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Definition: malnutrition

A state resulting from lack of intake or uptake of nutrition
>> altered body composition (decreased fat free mass) and body cell mass

>> diminished physical and mental function and impaired clinical outcome

from disease

British Journal of Nutrition (2004), 92, 799-808
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Fig. 2. Diagnoses tree of malnutrition; from at risk for malnutrition, basic definition of malnutrition to aetiology-based diagnoses
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Condition Prevalence Impact of cachexia
of cachexia
COPD 25-35% Mortality 10-15%/year in cachectic patients;
impaired mobility and worsened response to treatment
CHF 16-42% 50% mortality in 18 months as compared with 17% in
non-cachectic individuals in an unselected population
‘Eancer\ Approx. Up to 20% of deaths of cancer patients due to cachexia and its
30-60% associated morbidity; impacts mobility, quality of life and
treatment response
Advanced chronic 30-60% 20-30% mortality/year; blunted response to treatment
kidney disease
Rheumatoid arthritis 67% Lean body mass loss with fat mass gain
Chronic liver disease Approx. 50% Cachexia more common in males than in females with

cirrhosis

—_—

Gerontology (2014) 60 (4): 294-305.
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Figure 3 Weight change-body mass index (BMI) contingency tables. Hazard ratios (HRs) for mortality were obtained from the dataset of the Ishida
et al. study. The unchanged weight is defined by 1% change (A), £2% change (B), and 5% change (C). Greyed cells are considered at high risk of
mortality. N/A: not applicable.
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Diagnosis of Cachexia

Weight loss of at least 5%
in 12 months or less

(or BMI <20 kg/m?)

CACHEXIA DIAGNOSIS

3of5

« Decreased muscle strength
* Fatigue

* Anorexia

* Low fat-free mass index

« Abnormal biochemistry:
* Increased inflammatory
markers (CRP, IL-6)
* Anemia (Hb <12 g/dL)
* Low serum albumin (<3.2 g/dL)

Clinical Nutrition (2008) 27, 793-799
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Table 2 Diagnostic criteria for cachexia in Asian patients

(1) Presence of underlying disease

(2) Weight loss =2%/3-6 months or low BMI (<21 kg/m~)
One or more of the following:

(1) Subjective symptom: Anorexia

(2) Objective measurement: Decreased grip strength®

(3) Biomarker: Elevated CRP"

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1949-1958
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Table 1.

Patient baseline characteristics by BMI class in TIOSPIR

Overwei ght and Obese

Underweight Normal Weight' Overweight Obesity Class | Obesity Class Il Obesity Class lll
(BMI<20)" (BMI 20 to <25)° (BMI 25 to <30)" (BMI 30 to <35)" (BMI 35 to <40)° (BMI=40)
n=2,063 n=5721 n=5509 n=2624 n=841 n=358

Gender, male, n (%) 1,449 (70.2) 4,169 (72.9) 4,037 (73.3) 1,851 (70.5) 547 (65.0) 184 (51.4)
Age, years, mean (SD) 64.6 (9.3) 65.5 (9.2) 65.4 (9.0) 64.6 (8.7) 63.4 (8.6) 60.4 (8.1)
Race, n (%)

White 1,206 (58.5) 4,324 (75.6) 4,868 (88.4) 2,432 (92.7) 795 (94.5) 338 (94.4)

Black 44 (2.1) 80 (1.4) 58 (1.1) 45 (1.7) 15 (1.8) 14 (3.9)

Asian 756 (36.6) 1,165 (20.4) 421 (7.6) 74 (2.8) 11 (1.3) 1(0.3)
Region, n (%)

Europe/Africa/Aus/NZ 821 (39.8) 3,118 (54.5) 3,452 (62.7) 1, E-BE {EE 2) 472 (56.1) 144 (40.2)

Latin America 115 (5.6) 379 (6.6) 321 (5.8) 44 (5. 30 (3.6) 11 (3.1)

North America 385 (18.7) 1,087 (19.0) 1,336 (24.3) ?51 {29 8) 329 (39.1) 203 (56.7)

Asia ?42 (36.0) 1,137 (19.9) 400 (7.3) 7 (2. 10 (1.2) 0 (0.0)
Current smokers, n (%) 2 (43.7) 2,281 (39.9) 1,977 (35.9) E}‘IE {34 8) 304 (36.1) 143 (39.9)
Smoking history, pack-years, 41 0(21.9) 42.8 (23.7) 44.2 (25.0) 45.3 (26.2) 47.6 (28.0) 49.4 (31.0)

mean (SD)
Postbronchodilator pulmonary

function data

FEV,, L, mean (SD) 1.1 (0.4) 1.3 (0.5) 1.4 (0.5) 1.5 (0.5) 1.5 (0.5) 1.4 (0.5)

FEV,/FVC ratio, mean (SD) 0.5 (0.1) 0.5 (0.1) 0.5 (0.1) 0.5 (0.1) 0.6 (0.1) 0.6 (0.1)

FVC, L, mean (SD) 2.5 (0.8) 2.7 (0.9) 2.8 (0.9) 2.7 (0.8) 2.6 (0.8) 2.5 (0.8)

FEV,% predicted, mean 41.7 (14.8) 47.3 (14.5) 51.0 (13.9) 52.2 (13.5) 53.1 (13.8) 53.5 (13.9)

(SD)

FVC% predicted, mean (SD) 74.6 (20.9) 79.5 (20.4) 80.1 (19.2) 78.1 (17.9) 77.5(19.8) 75.6 (17.5)
Duration of COPD, years, 7.1 (6.2) 7.3 (6.2) 7.7 (6.3) 7.5 (6.2) 7.4 (5.8) 6.6 (5.5)

mean (SD)

Ann Am Thorac Soc. 2022 Feb;19(2):204-213



All-cause mortality

Underweight (BMI <20)
Overweight (BMI 25—<30)
Obesity class | (BMI 30—<35)
Obesity class Il (BMI 35—<40)
Obesity class Il (BMI =40)

Respiratory death

Underweight (BMI <20)
Overweight (BMI 25—<30)
Obesity class | (BMI 30—<35)
Obesity class Il (BMI 35—<40)
Obesity class Il (BMI =40)

Cardiovascular death

Underweight (BMI <20)
Overweight (BMI 25—<30)
Obesity class | (BMI 30—<35)
Obesity class Il (BMI 35—<40)
Obesity class Il (BMI =40)

P

1.88 (1.62, 2.20) P<0.0001
0.74 (0.64, 0.86) P<0.0001
0.84 (0.70, 1.01) P=0.0686
0.81 (0.60, 1.08) P=0.1526
1.02 (0.67, 1.55) P=0.9150

2.27 (1.80, 2.86) P<0.0001
0.52 (0.40, 0.69) P<0.0001
0.89 (0.65, 1.23) P=0.4876
0.60 (0.32, 1.10) P=0.1004
0.57 (0.21, 1.54) P=0.2667

1.73 (1.25, 2.40) P=0.0009
0.87 (0.65, 1.15) P=0.3214
1.00 (0.70, 1.42) P=0.9945
1.12 (0.66, 1.91) P=0.6729
1.80 (0.90, 3.61) P=0.0972

0.01

Lower risk than normal weight

0.1

HR (95% CI)

10

100

Higher risk than normal weight
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Weight subgroup
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Severe exacerbation

Underweight (BMI <20)
Overweight (BMI 25—<30)
Obesity class | (BMI 30—<35)
Obesity class |l (BEMI 35—<40)
Obesity class Il (BMI =40)
Moderate exacerbation
Underweight (BMI <20)
Overweight (BMI 25—<30)
Obesity class | (BMI 30—<35)
Obesity class |l (BMI 35—<40)
Obesity class Il (BMI z40)
Serious, nonfatal cardiovascular event
Underweight (BMI <20)
Overweight (BMI 25—<30)
Obesity class | (BMI 30—<35)
Obesity class |l (BMI 35—<40)
Obesity class Il (BMI z40)

ki

b
I
——

1.31 (1.16, 1.47) P<0.0001
0.81 (0.73, 0.90) P<0.0001
0.86 (0.76, 0.98) P=0.0241
0.83 (0.67, 1.02) P=0.0755
0.98 (0.74, 1.32) P=0.9164

1.07 (0.98, 1.16) P=0.1138
1.00 (0.95, 1.0&6) P=0.8000
0.96 (0.89, 1.04) P=0.3162
0.89 (0.79, 1.00) P=0.0448
0.90 (0.76, 1.06) P=0.2104

1.00 (0.79, 1.27) P=0.9731
0.96 (0.82, 1.12) P=0.5877
1.19(0.99, 1.43) P=0.0637
1.33 (1.03, 1.73) P=0.0290
1.43 (1.00, 2.06) P=0.0522

|
0.1

1

10

Lower risk than normal weight Higher risk than normal weight

HR (95% CI)
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TABLE 1 | Baseline Characteristics of Patients With COPD Stratified Into BMI Groups

Underweight (< 21 ka/m?;

Mormal Weight (21-< 25 ka/m?;

Prechese (25-< 30 ka/m?;

Obese (30-< 35 kg/m?;

Variable Missing (%) | All Patients (N = 2,137) n = 262) n = 668) n = 847) n = 360)
Male sex 0 1,306 (61) 98 (37)° 395 (59) 568 (67)° 245 (68)°
Age, y 0 65+ B 63 £ 9° 65+ 8 66 + B 65+ B
BMI, kg/m? 0 258+ 4.1 18.9 + 1.6" 23.2+1.1 27.3 +1.4° 32.0 + 1.4°
FFMI, kg/m? 5.0 18.0 + 2.8 14.5 + 1.7" 16.8 + 1.9 18.8 + 2.0° 20.8 + 2.5°
FMI, kg/m* 5.0 7.8+ 2.8 45+ 1.6 6.4 + 1.8° 8.5+ 2.0° 11.2 + 2.4°
FEV,, % predicted 0 52.5 + 18.8 45.7 + 19.4" 51.4 + 19.6 54.1 + 18.0° 55.7 + 17.5°
TLCO, % predicted 5.8 51.9 + 20.3 39.8 + 18.3" 49.3 + 19.5 54.7 + 20.0" 58.4 + 19.8"
Current smokers 0.1 532 (25) 93 (36) 179 (27) 170 (20)° 90 (25)
Smoking history, pack-years 0.6 40 (19-62) 34 (14-55) 38 (17-60) 42 (19-64) 45 (22-70)°
Exacerbations = 2 1,065 (50) 141 (54) 334 (50) 409 (48) 181 (50)
mMRC = 2 986 (46) 129 (49) 281 (42) 392 (46) 184 (51)°
IPAQ, MET min/wk 3.7 2,718 (815-5,706) 2,623 (825-5,541) 2,772 (951-5,790) 2,778 (824-6,030) 2,079 (577-5,160)
EMWD

Meters 3.1 420 + 106 419 + 101 429 + 110 423 + 105 400 + 100°

% Predicted 3.1 65 + 16 63 + 16° 66 + 17 66 + 16 64 + 16
EMWW, kg/m 3.1 31,898 + 10,442 22,699 + 6,734" 29,295 + B827 34,182 + 9,888"° 38,151 + 4,620
Fibrinogen, g/L 10.1 2.4 (1.8-3.2) 2.3(1.8-3.2) 2.5(1.8-3.2) 2.5(1.8-3.3) 2.3 (1.7-3.1)
CRP, mg/dL 1.2 0.4 (0.2-0.7) 0.3 (0.1-0.6) 0.3 (0.1-0.6) 0.5 (0.2-0.8)" 0.5 (0.3-1.0)"
IL-6, pg/mL 7.2 2.9 (0.6-8.7) 2.0 (0.3-11.0) 2.8 (0.4-6.9) 3.0 (0.6-8.8) 3.8 (0.9-9.9)°
IL-8, pg/mL 7.2 8.3 (5.5-12.1) 9.1 (6.0-13.3) 8.1 (5.5-11.8) 8.3 (5.4-11.9) 7.8 (5.6-11.9)
TNFz, pg/mL 7.2 8.0 (4.9-12.4) 6.9 (4.1-11.7) 7.8 (4.9-11.6) 8.6 (5.3-13.3)° 7.8 (4.9-12.7)
WBC count, 10°/mL 1.7 7.6 (6.4-9.1) 7.6 (6.3-9.4) 7.5 (6.3-9.0) 7.7 (6.4-9.1) 7.6 (6.5-9.0)
SGRQ, points

Symptoms 0.6 56 + 21 57 + 20 55+ 22 55 + 22 57+ 21

Activity 0.7 58 + 26 60 + 25 56 + 27 56 + 25 64 + 23"

Impact 0.5 30+ 21 32+ 21 29 + 21 30 + 20 33 +22°

Total 0.9 43 + 20 45 + 20 42 + 20 42 + 20 47 + 20°
BODE index 5.7 2 (1-4) 4 (2-5)° 2 (1-4) 2 (1-3) 2 (1-3)
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Assessment Criteria of Cachexia

e Phenotypic
o Non-volitional weight loss
o Low body mass index
o Reduced muscle mass

e Etiologic
o Reduced food intake or assimilation

Disease burden/inflammatory condition

Clinical Nutrition 38 (2019) 1-9



Nutrition disorders and Nutrition-related conditions

Nutrition disorders and nutrition
related conditions

Re-feeding
syndrome

Micronutrient
abnormalities

Malnutrition/ Sarcopenia Overweight
Undernutrition and Frailty and Obesity

Fig. 1. Overview of nutrition disorders and nutrition-related conditions.

Clinical Nutrition 36 (2017) 49-64



Definition

Mechanism

Comorbid condition
Functional limitation
Inflammation

Fat mass

Protein degradation
Resting energy expenditure
Anorexia

Sarcopenia Cachexia

2 SD of young healthy 5% in
sutation, decreased muscle function 6 months

Aging Pathologic

+/- +++

++ +++

- ++
CIncreased> ecrease

I+ +++

Decreased Increased

+ 44

Gerontology (2014) 60 (4): 294-305.



Sarcopenia

Table |. 2018 operational definition ot sarcopenia

Probable sarcopenia is identified by Criterion 1.
Diagnosis is confirmed by additional documentation of Criterion 2.

If Criteria 1, 2 and 3 are all met, sarcopenia is considered severe.

) Sarcopenia

EUROPEAN WORKING GROUP ON SARCOPENIA IN OLDER PEOPLE 2 (EWGSOP2)



Sarcopenia

Table 1. 2018 operational definition of sarcopenia

Probable sarcopenia is identified by Criterion 1.
Diagnosis is confirmed by additional documentation of Criterion 2.

If Criteria 1, 2 and 3 are all met, sarcopenia is considered severe.

(1) Low muscle strength

(2) Low muscle quantity or quality Severe Sarcopenia
(3) Low physical performance

EUROPEAN WORKING GROUP ON SARCOPENIA IN OLDER PEOPLE 2 (EWGSOP2)



Prevalence of Sarcopenia in COPD Prevalence (95% CIl % Weight _Weight

Setting=Clinic-based |

e Brasio [55] 63 263 | - 24.0 [18.9-29.4) 16.2 10.9
MunHoz pa Rocua Lemos Costa [56] 15 121 - 12.4 (7.1-19.6] 4.5 9.9
LimeawatTana [57] 29 121 —— 24.0 116.7-32.6] 7.5 10.4
Lian [60] 27 96 | —— 28.1 [19.4-38.2] 6.6 10.3
Brun [59] 20 80 —— 25.0 [16.0-35.9] 5.1 10.0
Jones [63] 90 422 : 14.5 (11.8-17.5] 26.1 11.0
Fixed-effect model 1303 » 19.3 (17.2-21.6) 55.9 - -
Random-effects model |- 20.6 [15.6-26.6) b62.4
Heterogeneity: 1°=80%, ©=0.1339, p<0.01 '

Setting=Population-based I

Trasanoska [58] 70 882 : 7.9 16.2-9.9] 21.8 11.0
Boroa [61] 28 334 = 8.4 [5.6-11.9) 8.7 10.5
Fixed-effect model 1216 * 8.1 16.7-9.7) 3[] b - -
Random-effects model ’ 8.1 16.7-9.7) 21.5
Heterogeneity: 12=0%, t?=0, p=0.80 |

Setting=Nursing home-based :

Tasar [62] 22 33 : — 66.7 [48.2-82.0] 2.5 9.0
LanD! [64] 7 13 ' . 53.8 (25.1-80.8) 1.1 7.1
Fixed-effect model bé : —— 62.9 (48.1-75.5] 3.6 - -
Random-effects model ' ———— 62.9 (48.1-75.4] -- 16.1
Heterogeneity: 1°=0%, 1°=0, p=0.42 :

Fixed-effect model 2565 * 15.9 [14.4-17.5] 100.0 --
Random-effects model -"I-- : : | 21.6 [14.6-30.9) - 100.0

Heterogeneity: 17=94%, 12=0.5320, p<0.01

1
Residual heterogeneity: 12=72%, p<0.01 0 20 20 60 8O 100

Prevalence of sarcopenia in COPD patients

FIGURE ? Fixed- and random-effects meta-analysis results for the prevalence of sarcopenia in patients with COPD, according to population
setting. The authors directly provided the prevalence estimate for the study by Tasar et al. [62].

Eur Respir Rev 2019; 28: 190049



Clinical suspicion or positive
SARC-F

Lancet 2019; 393: 263646



SARC-F

Component Question Scoring
Strength How much difficulty do you have None = 0
in lifting and carrying 10 Ib? Some = 1
A lot or unable = 2
Assistance in How much difficulty do you have None = 0
walking walking across a room? Some = 1
A lot, use aids, or
unable = 2
Rise from a chair  How much difficulty do you have None = 0
transferring from a chair or bed?  Some =1

Climb stairs

Falls

How much difficulty do you have
climbing a flight of 10 stairs?

How many times have you fallen
in the past year?

A lot or unable
without help = 2

None = 0

Some =1

A lot or unable = 2

None = 0

1-3falls =1

>4 falls = 2

JAMDA 15 (2014) 630-634
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Clinical suspicion or positive No Reassess reqularly
SARC-F
.L Yes
Measure grip strength . Normal Assess other causes of
symptoms
Muscle Strength

Handgrip strength measurement
Quadriceps strength
Chair stand test

Lancet 2019; 393: 263646



Figure 1. JAMAR hydraulic hand dynamometer (A,B)



:

Figure 2. JAMAR hydraulic hand dynamometer measurement in a suitable position
(A.B)

Men Women

Grip strength (kg) <27 <16
Appendicular skeletal muscle <7 <5.§
mass divided by height® (kg/m?)

Gait speed (m/sec) =0-3 =0-8
Timed Up and Go test (sec) =20 =20

Values shown are those recommended by the European Working Group on
Sarcopenia in Older People (EWGSOP2).%

Table: Reference values used to diagnose sarcopenia




International Journal of Chronic Obstructive Pulmonary Disease Dove

ORIGINAL RESEARCH

)
Hand Grip Strength and Likelihood of
Moderate-to-Severe Airflow Limitation in the

General Population

Sunyoung Kim @', Hyoung Kyu Yoon {2, Chin Kook Rhee?, Hee-Won Jung®*, Hyun Lee
Yong Suk Jo®?

5

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 1237-1245



38,247 subjects in KNHANES aged = 40 years
with spirometry results (2014-2018)

.

15,950 subjects with hand grip result
(13,673 without AFL vs 2,277 with AFL)

1:1 propensity score matching

I
| |

Without AFL With AFL
(n=2,277) (n=2,277)

v

No hand Grip result (n = 22,297)




Without AFL

With AFL

32.9 + 9.5 kg

33.3 + 9.5 kg

1 l 1 l U

100 20 30 40 50 60 70
Hand grip strength, kg

:
80



Without AFL
With AFL
Mild

Moderate

Severe to VEry sCevere

1 32.9 + 9.5 kg

| 34.0 £ 9.6 kg

| 33.0 + 9.5 kg

— |

30.8 £ 8.5 kg

1 U I I 1 Ll 1
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Hand grip strength, kg



Table 2 Impact of Hand Grip Strength on the Risk of Moderate-to-5evere or Very Severe
Airflow Limitation

OR (95% CI)
Crude Model | Model 2
Hand grip® 0.99 (0.977-0.995)** 0.97 (0.951-0.987)** 0.97 (0.954-0.994)*
Hand gripb 0.99 (0.988-1.001) 0.98 (0.967-0.995)* 0.98 (0.968-0.999)*




Clinical suspicion or positive

No

SARC-F
¢ Yes

Reassess reqularly

Measure grip strength

Mormal

B

¢ Low

Assess other causes of
symptoms

Men Women
Grip strength (kg) <27 =16
Appendicular skeletal muscle <7 <L.§
mass divided by height® (kg/m”)
Gait speed (m/sec) <0-8 <0-8
Timed Up and Go test (sec) =20 =20

Values shown are those recommended by the European Working Group on
Sarcopenia in Older People (EWGS0P2).®

Table: Reference values used to diagnose sarcopenia

Lancet 2019; 393: 263646




Muscle Mass

Whole body Magnetic Resonance Imaging (MRI)
Computed Tomography (CT)

Dual-energy X-ray absorptiometry (DXA)
Bioelectrical Impedance Analysis (BIA)

Anthropometric measures (calf or mid-arm muscle circumference)



Muscle Mass

Whole body Magnetic Resonance Imaging (MRI)
Computed Tomography (CT)

Dual-energy X-ray absorptiometry (DXA)
Bioelectrical Impedance Analysis (BIA)

Anthropometric measures (calf or mid-arm muscle circumference)



TABLE 2 Appropriate measurements of body composition and surrogate markers in research and clinical practice

Variable

Research Clinical practice

Fat-free mass/fat mass

Intracellular mass
Muscle mass

Abdominal fat
Abdominal visceral fat
Bone mass and density

Muscle strength and related
physical performance

Deuterium dilution 5ingle-frequenc
Anthropometry [sym of four skin folds]
Deuterium dilution combined with bromide dilution equenc @

CT ED
MRI Ultrasonography
Biomarkers [i.e. Ds-creatine dilution] Biomarkers [i.e. creatine height index]
Anthropometry [mid-arm muscle circumference]
:
MRI Anthropometry [i.e. sagittal diameter and/or waist/hip
Biomarkers [i.e. PAI-1] circumference]
asonography
|sokinetic quadriceps strength One-repetition maximum
[Repetitive] magnetic stimulation Handgrip strength
Timed up-and-go test Timed up-and-go test
Stair-climb power test Stair-climb power test

Cycle ergometry

Eur Respir J 2014; 44: 1504-1520
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Name: 0, WEONIL
Patient ID: 14851996
Identifier 2: |

Postal Code: |

Sex: Male
Ethnicity: Asian
Height: 165.0 cm
Weight: 69.0 kg
DOB: 20.08.1948
Age: 75
Menopause Age: |
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Skeletal muscle

Original research

CT pectoralis muscle area is associated with DXA
lean mass and correlates with emphysema
progression in a tobacco-exposed cohort

Michael Emmet O'Brien @ ,' Richard H Zou @ ,' Nathan Hyre, Joseph K Leader,
Carl R Fuhrman,” Frank C Sciurba,' Mehdi Nouraie,' Jessica Bon'

Thorax 2023;78:394-401



Participants enrolled into study
(n=788)

Participants without
6-year follow-up visit
(n=529)

Participants with 6-year
longitudinal data
(n=259)

Participants without
6-year DXA imaging
(n=95)

Participants with B-year
longitudinal data and DXA
imaging (n=164)
Thorax 2023;78:394-401




Lung window Pectoralis muscle (red)

Lung window
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[ Original Research ] E CH EST

Longitudinal Association Between Muscle (@ swctoruaes
Loss and Mortality in Ever Smokers

Stefanie E. Mason, MD, MPH, Rafael Moreta-Martinez, MS,; Wassim W. Labaki, MD,; Matthew J. Strand, PhD;
Elizabeth A. Regan, MD, PhD, Jessica Bon, MD,; Ruben San Jose Estepar, MS, Richard Casaburi, PhD, MD,
Merry-Lynn McDonald, PhD,; Harry B. Rossiter, PhD,; Barry Make, MD,; Mark T. Dransfield, MD;

MeilLan K. Han, MD; Kendra Young, PhD, Jeffrey L. Curtis, MD; Kathleen Stringer, PharmD;

Greg Kinney, PhD,; John E. Hokanson, PhD,; Raul San Jose Estepar, PhD,; and George R. Washko, MD; —
for the COPDGene Investigators” |

CHEST 2022; 161(4):960-970



TABLE 1 | Characteristics of Study Participants at Enrollment

Characteristic ECLIPSE COPDGene
Sample size 1,760 9,268
Age, mean (SD), y 63.7 (7.1) 59.7 (9.0)
Male, No. (%) 1,136 (64.5) 4,991 (53.9)
Non-Hispanic White, No. (%) 1,719 (97.7) 6,188 (66.8)
Current smoker, No. (%) 630 (35.8) 4,859 (52.4)
Pack-years on study entry, median (IQR) 44.0 (30.0-60.0) 39.2 (27.1-54.4)
BMI, mean (SD) 26.5 (5.5) 28.8 (6.16)
Chronic oral steroid use, No. (%) 25 (1.4) 224 (2.4)
COTE index, median (IQR) 0 (0-1) 0 (0-1)
BODE index, mean (SD) 3.2 (2.2) 1.8 (2.3)

Pectoral muscle area, median (IQR), cm?
Men
Women
6-Min walk distance, mean (SD), m
FEV, percent predicted, mean (SD), %
Days monitored, median (IQR)
Deaths, No. (%)

38.37 (32.63-44.64)
26.10 (22.55-29.74)
367.2 (122.3)
48.0 (15.7)
2,395 (1,095-2,921)
510 (29.0)

48.55 (40.12-58.86)
30.13 (25.36-36.01)
412.2 (121.5)

76.8 (25.3)
3,454 (1,767-3,899)
1,922 (20.7)

CHEST 2022; 161(4):960-970
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Clinical suspicion or positive

No

Reassess reqularly

SARC-F
¢ Yes

Measure grip strength

B

Mormal

Assess other causes of
symptoms

¢ Low

Sarcopenia probable*

In clinical practice, this is
enough to trigger assessment
of causes and start intervention

.

Measure muscle mass
DXA or alternatives

Normal

l Low

Lancet 2019; 393: 263646



Physical Performance

Low gait speed
Short Physical Performance Battery (SPPB)
Timed Up and Go (TUG) test

6-minute walk test



Clinical suspicion or positive | No Reassess reqularly
SARC-F >

,L Yes
Measure grip strength . Normal Assess other causes of

symptoms

.$ Low

Sarcopenia probable®
pemap i Men Women

i Grip strength (kg) <27 <16
Measure muscle mass | Appendicular skeletal muscle <7 <55
DXA or alternatives mass divided by height® (kg/m~)

l, Low Gait speed (m/sec) <0-8 <0-8
ST TR || Timed Up and Go test (sec) =20 =20

¢ Values shown are those recommended by the European Working Group on
e el s e Sarcopenia in Older People (EWGSOP2).2
Gait speed, TUG

] Table: Reference values used to diagnose sarcopenia
ow

Severe sarcopenia

Lancet 2019; 393: 263646




AWGS 2019 algorithm for sarcopenia

Primary health care or community preventive services settings

o or » SARC-Fz4

or » SARC-CalfF =11

Finding

» Calf circumference (M: <34 cm, F: <33 cm)

v '

Muscle strength or  Physical performance

» Handgrip strength » 5-time chair stand test (212 s)
(M: <28 kg, F: <18 kg)

'

“Possible sarcopenia”

|

Lifestyle modifications

in diet and exercise

JAMDA 21 (2020) 300-307

Refer to confirm
diagnosis

T —

Acute to chronic health care or clinical research settings

Presence of any of the following clinical conditions:

» Functional decline or limitation; unintentional weight loss;
depressive mood; cognitive impairment; repeated falls; malnutrition

» Chronic conditions (heart failure, chronic obstructive pulmonary

Case disease, diabetes mellitus, chronic kidney disease, etc)

Finding

If no clinical conditions above are present:

» Calf circumference (M: <34 cm, F: <33 cm)
or » SARC-F 24
or » SARC-CalF =11

r Muscle strength
*» Handgrip strength (M: <28 kg, F: <18 kg)

Physical performance
» B-metre walk: <1.0 m/s

Diagnosis ‘< or » 5-time chair stand test: 212 s
or » Short Physical Performance Battery: =9

Appendicular skeletal muscle mass (ASM)
» Dual-energy X-ray absorptiometry (M: <7.0 kg/m?, F: <5.4 kg/m?)
or » Bicelectrical impedance analysis (M: <7.0 kg/m?, F: <5.7 kg/m?)

\
Sarcopenia Severe sarcopenia
Low ASM + low muscle strength Low ASM + low muscle strength
OR Low physical performance AND Low physical performance



Frailty

“a medical syndrome with multiple causes and contributors that
IS characterized by diminished strength, endurance, and
reduced physiological function that increases an individual's

vulnerability for developing increased dependency and/or death”
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Frailty

“a medical syndrome with multiple causes and contributors that
IS characterized by diminished strength, endurance, and
reduced physiological function that increases an individual’s

vulnerability for developing increased dependency and/or death”



Reduced physiological reserves

N 7D ®

Cardiovascular Respiratory Brain
Hypertension, Chronic lung disease  Cognitive impairment,
cor pulmonale mental health
&) D) D g
Immune Endocrine Musculoskeletal
Systemic inflammation, Diabetes, IGF Osteoporosis,
bacterial colonisation,  signalling pathway weakness,
innate immunity dysfunction low muscle mass

Additional contributing factors

oy g8 N

i o —
Physical activity Exercise Smoking
Inactive/sedentary Fitness limited by Prior or ongoing
lifestyle dyspnoea exposure
El &8
Polypharmacy Nutrition Body composition
Accumulation Poor dietary intake Underweight/
OF EXCEsS overweight,

sarcopenia, adiposity

'

Frailty#
Increased risk of adverse outcomes
Falls, admissions, institutionalisation, mortality

Eur Respir J 2023; 62: 2300442



Function

Independent

Dependent

Mot frail

Time

Stressor
(e.g. exacerbation)

Duration

Eur Respir J 2023; 62: 2300442



Frailty and Clinical Outcomes in Chronic Obstructive

Pulmonary Disease

Cassie C. Kennedy', Paul J. Novotny®, Nathan K. LeBrasseur®, Robert A. Wise®, Frank C. Sciurba®, Roberto P. Benzo',
and the NETT Research Group*

"Division of Pulmonary and Critical Care Medicine, Robert D. and Patricia E. Kern Center for the Science of Health Care Delivery, “Health
Sciences Research-Biomedical Statistics and Informatics, and *Department of Physical Medicine and Rehabilitation, Mayo Clinic,
Rochester, Minnesota; “Division of Pulmonary and Critical Care Medicine, Johns Hopkins Bayview Medical Center, Baltimore, Maryland:
and ®Division of Pulmonary, Allergy, and Critical Care Medicine, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania

Ann Am Thorac Soc. 2019; 16: 217-224



1. Exhausted? Do you feel worn
out most or all of
the time?

Yes —» 1point — Else 0 points

2. Inactive? Lower extremity Yes —» 1point —» Else 0 points
excercise < 60
minutes/week?

3. Wasting? BMI current

<095 Yes —>» 1point — Else 0 points
BMI one year ago
4. Slow? Height<ise 4 SMWD=770
{cm faet 1 point
Q Height >159
em & MWD < 900
+ feet —» 1 point —» Else 0 points
Height =173
cm
O” 4+ SMWD<770 |
Height <173 feet —» 1 point
cm
5. Weakness? MIP <60% Yes —» 1 point —» Else 0 points
or
MEP <50%

Ann Am Thorac Soc. 2019; 16: 217-224



100 A
90 A
80 -
?D - ey
60 -
©
=
e 90 -
=
w
40 A
30 -
Frail Phenotype: 12 Months:Final Events/Total Median (95% CI) HR (95% CI)
20 A Normal 85/278 3.9 (3.4-5.0) Reference
-—-- Pre-Frail 169/547 3.9 (3.7-4.3) 1.04 (0.80-1.35)
10 A oo Frail 37/57 2.5 (2.1-3.4) 1.86 (1.26-2.76)
Logrank P-value: 0.003
0 - T T T
0 1 2
Years
Patients-at-Risk
Normal 278 235 167
Pre-Frail 547 487 320
Frail 57 47 30

Ann Am Thorac Soc. 2019; 16: 217-224



100 -

Frail Phenotype: 12 Months:Final Events/Total Median (95% CI) HR (95% ClI)
Q0 4 Normal 67/250 NE (2.8-NE) Reference
———- Pre-Frail 163/498 2.8 (2.3-NE) 1.25 (0.94-1.66)
80 4 - Frail 27/51 1.5 (1.0-NE) 2.18 (1.39-3.41)
Logrank P-value: 0.002
?0 1
3 60 -
N
S _ |
s S04
w
o
L 40 - m—————-
== |
B n !
s %17 b ceem s —
o jremTmemmeeeseees
20 - _______
10 -
i___ﬁ
D 1
T T I
0 1 2
Years
Patients-at-Risk
Normal 250 155 63
Pre-Frail 498 288 121
Frail 51 27 6

Ann Am Thorac Soc. 2019; 16: 217-224



Poor nutrition

Reduced
dietary intake

Pulmonary
cachexia

Sarcopenia

Systemic
inflammation

Inactivity
Low FFM

Frailty

Reduced physical
function

Malnutrition in COPD

J Thorac Dis. 2019 Oct; 11(Suppl 17): $2230-S2237.



Management

Box | Ways to Minimize Modifiable Etiological Factors

Encourage smoking cessation

Consider oxygen therapy to treat hypoxemia
Consider non-invasive ventilation to treat hypercapnia

Increase physical activity
Improve dietary intake
Guide energy conservation
Reduce alcohol consumption
Treat comorbidities

Optimize medical treatment

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 2957-2976



Management

Box 2 Multimodal Interventions for Cachexia in COPD

Nutritional Supplementation Exercise Training

® A diet with at least 1.2 grams of protein per kg |® Resistance training: |2 weeks, at least 2-3 sessions per week, at progressive loads of 30—
of body weight 90% of one-repetition maximum®

® High-quality proteins (casein, leucine, whey |® Endurance training: 8 weeks, at least 2-3 (|-hour) sessions per week, at >40% of maximal
protein) work rate (cycling) or >75% of walking speed achieved during 6MWT or peak speed

® Smaller portions spread over the day achieved during incremental shuttle walk test (walking).

® Poly unsaturated fatty acids might enhance the

effects of exercise training

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 2957-2976



Nutritional supplementation versus no supplementation (FFM)

Study or subgroup SMD#sE Weight IV, random, 95% ClI IV, random, 95% CI

AHMADI 2020 0.5321+0.3076 5.5% 0.53 (-0.07-1.13) T

ALDHAHIR 2021 -0.2467+0.3028 5.5% -0.25 (-0.84-0.35) —

BALDI 2010 0.6313+0.4036 4.3% 0.63 (-0.16-1.42) +—

BEIJERS 2020 -0.9738+0.4677 3.6% -0.97 (-1.89--0.06)

BROEKHUIZEN 2005 0.0461+0.2239 6.7% 0.05 (-0.39-0.48) -

DAL NEGRO 2010 2.193+0.459 3.7% 2.19(1.29-3.09) —_

DAL NEGRO 2012 -0.0521+0.2132 6.8% -0.05 (-0.47-0.37) =

DEACON 2008 0.0372+0.2239 6.7% 0.04 (-0.40-0.48) —+—

DE BENEDETTO 2018 0.0225+0.2108 6.9% 0.02 (-0.39-0.44) o

De BisscHoP 2021 0.1545+0.2842 5.8% 0.15 (-0.40-0.71)  a

ENGELEN 2022 0.9358+0.4767 3.6% 0.94 (0.00-1.87)

FuLp 2005 1.0278+0.4329 4.0% 1.03(0.18-1.88) e

HAMADA 2018 -0.2399+0.351 4.9% -0.24 (-0.93-0.45) —

INGADOTTIR 2019 -0.5086+0.3751 4.6% -0.51(-1.24-0.23) —

PIRABBASI 2016 0.1742+0.3503 4.9% 0.17 (-0.51-0.86) —t—

STEINER 2003 -0.3525+0.264 6.1% -0.35(-0.87-0.16) —t

SUGAWARA 2012 0.2212+0.3622 4.8% 0.22 (-0.49-0.93) —1—

VAN DE BooL 2017 0.461+0.26 6.1% 0.46 (-0.05-0.97) t——

VERMEEREN 2004 -0.037+0.3051 5.5% -0.04 (-0.63-0.56) -

Total (95% Cl) 100% 0.16 (-0.06-0.39) 4y

Heterogeneity: 12=0.15; Chi?=48.32, df=18 (p=0.0001), 12=63%

Test for overall effect: Z=1.41 (p=0.16) T T T T
-4 -2 0 2 4

Favours control Favours intervention

ERJ Open Res 2023; 9: 00102-2023



Nutritional supplementation versus no supplementation (FFM)

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Weight IV, Random, 95% ClI IV, Random, 95% CI
2.3.1 Depleted

Baldi 2010 06313 04036 4.3% 063 [0.16,1.42)] .

Dal Negro 2010 2193 0459 37% 219[1.29, 3.09] -
Dal Negro 2012 -0.0521 02132 6.8% -0.05 [-0.47, 0.37) —

van de Bool 2017 0.461 026 6B1% 0.46 [-0.05, 0.97] |
Yermeeren 2004 -0.037 03051 55% -0.04 [-0.63, 0.56] .
Subtotal (95% Cl) 26.5% 0.56 [-0.07, 1.20] —
Heterogeneity: Tau®= 0.41; Chi*= 21.94, df= 4 (F = 0.0002); F=82%

Test for overall effect. Z=1.74 (P = 0.08)

2.3.2 Non-depleted

Ahmadi 2020 04321 03076 55% 0583 [-0.07,1.13] T
Aldhahir 2021 -0.2467 0.3028 55% -0.25 [-0.84, 0.39] .
Beijers 2020 -0.9738 04677 36% -0.97 [-1.88,-0.06] S
EBroekhuizen 2005 0.0461 02239 B.7% 0.05 [-0.39, 0.48] 1
Deacon 2008 00372 02239 67% 0.04 [-0.40, 0.48] B

De Benedefto 2018 0.0225 02108 B.9% 0.02 [-0.39, 0.44] -

De Bisschop 2021 01545 0.2842 58% 0.15[-0.40,0.71] N R
Engelen 2022 09358 04767 36% 0.94 [0.00,1.87

Fuld 2005 1.0278 04329 40% 1.03[0.18,1.88] E—
Hamada 2018 -0.2399 0351 489% -0.24 [-0.93, 0.44] — T
Ingadottir 2019 -0.5086 03751 46% -0.51 1.24,0.23] —T
Pirabbasi 2016 01742 03503 49% 017 [-0.51, 0.88] B e
Steiner 2003 -0,3525 0264 B1% -0.35 0,87, 0.16] T
Sugawara 2012 02212 03622 48% 0.22 [-0.48,0.93] B R
Subtotal (95% CI) 73.5% 0.04 [-0.17, 0.25] ’
Heterogeneity: Tau*= 0.07; Chi*= 22.43, df=13(P=0.09) = 42%

Testfor overall effect Z=036 (P=0.72)

Total (95% Cl) 100.0% 0.16 [-0.06, 0.39]
Heterogeneity: Tau*=0.15; Chi*= 48.32, df=18 (P = 0.0001); F=63%

Test for overall effect Z=1.41 (FP=0.16)

Test for subaroun differences: Chitf= 2.35. df=1 (P=012). F=57.9%

Favours [Control] Favours [Intervention]

ERJ Open Res 2023; 9: 00102-2023



Std. Mean Difference

Nutritional supplementation versus no supplementation (FFM)

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
2.5.1 Macronutrient targeted supplementation

Ahmadi 2020 05321 03076 55% 053[F0.07,1.13]

Aldhahir 2021 -0.2467 0.3028 5.5% -0.25 [-0.84, 0.35] —

Baldi 2010 0.6313 0.4036 4.3% 063 [0.16,1.42] -
Ingadottir 2019 -0.5086 0.3751 4. 6% -0.51 [F1.24,0.23] .

Steiner 2003 -0.3525 0.264 6.1% -0.35 [-0.87, 0.16] -
Sugawara 2012 0.2212 0.3622 4.8% 0.22[-0.49, 093] .
van de Bool 2017 0.461 026 B1% 0.46 [-0.05, 0.97] |
Yermeeren 2004 -0.037 0.3051 55% -0.04 [-0.63, 0.56] .
Subtotal (95% CI) 42.4% 0.08 [-0.22, 0.38] *
Heterogeneity: Tau®*= 0.08; Chi*=12.78, df=7 (P=0.08), F= 45%

Test for overall effect: Z=0.53 (P = 0.60)

2.5.2 Amino acids

Dal Megro 2010 21893 0459 37% 219[1.29, 3.09] —_—
Dal Megro 2012 -0.0521 0.2132 6.8% -0.05[-0.47, 0.37] —

De Bisschop 2021 0.1545 0.2842 5.8% 0.15[-0.40, 0.71] .
Firabhasi 2016 0.1742 0.3503 4.9% 017 [F0.51, 0.86] -
Subtotal (95% Cl) 21.3% 0.54 [-0.24, 1.33) -l
Heterogeneity: Tau®=0.53; Chi*= 20.07,df=3 (P=0.0002); F=85%

Test for overall effect Z=1.35 (P =0.18)

2.5.5 Polyunsaturated fatty acids

Broekhuizen 2005 0.0461 02239 67% 0.05[-0.39, 0.48] -1
Engelen 2022 0.9358 04767 36% 0.94 [D.00,1.87] —
Subtotal (95% Cl) 10.2% 0.39 [-0.46, 1.24] ~l—
Heterogeneity Tau®= 0.26; Chi®= 2.85, df=1 (P = 0.09); F= 65%

Testfor overall effect: Z=090 (P =0.37)
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Chronic obstructive pulmonary disease

ORIGINAL ARTICLE

Sarcopenia in COPD: prevalence, clinical correlates
and response to pulmonary rehabilitation

Sarah E Jones," Matthew Maddocks,” Samantha S C Kon,' Jane L Canavan,’
Claire M Nolan,"* Amy L Clark,® Michael | Polkey,' William D-C Man'->

Thorax 2015;70:213-218



Low function

Sarcopenia =285
45.8%
Meither
low SMI nor
function
n=220
39.4%

Thorax 2015;70:213-218



Table 2 Comparison of response to pulmonary rehabilitation between sarcopenic and propensity-matched patients with non-sarcopenic COPD
expressed as mean (95% Cl)

Baseline Change with PR
Non-sarcopenic Sarcopenic p Value Non-sarcopenic Sarcopenic p Value

Mean age (years (SD))* 72 (11) 73 (8) 0.733 - - -
Gender* (M:F) 25:18 28:15 0.508 - - -
FEV'% predicted* 45.1 (39.2 to 51.0) 43.5 (37.4 to 50.2) 0.728 - - -
MRC* 3(3.3t03.9) 3(3.0to0 3.6) 0.275 —0.8 (-1.1 t0 —0.5) —0.7 (-1.0 to —0.3) 0.495
Weight (kg) 77.3 (77.0 to 81.4) 57.9 (53.9 to 62.2) =<0.001 0.0 {(—0.6 to 0.6) —0.1 (0.5 to 0.3) 0.616
BMI (kg/m) 28.7 (27.3 to 30.0) 21.3 (20.1 to 22.5) =<0.001 0.0 (—0.3 t0 0.2) 0.0 (—0.3 to 0.1) 0.723
SMM (ka) 23.9 (22.1 to 25.6) 19.1 (17.6 to 20.7) =<0.001 0.1 (—0.3 to 0.5) 0.3 (0.0 to 0.7) 0.363
SMI (kg/m?) 8.8 (8.3109.3) 7.0 (6.6 to 7.3) <0.001 0.0 (—0.1 t0 0.2) 0.1 (0.0 to 0.2) 0.431
Handgrip (kq) 25.7 (22-8 to 28.4) 21.2 (19.2 to 23.3) 0.021 1.6 (0.5 to 2.6) 21(1.3t02.9) 0.516
QMVC (kqg) 25.7 (23.0 to 28.3) 19.9 (17.9 to 22.3) 0.003 0.9 (—1.1 t0 3.5) 1.4 (0.3 to 3.7) 0.646
QMVC % predicted 60.0 (55.3 to 64.4) 55.1 (50.1 to 60.3) 0.164 1.1 (-3.7 t0 6.5) 3.8 (0.4 to 9.8) 0.574
4MGS (mis) 0.86 (0.80 to 0.91) 0.83 (0.77 to 0.89) 0.511 0.11 (0.07 to 0.14) 0.12 (0.08 to 0.16) 0.552
55TS (s) 15.5 (13.6 to 18.4) 18.1 (13.2 to 28.8) 0.186 —-2.9(-4.1 to —-1.6) —1.7 (-3.9 t0 0.0) 0.517
SPPB 9(8.41t09.8) 9 (8.0 to 9.4) 0.386 1.0 (10.51 to 1.5) 0.9 (0.4to01.4) 0.746
ISWT (m)* 168 (139 t0 197) 194 (158 to 232) 0.284 40 (30 to 60) 50 (40 to 80) 0.214
CAT 20,0 (17.5t0 22.2) 23.8 (21.3 to 26.4) 0.031 —3.0 (—4.4 to —-1.5) —4.7 (—6.9 to —-2.3) 0.236
SGRQ

Symptoms 64.6 (58.3 to 70.9) 68.5 (3.5 to 74.1) 0.360 —-9.7 (173 t0 -2.4) —7.85 (-12.0 to —3.6) 0.675
Activity 71.8 (64.6 to 79.1) 73.7 (68.4 to 78.9) 0.685 —5.7 (104 to -1.5) —5.66 (—10.7 to —0.4) 0.994
Impact 38.1 (32.0 to 44.5) 39.9 (34.3 to 45.7) 0.668 —-7.9(12.0 to -3.7) —7.27 (-10.8 to —-3.7) 0.821
Total 52.7 (47.3 to 58.4) 54.9 (50.1 to 60.1) 0.570 —6.3 (—9.5 to —3.0) —6.81 (-10.1 to —3.4) 0.836

Thorax 2015;70:213-218



>

4-metre gait speed (m/s)
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DISEASE/
TREATMENT

RELATED
\ FACTORS /

inflammation

Gerontology (2014) 60 (4): 294-305.



Effects of Testosterone and Resistance Training in Men
with Chronic Obstructive Pulmonary Disease

Richard Casaburi, Shalender Bhasin, Louis Cosentino, Janos Porszasz, Attila Somfay, Michael I. Lewis,
Mario Fournier, and Thomas W. Storer

Division of Endocrinology and Molecular Medicine, Drew University of Medicine and Science; Division of Pulmonary and Critical Care Medicine,
Cedars-Sinai Medical Center, Los Angeles; Rehabilitation Clinical Trials Center, Los Angeles Biomedical Research Institute at Harbor-UCLA

Medical Center and Exercise Sciences Laboratory, El Camino College, Torrance, California

Am J Respir Crit Care Med. 2004 Oct 15;170(8):870-8



Weight Change (kg)

(O ENE + no training
(O EIONE + resistance training

\' placebo + resistance training
placebo + no training

Am J Respir Crit Care Med. 2004 Oct 15;170(8):870-8



A Lean Body
Mass (kg)
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A Fat Mass (kg)
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Placebo Testosterone
No Training

*
Placebo Testosterone
Strength Training

Am J Respir Crit Care Med. 2004 Oct 15;170(8):870-8



Skeletal muscle

©®

OPEN ACCESS

Original research

Selective androgen receptor modulation for muscle
weakness in chronic obstructive pulmonary disease: a
randomised control trial

Divya Mohan,' Harry Rossiter @ ,* Henrik Watz,® Charles Fogarty,”

Rachael A Evans @ ,>William Man @ ,° Maggie Tabberer,” Misba Beerahee,®
Subramanya Kumar,” Helen Millns,® Sebin Thomas,” Ruth Tal-Singer,'® Alan J Russell,’

Marie Claire Holland," Chika Akinseye,® David Neil,' Michael | Polkey @ "

Thorax 2023;78:258-266
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200 participants screened

103 participants failed screening

* FEV, (n=31)
+ SPPB
»  « BMI
* PSA
1 participant = * | « Liver function abnormalities
randomized in error - 97 participants randomized b gge
; : » Other
did not receive any treatment |
Female Female Male Male
Placebo GSK2881078 Placebo GSK2881078
23 24 24 25

v

v

4

v

21 completed

1 stopping criteria reached
1 subject withdrawal

18 completed

2 adverse event

1 lost to follow-up

1 physician decision
2 subject withdrawal

18 completed
5 adverse event
1 subject withdrawal

20 completed

1 stopping criteria reached
3 adverse event

1 physician decision

Thorax 2023;78:258-266



Percent change from baseline >

in 1-RM leg strength

Sex: Female B Sex: Male
25 - o 254
L=
20 - o _ 20-
m -—
o 2
15 EQ
S5
)
10 A 'JE% @
O =
5 - 5 @
€ C
0 8
€
o
-5 B ] I 1 ] _5 B ] ] I
Baseline Day 28 Day 56 Day 90 Baseline Day 28 Day 56 Day 90
Female* Male*
GSK2881078
Placebo GSK2881078 Placebo Baseline
(N=21) (N=21) (N=23) (N=23)
Change at Change at Treatment Change at Change at Treatment
day 90 day 90 difference day 90 day 90 difference (N=21)
adjusted adjusted (N=21) at adjusted adjusted at
Efficacy Baseline mean Baseline mean day 90 Baseline mean Baseline mean day 90
measure mean (SD)t  (90%Cl)t mean (SD)t  (90%Cl)t (90% ClI) mean (SD)t  (90%Cl)t mean (SD)t  (90%Cl)t (90% C1)
1-RM (kg) 109.2 123 120.0 203 8.0 168.8 14.2 202.3 26.0 1.8
(40.12) (5.1t0 19.6) (45.81) (12.8t027.8) (-2.5t0184) (55.11) (5.5 t0 22.9) (59.79) (17.7t034.3) (-0.5, 24.0)
1-RM (% - 12.8 - 17.9 5.2 - 7.2 - 14.2 7.0
change from (5.9 t0 19.6) (10.9t0 25.0) (-4.7,15.0) (2.5t011.8) (9.7t018.6) (0.5t013.6)
baseline)

Thorax 2023;78:258-266



Percent change from baseline O
in total lean body mass (%)

Percent change from baseline ©
in total lean body mass (%)

-2 - -9
-4 -4
-6 14 1 T 1 -6 14 1 1 T
Baseline Day 28 Day 56 Day 90 Baseline Day 28 Day 56 Day 90
—e— (GSK2881078 1.0 mg —e— Placebo —e— GSK2881078 2.0 mg —e— Placebo
Table 3 Change in efficacy measures
Female* Male*
GSK2881078
Placebo GSK2881078 Placebo Baseline
(N=21) (N=21) (N=23) (N=23)
Change at Change at Treatment Change at Change at Treatment
day 90 day 90 difference day 90 day 90 difference (N=21)
adjusted adjusted (N=21) at adjusted adjusted at
Efficacy Baseline mean Baseline mean day 90 Baseline mean Baseline mean day 90
measure mean (SD)t  (90%CI)t mean (SD)t  (90%Cl)t (90% ClI) mean (SD)t  (90%Cl)t mean (SD)t  (90%Cl)t (90% C1)
tLBM (kg) 36.6 -05 36.9 1.6 2.1 51.4 -04 524 1.7 2.1
(5.04) (-1.11t00.00 (4.99) (1.0t0 2.2) (1.3t03.0) (8.41) (-1.3t004) (7.09) (0.9t0 2.5) (1.0t0 3.3)
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Table 3 Change in efficacy measures

Female* Male*
G5K2881078
Placebo GSK2881078 Placebo Baseline
(N=21) (N=21) (N=23) (N=23)
Change at Change at Treatment Change at Change at Treatment
day 90 day 90 difference day 90 day 90 difference (N=21)
adjusted adjusted (N=21) at adjusted adjusted at
Efficacy Baseline mean Baseline mean day 90 Baseline mean Baseline mean day 90
measure mean (SD)t  (90%CI)t mean (SD)t  (90% Cl)t (90%CI) mean (SD)t  (90% CI)t mean (SD)t  (90% CI)t (90%Cl)
SPPB score 9.5 0.3 9.6 0.5 0.2 1041 0.4 99 0.5 0.1
(1.47) (—0.2,0.7) (1.56) (0.0, 1.0) (-0.4,0.9) (1.20) (0.0, 0.8) (1.29) (-0.5t00.8 (-0.51t00.6)
5575 (s) 16.2 -1.1 15.6 -23 -1.0 13.7 1.1 139 -08 -19
(6.51) (-2.2t00.1) (5.14) (-33t0-08) (-2.71t00.8) (2.24) (-12t035) (2.34) (-3.1t015 (-52t01.3)
4mGS (s) 4.60 0.0 45 -041 -0.0 4.5 0.1 4.6 -04 -0.2
(1.08) (-04t00.3) (1.19) (-0.5t003) (-0.6,05) (1.06) (0.4, 0.1) (1.11) (-0.6 to=0.2) (-0.5,0.1)
ESWT (s) 2246 —-b.5 316.1 4.6 111 253.4 1051 297.0 —44.2 -149.3
(78.93) (-51.9t0 38.8) (251.91) (—45.0t0 54.1) (-57.1t079.2) (121.42) (12310 197.9) (116.39) (-132.1 to0 (—280.6to 18.1)
43.6)
ISWT (m) 318 -10.5 363.8 -17.2 —-b.7 3413 —-1.5 399.1 —42.3 —34.8
(106.38) (—-35.5t0 14.4) (144.41) (42910 84) (-42.7t0292) (105.41) (—34.2 10 19.3) (143.75) (-67.6 to (-72.0to 2.4)
-16.9)
CAT score 20.2 -1.3 18.1 -2.2 -09 17.6 -1.4 16.7 0.8 2.2
(6.08) (-26t00.1) (b6.86) (-36t0-0.7) (-29t01.1) (6.18) (-3.0t00.1) (6.98) (-0.7t0 2.3) (0.0to4.5)
SGRQ-Cscore 484 -39 418 -0.9 3.0 43.5 1.7 39.5 0.4 2.1
(15.88) (-6.8t0-1.0) (13.69) (-41t023) (-1.41t07.4) (14.89) (-491t015) (16.69) (-0.26t034) (-2.3t06.5)
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Table 2 Safety summary (safety population)

Female Male
Placebo G5K2881078 Placebo G5K2881078
Frequency of events (percentage of overall group)* (N=23) (N=24) (N=24) (N=25)
Any event 19 (83%) 20 (83%) 17 (71%) 19 (76%)
Any severe AEs 1 (4%) 3 (13%) 3 (13%) 2 (8%)
AEs leading to withdrawal 0 2 (8%) 5 (21%) 4 (16%)
Drug-related AEs leading to withdrawal 0 1 (4%) 0 3 (12%)
Drug-related AEs 1 (4%) 3 (13%) 1 (4%) 4 (16%)
Any SAEs 1 (4%) 2 (8%) 2 (8%) 0
Drug-related SAEs 0 0 0 0
Any AEs of special interest 3 (13%) 6 (25%) 5 (21%) 3 (12%)
Fatal SAEs 0 0 0 0
SAEs
Diverticulitis 0 0 1 (4%) 0
Infective exacerbation of COPD 1 (4%) 0 0 0
Myocardial infarction 0 1 (4%) 0 0
Cholecystitis 0 1 (4%) 0 0
Adenocarcinoma of colon 0 0 1 (4%) 0
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TABLE 1 Metabolic phenotypes

Metabolic phenotype

Definition

Clinical risk

Obesity
Morbid obesity

Sarcopenic obesity
Sarcopenia
Cachexia

Precachexia

BMI 30-35 kg-m™
BMI >35 kg-m™

BMI 30-35 kg-m™2 and SMI <2 sp below mean
of young M and F reference groups [5]
SMI <2 spb below mean of young M and F
reference groups
Unintentional weight loss =5% in 6 months
and FFMI <17 kg-m™? (M) or <15 kg-m™ (F)
Unintentional weight loss >5% in 6 months

Increased cardiovascular risk
Increased cardiovascular risk
Impaired physical performance
Increased cardiovascular risk
Impaired physical performance
Increased mortality risk
Impaired physical performance
Increased mortality risk
Impaired physical performance
Increased mortality risk

288 FMAM
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