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Abstract

Introduction Alterations in body composition are com-

monly present in chronic obstructive pulmonary disease

(COPD). The hypothesis of this study is that COPD

patients would achieve clinical benefits after pulmonary

rehabilitation (PR) independent of muscle mass depletion

or body weight.

Methods We conducted a retrospective cohort study using

single-frequency bioelectrical impedance analysis (BIA) for

assessment of fat-free mass (FFM) depletion (muscle

depletion). Patients were stratified into three categories

based on (1) obesity BMI C 30 kg/m2, (2) non-obesity

BMI\ 30 kg/m2, and (3) combined cachexia (BMI\
21 kg/m2 and FFM index\ 16 kg/m2) and muscle atrophy

(BMI C 21 kg/m2 and FFMI\ 16 kg/m2). PR outcomes

were defined as the improvement in exercise capacity

(maximal exercise capacity, 6-min walk, constant workload

cycle exercise duration) and quality of life determined by

Chronic Respiratory Questionnaire after PR.

Results We studied 72 patients with available FFM mea-

sured by BIA. Patients were predominantly elderly man

(N = 71; 98%), with a mean age of 72 years with COPD

GOLD stage I–IV. The groups were balanced in terms of

age, comorbidities, baseline FEV1, exercise capacity, and

quality of life. The absolute changes in patients with

muscle depletion or obesity compared to those without

muscle depletion or obesity were not statistically different

as was the percentage of patients reaching the minimal

clinically important difference (MCID) after PR.

Conclusion A comprehensive PR program in COPD

patients improved exercise tolerance and quality of life

independent of muscle mass depletion or obesity. Simi-

larly, muscle depletion or obesity had no effect on the

percentage of patients achieving the MCID for measures of

quality of life and exercise tolerance after PR.

Keywords Muscle mass depletion � Body composition �
Bioelectrical impedance analysis � Chronic obstructive

pulmonary disease � Pulmonary rehabilitation

Abbreviations

COPD Chronic obstructive pulmonary disease

FFM Fat-free mass

FFMI Fat-free mass index

BMI Body mass index

BIA Bioelectrical impedance analysis

Kg Kilogram

M Meter

MIET Maximal incremental exercise test

6MWT 6-min walk test

CWET Constant workload cycle endurance time at

70% of the maximal work capacity obtained

during the incremental exercise test

CRQ Chronic Respiratory Questionnaire
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GOLD Global Initiative for Chronic Obstructive Lung

Disease

FEV1 Forced expiratory volume in 1 s

MCID Minimal clinically important difference

DEXA Dual-energy X-ray absorptiometry

ANOVA Analysis of variance

DLCO Diffusing capacity of the lung for carbon

monoxide

PRP Pulmonary rehabilitation program

Introduction

Alterations in body composition (depleted or obese) are

commonly present in chronic respiratory diseases. This has

been observed in numerous clinical studies especially in

individuals with chronic obstructive pulmonary disease

(COPD). Measurement of body weight or body mass index

(BMI) may not accurately reflect changes in body com-

position in chronic respiratory disease such as COPD.

Body weight consists of fat mass and fat-free mass (FFM),

which includes water and body cell mass (bones, organs,

muscle). An estimation of body cell mass can be performed

by measurement of FFM in clinically stable patients [1].

Cachexia and/or muscle depletion are characterized by

FFM depletion, which can be estimated using skinfold

anthropometry, bioelectrical impedance analysis [2], or

dual-energy X-ray absorptiometry (DEXA; which deter-

mines lean non-fat, non-bone mass) [3]. FFM measurement

by bioelectrical impedance analysis is easy to perform and

has shown significant correlations to reference methods

such as magnetic resonance imaging [4] or deuterium

dilution [5]. FFM depletion or skeletal muscle wasting is

commonly found in underweight patients; however, it may

also occur in normal-weight, overweight, or even obese

patients [6, 7].

The association between low body mass index and

worsening prognosis is a common clinical observation in

COPD patients [8–10]. On the opposite side of the weight

spectrum, despite a paradoxical potential mortality benefit

[11], obese patients with COPD have greater symptom

burden and reduced exercise tolerance compared to nor-

mal-weight patients with a similar degree of airflow

obstruction. Pulmonary rehabilitation is a comprehensive

non-pharmacological treatment including exercise, nutri-

tional improvement, psychological counseling, education

on the nature of disease progression, prevention of exac-

erbating factors, and breathing strategies, which leads to

improvement in important clinical outcomes such as

quality of life, dyspnea, and exercise capacity in COPD

patients [12]. We hypothesize that COPD patients will

achieve the same clinical benefits after pulmonary reha-

bilitation independent of fat-free muscle mass depletion or

obesity. Thus, the objective of this study is to assess the

influence of FFM depletion assessed by bioelectrical

impedance analysis and body mass index on pulmonary

rehabilitation outcomes in COPD patients.

Methods

Patients

This is a single-center, retrospective cohort study of COPD

patients who completed pulmonary rehabilitation at the

Veterans Affairs Western New York Healthcare System

from January 2001 to December 2011. The Western New

York Veterans Affairs institutional review board approved

this study. The diagnosis of COPD was established by

clinical history consistent with emphysema or chronic

bronchitis, history of cigarette smoking greater than 20

pack years, and pulmonary function tests that demonstrated

irreversible airflow obstruction [13]. Patients must have

had at least 3 months of successful smoking cessation

before they become eligible for outpatient pulmonary

rehabilitation. They also received education on COPD,

disease progression, use of inhalers, breathing strategies,

coping strategies, and healthy diet modification by a

nutritionist, but did not receive individualized nutritional

and psychological counseling. Patients who were diag-

nosed with other pulmonary diseases (asthma, interstitial

lung disease), lost to follow-up, repeated pulmonary reha-

bilitation and patients who had contraindications for bio-

electrical impedance analysis measurement, e.g.,

pacemaker or defibrillator placement, were excluded from

this study.

Body Composition Measurement

Bioelectrical impedance analysis is a simple and non-in-

vasive method of FFM measurement. Whole-body single-

frequency bioelectrical impedance (Quantum X, RJL sys-

tems, Clinton Township, Mi) was used for assessment of

FFM using the disease-specific equations described for

patients with COPD [5]. All measurements were performed

in the morning between 9 and 10 am. BMI calculation was

defined as the weight in kilograms divided by the height in

meters squared (weight/height2). Measurement of muscle

mass depletion by BIA method is an independent predictor

of mortality in COPD patients [14], and it has been shown

to significantly correlate with reference methods such as

magnetic resonance imaging [4] or deuterium dilution [5].

BIA measurement is practical in outpatient clinics since it

is portable and accepted by the European Working Group

on Sarcopenia in Older People (EWGSOP) for assessment

of fat-free muscle mass [15].

730 Lung (2017) 195:729–738

123



Several studies have defined and quantified FFM

depletion. Patients can be considered FFM depleted based

on the FFM index (FFM/height2) with values below 16 kg/

m2 for men and below 15 kg/m2 for women [14, 16].

Patients were stratified by body composition into three

different categories based on BMI and FFM depletion: (1)

obesity was defined as BMI C 30 kg/m2, (2) non-obesity

was defined as BMI\ 30 kg/m2, and (3) cachexia and

muscle atrophy were defined as BMI\ 21 kg/m2 and FFM

index\ 16 in men or\ 15 in women; and BMI C 21 kg/

m2 and FFM index\ 16 in men or\ 15 in women,

respectively.

On the basis of BMI, patients were also stratified into

four categories: (1) underweight (BMI\ 21 kg/m2), (2)

normal weight and overweight (BMI 21–30 kg/m2), (3)

obese (BMI[ 30–35 kg/m2), and (4) severely obese

(BMI[ 35 kg/m2) [1]. We used a BMI\ 21 kg/m2 to

define underweight because this cutoff has been deter-

mined to predict poor outcome in COPD [17].

Pulmonary Rehabilitation Program

The program consists of a 1.5-h session three times a week

for a total of 24 sessions throughout an 8-week period. If

patients missed a session, it was added to the end so all

subjects completed 24 sessions. Patients exercised during

each rehabilitation session on a treadmill and a stationary

cycle ergometer. They also performed stretching exercises

and light floor exercises with and without weights.

Pulmonary Rehabilitation Outcomes

Quality of life was assessed by the Chronic Respiratory

Questionnaire (CRQ). This questionnaire has 20 questions

in 4 domains, which includes 5 questions in dyspnea

domain, 4 questions in fatigue domain, 7 questions in

emotional domain, and 4 questions in mastery domain. A

positive response to pulmonary rehabilitation is considered

if the absolute difference after training and before training

exceeds the minimal clinically important difference

(MCID). The MCID for CRQ scores is 0.5 units per

question. Thus, patients who had a greater than 2.5, 2.0,

3.5, and 2.0 unit increase in dyspnea, fatigue, emotion, and

mastery domain, respectively, after pulmonary rehabilita-

tion were considered responders [18]. Exercise tolerance

was assessed by 6-min walk test (6MWT), a maximal

symptom-limited incremental cycle ergometer test (MIET),

and a constant workload cycle endurance time (CWET) at

70% of the maximal work capacity obtained during the

incremental test. The MCID for 6MWT, maximal incre-

mental exercise test (MIET), and constant workload exer-

cise time (CWET) were considered to be 26 m [19], 4 watts

[19], and 170 s [20], respectively. Patients who exceeded

these thresholds were considered responders for that par-

ticular outcome. We assessed the impact of body compo-

sition on both improvement in pulmonary rehabilitation

outcomes and the impact of body composition on the

percentage of patients reaching the MCID for each pul-

monary rehabilitation outcome.

Statistical Analysis

Statistical analysis was performed using MedCalc Statis-

tical Software version 15.8 (MedCalc Software, Ostend,

Belgium; https://www.medcalc.org; 2015). The impact of

body composition or BMI on outcomes was compared by

one-way ANOVA. When the ANOVA was positive, Stu-

dent–Newman–Kuels post hoc analysis was used to

determine which comparisons were responsible. Data were

displayed as mean ± standard deviation unless otherwise

stated. The effect of body composition or BMI on the

percentage of subjects reaching MCID for each outcome

after rehabilitation was compared by Chi-squared test.

Statistical tests were two-sided and statistical significance

was indicated by a P value of less than 0.05.

Results

Baseline characteristics of each body composition group

are demonstrated in Table 1. Seventy-two patients (71

men; 98%) with stage I–IV COPD (one patient with stage

I) had completed the assessment of body composition

before pulmonary rehabilitation. Three patients had

BMI\ 21 kg/m2 and FFM index\ 16 kg/m2 (cachexia),

while there were no patients with BMI\ 21 kg/m2 and

FFM index C 16 kg/m2. Sixty-nine patients had

BMI C 21 kg/m2, five of which had BMI C 21 kg/m2 and

FFM index\ 16 kg/m2 (muscle atrophy or sarcopenia),

while 64 patients had BMI C 21 kg/m2 and FFM

index[ 16 kg/m2. Eight out of 72 patients were consid-

ered to have FFM depletion (11.11%), of which 5 patients

(62%) had a BMI C 21 kg/m2. Five of the 69 patients (7%)

with BMI C 21 kg/m2 were FFM depleted. The groups

were well balanced in terms of age, comorbidities as

assessed by the modified Charlson index, baseline FEV1,

all domains of the Chronic Respiratory Questionnaire

score, and baseline MIET and CWET. The group with

FFM depletion had lower mean BMI, FFM by definition,

FFM index by definition, and diffusion capacity of the

lungs for carbon monoxide (DLCO). The absolute changes

after pulmonary rehabilitation in patients who were FFM

depleted and non-FFM depleted with regard to the total

CRQ score, individual domain scores, and exercise out-

comes were not statistically different (Table 2). The per-

centage of patients reaching the MCID after pulmonary
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rehabilitation showed no difference between FFM-depleted

and non-FFM-depleted patients for all outcomes (Table 3).

Baseline demographic data stratified by body weight

only are shown in Table 4. There were a total of 164

patients with prevalent clinical diagnosis of stage I–IV

COPD who completed pulmonary rehabilitation. The FFM

index was not available for review in 92 patients. We

stratified the body weight subgroups as 6.09% under-

weight, 61.58% normal weight and overweight, 22.56%

obese, and 9.75% morbidly obese. The groups were well

balanced in age, modified Charlson index, baseline FEV1,

all domains of the Chronic Respiratory Questionnaire score

(except lower dyspnea domain in underweight subgroup),

and exercise tolerance. The absolute changes after pul-

monary rehabilitation across all subgroups with regard to

the total CRQ score, its individual domains, and exercise

tolerances were not statistically different (Table 5). The

percentage of patients reaching MCID after pulmonary

rehabilitation showed no difference between the four sub-

groups (Table 6).

Discussion

The prevalence of COPD patients with muscle depletion or

who were underweight that we found (11%) was not dra-

matically different from what had been found in prior

studies (10–15%) of patients being evaluated for pul-

monary rehabilitation [21–25]. The number of patients

categorized as muscle depleted (8 of 72) or underweight

(10 of 164) were not balanced across GOLD subgroups. Of

these patients, 62.5% (5 out of 8 patients) would not have

Table 1 Demographic data stratified by fat-free mass body composition

Non-FFM depleted FFM depleted P value

Obesity

BMI C 30 kg/m2
Non-obesity BMI

21–30 kg/m2
Cachexia (BMI\ 21 and

FFMI\ 16) and muscle

depleted (BMI C 21 and

FFMI\ 16)

Mean ± SD

Patient N (%) 34 (47.22) 30 (41.66) 8 (11.11%)

Age (years) 71.14 ± 6.33 72.53 ± 8.60 70.00 ± 9.53 0.640

Gender (M/F) 33/1 30/0 8/0

FFM (kg) 65.41 ± 6.80 57.68 ± 6.12 47.14 ± 3.97 \ 0.001

FFM index (Kg/m2) 21.47 ± 1.94 18.58 ± 1.18 14.73 ± 1.02 \ 0.001

BMI (Kg/m2) 34.36 ± 3.70 26.80 ± 2.12 21.04 ± 2.64 \ 0.001

COPD stage (GOLD)

Stage I 0 1 0

Stage II 12 7 1

Stage III 12 12 4

Stage IV 10 10 3

Modified Charlson index 0.67 ± 0.97 0.86 ± 1.10 0.62 ± 1.18 0.726

Baseline FEV1 (% predicted) 42.41 ± 13.51 42.51 ± 15.34 30.37 ± 13.97 0.088

DLCO mL/mmHg/min 51.50 ± 18.67 45.96 ± 15.30 26.25 ± 7.97 0.001

Baseline total CRQ score 88.52 ± 14.57 85.26 ± 18.19 84.87 ± 12.46 0.676

Baseline dyspnea score 17.02 ± 5.04 15.83 ± 3.86 14.87 ± 7.52 0.435

Baseline fatigue score 15.00 ± 3.80 15.06 ± 4.48 15.37 ± 3.29 0.973

Baseline emotional score 36.47 ± 7.21 35.06 ± 8.54 34.12 ± 7.52 0.658

Baseline mastery score 20.02 ± 4.23 19.96 ± 4.86 20.50 ± 3.74 0.955

Baseline 6MWT (meters) 373.66 ± 81.72 433.85 ± 107.79 423.17 ± 88.26 0.044

Baseline MIET (watt) 52.03 ± 25.22 51.30 ± 20.62 35.50 ± 18.89 0.172

Baseline CWET (minutes) 5.39 ± 3.46 5.47 ± 3.72 4.25 ± 2.34 0.663

FFM fat-free mass, FFMI fat-free mass index, kg kilogram, m meter, BMI body mass index, COPD chronic obstructive pulmonary disease,

GOLD Global Initiative for Chronic Obstructive Lung Disease, FEV1 forced expiratory volume in 1 s, DLCO diffusing capacity of the lung for

carbon monoxide, CRQ Chronic Respiratory Questionnaire, 6MWT 6-min walk test, MIET maximal incremental exercise test, CWET constant

workload cycle endurance time at 70% of the maximal work capacity obtained during the incremental exercise test
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Table 2 Absolute difference of pulmonary rehabilitation outcomes stratified by fat-free mass body composition

Absolute difference

of PRP outcomes

Non-FFM depleted FFM depleted P value

Obesity

(N = 34)

Non-obesity

(N = 30)

Cachexia and muscle

depleted (N = 8)

Mean ± SD

DTotal CRQ 7.20 – 12.11 9.80 – 19.32 8.87 – 9.55 0.79

DDyspnea 3.44 – 3.89 5.23 – 5.73 3.25 – 3.99 0.28

DFatigue 2.08 – 3.57 2.66 – 5.04 2.00 – 3.33 0.84

DEmotion 0.32 – 4.89 0.80 – 9.07 3.12 – 4.08 0.58

DMastery 1.35 – 3.37 0.43 – 5.15 0.50 – 2.39 0.65

D6MWT (meters) 39.72 – 52.56 28.86 – 46.54 30.48 – 28.81 0.65

DMIET (watt) 12.38 – 24.47 9.43 – 15.00 10.00 – 11.10 0.83

DCWET (min) 12.81 – 11.06 14.64 – 12.92 13.56 – 16.46 0.84

PRP pulmonary rehabilitation program, D absolute difference of each pulmonary rehabilitation outcome, FFM fat-free mass, CRQ Chronic

Respiratory Questionnaire, 6MWT 6-min walk test, MIET maximal incremental exercise test, CWET constant workload cycle endurance time at

70% of the maximal work capacity obtained during the incremental exercise test

Table 3 Percentage of pulmonary rehabilitation outcomes reaching MCID stratified by fat-free mass body composition

PRP outcomes

reaching MCID

Obesity

N = 34

Non-obesity

N = 30

Cachexia and muscle

depleted N = 8

v2 P value

Total CRQ

Yes 11 13 4 1.276 0.52

No 23 17 4

Dyspnea

Yes 18 18 4 0.434 0.80

No 16 12 4

Fatigue

Yes 15 15 2 1.601 0.44

No 19 15 6

Emotion

Yes 6 11 3 3.298 0.19

No 28 19 5

Mastery

Yes 12 9 2 0.405 0.81

No 22 21 6

6MWT(meter)

Yes 21 15 4 1.006 0.60

No 13 15 4

MIET (watt)

Yes 27 22 6 0.336 0.84

No 7 8 2

CWET (min)

Yes 27 21 5 1.299 0.52

No 7 9 3

PRP pulmonary rehabilitation program, MCID minimal clinically important difference, CRQ Chronic Respiratory Questionnaire, 6MWT 6-min

walk test, MIET maximal incremental exercise test, CWET constant workload cycle endurance time at 70% of the maximal work capacity

obtained during the incremental exercise test
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been identified by measurement of body weight alone. The

prevalence of muscle depletion/sarcopenia in patients who

are not underweight is 7.2% in our study, which is in

keeping with a previous study that found a prevalence of

9.6% in both male and female gender using the same

definition of muscle depletion/sarcopenia (BMI C 21 and

FFM index\ 16 kg/m2 in men and\ 15 kg/m2 in women)

[14]. Our findings cannot be generalized to female patients

with COPD since the studied population comprised veteran

patients, and the majority of the patients were male. There

were only five female patients in the entire cohort.

The data on the significance of COPD classification and

muscle mass depletion were heterogeneous. A previous

study reported that muscle mass depletion subgroup,

defined as BMI\ 21 kg/m2, and FFM index\ 16 in males

or FFM index\ 15 in females, was more prevalent in

COPD GOLD stage IV compared to GOLD stages II–III

[14]. In contrast, our study had only 3 of 8 patients with

GOLD stage IV in the muscle mass depletion subgroup.

Studies with a larger COPD population with muscle mass

depletion is required to further address this issue.

Although muscle depletion is usually associated with

lower body weight, studies in the past including ours have

consistently demonstrated that muscle depletion can occur

in a substantial proportion of weight-stable COPD patients

[14, 21]. These patients have significant physical and res-

piratory impairment compared to underweight or normal-

weight individuals with preserved muscle mass. Autopsy

studies in malnourished COPD and non-COPD patients

demonstrated a significant reduction of diaphragmatic

muscle mass [26, 27]. The respiratory muscle strength in

COPD patients is further reduced because of lung hyper-

inflation [28, 29]. The identification of muscle mass

depletion in stable COPD patients could assist in selection

of patients who might particularly benefit from exercise

and nutritional therapy.

Our study demonstrates the improvement in exercise

tolerance (6MWT, MIET, CWET) and quality of life as

measured by a disease-specific questionnaire independent

of muscle depletion or total body weight. Improvement in

exercise tolerance and each domain of Chronic Respiratory

Questionnaire were unequivocally similar in both muscle-

Table 4 Demographic data stratified by body weight

BMI category P value

BMI B 21

(underweight)

BMI[ 21–30

(normal and

overweight)

BMI[ 30–35

(obesity)

BMI[ 35

(morbid obesity)

Mean ± SD

Patient N (%) 10 (6.09) 101 (61.58) 37 (22.56) 16 (9.75)

Age (years) 66.20 ± 10.13 70.87 ± 7.91 70.59 ± 7.49 67.81 ± 6.30 0.181

Gender (M/F) 9/1 99/2 37/0 14/2

COPD stage (GOLD)

Stage I 0 1 0 1

Stage II 0 31 14 3

Stage III 6 30 11 9

Stage IV 4 39 12 3

Modified Charlson index 0.10 ± 0.31 0.95 ± 1.27 0.86 ± 1.47 0.62 ± 0.80 0.196

Baseline FEV1 (%predicted) 33.60 ± 11.14 44.16 ± 16.74 46.10 ± 14.56 42.68 ± 15.35 0.170

DLCO mL/mmHg/min 33.75 ± 15.61 52.45 ± 19.04 53.67 ± 21.18 48.42 ± 17.51 0.057

Baseline total CRQ score 86.11 ± 16.98 92.98 ± 30.33 95.05 ± 18.54 99.33 ± 19.79 0.660

Baseline dyspnea score 15.44 ± 4.09 21.30 ± 5.90 21.20 ± 6.83 20.20 ± 4.41 0.046

Baseline fatigue score 15.44 ± 3.94 19.52 ± 7.01 17.47 ± 3.99 17.66 ± 5.30 0.126

Baseline emotional score 34.88 ± 8.53 36.23 ± 9.83 35.61 ± 7.13 38.93 ± 9.91 0.651

Baseline mastery score 20.33 ± 5.85 26.11 ± 19.11 20.76 ± 4.35 22.53 ± 3.81 0.280

Baseline 6MWT (meters) 362.13 ± 73.06 407.45 ± 120.52 367.33 ± 111.19 379.60 ± 76.76 0.205

Baseline MIET (watt) 44.00 ± 33.02 55.06 ± 24.95 55.48 ± 27.44 51.60 ± 20.76 0.588

Baseline CWET (minutes) 7.11 ± 5.53 7.52 ± 5.85 6.91 ± 6.09 6.09 ± 2.96 0.800

BMI body mass index, COPD chronic obstructive pulmonary disease, GOLD Global Initiative for Chronic Obstructive Lung Disease, FEV1

forced expiratory volume in 1 s, DLCO diffusing capacity of the lung for carbon monoxide, CRQ Chronic Respiratory Questionnaire, 6MWT

6-min walk test, MIET maximal incremental exercise test, CWET constant workload cycle endurance time at 70% of the maximal work capacity

obtained during the incremental exercise test
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Table 5 Absolute difference of pulmonary rehabilitation outcomes in subgroups stratified by body weight

Absolute

difference of

PRP outcomes

BMI B 21

(underweight)

N = 10

BMI[ 21–30 (normal

and overweight)

N = 101

BMI[ 30–35

(obesity)

N = 37

BMI[ 35

(morbid obesity)

N = 16

P value

Mean ± SD

DTotal CRQ 16.66 ± 10.75 10.16 ± 14.27 12.73 ± 17.56 8.13 ± 10.44 0.45

DDyspnea 7.22 ± 4.57 4.35 ± 4.70 4.61 ± 4.47 3.33 ± 4.01 0.23

DFatigue 4.00 ± 3.39 2.62 ± 3.95 3.50 ± 3.79 2.40 ± 3.99 0.53

DEmotion 3.44 ± 4.12 1.41 ± 7.50 2.32 ± 6.79 0.73 ± 3.49 0.72

DMastery 2.00 ± 2.59 2.27 ± 11.53 2.14 ± 4.89 1.66 ± 2.41 0.99

D6MWT (meter) 42.58 ± 25.55 35.29 ± 39.76 43.69 ± 55.38 42.13 ± 46.51 0.74

DMIET (watt) 2.80 ± 14.98 10.65 ± 13.78 10.47 ± 15.50 15.13 ± 17.73 0.23

DCWET (min) 13.56 ± 16.03 14.42 ± 12.22 12.18 ± 10.36 14.31 ± 12.17 0.82

PRP pulmonary rehabilitation program, D absolute difference of each pulmonary rehabilitation outcome, BMI body mass index, CRQ Chronic

Respiratory Questionnaire, 6MWT 6-min walk test, MIET maximal incremental exercise test, CWET constant workload cycle endurance time at

70% of the maximal work capacity obtained during the incremental exercise test

Table 6 Percentage of pulmonary rehabilitation outcomes reaching MCID stratified by body weight

PRP outcomes

reaching MCI

BMI B 21

(underweight)

N = 10

BMI[ 21–30

(normal and

overweight) N = 101

BMI[ 30–35

(obesity)

N = 37

BMI[ 35

(morbid obesity)

N = 16

v2 P value

Total CRQ

Yes 6 46 19 5 2.615 0.45

No 4 55 18 11

Dyspnea

Yes 8 57 25 8 3.739 0.29

No 2 44 12 8

Fatigue

Yes 7 50 22 6 3.720 0.29

No 3 51 15 10

Emotion

Yes 3 26 10 3 0.931 0.81

No 6 55 24 12

Mastery

Yes 4 32 17 9 2.692 0.44

No 5 49 17 6

6MWT (meter)

Yes 7 52 25 11 4.498 0.21

No 3 49 12 5

MIET (watt)

Yes 4 74 26 13 5.777 0.12

No 6 27 11 3

CWET (min)

Yes 5 76 29 12 3.474 0.32

No 5 25 8 4

PRP pulmonary rehabilitation program, MCID minimal clinically important difference, BMI body mass index, CRQ Chronic Respiratory

Questionnaire, 6MWT 6-min walk test, MIET maximal incremental exercise test, CWET constant workload cycle endurance time at 70% of the

maximal work capacity obtained during the incremental exercise test
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depleted and non-depleted subgroups (Table 2) as was the

percentage of patients who were classified as responders in

our study (Table 3).

Previous studies hypothesized that FFM-depleted COPD

patients may represent a group less likely to improve after

pulmonary rehabilitation since exercise can promote sys-

temic inflammation and oxidative stress in muscle-depleted

COPD patients [30, 31], which might counterbalance the

favorable effects of exercise training. However, despite

these concerns, muscle-depleted patients in our cohort

responded similarly to exercise training compared to those

without muscle depletion. In a recent study, patients with

sarcopenia had similar responses to pulmonary rehabilita-

tion as those without sarcopenia in terms of quality of life

(St. George’s questionnaire) and exercise performance

(incremental shuttle walk) [24]. Our study extends these

findings by showing similar effects in muscle-depleted

patients for additional exercise performance outcomes:

6-min walk test (6MWT), maximal incremental exercise

test (MIET), and constant workload endurance time

(CWET). We did not specifically look at the rate of COPD

exacerbation after pulmonary rehabilitation because the

number of underweight or muscle depletion patients was

too low to meaningfully look at whether exacerbation rates

or time to first exacerbation after pulmonary rehabilitation

was altered differentially in this patient subgroup compared

to the general pulmonary rehabilitation population.

Peripheral muscle and respiratory muscle performance

were not evaluated in our study. However, previous studies

found that there was no statistical difference in response for

handgrip and maximum quadriceps voluntary contraction

after pulmonary rehabilitation between patients with and

without sarcopenia [24]. Future studies aiming to evaluate

peripheral muscle performance, such as quadriceps

strength or quadriceps fatigability, and respiratory muscle

performance such as maximal inspiratory muscle strength

may be warranted.

Patients in our cohort performed aerobic exercise on a

treadmill and a stationary cycle ergometer in addition to

the stretching and light floor exercises. Patients with

muscle depletion have weaker muscles than those without

muscle depletion, and the quadriceps muscle, the main

locomotor muscle, is particularly affected. [32]. Quadri-

ceps strength is an independent determinant of exercise

capacity in patients with COPD [24]. In those with weak

muscles, the addition of strength training to aerobic train-

ing in unselected COPD patients is associated with

increased muscle mass and muscle strength. However, it

has been challenging to show that the addition of strength

training to endurance training leads to additive benefits in

patients with COPD [33–35]. Patients with muscle deple-

tion have not been specifically targeted and this may be a

subgroup that might particularly benefit from the addition

of strength training to aerobic exercise. The current data on

the response to pulmonary rehabilitation in muscle-de-

pleted or underweight patients is quite limited so we feel

that our study is an important addition to the currently

sparse data available on the response to pulmonary reha-

bilitation of this patient subgroup. Future studies could

integrate other components of pulmonary rehabilitation

program such as muscle strength training, individualized

nutritional or psychological counseling to evaluate

response to pulmonary rehabilitation specifically in the

muscle depletion subgroup.

In subgroups stratified by body weight or BMI, we did

not find a significant relationship between obesity and

baseline clinical characteristics in contrast to some previ-

ous studies that reported a lower 6-min walk distance in

obese patients [36, 37]. However, the baseline 6-min walk

distance was decreased in our obese patients compared to

the non-obese patients; this difference was potentially

clinically relevant (40 m which is above the MCID) but did

not reach statistical significance. A reduced exercise

capacity in morbidly obese patients has been attributed to

the need for more energy output to move the total body

mass [38]. Our study showed that obesity also did not

affect the number of patients reaching the MCID after

pulmonary rehabilitation, for exercise tolerance (6MWT,

MIET, CWET) or quality of life in all four domains of

CRQ scores consistent with previous studies [37, 39]. The

lack of effect of obesity on pulmonary rehabilitation out-

comes has been a consistent finding in the literature, and

our study extends this by examining additional exercise

outcome variables (maximal exercise capacity and constant

workload cycle exercise to exhaustion).

All patients were given an exercise prescription upon

completion of the pulmonary rehabilitation program and

could use the rehabilitation center in the afternoon free of

charge (our rehabilitation programs run in the morning).

Some patients made themselves available for these

opportunities and some did not. Long-term outcomes are

markedly dependent on whether the patient continues to

exercise after pulmonary rehabilitation is completed [40].

With our modest number of muscle-depleted or under-

weight patients, it would be hard to come to definitive

conclusions about any differences in the loss of benefits

from pulmonary rehabilitation over time between this

particular subgroup and the rest of the patients. We do not

feel that the lack of long-term follow-up is a major limi-

tation in this study.
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Conclusion

A comprehensive pulmonary rehabilitation program in

COPD patients improves exercise tolerance and quality of

life independent of muscle depletion and body weight.

Similarly, muscle depletion and body weight had no effect

on the percentage of patients achieving the MCID for

measures of quality of life and exercise tolerance after

pulmonary rehabilitation. Physicians should consider pul-

monary rehabilitation referral as a standard treatment in

COPD patients regardless of their muscle mass or body

weight.
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