4 to 341 <0.001 —_ — —
Weghtatage 23 yri{per ko) =16 =310 0 023 — — —
Infant lower respiratory infection, 0-2 yr —-159 —94.0 to 62.2 0.69 -1.2 —4910 2.6 0.54

(yes vs. naoj
Father's cccupational class at 4 yr —39.1 -=110.0 to 31.2 0.28 —-2.2 -561to0 1.1 0.20
(manual vs. nonmanual)
Home overcrowding at 2 yr (yes vs. no) -13.7 —84.3 to 56.8 0.70 2.8 —0.6 to 6.2 0.10
High pollution exposure, 0-2 yr (yes vs. no) -0.4 —66.4 to 65.7 0.99 -0.7 —-381t025 0.69
Birth weight (per g) 0.06 —0.01 to 013 0.09 —0.002 -0.005 to 0.001 0.26

Pack-years accrued between ages —
20 and 43 yr (per pack-year)

Smoking 43 and 64 yr (per cigarette — — — — — —
smoked daily)

o)) YONSEI

UNIVERSITY Allinson AJRCCM 2017



Table 2. Estimated Associations between Early-Life Factors and Adult FVC Decline Trajectory for Subjects between 43 and 60-64
Years of Age”

FVC Linear Change per Year

In models including only age (mily) between Ages 43

estimated mean FVC at age 43 years: 3.62 L FVC Intercept (ml) at Age 43 Years and 60-64 Years
eI @Rl A C CIEEIUE 2/ /AT Coefficient 95% Cl PValue Coefficient  95% Cl P Value
| Ever-smokers (n=1,157) |
onstan —3,802.6 —4,633.7t0 —2971.5 — —12.6 —30.2t0 4.9 0.16
Male sex 701.7 601.0 to 802.3 <0.001 1.9 -311t06.9 0.46
Height at 43 yr (per cm) 45.0 39.5 to 50.4 <0.001 —_ — —
Weight at age 43 yr (per kg) 7.1 10.0 to —4.2 =0.001 —_ — —
Infant lower respiratory infection, 0-2 yr -117.3 —204.7 to —29.8 0.009 0.4 —-5.4 1o 6.2 0.89
(yes vs. no)
Father's occupational class at 4 yr —80.6 —-163.1to 1.9 0.06 24 —761t0 2.8 0.36
(manual vs. nonmanual)
Home overcrowding at 2 yr (yes vs. no) —93.1 —174.6 to —11.5 0.03 2.4 —28t0 7.6 0.37
High pollution exposure, 0-2 yr (yes vs. no) 44.4 32.7 to 121.5 0.26 2.3 -261t0 7.3 0.36
Birth weight (per g) 0.08 0.005 to 0.16 0.04 0.003 0.008 to 0.002 018
Pack-years accrued between ages 20 and -12.8 —16.2 to —9.4 =0.001 — — —
43 yr (per pack-year)
Smoking 43 and 64 yr (per cigarette 0.9 —261t0d5 0.60 —0.1 —0.4 to 01 0.34
smoked daily)
Never-smokers (n = 803)

—Constam 3,583.9 4,605.5 to —2,562.3 — 17.7 3731019 0.08
Male sex 627.4 504.1 to 750.7 =0.001 59 0.3to 1186 0.04
Height at 43 yr (per cm) 423 35.8 to 48.8 =0.001 — — —
Weight at age 43 yr (per kg) —6.0 —831to —2.8 =0.001 — — —
Infant lower respiratory infection, 0-2 yr -18.9 —126.1 to 88.2 0.73 29 -351t09.2 0.38

(yes vs. no)
Father's occupational class at 4 yr —58.4 —155.6 to 38.9 0.24 0.2 —551t0 5.9 0.94
(manual vs. nonmanual)
Home overcrowding at 2 yr (yes vs. na) —40.4 —-137.0 to 56.2 0.41 -1.4 ~7.2104.3 0.63
High pollution exposure, 0-2 yr (yes vs. no) —-0.6 —91.4 to 90.2 0.99 2.2 —-32to 7.5 0.43
Birth weight (per g) 0.09 0.001 to 0.19 0.05 —-0.002 —0.008 to 0.004 0.48

Pack-years accrued between ages 20 —
and 43 yr (per pack-year)

Smoking 43 and 64 yr (per cigarette — — — — — —
smoked daily)
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Estimated average FEV, and FVC trajectories ages 43 ~ 60—64 years

males of average height at age 43 years (175 cm), average weight at age 43 years (78 kg),
and average birth weight (3.5 kg)

FEV, Trajectories FVC Trajectories
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PRISm (Preserved ratio impaired spirometry)

- post-BD FEV,/FVC =2 0.7 and an FEV,; < 80% pred.

- post-BD FEV,/FVC = 0.7 and increased Ilung
volume

- post-BD FEV,/FVC = 0.7 and decreased diffusion
capacity

- post-BD FEV,/FVC = 0.7 and imaging features




PFT with non-specific pattern

Table 1—Different PF Pattern Possibilities Including the NS Pattern (N = 3,674)

Column FEV, FVC Ratio TLC Classification

1 N N N N N ({n==587)

2 M N N REDU Restriction (n= 3}

3 N N REDU N BOO (n=7)

4 N N REDU REDL Mixed. reduced ratio (n =10)
5 REDU N N N NS, low FEV, (n=2307)

& REDU N N REDU Restriction, low FEV, (n=4)
T REDU REDU REDU N Ohstruction (n=310)

5 REDU REDU REDU REDU Mixed (n =41)

9 REDU N REDU N Ohstruction (n = 95)

10 EEDU o BREDII REID Mixed pattern FEV, (n=1)
11 REDU REDU N N NS (n=2333)

12 REEDU EEDU N REDU Restriction, classic (n = 383)
13 N REDU N N NS, low FVC (n=90)

14 M REDU N REDU Restriction FVC (n=8)

BOO = borderline obstruction; N = normal; NS = nonspecific; PF = pulmonary function; REDU = reduced; TLC = total lung capacity.

= 1990 - 2005

= 1,284 subjects with non-specific PFT
- 3 Mayo Clinics
- PFT f/u, 6 month apart (median f/u period = 3 years)

UNIVERSITY

lyer et al. Chest 2011



Ohstructive

]
Characteristic OR 95% CI

[ ] [ ]
PFT with non-specificpattern
=49 Reference 0.3-2.4
50-59 0.9 0.4-2.2
60-69 0.9 0.3-2.1
PF pattern at last follow-
pattern at last 10llowW-up -
Female Reference 0.5-1.6
Male 0.9
Smoking status
W Non Specific B Restrictive O Obstructive O MNormal O Mixed Never Reference 0.4.2.2
Former 0.4 0.7-2.1
Current 1.2
BEMI, kg/m?
Normal  Mixed =249 Reference 0.3-15
3% 2% 25.0-20.9 0.7 0.4-2.1
DObstructive 30.0-34.9 0.9 0.2-1.1
=135 05

15%

BD responsive

No Reference 1.1-4.2
Yes 21 .

(8] Reference 05-2.4
Q2 1.1 0.7-3.4
Q3 1.6 0.8-3.8
Restrictive s Y S 1.7
16% TLC —Va
Non Specific Q1 Reference 0.7-4.5
64% Q2 ' 1.2-6.8
Q3 1.5-8.3
L
w
(8] Reference 0.5-5.9
Q2 1.7 14-132
Q3 I 42 | 30251
Sraw: specific airway resistance 04 9.2

V,: alveolar volume

YONSEI

UNIVERSITY
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Longitudinal Phenotypes and Mortality in Preserved Ratio Impaired
Spirometry in the COPDGene Study

Emily S. Wan'+2, Spyridon Fortis®, Elizabeth A. Regan®, John Hokanson®,

MeiLan K. Han®,

Richard Casaburi’,

Barry J. Make®, James D. Crapo?, Dawn L. DeMeo', and Edwin K. Silverman’; for the COPDGene Investigators

'Channing Division of Network Medicine, Brigham and Women’s Hospltal Boston, Massachusetts; “Pulmonary and Critical Care
Section, VA Boston Healthcare System Boston Massachusetts; *Department of Pulmonary Critical Care, and Occupational Medicine,
“National Jewsh Health, Denver, Colorado; *Department of EpldemmIOQy Colorado School of Public
Health, University of Colorado, Denver, Colorado; ®University of Michigan, Ann Arbor, Michigan; and “Rehabilitation Clinical Trials Center,
Los Angeles Biomedical Hesearch Institute at Harbor—Unwersuty of California Los Angeles Medical Center, Torrance, California

UHIVE‘FSIW of lowa, lowa City, lowa;
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45-80 yrs, > 10 PY
(N=6,284)

~

)
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\_

Phase 2

(2012-2016)
5 yr follow-up visit
(n=5,593)

~

)

12.5%

UNIVERSITY
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Kaplan-Meier plot of mortality by lung function category
in the COPDGene cohort
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Forest plot of hazard ratios for mortality from Cox
proportional hazards model

Lung.Function.Category ?NC:‘;D?USS) reference [ |
(2.53?93.52) —l— <0.001""
(1.65_1—}254} i <0.001 "
Age.per.10.years (N=8,800) “‘3‘1 ﬁ,%) —- <0.001 ***
Sex ?:i: 623) reference [ |
?neiin«:lfm (0.62-—?‘:154) — <0.001"*"
Race ?;:éﬂzg?nic White | terence [ ]
= . o
Smoking.Status ?ﬂo{::lqzrﬁgnoker reference [ |
?;L?:ts?}m ot (0.921"?51.29) —il— 0.501
Baseline.BMI (N=8,800) o ggﬂ_gg) H <0.001***
Per.10.Pack.Years (N=8,800) o ol o) m .
# Events: 1,190; Global p-value (Log-Rank): 0
AIC: 20,487.16; Concordance Index: 0.71 1 s é 215 :.3 a5 t;-

) YONSEI

UNIVERSITY
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Rate of Lung Function Decline by Lung Function Category

at Enroliment
Lung Function Category at Phase 1
PRISm (n =684) GOLDO (n =2,641) GOLD1-4 (n =2,268)
AFEV,, mlfyr —18.9 (52.8) —41.8 (47.1)" —38.9 (54.5)"
AFVC, ml/yr —9.8 (68.1) —41.9 (63.5)" —63.4 (90.4)"

Definition of abbreviations: GOLD = Global Initiative for Chronic Obstructive Lung Disease; PRISm =
Presernved Ratio Impaired Spirometry.
Data are expressed as mean (SD). A

P = 0.05 relative to PRISm.

Phase 1* Phase 2* N Yo
/ GOLD 0 152 22.2%
—
T——
> | PRISm 360 52.6%
* Among participants with lung function data at both Phase 1 and Phase 2
B
Phase 1* N Y Phase 2*
Change in lung function
PRISm 360 51.9% —_—
[ _\_\-\_\-_"‘—\-\_
T—
categorles among GOLD O 223 32.1% > PRISm
SUb]ECtS with PRISM 111 16%

* Amang participants with lung function data at both Phase 1 and Phase 2

Wan et al. AJRCCM 2018




Table 3. Characteristics of Subjects with Preserved Ratio Impaired Spirometry at Phase 1 by Lung Function Category at Phase 2

Lung Function Category at Phase 2

PRISm (n =360) GOLDO (n = 152) GOLD1-4 (n=172)

Months between phase 1 and phase 2 visits 67.6 (9.6) 67.5 (9.4) 67.3 (9.0)
Age, yr 56.7 (8.1)T 58.6 (8.1) 59.3 (8.8)
Female sex, n (%) 200 (55.6) 94 (61.8) 89 (51.7)
African American race, n (%) 141 (39.2) 61 (40.1) 69 (40.1)
BMI, kg/m® 32.7 (7.0° 32.4 (6.7) 31.2 (7.2)
Current smoker, n (%) 219 (60.8)* 77 (50.7) 97 (56.4)

-years 40.4 (22.3)" 38.8 (20.6)" 45.9 (25.0)
FEV,% predicted, baseline 69.5 (8.1)" 74.8 (5.5)F 68.2 (8.8)
FVC% predicted, baseline 70.2 (8.9)* 75.0 (6.8)F 71.9 (9.7)
TLCct % predicted® 79.3 (13.2)" 80.5 (13.9) 84.2 (15.0)
Thronic bronchitis, n (%) 63 (17.5)* 15 (9.9) 28 (16.3)
mMRC 1.4 (1.4) 1.4 (1.4) 1.4 (1.4)
SGRQ 28.1 (23.2) 25.2 (19.5) 29.1 (23.5)
MWD, m _ 402.1 (111.4) 401.7 (102.6) 384.4 (106.6)
Percent emphysema® 1.5 (3.2) 1.6 (2.1)} 2.2 (2.9)
Percent gas trapping' 8.2 (6.6)" 9.7 (7.6)F 12.6 (8.2)
Pi10, mm** 3.72 (0.12) 3.72 (0.12) 3.71 (0.14)
Acute respiratory events/yr' 0.3 (0.6) 0.3 (0.8) 0.4 (0.8)
AFEV,, mifyr —27.2 (42.2)*T 28.0 (44.5)* —42.9 (53.8)
AFVC, mifyr —32.6 (56.8)"T 35.7 (59.4)F —2.6 (75.2)
ABMT, kg/m? 0.0 (3.8)" -1.3 (3.8)* —0.4 (3.5)
AAdjusted lung density, g/L¥ —-0.2 (12.5) —2.4 (11.2) -2.7 (12.1)

*P = 0.05 between PRISmM-P2 and GOLDO spirometry at P2.
'P = 0.05 between PRISm-P2 and GOLD1-4 spirometry at P2,
*P < 0,05 between GOLDO and GOLD1-4 at P2,

o)) YONSEI

UNIVERSITY

Wan et al. AJRCCM 2018



PRISm in Korea: 3-yr cohort study

? i ! > ™ 3 years’ follow-up
i * : > from initial enroliment
. : i ! (based on HIRA)
e —>
Available subjects ' ' ‘ : :
2007-2009 ) ' '
Never- or light-smoker 'f{n ‘ 11'922; 2007 2008 2008 2010 2011 2012
(= 10 pack-years) - < N .

Young subjects (< 40 y) <
Medically diagnosed COPD
(defined by HIRA)
(n=9,256)

Subjects enrolled in 2007-2009
(based on the KNHANES)

-,

Current or ex-smoker
without revealed COPD
(2 10 pack-years, = 40 )
\ (n =2 6886) J

FEV,/FVC 2 0.7 FEV,/FVC < 0.7
(n=1,979) (n = 687)
| |

]
[ FEV, z 80% predicted ] FEV, < 80% pradicted ]

k3 W

W
Normal Preserved Ratio Unrevealed
(n=1,666) Impaired Spirometry COPD
(PRISm) (n = 687)
(n=2313)

k.

UNIVERSITY

Park et al. Respir Res 2018



PRISm in Korea: 3-yr cohort study

Table 1 Demographics of subjects according to the group

Normal PRISM Unrevealed COPD
Age 5457 £ 1052 5597 £ 1085 6448+ 954
Male, n (%) 1560 (93.4) 286 (914) 654 (95.2)
Height [crm) 167.14 £ 694 16679 £ 694 16597 £ 6.56
Weight (kg) 6829 £991 666116 63798
Smoking history
Current smoking, 1 (%) 858 (51.5) 193 (617) 367 (534)
Pack-years 2862 +£171 3320+ 2034 ELL:EARE!
Co-morbidity, n (%)
Hypertension 453 (27.2) a1 (29.1) 209 (30.4)
Hyperlipidernia 166 (10.0) 340105 47 (6.8)
Stroke 48 (29) 14 (4.5) 18 (26)
Acute coronary syndrome 17 (1.0} B (286) 161(2.3)
Diabetes mellitus 174 (10.4) 63 (20.1) 84 1(122)
Pulmonary tuberculosis 124 (7 4) 211(67) 109 (15.9)
Asthma 20 (12) 15 (4.8) £5 (9.5)
Lung function test
FWC % predicted 0296+ 1002 7255+945 88511502
FEV% predicted 0466 +9.14 72B+672 F418+£1657
FEV,/FVC 079+005 077 £ 006 061 £ 009
Respiratory symptoms, n (%)
Cough for more than 3 months 1({0.1) 2 (085) 19(2.8)
Sputum for more than 3 months 4 ({02) 2 (08&) 18 (2.6)
Dyspniea 10 (06) 3(10) 31 (45)
Wheezing 116 (7.0} 37 (118 154 (22.4)
Chronic bronchitis 4 (02) 2 {08) 2103.1)
Total 1666 33 687

Park et al. Respir Res 2018



PRISm in Korea: 3-yr cohort study

Table 2 COPD incidence, medication and hospital utilization, and cost

Normal PRISm Unrevealed COPD
COPD incidence (/1000PY) 44 170 451
OPD visit, n (%) 51 (3.1) 22 (7.0) 131 (19.1)
No. of OPD visit 0.10£ 0091 048 £ 296 186+ 637
Hospitalization, n (%) 79 (4.7) 29 (9.3) 83 (12.1)
ER visit, n (%) 23(14) 12 (3.8) 36 (5.2)
ICU admission, n (%) 12 (0.7) 6 (1.9 19 (2.8)
Total hospital visit, n (%) 121 (7.3) 41 (13.1) 169 (24.6)
ICS, n (%) 4 (0.2) 5(1.6) 20 (2.9)
ICS + LABA, n (%) 2 (0.1) 11 (3.5) 50 (7.3)
LAMA, n (%) - 4 (1.3) 44 (6.4)
SAMA, n (%) 12 (0.7) 12 (3.8) 36 (5.2)
SABA, n (%) 14 (0.8) 11 (3.5) 54 (7.9)
Systemic bronchodilator, n (%) 28 (1.7) 11 (3.5) 72 (10.5)
Methylxanthine, n (%) 33 (2.0) 17 (54) 101 (14.7)
Total prescribed medication, n (%) 57 (34) 26 (8.3) 127 (18.5)

Hospitalization medical Cost (for 3 years) (USD)

18617141124

39861 + 197551

750.71 +3216.02

UNIVERSITY

Park et al. Respir Res 2018



PRISm in Korea: 3-yr cohort study

Table 4 Significant factors for COPD diagnesis in all subjects

Multivariate analysis

OR 95% Pevalue
Age (years) 1.10 (1.07,1.13) < 0.001
Male
Hsight (em) 101 (0:97,1.05) 0786
Weight (kg) 098 (0.95,1.01) 0143
Srmakireg history
Current smoking
Pack=yaars 1.01 (1.00,1.03) 0059
Coemarbidity
Pulmonary tuberculasis 1.17 (0056,2.10) 0sar
Asthma 158 (097 3.654) 0060
Lung function test
FVC % predicted 1.03 (1.01,1.05) 0,006
FEV,% predicted 0.95 (0.93,0.96) < 0.001
FEV,/EVC
Selfereported respiratony symptoms
Caugh for mare than 3 months 240 (02424 332) 0455
Sputum for mare than 3 months 048 (0:02,10:90) 0647
Dyspnea 3.07 11.23,7.68) 0.017
Wheezing 2.90 11.76,4.78) < (.00
Chranic bronchitis 276 (007, 10%05) 0585

UNIVERSITY

Park et al. Respir Res 2018



ORIGINAL ARTICLE

Lung volume indices predict morbidity in smokers
with preserved spirometry

Siyang Zeng, "> Andrea Tham, " Bruce Bos,"* Joan Jin,"” Brian Giang, "
Mehrdad Arjomandi '’

» Retrospective EHR from nationwide Veterans Administration
Informatics and Computing Infrastructure (VINCI) database:
7,479 patients

- at risk for COPD; current or former smokers >40 years of age
- Preserved PFT; FEV;:FVC or FEV;> LLN
- full PFT between 1985 and 2017

= Healthcare outcomes

- clinical diagnoses, respiratory medication prescribed, outpatient office visits,
ER visits, hospital admissions and ICU admissions with a COPD diagnosis

- all-cause mortality

(2)) YONSEI

>/ UNIVERSITY

Zeng et al. Thorax 2019



127,940 Full PFT
with Plethysmography

4

75,272 At Risk for COPD

47,761 No Smoking History
4,907 Age <40

v

60,036 No Restrictive Lung Diseases

15,236 TLC <LLN or TLC <80% Predicted

\ 4

42,765 No Pulmonary Disease Diagnoses
Other Than COPD or Asthma

16,904 Interstitial Lung Diseases
3 Allergic Lung Diseases Other Than Asthma
364 Lung Cancers

h 4

7,479 Preserved Spirometry

35,286 FEV,:FVC <LLN or FEV, <LLN

!

1,706 At Least One Follow-up Spirometry

abnormal (n=5179)
RV-TLC normal RV:TLC

(n=2300)
>upper limit of normal

median value of
the distribution of
normal RV:TLC.

low-normal high-normal
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Survival curves and Respiratory-related iliness
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Association of RV:TLC and health outcomes

Respiratory-related health

Abnormal RV:TLC (%) RV:TLC (%) continous

outcomes

Clinical diagnosis of COPD 1.41 (1.29-1.55) 1.033(1.03-1.04)
Respiratory medications 1.07 (1.05-1.08) 1.005 (1.004-1.006)
Office visits 1.16 (1.14-1.18) 1.016 (1.014-1.017)
ER visits 1.007 (1.002-1.013)
Hospital admissions 1.34 (1.26-1.42) 1.031 (1.027-1.035)
ICU admissions 1.016 (1.004-1.029)
Mortality 1.31(1.19-1.44) 1.019 (1.013-1.025)
COPD on fu spirometry 1.3 (1.00-1.69) 1.022 (1.003-1.041)

Adjusted by age, sex, height and years of follow-up

Zeng et al. Thorax 2019



Associations of healthcare outcomes with RV:TLC strata
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Conclusions

= Prevalent air trapping: 1/3 of those at risk for COPD with PRISM having
RV:TLC>ULN
= Patients with air trapping (RV:TLC>ULN)

= more likely to receive clinical diagnoses of COPD and to progress to
develop spirometric COPD

= higher all-cause mortality
» increased healthcare utilisation and hospitalisation associated with COPD
diagnosis
= Without overt air trapping (normal RV:TLC), high-normal RV:TLC - worse

outcomes compared with their low-normal counterparts

* Lung volume measurements and air trapping: predictive usefulness of in PRISm

(%) YONSEI
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Risk of COPD with obstruction in active
smokers with normal spirometry and
reduced diffusion capacity

Ben-Gary Harvey'***, Yael Strulovici-Barel'“, Robert J. Kaner'?,
Abraham Sanders?, Thomas L. Vincent', Jason G. Mezey'? and Ronald G. Crystal'-?

» Smokers recruited from NY metropolitan area

» 1570 active smokers
» 1173: normal spirometry/normal Dico

» 397: normal spirometry/low Dlco

» Return for additional PFT assessments
= 59 smokers with normal spirometry/normal Dlco
» 46 smokers with normal spirometry/low Dlco

(2)) YONSEI
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Normal spirometry/low DIco Normal spirometry/normal Dlco

Change in FEV/FVC per month -0.14 £ 0.18% -0.07 £ 0.11%

(P<0.02)

TABLE 2 Progression to chronic obstructive pulmonary disease [COPD) in active smokers with
normal spirometry/low diffusing capacity of the lung for carbon monoxide [DLco) versus active
smokers with normal spirometry/normal DLco

Group® At end of evaluation period

Normal With COPD
Mormal spirometry, normal Duco 97 (57/59] 3 (69
Normal spirometry, low Dico 78 [34/44) 22 [/ 46)
p-valuel 0.009

Isolated impairment in gas transfer may precede COPD

UNIVERSITY

Harvey et al. ERJ 2015



Disease Severity Dependence of the
Longitudinal Association Between CT Lung
Density and Lung Function in Smokers

Alejandro A. Diaz, MD, MPH,; Matthew Strand, PhD,; Harvey O. Coxson, PhD; James C. Ross, PhD;

Raul San Jose Estepar, PhD; David Lynch, MD,; Eva M. van Rikxoort, PhD; Ivan O. Rosas, MD;

Gary M. Hunninghake, MD, MPH,; Rachel K. Putman, MD, MPH, Hiroto Hatabu, MD, PhD; Andrew Yen, MD;
Gregory L. Kinney, PhD, John E. Hokanson, PhD,; Edwin K. Silverman, MD, PhD,; James Crapo, MD; and
George R. Washko, MD

* COPDGene study
= 3,390 smokers with baseline and 5-year fu

» Total lung capacity-adjusted lung density (TLC-PD15)

* lung density at 15th percentile (PD15) of the Hounsfield unit
distribution adjusted for predicted total lung capacity (TLC)

= At Risk, PRISm, GOLD I, GOLD Il, GOLD IlI-IV

()) YONSEI

>/ UNIVERSITY
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Plots of 5-year changes in FEV, as a function of
TLC-PD15 changes according to smoking group
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Effects of Within-Subject TLC-PD15 on FEV;
Over 5 Years of Follow-up According to Smoking
Group

TLC-PD15 Effect (per 1 g/L)
Smoking Group/COPD Estimate
Severity Group (mL of FEV,) SE P Value
PRISm | -28 113 | .03
At risk =0.9 0.7 .23
COPD stage
GOLD 1 0.5 1.7 JA7
GOLD II 2.4 1.3 .06
. cowopml-iv | 38 |14 | .01
— —
- inflammation - gains d/t inflammation and
- irregular deposition of matrix remodeling
- remodeling of respiratory - loss of healthy parenchyma
bronchiole/surrounding alveolar
structures
- fibrosis

UNIVERSITY Diaz et al. Chest 2018



Imaging Features of Chronic Bronchitis with Preserved Ratio
and Impaired Spirometry (PRISm)

Xia Wei'2© . Qi Ding' - Nan Yu? - Jiuyun Mi' - Jingting Ren' - Jie Li' - Shudi Xu' - Yanzhong Gao* - Youmin Guo'

Chinese Han nationality; Ninth Hospital of Xi’an Affiliated
Hospital of Xi’an Jiaotong University between Oct 2014 and Sep
2017

risk factors for COPD and had respiratory symptoms

77 CB with normal lung function (FEV,/FVC > 70%, &FEV,% > 80%)
80 CB with PRISm (FEV,/FVC > 70%, & FEV,%pred < 80%)

186 early COPD (GOLD 1+2)

CT
* %WA: 4-7t generation (BUL, BML), 4-9t generation (BLL)

* %LAA-950, the mean emphysema density (MLD), the lung capacity (LC),
and emphysema heterogeneity index (HI).

%WA: % of wall area
%LAA-950: % of low attenuation value below -950 HU

Wei et al. Lung 2018



Comparison of %WA in the CB group, the
PRISm group, and the early COPD group

Chronic bronchitis with normal lung function
1 Chronic bronchitis with PRISm

1.0 1.04 @m Early COPD
0.9- Ny B 0.9- NS *
Q "k 1 <1} NS & 11
g 0.8 i - T g 0.84 NS ## i
o s I
S 0.7 oS % S 7] Ns s
g % 3 /i
%
0.6 7 0.6
%
7
0.5- A 0.5 : . : :
s e \al \al \al
o\§ a\%-ﬁl o‘{? ¢\§ “\;R\ °\§ °\§ "“nﬁ
Comparison of CBcNL CBcPRISm early COPD P-value
emphysema related 4306 4029* 5264 < 0.001
parameters among
the three groups 10.7 9.77 16.6 < 0.001
-816.4 -799.9 -834.5 0.003
LC: lung capacity
%LAA-950, 0.2 0.15 0.12 0.075

MLD: mean emphysema density

HI: emphysema heterogeneity index P-value: compared to the group of CB ¢ NL and CB c PRISm

UNIVERSITY Wei et al. Lung 2018



SUMMARY

= Strategy for prevention of COPD
- Start from fetus

* High risk for COPD but spirometrically impaired with
preserved ratio

Worse clinical outcomes han th " | f _
More medical expenses than those with normal lung function

Higher mortality

Distinct subgroups? Transitory state?

risk stratification tool
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