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activities of daily living and is associated with 
lower survival in COPD patients.(2) Various etio-
logies, including sedentary lifestyle, hypoxemia, 

Introduction

Worldwide, COPD is one of the leading causes 
of death and physical incapacity.(1) Decreased 
exercise tolerance limits the performance of 
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Abstract
Objective: Although lean body mass (LBM) has been associated with mortality in patients with COPD, its influence 
on functional limitation is not clear. The objective of this study was to analyze the cardiopulmonary variables in 
COPD patients with or without LBM depletion, prior to and after the six-minute walk test (6MWT). Methods: We 
evaluated COPD patients, 32 with LBM depletion and 36 without. All patients underwent clinical evaluation, spiro-
metry, evaluation of body mass composition and 6MWT, as well as completing questionnaires related to quality of 
life and perception of dyspnea. Results: No significant differences in the severity of airway obstruction, perception 
of dyspnea and quality of life scores were found between the groups. The distance covered on the 6MWT was 
similar in COPD patients with and without LBM depletion (470.3 ± 68.5 m vs. 448.2 ± 89.2 m). However, patients 
with LBM depletion presented significantly greater differences between baseline and final values in terms of heart 
rate and Borg scale index for lower limb fatigue. There was a significant positive correlation between distance 
covered on the 6MWT and FEV1 (r = 0.381, p = 0.01).Conclusions: In the patients studied, functional exercise tole-
rance and quality of life were unaffected by LBM depletion. However, the patients with LBM depletion presented 
more pronounced lower limb fatigue during the 6MWT, which underscores the importance of the evaluation and 
treatment of systemic manifestations in COPD patients.
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Resumo
Objetivo: A massa magra corporal (MMC) tem sido associada à mortalidade em pacientes com DPOC, mas seu 
impacto na limitação funcional é pouco conhecido. O objetivo deste trabalho foi analisar as variáveis cardiopulmo-
nares em pacientes com DPOC, com ou sem depleção da MMC, antes e após a realização do teste de caminhada de 
seis minutos (TC6). Métodos: Foram avaliados pacientes com DPOC, 36 sem depleção de MMC e 32 com depleção 
de MMC. Todos os pacientes foram submetidos à avaliação clínica, espirometria, avaliação da composição da massa 
corpórea e TC6 e responderam a questionários de qualidade de vida e de percepção de dispnéia. Resultados: Não 
foram observadas diferenças significativas na gravidade de obstrução das vias aéreas, na percepção da dispnéia e na 
qualidade de vida entre os grupos. A distância percorrida no TC6 foi similar nos pacientes com DPOC com e sem 
depleção de MMC (470,3 ± 68,5 m vs. 448,2 ± 89,2 m). Entretanto, durante a realização do teste, os pacientes com 
depleção de MMC apresentaram aumento significativamente maior na diferença entre os valores final e basal da 
frequência cardíaca e do índice da escala de Borg para cansaço dos membros inferiores. A distância percorrida no TC6 
apresentou correlação significativa positiva com o VEF1 (r = 0,381; p = 0,01). Conclusões: Não houve influência da 
depleção da MMC na capacidade funcional de exercício e na qualidade de vida dos pacientes estudados. Entretanto, 
os pacientes com depleção de MMC apresentam sintomas de fadiga dos membros inferiores mais acentuados durante 
o TC6, o que reforça a importância da avaliação e tratamento das manifestações sistêmicas da DPOC. 

Descritores: Índice de massa corporal; Doença pulmonar obstrutiva crônica; Tolerância ao exercício.
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cor pulmonale) or osteoarticular diseases, were 
excluded from the study.

The study protocol was approved by the 
Ethics in Research Committee of the UNESP 
Botucatu School of Medicine Hospital das 
Clínicas. All patients were informed of the proce-
dures proposed, after which all gave written 
informed consent.

Spirometry was performed using a compu-
ter-assisted system of pulmonary function 
assessment (Koko; Ferraris Respiratory, Louisville, 
CO, USA), in accordance with the American 
Thoracic Society criteria.(10) The FEV1, FVC and 
FEV1/FVC ratio values were determined prior 
to and after the administration of 400 µg of 
inhaled fenoterol. The FEV1 value is expressed in 
liters, in percentage of FVC and in percentage of 
reference values.(11)

All patients performed the 6MWT twice, 
the second time at least 30 min after the first, 
in order to minimize the learning effect. The 
6MWT consisted of patients walking at their 
fastest pace for 6 min over a 30-m course 
clearly marked in a corridor. Patients were 
given verbal encouragement through the use of 
standardized phrases once a minute. Although 
patients could stop during the test, they were 
instructed to start walking again as soon as they 
felt ready. After 6 min, the distance covered 
was measured, in meters, and the greatest 
value obtained was registered.(12) Heart rate, 
respiratory rate, systolic blood pressure and 
diastolic blood pressure, as well as perception 
of dyspnea and lower limb fatigue according 
to the Borg scale score, were measured prior to 
and after the 6MWT. The SpO2 was measured 
prior to, during and after the test. Patients 
who presented an initial SpO2 < 88% received 
oxygen supplementation through a catheter; 
after 30 min of supplementation, SpO2 was 
reevaluated, and the test was restarted.(12)

Body composition was evaluated by anthro-
pometry and bioelectrical impedance. Weight 
was measured with patients wearing light 
clothing and no shoes. Height was measured 
with patients (barefoot) standing erect against 
the marker, with both feet together and looking 
straight ahead. The reading was performed 
with a precision of 0.5 cm, with the bar of 
the vertical measuring rod touching the head 
of the patient. Body mass index (BMI) was 
calculated on the basis of weight and height 

hypercapnia, electrolyte disturbances, oxidative 
stress, systemic inflammation and peripheral 
muscle depletion or dysfunction, have been 
proposed to explain the physical incapacity of 
such patients.(2,3)

Although lean body mass (LBM) has been 
associated with mortality in patients with COPD, 
its influence on functional exercise limitation 
is not clear.(4) Some studies have found asso-
ciations between LBM-related attributes and 
maximal oxygen uptake (VO2max).(5-7) However, 
few studies have shown associations between 
LBM and the distance that patients with COPD 
are able to walk in a single session.(8,9) In those 
studies, LBM, MIP and PaO2 were found to 
explain 60% of the variation in the distance 
covered in 12 min, and there was a significant 
positive correlation between LBM and the six-
minute walk test (6MWT) results.(8,9) In addition, 
in the national and international literature, 
there are no studies evaluating the differences 
between COPD patients with LBM depletion 
and those without in terms of cardiopulmonary 
events during the 6MWT.

Therefore, we raised the hypothesis that 
COPD patients with LBM depletion present more 
significant alterations in cardiopulmonary varia-
bles after the 6MWT than do patients without 
LBM depletion. The objective of the present 
study was to analyze heart rate, respiratory 
rate, oxygen saturation (determined using pulse 
oxymetry) and Borg scale scores (for dyspnea 
and lower limb fatigue) in COPD patients with 
and without LBM depletion, prior to and after 
the 6MWT.

Methods

This was a cross-sectional study involving 
68 patients with stable COPD treated at the 
Pulmonology Clinic of the Botucatu School of 
Medicine of the Universidade Estadual Paulista 
(UNESP, São Paulo State University). The diag-
nosis of COPD was made based on clinical history 
(including exposure to risk factors), physical 
examination and X-rays, the diagnostic confir-
mation being based on a spirometry finding 
of postbronchodilator airway obstruction 
(FEV1/FVC < 70%).(1) Clinically unstable patients, 
characterized by the incidence of exacerbations 
within the preceding three months, signs of 
water retention, cardiovascular diseases (except 
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Statistical analysis

The Student’s t-test was used to compare 
variables with normal distribution, whereas 
the Mann-Whitney test was used to compare 
nonparametric variables. Pearson and Spearman 
correlation tests were used for parametric and 
nonparametric variables, respectively. Values of 
p < 0.05 were considered statistically significant. 
The analyses were performed using SigmaStat 3.2 
(SPSS Inc., Chicago, IL, USA) and Systat 10.2 
(Systat Software Inc., San Jose, CA, USA).

Results

The general characteristics of the patients 
studied according to the nutritional evaluation 
are presented in Table 1. We studied a total of 
68 patients, 72% of whom were male. Of the 
68 patients studied, 15 (22%) presented mild 
COPD, 23 (34%) presented moderate COPD, and 
30 (22%) presented severe or extremely severe 
COPD. The patients with LBM depletion were 
similar to those without LBM depletion in terms 
of age, and there was no significant difference 
between the two groups in terms of gender or the 
different classifications of the severity of COPD. 
As expected, the patients with LBM depletion 
presented lower BMI and LBMI. The LBMI did 
not correlate with the BDI or the MMRC scale 
score, nor did it correlate with the AQ20 score, 

[weight  (kg)  /  height  (m)2].(14) Resistance was 
measured by bioelectrical impedance (BIA101; 
RJL Systems, Detroit, MI, USA). Measurements 
were carried out with patients in the supine 
position, on the right side of the body, using 
four surface electrodes placed on the fist and 
near the ankle, in accordance with the criteria 
of the European Society for Clinical Nutrition 
and Metabolism.(15) An equation, devised accor-
ding to the model developed for patients with 
respiratory insufficiency,(16) was used in order to 
estimate LBM, and the LBM index (LBMI) was 
determined by dividing the estimated LBM by 
patient height in meters squared.(15) LBM deple-
tion was defined as an LBMI < 15 kg/m2 for 
females and < 16 kg/m2 for males.(17)

The instrument used to evaluate quality of life 
was a version of the Saint George’s Respiratory 
Questionnaire (SGRQ), translated and validated 
for use in Brazil.(18) Quality of life was quanti-
fied by the total SGRQ score and the scores for 
the three SGRQ domains (symptoms, impact and 
activities). A version of the Airways Questionnaire 
20 (AQ20), translated and validated for use in 
Brazil,(19) was also administered.

Dyspnea was evaluated using the baseline 
dyspnea index (BDI)(20) and the Modified Medical 
Research Council (MMRC) scale,(21) both trans-
lated and validated for use in Brazil.

Table 1 - General characteristics of the patients according to the lean body mass index. 
Variable Total Without LBM depletion With LBM depletion

n 68 36 32
Agea, years 64.3 ± 9.2 63.6 ± 9.0 65.2 ± 9.5
Gender (M/F) 49/19 27/9 22/10
BMIa, kg/m2 25.3 ± 4.9 27.7 ± 5.0 22.5 ± 3.2*
LBMIa, kg/m2 16.1 ± 2.1 17.6 ± 1.3 14.4 ± 1.5*
VEF1

a, % 62.9 ± 27.8 63.7 ± 30.7 62.1 ± 24.6
6MWDa, m 458.6 ± 80.3 448.2 ± 89.2 470.3 ± 68.5
6MWDa, % of predicted 93.2 ± 14.7 94.4 ± 17.2 91.9 ± 11.7
MMRCa, n 1.64 ± 1.10 1.8 ± 1.0 1.5 ± 1.1
BDIa, n 2.2 ± 0.9 2.0 ± 0.8 2.4 ± 1.1
AQ20a, % 43.0 ± 23.6 45.5 ± 23.9 40.3 ± 23.3
SGRQ - totala, % 40.2 ± 18.8 40.1 ± 16.8 40.4 ± 21.2
SGRQ - symptomsa, % 48.9 ± 22.7 49.9 ± 21.6 47.8 ± 24.1
SGRQ - activitya, % 50.2 ± 22.8 53.3 ± 20.2 46.7 ± 25.2
SGRQ - impacta, % 29.5 ± 17.6 29.8 ± 16.8 29.1 ± 19.3

LBM: lean body mass; BMI: body mass index; LBMI: lean body mass index; 6MWD: six-minute walk distance; MMRC: 
Modified Medical Research Council (scale); BDI: baseline dyspnea index; AQ20: Airway Questionnaire 20; SGRQ: Saint 
George’s Respiratory Questionnaire. aData presented as mean ± SD. *p < 0.001 vs. the patients without LBM depletion.
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of lower limb fatigue in comparison with those 
without LBM depletion.

The influence of body composition on exer-
cise tolerance varies according to the test used 
and the characteristics of the study. Some studies 
show that body mass composition is a deter-
mining factor of maximal exercise tolerance, 
as evaluated by the cycle ergometer test.(5,7,22) 
One group of authors studied 28 COPD patients 
submitted to maximal exercise testing (cycle 
ergometer), and observed that the patients with 
a body mass < 90% of the ideal presented a 
reduction in the aerobic capacity of skeletal 
muscle, and the authors considered this reduc-
tion to be a contributing factor for decreasing 
exercise tolerance.(22) Other studies also iden-
tified LBM-related attributes as a determining 
factor of VO2max in COPD patients.(5-7)

The results of the present study showed no 
significant influence of body mass composition 

the total SGRQ score or any of the three SGRQ 
domain scores.

There was no significant difference between 
the groups in terms of the six-minute walk 
distance (6MWD). In the sample as a whole, the 
study of the correlations showed a significant 
positive association between the 6MWD and FEV1 
(%) (r = 0.381; p = 0.01). However, the 6MWD did 
not present a significant association with LBMI, 
BMI, baseline dyspnea sensation (MMRC and BDI) 
or quality of life (SGRQ and AQ20).

The difference between the patients with 
LBM depletion and those without in terms of the 
change at the end of the test in relation to the 
baseline value (Δ) was statistically significant for 
heart rate (p = 0.01; Table 2). When the patients 
with LBM depletion were compared with the 
nondepleted patients in terms of Δ respiratory 
rate (p = 0,743), SpO2 (p = 0.946), systolic blood 
pressure (p = 0.313) and diastolic blood pres-
sure (p = 0.567), no significant differences were 
found, nor were these variables found to corre-
late with LBMI or BMI. 

The Δ of the Borg scale score for lower limb 
fatigue was significantly higher in the patients 
with LBM depletion (p = 0.02; Figure 1), and 
there was no difference in the Δ of the Borg 
scale score for perception of dyspnea (p = 0.442). 
Neither Borg scale score presented a significant 
correlation with the 6MWD.

Discussion

In the present study, the 6MWD was similar 
in COPD patients with and without LBM deple-
tion, and no significant association was found 
between the indicators of body composition 
and the 6MWD. However, during the test, the 
patients with LBM depletion presented a signi-
ficant increase in heart rate and in the sensation 

Table 2 - Cardiorespiratory variables of the patients according to the lean body mass index.
Variablea Total Without LBM depletion With LBM depletion

∆ HR, bpm 17.5 (11.0-2.5) 16.5 (7.0-25.0) 20.5 (14.0-40.0)*

∆ SBP, mmHg 10.0 (0.0-30.0) 15.0 (0.0-30.0) 10.0 (0.0-30.0)

∆ DBP, mmHg 0.0 (0.0-10.0) 0.0 (0.0-10.0) 0.0 (0.0-10.0)

∆ RR, cycles/min 4.0 (4.0-4.0) 4.0 (4.0-4.0) 4.0 (3.5-4.0)

∆ SpO2 , % −3.0 (−5.0-0.0) −3 (−5.0-0.0) −2.5 (−5.5-0.0)

∆ Borg scale - dyspnea 1.0 (0.25-2.25) 1.0 (0.0-2.0) 2.0 (1.0-2.7)
LBM: lean body mass; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; RR: respiratory rate; 
SpO2: peripheral oxygen saturation. aValues expressed as median (interquartile range). *p < 0.05 in relation to the patients 
without LBM depletion.

Figure 1 - Differences between initial and final Borg 
scale scores for lower limb fatigue in the patients 
with and without lean body mass depletion. Values 
expressed as median and interquartile range.
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without LBM depletion and 102 COPD patients 
with LBM depletion. Those authors also found 
that there was no significant difference between 
the groups in terms of SGRQ scores. However, 
another study showed that COPD patients with 
a BMI > 21 kg/m2 and an LBMI ≤ 15 kg/m2 (for 
females) or ≤ 16 kg/m2 (for males) presented 
an increase in the SGRQ impact and activity 
domain scores in comparison with those with a 
BMI ≤ 21 kg/m2 and an LBMI > 15 kg/m2 (for 
females) or > 16 kg/m2 (for males), with no signi-
ficant difference between the groups in terms 
of the symptom domain scores.(30) Nevertheless, 
when the patients with a BMI ≤ 21 kg/m2 and 
an LBMI > 15 kg/m2 (for females) or > 16 kg/m2 
(for males) were compared with those with a 
BMI ≤ 21 kg/m2 and an LBMI ≤ 15 kg/m2 (for 
females) or ≤ 16 kg/m2 (for males), there was 
a significant difference only in the activity 
domain scores, with no changes in the impact 
or symptom domain scores. These results 
should be interpreted with caution, since the 
number of patients evaluated in each group 
was very small.(30) Therefore, the effect of LBM 
on the quality of life of COPD patients remains 
undefined.

The results of the present study do not 
allow us to rule out the influence of peripheral 
muscle mass on VO2max, since the perfor-
mance of the patients during maximal exercise 
tests on a cycle ergometer was not evaluated. 
Although the sensation of lower limb fatigue 
was evaluated, objective tests to determine 
the presence of peripheral muscle fatigue were 
not performed. In addition, the cardiopulmo-
nary evaluation did not include more specific 
functional tests, and, therefore, impairment 
without clinical repercussion could not be 
identified. In fact, the difference between 
initial and final heart rate (before and after 
the 6MWT) was significantly greater in the 
COPD patients with LBM depletion, although 
there was no difference between the groups in 
terms of Δ arterial pressure. Although previous 
studies have shown that COPD patients present 
increased heart rate during the performance of 
physical activity on a cycle ergometer, with no 
significant changes during walking, we found 
no data comparing patients with LBM deple-
tion and those without.(26,27)

In conclusion, the results of the present 
study show that, although LBM is an impor-

on functional exercise tolerance, as evaluated 
based on the 6MWD. There have been few 
previous studies evaluating this association, and 
the results are inconclusive. A previous study 
showed that LBM, MIP and PaO2 explained 
60% of the variation in the distance covered in 
12 min,(8) and a recent study showed a signi-
ficant positive correlation between the 6MWD 
and the LBMI (r2 = 0.42; p = 0.0001).(9) However, 
two other studies showed no significant asso-
ciation between 6MWD and percentage of ideal 
weight or BMI.(23,24) In addition, some previous 
studies have shown that the increase in venti-
latory demand, revealed by the increase in 
dyspnea, is more pronounced during walk tests 
than during cycle ergometer tests, and suggest 
that the walking capacity depends predomi-
nantly on airflow limitation.(25-27) In our study, 
airflow limitation, as evaluated based on FEV1 
and on the sensation of dyspnea, was similar 
between the two groups (patients with and 
without LBM depletion) and might explain the 
similar 6MWD values. Although the patients 
with LBM depletion presented a significantly 
greater sensation of lower limb fatigue than 
did those without LBM depletion, the influence 
of this sensation on exercise tolerance could 
not be determined for the patients evaluated in 
the present study.

The correlation between the FEV1 (%) and 
6MWD values found in the COPD patients 
evaluated in the present study was similar 
to that described in a previous study,(28) with 
values distributed along the identity line. Those 
authors also showed that 6MWD decline can 
occur regardless of worsening of FEV1, and 
suggest that the two outcomes evaluate diffe-
rent functional aspects of COPD patients. In 
fact, FEV1 evaluates the severity of the airway 
obstruction, whereas the 6MWD is influenced 
by functional limitation, symptoms, systemic 
manifestations of the disease and cardiopul-
monary performance.

No significant correlation was found 
between LBM depletion and quality of life. 
There was no significant difference between the 
patients with LBM depletion and those without 
in terms of total SGRQ score or SGRQ domain 
scores, nor was there any significant diffe-
rence in terms of AQ20 scores. These results 
are similar to those obtained by another group 
of authors,(29) who studied 273 COPD patients 
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tant prognostic factor in the evolution of COPD 
patients, LBM depletion had no influence on the 
functional exercise tolerance or quality of life 
of the patients studied. However, the patients 
with LBM depletion presented more pronounced 
lower limb fatigue during the 6MWT, unders-
coring the importance of the evaluation and 
treatment of systemic manifestations in COPD 
patients, as well as that of management directed 
at relieving airway obstruction.
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