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Introduction - Frailty
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Frailty
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Pathophysiology of Frailty in Respiratory Disease

The Vicious Cycle:

N Muscle

Systemic Wasting

Inflammation
(IL-6, TNF-a, CRP) ‘l’

y Deconditioning

Physical <«
Inactivity

Dyspnea

Angulo, Physical activity and exercise for frailty, Redox Biol 2020; Maltais, Vastus lateralis fiber shift in COPD, Am J Respir Crit Care Med 2014

Shared Mechanisms:

Inflammaging and immunosenescence

HPA axis dysregulation

Oxidative stress & mitochondrial dysfunction
Skeletal muscle proteolysis

Reduced anabolic hormones (IGF-1, testosterone)

Chronic hypoxemia accelerates all pathways
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Frailty Assessment Tools

m Fried FFP (GOLD) Frailty Index (Fl) FRAIL Scale K-FRAIL

Cumulative deficit

Model Phenotype (5 criteria) (30-70+) Screening (5 questions) Korean FRAIL adaptation
Domains Physical only Mult!-.clomaln.(med|cal, Physical + illness burden Physical + illness burden
cognitive, social)

Time 10-15 min 15-30 min <5 min (self-report) <5 min (self-report)
Equipment Dynamometer, stopwatch None (chart review) None None
Cutoff (frail) 23 of 5 >0.21-0.25 23 of 5 23 of 5
Sensitivity vs FFP Reference High (AUC 0.76-0.84) 0.73-0.83 0.813 (Jung 2016)
Specificity vs FFP Reference 0.65-0.75 0.75-0.85 0.776 (Jung 2016)

[ An TJ et al. (CHEST 2024): aOR for breathlessness — FI 9.29, FRAIL 5.21, FFP 3.09 (N=780) }
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Frailty Tools: Comparative Profile

Frailty Assessment Tools: Comparative Profile
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Fried FFP Frailty Index FRAIL Scale K-FRAIL

Fried, J Gerontol 2001; Rockwood, J Gerontol 2007; Morley, J Nutr Health Aging 2012; Jung, Korean J Intern Med 2016; An, CHEST 2024 (PMID 39209061) .
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Defining Frailty in Respiratory Disease: Fried Frailty Phenotype

Fried Frailty Phenotype (3 of 5 criteria) SRS s Low Physical

Weight Loss Activity

Unintentional weight loss (> 4.5 kg/year)

4.5 kg or more than Self-Report (2 P B Gait speed in Short version of
) 5% of body weight questions from the d namomn:tgerp meters/second Minnesota Leisure
Self-reported exhaustion within a year CES-D) y (over 4 meters)  Time Activity-Kcal/Kg
hvsical . o |
Low physical activity o
{
O & i

Slow gait speed

Weak grip strength

Robust: 0 criteria; Pre-Frail: 1-2 criteria; Frail: 3 or more criterion
Fried LP et al. Fraiy in older adults. evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001, §6: M146-56

Fried, Frailty phenotype definition, J Gerontol 2001 .
MEDLAB Research Institute by TJ.An



Defining Frailty in Respiratory Disease: K-FRAIL

E 11.1. The Korean version of the fatigue, resistance, ambulation, illness and loss of weight
{K-FRAIL) scale.
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Other Frailty Assessment Tools in Respiratory Disease

Tool

Fried (FFP)

SPPB-sarcopenia

CFS

TUG

Components

5 physical criteria
Balance, gait, sit-stand
Clinical judgment 1-9

Timed Up & Go

1.
<10 (0 pt)
” Side-by-side stand Bl G0 to-4-meker
feet together side-by-side for 10's galt speed test

I 105 (1pt
' Semi-tandem stand <108 (:0p0 B s
heel of one foot against side of big toe of the gait speed test
otherfor 10 s
9
1 10 s (+1 pt)
Tandem stand
feet aligned heel to toe for 10's
10s (+ 2pt)
9 Y 39995 (+1ph)
<35 (+0pt)
2. Gait speed test <4825 4pt
4826205 3pt
Measures the time required to walk 4 metres | _ 8218704 2pt
ata normal pace (use best of 2 imes) >8.78 1pt
- Unable Opt
Al
3; Chair stand test
Pre-test
Participants fold their amms across their chest Stop (0 pt)
and try to stand up once from a chair
able
(] <11.19s 4pt
5 repeats 11.20-13.69 s 3pt
Measures the time required to perform five rises. 13.70-16.69s  2pt
from a chair to an upright position as >167s 1pt
possible without the use of the a >60's or unable 0 pt

10 min

5 min

1 min

2 min

Gold standard, validated

Objective, simple

Quick, widely used

Single test

CLINICAL FRAILTY SCALE

1 VERY Peaple wha are robust, active, energetic and motivated.
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i y sympt
beyond routine walking

VERYMILD 9ence. Whik not dependent on othersfor daily help, often
symptoms limit activities. A common complaint is being

- P i) .
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-
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Pulmonary Rehab (PR) & Frailty

v/

PubMed systematic search, 13 queries; 472 identified, 145 excluded (non-respiratory/no frailty content), 327 included .
/ B ( P / ) MEDLAB Research Institute by TJ.An



Literature Landscape: PR and Respiratory Disease with Frailty

COPD

(n=126)

Mixed/Other
(n=62)

Resp Failure/ICU

Disease Group Distribution (327 included from 472 screened)
(n=46)
Lung Transplant

0'/0
5.8%
(n=42)

327 ILD/PF
(n=19)

Included aazrfgfema

Lung Cancer

(n=9)

Asthma

(n=7)

PH

(n=2)

Bronchiectasis

(n=1)

PubMed systematic search, 13 queries; 472 identified, 145 excluded (non-respiratory/no frailty content), 327 included .
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PR Publication Trends (2014-2026)

ATS/ERS
Guidelines

Publication Trends (2014-2026)

76% of literature
published after 2019

60 -
50 A

40 -

Number of Articles
w
o

N
o
1
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™ \2) © A > ) Q N
N N N N N N
S S S S N o S Al

Publication Year

Search log v2; articles post-2019 highlighted; ATS/ERS PR guidelines published 2023 .
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Study Design Quality Assessment by Disease Group

Study Design Quality by Disease Group (N=327)

126 mam RCT
120 - mmm Cohort
Cross-sectional
Review/Other
100 A 94
®
5 80 A
=
w
S
8 60
=
= 46 42
40 ~

F —
- E—
— B o BN

04 T S— = (403
COPD ICU ILD Lung Tx Others
[ High-quality evidence (RCTs) concentrated in COPD; other diseases rely on observational data ]
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Frailty Prevalence Across Respiratory Diseases

Frailty Prevalence Across Respiratory Diseases

COPD (PR-enrolled, stable)* 72% (Finamore 2021)

ICU admission (FI) 44.8% (Muscedere 2024 (Fl))

COPD severe (declining PR) 39% (Hansen 2025)

ICU admission (CFS) 29.8% (Muscedere 2024 (CFS))

Lung Transplant (Fried) 26% (Rozenberg 2018)

COPD stable (Maddocks) 25.6% (Maddocks 2016)

COPD stable (FFP/SPPB) 25% (Brighton 2023)

0 20 40 60 80 100
Frailty Prevalence (%)

Maddocks, Physical frailty and PR in COPD, Thorax 2016; Brighton, Frailty tools and prognosis in COPD, Int J COPD 2023; Finamore, Frailty impact during and after PR, COPD 2021 .
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Multidimensional Frailty Burden in PR

iti i ist i % overla
Malnutrition + frailty coexist in 40% 1 P

All 4 conditions overlap in 11% Frailty

- malnutrition, frailty, sarcopenia, disability

Frail COPD comorbidities:

Worse ADL, exercise capacity, cognition, balance

Sarcopenia

Depression/anxiety prevalence elevated in frail COPD

Disability

Ter Beek, Malnutrition and frailty coexistence in COPD, Clin Nutr 2020; Kagiali, ADL cognition balance in COPD with frailty, Ir J Med Sci 2022 .
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AWGS 2025: From Sarcopenia to Muscle Health

Table 1| The AWGS Consensus: evolution of criteri ugh 2019 and 2025 updates to the 2014 criteria

AWGS 2014 AWGS 2019 — AWGS 2025

Definition of sarcopenia Age-related loss of skeletal muscle  No change from original 2014 Age-related loss of skeletal muscle mass PLUS low
mass PLUS low muscle strength definition muscle strength
AND/OR low physical performance

Age cutoff 60 or 65 years (country-dependent) 60 or 65 years (country-dependent) 60 or 65 years for sarcopenia diagnosis, but
introduces specific criteria for middle-aged adults
(50-64 years)

Diagnostic algorithm Linear algorithm: assess muscle « Two separate algorithms: « Enhanced two-track algorithm:
mass and muscle function (grip 1) Community settings 1) Community settings
strength, physical performance) 2) Hospital or research settings 2) Hospital or research settings
» Introduced ‘possible sarcopenia’ for  + Emphasizes early identification and intervention
primary care 7 \
Case-finding Not specifically addressed 1. Calf circumference: M <34cm, l Add Yubi-wakka (finger-ring) test J
F<33cm
2. SARC-F: 24

3. SARC-CalF: 21
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AWGS 2025: No Severe Sarcopenia. Just Sarcopenia

Assessment

Handgrip strength

Measurement method Age 265 years

M <28 kg, F <18 kg

Age 50-64 years

Hand dynamometry M <34 kg, F <20 kg

BI3Y 22AS HE YRR + 48 ool 22AF JNT 4 98
ae ne e
-~ 27 45kg Q74EO| Hf B UA)B G
Sl S04 L& 20| 2oj} of2i@ster W ol W
M5 08Xl 4C=0
By ux | 2ot e E BojM CI8 & 27| 2E 20| 20N} ORIt i
== [~ IR Sl B ) =l | —{ EmR 1y = [L% DH-?— O‘IECI’/E§7|(1|‘301 %)‘E
AFEOOF 7Hs /@ = giCt=2
A& 0K QLC}=
RN | SIRHEMONUA LoiLt HLHE, T2 HCjojN LojLt s
20 47| SIRHEHONZ 871 240 ROpt 0f2f@7te? R oo A
H35 of®X| rt=0
At 227] | 10740 AEt® +{%] @2 22& H0| RO of2iRIte? & OjgCt=1
0 OECHE % YTt=2
My QiCt=0
LAt AL 149 SO 9 HO|Lt HOjRIALIR? 1~38] =1
43| Ol =2

Nature Aging. https://doi.org/10.1038/s43587-025-01004-y

At risk for sarcopenia

Abnormal
Normal muscle strength but positive
for risk factors of sarcn'penla

Possible sarcopenia

Low muscle strength

Refer to confirm diagnosis

Appendicular skeletal muscle mass

Measurement method Age 2 65 years Age 50-64 years

DXA Height adjusted: M <7.0 kg m™, F <5.4 kg m™ Height adjusted: M <7.2 kg m™, F <5.5 kg m™
or BMI adjusted: M <0.73, F <0.52 or BMI adjusted: M <0.80, F <0.55

OR

BIA Height adjusted: M <7.0 kgm™, F <5.7 kg m™ Height adjusted: M <7.6 kgm™ F <5.7 kg m™

or BMI adjusted: M <0.83, F <0.57 or BMI adjusted: M <0.90, F <0.63

Sarcopenia

Low muscle mass + low muscle strength
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AWGS 2025: Physical Performance as Outcomes

Table 2 | Measurements of muscle strength, muscle mass
and physical performance in the AWGS 2025 consensus

Cutoff values
Measurement Age50-64years Agex65 years
Adjustment Men Women Men Women
Muscle strength
Handgrip (kg) <340 <20.0 <280 <180
Muscle mass
DXA ASM/height? <7.2 <5.5 <70 <54
BIA ASM/height’ <76 <57 <70 <57
DXA ASM/BMI <0.80 <0.55 <0.73 <0.52
BIA ASM/BMI <090 <063 <083 <057
Physical performance (outcomes)
Five-times chair stand >10.0 2100 >12.0 2120
test (seconds)
Gait speed, 6-m walk <1.2 <1.2 <1.0 <1.0
test (ms™)
~ASNI, appenaicutar skeetar muscie.
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“Yubi-wakka” (finger-ring)
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Nutrition Assessment and Intervention

Mini Nutritional Assessment Nestlé
® mEam °
MNA Nutritioninstitute E AH HALE 25|
0= 53 X|ojLt 22T
olg: g |por: [ |5 Jem  mz ko e | (s
X S ALEHOf| H|ASA| D, RLEF ¥ 7Hf| HSE HoyA|L. 2= 28 O
0 =BMI < 19
A Xt 370 SO HOH0| QALE ABITE F QIE|LL WD A7l HO| OfZYUM AALZO| ZUELIN § =16 < BN
0= to| ZQICt 2=21 < BMI < 23
1= ii i&’itr & 3= BMI > 23 [
2= |_-.- H.AE
HEYX4E 25 29 22 AL,
B X[t 374 SOt SFAH 7 EREUMN? FL 258 3Hl 22 F2 8 3 1ast gyt
0= 3kg 0|4t Zt4 I .
1= s=Ac F2 ZO0l2|=d| (Calf circumference, cm)
2= 1kg~3kg Z2 Qi= EE <31
3= ¥i3} 9t Il 3=CC231 O
C 7559 Screening score (£ 147%)

0= QI 27}, FChLt X0l M2t A 7Hs
1= 9| 27t HOAMY &E 7ts
2= QIE 7ts, 8E N QS |

0

12149 [] =4

D Xt 37HE S HUH AERAE FEUALL B8 S SUE HO| U

0= of 2= 0fLQ O

o
A
S

~
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Nutrition Assessment and Intervention

Malnutrition: 40% coexistence with frailty (Ter Beek 2020) Google protein 75g
4 AlZlE
StE 75g2 THEIS AR, SIHAA, QUE, £R 52 §8s] AlLh2 FASI7ILKOH 30g, HA

screening 20g, 7t4l 159, M4 10g S), 25 £ 12|A Q7E 35093} 40g2| 90| ZZEIZ 40| MElst=
HEAl(75g CHHEL OF 740kcal)2 2 ZHHGHA MF(E £ AA“LIE} @ Linkedin +1

- MNA-SF (6 items, <5 min) 75g EMIT M3 oA (312 AlEh

(212 =normal | 8-11=atrisk | <7 =malnourished) » OFEl: M, B3 T E (whey isolate), TY, SRE P 22C] (2% 30g)

. HA: £8 8221 ZR(Hol2IZ 5) 22| (% 20)

Prediction: nutritional risk predicts outcomes in respiratory disease . ZHA: 7T T4 HE, 9F CHIES WS AR DR 2 (protein ladoo) (2 15g)

. o MY: AR, 3, IEIX| A= SSdsel Yrm (& i
Protein targets (ICFSR 2019): 1.0-1.2 g/kg/day (general elderly) | 149: NSH, 8, 2ET XX(paneer) S& 2 (%1100) GESS

1.2-1.5 g/kg/day (if sarcopenic)

o ZE& MAL OB|A QHE 350g + 0] Z2E 40g + DTHE A|2| /oY
o TITHM OFEL: A2E 37 + A2t &K} 1722 + S107|(2F A) + MY X[=

o T2 OXME: tidet J2[A QHE 28 + A2 57l + S TR 5E2£2 40 712 3R E

Combined exerCise + nutrition! AE %EI'—?—E (759 EI;H:I_||-|;é| SSODFO'”A'I 1}"?_}) © YouTube +2

o 75g2 ‘49l, 53| LHE2| 5% HY tHME HFHAIS 1kgd 1~1.2g)0ll i RLICY.

« Z2El HiLt 40|32 HE(75g x 870 714 5)2 0|83tH 0|5 S0l H2|5tAH MFE & USL
Cl. @ oto|gim~ 3|0} +2




CGA? Comprehensive Geriatric Assessment

Cognitive
status
Social and Functional
family status
support
Environmental Comorbidity
conditions
Drug i
usage Nutrition

Implications for rehabilitation:
Multimodal assessment essential (not just physical frailty)

CGA captures full burden better than single-domain tools

MEDLAB Research Institute by TJ.An



Mortality Impact of Frailty by Disease

Mortality Risk: Frailty / Cachexia by Respiratory Disease

Brighton 2023 .

(COPD, FFP frailty) HR 1.31 (0.95-1.80)

HR 1.29 (0.93-1.79)

Brighton 2023 ’
(COPD, SPPB frailty)

HR 2.60 (1.10-6.10)

Kwan 2019

(COPD, cachexia) ‘ HR 1.98 (1.31-2.99)
Sridhar 2024

(IPF, frailty) o

Venado 2020 ’

(Post-transplant, frailty)

Singer 2018 .

HR 2.51 (1.21-5.23)

(Post-transplant, 4yr mortality)

Pilotto 2021

HR 3.80 (1.50-9.60)

(COVID hospitalization, MPI)

¢

HR 6.30 (1.44-27.61)

Hazard Ratio (log scale)
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Hospitalization and Healthcare Utilization

* Frailty and readmission:

* PR participation reduces 30-day readmission: HR 0.47 (95% Cl 0.33-0.68)

* Frailty screening at admission predicts 30-day readmission
* Healthcare utilization burden: Frailty independently predicts longer hospital stay
* Exacerbation-driven hospitalization:

* Primary reason for PR non-completion in frail patients

* Post-exacerbation frailty worsening accelerates decline trajectory

--> Frailty screening as potentially cost-effective intervention / Early identification
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COPD and Other Respiratory Diseases
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Frailty in COPD — Deep Dive

Prevalence: 25.6% (95% Cl 22.7-28.7%) in stable COPD Study Designs in COPD Subgroup (n=126)
Severe COPD declining PR: 39% 70 )
COPD (stable, PR-enrolled): 72% (Finamore 2021)* 60 -
Key predictors: 8 501
Higher GOLD stage, MRC dyspnea score % 40
5
Multimorbidity burden § 30
2- 19
Sarcopenia-frailty overlap: 14 16
Sarcopenia prevalence: 20-40% (Khan 2025); 46% in PR v 5 5 4
Malnutrition + frailty coexist in 40% g RCT Cohort Cross-  Systematic ~ Review w Other

sectional Review

Cachexia in COPD: HR 1.98 for mortality (Kwan 2019)
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Key RCTs in Frailty and Pulmonary Rehabilitation

Population Intervention Key Result

Brighton 2024 31 COPD + frailty CGA + PR (feasibility) 87% retention rate
Barker 2020 200 Post-exacerbation Supported PR referral 41% vs 34% uptake (NS)
Ohbayashi 2024 28 COPD + frailty/sarcopenia Rehab + Ninjin'yoeito Significant fatigue improvement

[ Only 3 RCTs directly address frailty in PR (max N=200) — large multicenter RCTs are urgently needed (Al




Frailty Reversal: Rehabilitation vs Usual Care

Frailty Reversal: Puimonary Rehabilitation vs Usual Care

100 A
80%
80 -
S
Y 61.3%
© i
S 60
®©
&
(M)
>
[}
X 40 -
2
‘©
L
Without PR:
20 A 14 86% persist as frail
23% mortality at 12mo

0 - - L
Home-based PR Center-based PR Usual Care
(Gephine 2022) (Maddocks 2016) (Hansen 2025)

Maddocks, Physical frailty and PR in COPD, Thorax 2016; Gephine, Home-based PR in frail COPD, Chronic Obstr Pulm Dis 2022; Hansen, Frailty tools in severe COPD declining PR, J Clin Med .
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PR Outcomes in Frail Patients — Exercise Capacity

6-Minute Walk Distance (6MWD) Outcomes

Frail vs non-frail interaction

Frail vs non-frail COPD +43.6 m (during PR) beta +43.6, p=0.01 Finamore 2021

Frail vs non-frail interaction

Frail vs non-frail COPD -47 m (post-PR decline) beta -47, p=0.02 Finamore 2021

COPD general (all patients) +44-62 m Clinically significant Gloeckl 2018*
Lung Transplant prehab +94 m p<0.05 Rozenberg 2018
Post-ICU rehab (25-day) 253 m after program vs baseline Lemyze 2022

Key insight: Frail patients show paradoxically greater gains during PR, but are at risk of accelerated decline after PR completion.

*Gloeckl 2018: general COPD PR data, not frailty-specific subgroup
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Increased frailty can exacerbate dyspnea

4 4 - 4 -
3 - 3 3 -
8 +
o 2 - 2 1 + 2 -
o
i
14 1- %% g o + %
0 - ¢ 0 - ¢ 0 ¢
Robust Prefrail Frail Robust Prefrail Frail Robust Prefrail Frail
Frailty Index CHS Frailty Phenotype FRAIL
2 - 2 - 2 -
IRk 1 - + 1
o
<)
. ? A I +
0 - --@--- I 0 -€ - +T 0 13
-1 - -1 -1 -
No Yes No Nonsevere Severe 0 1 2 3

Sarcopenia

Grade of Sarcopenia

Sarcopenia Phenotype

Model -@ Model 1 -4 Model 2 Model 3

Model 4
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PR in COPD: Frail vs. non-Frail

80 - - 89
- Non-Frail COPD -
T | e : o = |
Frail COPD e o \ =47 m (Post-PR Decline)
60 - _ o %\é Frail vs non-frail interaction
V. 4361 [ Finemort 2021
90 - y (Improvement during PR) ‘-
/ Frail vs non-frail interaction
40 - 4 beta +43.6, p=0.01 =30
/ Finamore 2021 y
30 - 4 . 20
4
/
20 - : o . N 10
Frail vs non-frail interaction *
10 beta -47, p=0.02 S 0
Finamore 2021
U5 , , +-10
PR Initiation PR Period PR Completion  Post-PR Discontinuation

PR Program
Completion Rate

Non-Frail Frail
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The Frailty-Rehabilitation Paradox

THE PROBLEM

* Frail patients 2.2x more likely to not complete PR

(OR 2.20, 95% Cl 1.39-3.46, p=0.001)
e Without PR: frailty persists in 86%
e 12-month mortality without PR: 23%
* Only 19% of PR programs routinely screen for frailty

* Higher dropout, lower adherence, transport

barriers

THE OPPORTUNITY

Frailty reversal in PR completers: 61.3% (Maddocks
2016)

e Home-based PR improvement rate: “80% (Gephine

2022)

e Sustained improvement at 6 months post-

intervention

* Frail patients show GREATER exercise capacity gains
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Frailty in Respiratory Failure / ICU

Prevalence at ICU admission: 29.8% (CFS) to 44.8% (Fl)
45.3% had WORSENED frailty at 6-month follow-up (GETTING WORSE!)

ICU-acquired weakness significantly overlaps with frailty phenotype

COVID hospitalization mortality: HR 6.30 (Pilotto 2021: COVID in-hospital mortality, not ICU-specific)

Rehabilitation challenges: Limited mobility during MV, Post-ICU syndrome overlap

—> Early mobilization protocols as frailty mitigation

—> Post-ICU rehab: +253m 6MWD after 25-day program (Lemyze 2022)
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Frailty in ILD

ILD / Pulmonary Fibrosis (19 articles)
* Frailty prevalence: ~26%
* Progressive disease accelerates frailty
e |PF frailty mortality: HR 2.6 (1.1-6.1) (Sridhar 2024)
* Unique challenge: supplemental O2 dependency

* Limited PR evidence — emerging ILD frailty data
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Lung Transplant — Prehabilitation Focus

Key findings on frailty and transplant outcomes:
Pre-transplant frailty prevalence: 26% (Rozenberg 2018)
Post-transplant frailty mortality: HR 2.51 (Venado 2020)
Post-transplant frailty 4-yr mortality: HR 3.8 (Singer 2018)
Post-transplant frailty CLAD risk: csHR 1.76 (1.05-2.92) (Singer 2023)
Prehabilitation evidence:
6MWD gain with prehabilitation: +94m (Rozenberg 2018)
Kennedy 2019 (American Society of TPL consensus): frailty independently predicted worse outcomes

Courtwright 2018: frailty measured at listing vs discharge (modifiability data)

[ Growing consensus: frailty is modifiable pre-transplant; prehabilitation should be standard of care 1
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Frailty in PH, Asthma, and Bronchiectasis

Pulmonary Hypertension (2 studies):
No PH-specific frailty mortality data available
Right ventricular failure compounds frailty phenotype
No PR + frailty intervention studies

CRITICAL EVIDENCE GAP: PH frailty research needed
Asthma: Minimal frailty prevalence data, Older asthma patients may have overlapping COPD-frailty, No frailty RCT

Bronchiectasis (1 study only): Virtually no evidence on frailty assessment or intervention

MAJOR EVIDENCE GAPS IN NON-COPD DISEASES

[ Non-COPD diseases represent 61% of articles but have minimal frailty-PR intervention evidence }
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What We Have to do?
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Critical Evidence Gaps

1. Non-COPD frailty-PR evidence is near absent — ILD, PH, asthma, bronchiectasis

2. No standardized frailty screening protocol in PR programs worldwide

3. Frailty reversal as a primary outcome — only 3 studies (Maddocks, Gephine, Hansen)
4. Long-term sustainability: post-PR decline in frail patients poorly characterized

5. Sarcopenia-specific interventions in respiratory disease — no large RCTs

6. Implementation science: how to integrate frailty screening into routine PR workflow
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Unmet Need: Evidence Gradient by Respiratory Disease

Evidence Gradient: Frailty Studies by Respiratory Disease

COPD

ILD/IPF 6 studies

ICU/Resp Failure 8 studies
Lung Transplant 5 studies
Asthma 5 studies

I
1
1
Bronchiectasis 1 studies
l
1

50 studies

© T -

T
Minimal ey@ence
threshold

Asthma: only 5 studies, prevalence 9.5-37% (Verduri 2023 SR)

disease.

20 30 40 50 60
Number of Frailty Studies

. Bronchiectasis: 1 study (Fujita 2022, N=36, 22.2%). No rehabilitation trials in either
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PICO Evidence Gap Map — Updated (N=327)

PICO Evidence Gap Map (N=327 Included Articles)

Evidence

COPD Moderate Moderate None

Weak

Moderate

Resp Failure/ICU Weak Moderate Moderate Weak Weak Weak BN Strong
ILD None Weak Weak None None None
Lung Transplant None Moderate Moderate None None Weak
PH None None None None None None
Asthma None None None None None None
Bronchiectasis None None None None None None

Frailty Exercise Mortality QoL PR Sarcopenia
Reversal Capacity Completion
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Clinical Practice Gap: Screening and Implementation

19% 79%

of PR programs of clinicians believe
routinely screen PR is appropriate
for frailty for frail patients

Knowledge-practice gap: Strong evidence for PR benefit in frailty,

but virtually no implementation studies or standardized protocols exist.

94%

want more
guidelines on
frailty management
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ATS/ERS Guideline Recommendations

ATS Workshop Report 2023 ERS Statement 2023
Defined 'frailty rehabilitation paradox' Frailty underrepresented in respiratory guidelines
Recommended CGA integration into PR Validated screening tools recommended
Called for flexible delivery models (home, tele) Personalized management pathways needed
Identified need for disease-specific clinical trials Explicit call for RCTs in frailty + CRD
Advocated for standardized frailty screening in PR Multidisciplinary approach endorsed

[ Both societies agree: frailty is a treatable trait, not a contraindication to PR }
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Optimizing Pulmonary Rehabilitation for Frail Patients

Home-based PR: ~80% frailty improvement, sustained at 6 months
Removes transport barriers — key dropout factor for frail patients
Gephine 2022: N=47, COPD, home-based PR program

Comprehensive Geriatric Assessment (CGA) integration:

Average 3 recommendations per patient
65% of CGA recommendations implemented
Brighton 2024: CGA embedded in PR pathway
Person-centered approaches:
Individualized exercise prescription
Addressing psychological barriers (fear of falling, breathlessness anxiety)
Patient narratives: value of 'being seen as a whole person'

Brighton 2020: qualitative study on patient experiences
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Telerehabilitation and Digital Therapeutics

Current evidence: zero empirical telerehab studies for frail respiratory patients
Proposed models:

Lippi 2022: technology-enhanced organizational model

Home-based PR as proof of concept (Gephine 2022: 80% improvement)
Potential advantages for frail patients:

Eliminates transport barriers (primary dropout factor)

Real-time monitoring for exacerbation detection

Flexible scheduling — accommodates 'unpredictable disruptions' (Brighton 2020)
CBT-based digital components:

Breathlessness reappraisal and graded exposure

Behavioral activation for deconditioning

Regulatory considerations for DTx classification
MEDLAB Research Institute by TJ.An



What We Have to do?
Clue 1: Let’s emulate previously validated one
Comprehensive+intensive PR
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Pulmonary Rehab vs General Frailty Rehab

m Pulmonary Rehabilitation General Frailty Rehab

Resistance + Balance + Endurance + Flexibility

Exercise Core

Unique Components

Nutrition Role

Program Duration

Primary Outcome

Frailty Reversal

Endurance + Resistance

Breathing exercises, IMT, O, mgmt, Airway
clearance

Supportive (if underweight)
6—12 weeks
6MWD, mMRC, CRQ/SGRQ,

61% in completers

Falls prevention, Cognitive training,
Polypharmacy review, CGA

Core component (protein 1.2 g/kg/day target)
12-24 weeks (6 months)
SPPB, Gait speed, Grip strength, Fried criteria

42-83% depending on intensity
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Component Comparison: PR vs Frailty Rehab

Pulmonary Rehab vs General Frailty Rehab: Component Comparison

] . Core
Exercise modalities Core
. ) Minimal
Nutrition emphasis
Core
Minimal
Psychological support
Y 9 PP Moderate
) None
Falls prevention
. o None
Cognitive training
Moderate

Minimal

Social participation mmm Pulmonary Rehabilitation

mmm  General Frailty Rehabilitation

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Component Emphasis (0=None, 1=Minimal, 2=Moderate, 3=Core)

ATS/ERS PR Statement 2013 (PMID 24127811); ICFSR Guidelines 2019 (PMID 31641726); Maddocks ATS Workshop 2023 (PMID 37261787) MEDLAB Research Institute by TLAN



Multicomponent Interventions: Network Meta-Analysis

Network meta-analysis: 69 RCTs, N=5,765 (Sun et al. Age and Ageing 2023)

Intervention type ranking (pairwise vs control):
#1: Physical activity (PA): SMD 0.43 (95% Cl 0.34-0.51)
#2: Multicomponent intervention: SMD 0.34 (95% Cl 0.23-0.45)

#3: Nutrition intervention: SMD 0.21 (95% Cl 0.06—0.35)

PA subtype ranking:

#1: Resistance training: SMD 0.58 (95% Cl 0.33-0.83)
#2: Mind-body exercise: SMD 0.57 (95% ClI 0.24-0.90)
#3: Mixed physical training: SMD 0.47 (95% Cl 0.37-0.57)

#4: Aerobic training: SMD 0.36 (95% Cl 0.09-0.62)

Optimal dose (Nagata 2023): 2—3 sessions/wk; ICFSR 2019: resistance is first-line

[ Resistance training is the single most effective component. Multicomponent > single-domain. 1
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ULTIMATE

NUTRITION'

RESISTANCE BANDS vs. WEIGHTS

W

N
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RESISTANCE BAND BENEFITS

e Joint-Friendly:

Portability:
Perfect for those who travel or have limited space.

Ideal for those with joint issues or recovering from injuries.

Versatility:
Excellent for full-body workouts and progressive resistance.

WEIGHT BENEFITS

Muscle Building:
Superior for hypertrophy and strength gains.

Consistent Resistance:
Provides a constant load throughout the entire movement.

Exercise Variety:
Allows for a wide range of exercises targeting every muscle group.




Frailty Improvement: PR vs General Interventions

Frailty Improvement: PR vs General Interventions

X-CircuiT pre-frailty* (Dun 2022) 82%
Home-based PRt (Gephine 2022) 80%
Center-based PR (Maddocks 2016)
Exercise+Protein (Travers 2023)
Usual Care (Hansen 2025)
(') “ pre-frailty reversal; t nafnyz"gu-oveme/;z (not formal Ievel&.ﬁle) 6IO 8'0 160

Frailty Status Improvement Rate (%)

Dun, Age Ageing 2022; Gephine, Chronic Obstr Pulm Dis 2022; Maddocks, Thorax 2016; Travers 2023; Ji, JAMA Netw Open 2025; Hansen, J Clin Med 2025 .
MEDLAB Research Institute by TJ.An



The Intensity Threshold

Effect Size (frailty reversal %)

The Intensity Threshold: Why Low-Intensity Programs Fail

100 A
LOW INTENSITY
NO BENEFIT
AR-CircuiT™
Home PRt (Dun 2022)
(Gephine 2022) (]
80 @
Center PR
(Maddocks 2016)
60 - o
40
20 H
Exercise+Protein
(Travers 2023)
®
HetfheHealth HERO
(Frost 2023) (Clegg 2026)
O -
T T T T T
0 2 4 6 8 10

Program Intensity (0-10 scale)
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Multicomponent Rehab: Prevent Long-term care costs in Frailty

ook | Open.

Original Investigation | Geriatrics
Long-Term Health and Cost Outcomes of a 24-Week Multicomponent
Frailty Intervention in Older Adults

Sunghwan Ji, MD, MS; Jihye Lim, MD, PhD; Tai Joon An, MD, PhD; Geonyeong Jang, MD; Ji Yeon Baek, MD, PhD; Kunhee Park, MD, PhD; Ju Jin Jung, BS;
Seon-Hee Cheon, RN; Jun-Pyo Myong, MD, PhD; Yun-Hee Lee, PhD; Juhee Cho, PhD; Jin Lee, PhD; Hojoon Sohn, MPH, PhD; Il-Young Jang, MD, PhD

Figure 2. Trends in Periodic Health Service-Use Costs Per Individual for Participants and Nonparticipants
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What We Have to do?

Clue 2: Let’s emulate previously validated one
Prehabilitation
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Prehabilitation in Post-OP care

RESEARCH

orenaccess  Relative efficacy of prehabilitation interventions and their
) checkforupdates|  COMpPoONeNts: systematic review with network and component
network meta-analyses of randomised controlled trials

Daniel | Mclsaac,' Gurlavine Kidd,? Chelsia Gillis,> Karina Branje,? Mariam Al-Bayati,” Adir Baxi,?
Alexa L Grudzinski,* Laura Boland,” Areti-Angeliki Veroniki,® Dianna Wolfe,? Brian Hutton?

Outcome

Complications (n=106) Length
uc

| Complicatje

uc
(n=4992)

(n=1590) Lengtfi of stay
Qualjty of life

exe+psy

= 32 2 2 ®
exe+psy nut (=133 $ N - !
(n=107) (n=1699) - & B
N >
exe+nut (n=1234) B o & 7
exe+nut psy (n=265)
(n=136) (n=188) psy
exe+nut+psy exe+nut+psy (n=236) w o
(h=571) (n=649) B 5 S
», =i © N
uality of life (n Ph - U ~ N o .
Quality y 0% A i =
(n= 42 uc
(n=1566) N2
exe+cog
(n=51) psy A
(n=74) &°
z*eﬂ\
8 nu_t exetcog exe+psy
exe+psy (n=22) =17 Score
(n=151) nut Ho 40 60 soﬂo

exe+nut exet+nut+psy

- (n=327) s
(n=76) ?;E:ggg exe+nut+psy Fig 4 | Rank-heat plot obtained from treatment-level network meta-analysis. The rank heat plot presents a summary of

(h=397) P scores (range 0-100) for each intervention across outcomes, where darker shades of green represent more benefit [UL€ by TJ.An
and darker shades of red represent less benefit.cog=cognitive; exe=exercise; nut=nutrition; psy=psychosocial;
UC=usual care



What We Have to do?
Clue 3: Gait Speed and Frailty
as Treatable Trait and Outcome
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Frailty as Treatable Trait and Clinical Outcome!

KM graph according to COPD: ASPRA Study in Korea
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How about using gait speed (1m/s) as screening value and treatable target?

Table 2 | Measurements of muscle strength, muscle mass
and physical performance in the AWGS 2025 consensus

Cutoff values
Measurement Age50-64years Agez65 years
Adjustment Men Women Men Women

Muscle strength

Handgrip (kg) <340 <20.0 <28.0 <18.0
Muscle mass

DXA ASM/height? <7.2 <56.5 <70 <54

BIA ASM/height2 <76 <57 <70 <57

DXA ASM/BMI <0.80 <0.55 <073 <0.52

BIA ASM/BMI <0.90 <0.63 <0.83 <0.57

Physical performance (outcomes)

Five-times chair stand
test (seconds)

>10.0 2100 >12.0 2120

Gait speed, 6-m walk
test(ms™)

<1.2 <1.2 <1.0 <1.0

ASM, appendicular skeletal muscle.

/\
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Turn i ] i Path i ' | \
Point \ o of )
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How about using gait speed (1m/s) as screening value and treatable target?

| Original Research Article Open access

Prognostic Value of Gait Speed for Exacerbations and Mortality in
COPD

Moon Jin Kim | Seohyun Kim | Hyesoo Kim ‘ Jae Ha Lee ‘ Chin Kook Rhee ‘ Seoung Ju Park | Yu-il Kim ‘

Woo Jin Kim | Kwang Ha Yoo | Tai Joon An See Less A
ERJ Open Research 2025 01155-2025; DOI: https://doi.org/10.1183/23120541.01155-2025

(C) CAT Score by 1 m/s Cumulative Deaths Over Time
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Proposed Research Framework

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Screening Stratification Intervention Outcomes Maintenance

~ Y~ Y Y Y ™)
SPPB/FFP Robust CHeor::]eerPPRR Frailty reversal Post-PR
Standardized Pre-frail Telerehab DTx 6MWD / Mortality Sustainability
Assessment Frail CGA + PR QoL / Cost Program

\ A A AL A v,

From Screening to Sustained Outcomes: An Integrated Research Agenda

Maddocks, ATS Workshop: Frailty and PR, Ann Am Thorac Soc 2023; Osadnik, ERS Statement: Frailty in chronic lung disease, Eur Respir J 2023 .
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Take Home Messages
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Take-Home Messages

Frailty affects 25-72% of chronic respiratory disease patients, escalating with disease severity

The Frailty-Rehabilitation Paradox: frail patients are hardest to retain but benefit most (61-80% improvement)

Screening first! K-FRAIL or Fried FP score

Comprehensive (Nutrition, Sarcopenia, Family, Mood etc) and Intensive PR!

Resistance training is the most effective component; multicomponent > single-domain

Prehabilitation, Telerehab
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Thank You

i Nano
> mini Banana
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