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Abstract

Introduction: The individual with chronic obstructive pulmonary disease (COPD) can experience a sig-
nificant reduction of body composition, peripheral muscle dysfunction, resulting in a negative influence on
functional capacity. Objectives: To analyze the influence of body composition assessed by dual-energy x-
-ray absorptiometry on functional capacity of patients with chronic obstructive pulmonary disease (COPD).
Materials and methods: Eleven male patients with COPD (COPDG), seven presenting moderate obstruc-
tion and four severe, and 11 sedentary male subjects (CG) were evaluated by dual-energy x-ray absorptiom-
etry to assess their body composition. All subjects also performed the 6-minute walk test (6MWT) and Step
Test (6MST) to assess their functional capacity. Results: No significant differences were found between
groups for anthropometric data such as age, weight, height and body mass index (BMI). However, the COPDG
presented Forced Vital Capacity (FVC), Forced Expiratory Volume in one second (FEV,), FEV,/FVC ratio,
Maximal Voluntary Ventilation (MVV), Walked Distance (WD) and Number of Steps (NS) significantly lower
than the CG (p < 0.05, Student’s t-test). The Body Bone Mass (BBM), BBM%, Lean Mass (LM), LM%, and
Right Lower Limb (RLL) and Left Lower Limb (LLL) were significantly lower in the COPDG when compared
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with the CG, presenting statistically significant positive correlations with 6MWT’s WD and 6MST’s NS
(p < 0.05, Pearson’s test). Conclusion: We conclude that body composition is an important prognostic fac-
tor for patients with COPD, which reinforces the importance of assessing body composition by dual-energy
absorptiometry since it has demonstrated with satisfactory accuracy in clinical practice. Moreover, it is a
useful parameter for evaluation and reassessment in pulmonary rehabilitation programs.

Keywords: Body composition. Dual-energy absorptiometry. Functional capacity.

Resumo

Introdugdo: O individuo com doenga pulmonar obstrutiva crénica (DPOC) pode apresentar uma redugdo im-
portante da composicdo corporal, resultando em disfungdo muscular periférica influenciando negativamente
a capacidade funcional. Objetivos: Analisar a influéncia da composigdo corporal avaliada pela absorciometria
duoenergética na capacidade funcional em portadores de DPOC. Materiais e métodos: Foram avaliados 11 in-
dividuos do sexo masculino portadores de DPOC, sendo sete com obstrugdo moderada e quatro, grave (GDPOC)
e 11 individuos sedentdrios do sexo masculino (GC), por meio da absorciometria duoenergética para avaliar
a composigdo corporal, e do teste de caminhada de seis minutos (TC6) e teste do degrau (TD6) para avaliar a
capacidade funcional. Resultados: Ndo houve diferengas significativas intergrupos nos dados antropométri-
cos como idade, peso, altura e indice de massa corporal (IMC). No entanto, o GDPOC apresentou Capacidade
Vital For¢cada (CVF), Volume Expiratdrio For¢cado no primeiro sequndo (VEF;), relagdo VEF,/CVE Ventilagcdo
Voluntdria Mdxima (VVM), Distancia Percorrida (DP) e Niimero de Degraus (ND) significativamente menores
que o GC (p < 0,05, teste t de Student). Entretanto, a Massa Ossea Corporal (MOC), % MOC, Massa Magra (MM),
% MM e MM do Membro Inferior Direito (MID) e Membro Inferior Esquerdo (MIE) no GDPOC foram significa-
tivamente menores que no GC, obtendo correlagdes positivas estatisticamente significantes com a DP no TC6 e
ND no TD6 (p = 0,05, teste de Pearson). Conclusdo: Concluimos que a composi¢cdo corporal é um importante
fator de progndstico para pacientes com DPOC, o que reforca a importdncia da avaliagdo da composi¢cdo cor-
poral pela absorciometria duoenergética, uma vez que tem demonstrado com precisdo satisfatéria na prdtica
clinica. Além disso, é um pardametro util de avaliagdo e reavaliagdo em programas de reabilitagdo pulmonar.

Palavras-chave: Composicdo corporal. Absorciometria duoenergética. Capacidade funcional.

Introduction

The chronic obstructive pulmonary disease (COPD)
is a respiratory disorder characterized by an existing
airflow chronic obstruction that is not fully reversible
(1). The airflow obstruction is usually progressive and
associated with a lung inflammatory response to toxic
or noxious particle and/or gases, primarily cigarette
smoking (1). It is actually a disease associated with
clinically significant systemic changes (1).

In addition, just as it happens in other inflam-
matory diseases, the COPD patient may present an
important body composition reduction (bone min-
eral density, muscle mass and tissue depletion) (2).
Unfortunately, it is a negative prognostic factor, inde-
pendent from the obstruction degree, being associ-
ated with morbidity and mortality increase (3); prob-
ably due to the systemic inflammation characterized

by high levels of tumor necrosis factor-a and inter-
leukin 6, hypoxia and dyspnea (4).

Another condition that may contribute to body
composition reduction is the malnutrition itself,
since it leads to protein metabolism to generate
substrate (5), resulting in peripheral muscle dys-
function, which negatively influence on the ability to
perform exercises, activities of daily life and quality
of life, regardless of the respiratory functional defi-
cit (5). This muscle dysfunction involves functional,
structural and bioenergetics changes, resulting in
functional capacity decrease (6).

Different submaximal tests have been described
for functional capacity evaluation of patients with
respiratory diseases (7). This study focus on two: the
6-minute walk test (6MWT) and the 6-minute step
test (6MST), once no studies, applying these tests,
were found comparing them with a COPD patients’
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whole body composition assessment by dual-energy
x-ray absorptiometry (DEXA).

According to Lukaski (8), DEXA is considered the
“golden standard” technique to assess body compart-
ments, considering that it directly measures muscle
mass, adipose tissue and bone density accurately
and precisely.

Therefore, it becomes necessary to assess the in-
fluence of body composition on the functional capac-
ity during physical exercise, considering that weight
and high isolated do not differentiate fat from muscle
mass or lean mass, thus demonstrating the impor-
tance of assessing the body composition by DEXA (9).

The aim of this study was to analyze the influence
of body composition assessed by dual-energy x-ray
absorptiometry on functional capacity of patients
with COPD.

Materials and methods

This study was undertaken in patients with COPD
diagnosis who were led to the facility’s Respiratory
Functional Reeducation Program. All participants
(COPD Group and Control Group) have signed a free
informed consent, as determined by the Brazilian
National Health Council Resolution n. 196/96. As-
sessments occurred at the Federal University of Sdo
Carlos, Sao Carlos (SP), Brazil.

The patients included were male, with COPD
clinical diagnosis, presenting FEV;/FVC < 70% and
30% < FEV, < 80% predicted measured by spirom-
etry, ex-smokers, without clinical history of respira-
tory symptoms or infection exacerbations, clinically
stable, with no orthopedic, cardiovascular, neuro-
logical impairments and/or cognitive problems that
could compromise the evaluation.

COPD Group (COPDQG)

Thirty-one subjects with COPD diagnosis present-
ing moderate to severe obstruction (10) were initially
evaluated. Four subjects with moderate obstruction
were excluded because they were absent from more
than three scheduled evaluation dates, and three
for presenting bone deformities and rheumatic dis-
eases that could interfere with the functional tests.
Five subjects with severe obstruction dropped out
claiming personal problems and domiciliary oxygen

long-term continuous therapy. Five subjects did not
undertake the tests because they were hemodynami-
cally unstable, and three refused to take part in the
study. Eleven subjects have completed the evaluations
(seven moderate and four severe).

Control Group (CG)

Fifteen male, sedentary, nonsmoker, clinically
stable, with no orthopedic, cardiovascular, neuro-
logical impairments and/or cognitive problems that
could compromise the evaluation were evaluated.
Four subjects were excluded because they did not
complete the evaluation. Eleven subjects completed
the evaluations. Both groups underwent an anamne-
sis and a physical exam when data, such as weight,
height and age, were collected.

Procedures

The complete evaluation took place on different
non-consecutive days, and comprehended:

Spirometry

All patients and healthy subjects performed a
spirometry test following the Brazilian Society of
Pulmonology and Pulmonary Diseases Guidelines
(11), thereby measuring the slow vital capacity (SVC),
forced vital capacity (FVC), forced expiratory volume
in one second (FEV,), FEV;/FVC ratio, peak expiratory
flow (PEF), forced expiratory flow between 25-75%,
(FEF25-75%), and maximal voluntary ventilation

(MVV) values.

Body composition assessment

The body composition was assessed by DEXA
(Dual-Energy X-ray Absorptiometry), on a DPX-L
(Lunar® Excellent in Imaging version 4.7e, Madison,
Wisconsin, EUA) equipment, duly calibrated and
under daily quality control according to the man-
ufacture’s specifications. All measurements were
performed by a capacitated medical radiologic tech-
nician. A whole body scan was made, each measure-
ment lasted about 20 minutes. The subjects were
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wearing only shorts and t-shirts, were barefoot and
bearing no portable metallic object or any other ac-
cessory close to the body. All subjects remained lying
and still in the supine position, feet together and arms
slightly away from the side of the body on the equip-
ment’s table until the measurement were finished.
After the whole body scan, the program provided
estimates of body bone mass (BBM), fat mass (FM),
and lean mass (LM). In this system, the limbs were
delimited and separated from the trunk and the head
by standard lines generated by the equipment itself.
The lines were adjusted, by the same technician, fol-
lowing specific anatomical references determined by
the manufacturer (8).

Functional evaluation tests

The functional evaluation tests conducted were
the 6-minute walk test (6MWT) and the 6-minute
step test (6MST).

The 6MWT general principle was based on the rec-
ommendations established by the American Thoracic
Society (12). During the tests, the subjects were en-
couraged with pre-standardized phrases, every 30
seconds, and were also informed about the tests’
remaining time.

Six-minute walk test (6MWT)

[t was performed in a flat corridor with 30 meters
length and 1.5 meter wide. The measured parameters
recorded to monitor the subject were pulse oxygen
saturation (SpO,) and heart rate (HR), by Nonin®
model 8500A (Minnesota, USA) portable pulse ox-
imeter, and dyspnea sensation and lower limbs (LL)
fatigue/pain, by the modified Borg CR10 scale. The
walked distance (WD) was recorded at the end of
the test. Blood pressure was also measured, before
and after the test, by using a mercury sphygmoma-
nometer (Oxigel®, Sdo Paulo, SP, Brazil) with the pa-
tient seated.

Six-minute step test (6MST)

The 6MST was performed on a 20 cm-high step,
with anti-sliding rubber surface (13), with no support

for upper limbs. The subjects were instructed to step
up and down the step as fast as possible for six min-
utes, alternating the LL so that the pain would not
cause the test interruption. The number of steps
up and down (NS) was recorded. During the test,
SpO; and HR were continually monitored by using
a portable pulse oximeter (Nonin®, modelo 85004,
Minnesota, USA).

Statistical analysis

The InStat statistical program, version 3.05
(GraphPad Software, Inc., San Diego, CA, USA) was
used to analyze the results of the present study. The
analyzed variables are expressed as mean values
+ standard deviation (SD). Considering the nor-
mal distribution of the variables, determined by
the Komolgorov and Smirnov test, the unrelated
Student’s t-test was used for comparisons between
groups, and the related Student’s t-test for compari-
sons intragroup. For correlation analysis between
variables, Pearson correlation coefficient was used.
The significance level was set at p < 0.05.

Results

The CG and COPDG subject’s anthropometric
characteristics and spirometric measurements are
presented on Table 1. The analysis between groups
showed no significant differences for anthropometric
characteristics such as age, weight, height and BMI
between groups. However, the COPDG presented FVC,
FEV,, FEV,/FVC and MVV significantly lower than the
CG (Student’s t-test; p < 0.05).

Body Composition

The COPDG’s BBM, BBM%, LM, LM%, and RLL's
LM and LLL's LM were significantly lower than the
CG’s (Table 1).
Functional Capacity (6MWT and 6MST)

The COPDG presented WD and NS significantly
lower than the CG as shown on Table 1.
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Table 1 - CG and COPDG anthropometric characteristics,
spirometric measurements, body composition,
functional capacity assessed by 6MWT and

6MST
CG COPDG
n 11 men 11 men
Age (years) 68 + 3 69 =8
Weight (kg) 72+6 66 =7
Height (cm) 174 = 5 174 = 6
BMI (kg/m?) 24 + 2 21 +2
FVC (%pred) 100 = 10 80 + 16*
VEF; (%pred) 85 = 14 60 + 14*
FEV/FVC (%) 92 +6 57 + 6*
MVV (%pred) 86 = 14 57 = 14*
BBM (kg) 22+03 1,3+ 0,5*
BBMY% 8+0,3 3,5 + 0,5%
LM (kg) 61 + 4 45 + 4*
LM% 792 + 4 71 = 16*
FM (kg) 18 = 4 16 = 4
FM% 255+ 6 24 £ 5
RLLs LM (kg) 8,8 =1 6,4 +1*
LLEs LM (kg) 8,5+ 2 6,1 =1*
WD (m) 591 + 91 434 + 23*
NS 100 = 2 77 x 4%

Source: Research data.

Notes: Data are expressed as mean =+ standard deviation; CG =
control group; COPDG = COPD group; 6MWT = six-minute
walking test; BMST = six-minute step test; kg = kilograms;
cm = centimeter; kg/m? = kilogram per square meter;
FVC = forced vital capacity; FEV; = forced expiratory volu-
me in one second; FEV,/FVC = forced expiratory volume in
one second and forced vital capacity ratio; MVV = maximal
voluntary ventilation; %pred = percentage from predicted;
BBM = body bone mass; LM = lean mass; FM% = fat
mass percentage; RLL = right lower limb; LLL = left lower
limb; kg = kilogram; % = percentage; WD = walked dis-
tance; NS = number of steps climbed; m = meter; * =
significant; p < 0.05.

Correlation between 6MWT’s WD and body
composition in CG and COPDG

Statistically significant positive correlations were
observed between 6MWT’s WD and BBM, BBM%, LM,
LM% and RLL's LM and LLL's LM (Table 2).

Correlation between 6MST’s NS and body
composition in CG and COPDG

Statistically significant positive correlations were
observed between 6MST’s NS and BBM, BBM%, LM,
LM% and RLL's LM and LLL's LM (Table 3).

Table 2 - Correlation between 6MWT’s WD and body
composition in CG and COPDG

CG (1) COPDG (r)
WD vs. BBM (kg) -0,293 0,682*
WD vs. BBMS% -0,117 0,632*
WD vs. LM (kg) -0,033 0,642*
WD vs. LM% -0,133 0,639*
WD vs. FM (kg) -0,034 0,012
WD vs. FM% 0,182 0,015
WD vs. RLLS LM -0,012 0,721*
WD vs. LLLS LM -0,014 0,711*

Source: Research data.

Notes: CG = control group; COPDG = COPD group; WD = walked
distance; BBM = body bone mass; LM = lean mass; FM =
fat mass; RLL = right lower limb; LLL = left lower limb;
vs. = versus; kg = kilogram; % = percentage; r = correla-
tion coefficient; * = significant (p < 0.05).

Table 3 - Correlation between 6MST’s NS and body com-

position in CG and COPDG (Continues)

CG (1) COPDG (r)
NS vs. BBM (kg) 0,176 0,691*
NS vs. BBMS% 0,045 0,712*
NS vs. LM (kg) 0,163 0,651*
NS vs. LM% 0,130 0,662*
NS vs FM (kg) 0,010 0,015
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Table 3 - Correlation between 6MST’s NS and body com-

position in CG and COPDG (Conclusion)

CG (r) COPDG (r)
NS vs FM% 0,1639 0,019
NS vs RLLs LM 0,150 0,642*
NS vs LLLs LM 0,052 0,614*

Source: Research data.

Notes: CG = control group; COPDG = COPD group; NS = number
of steps climbed; BBM = body bone mass; LM: lean mass;
FM = fat mass; RLL = right lower limb; LLL = left lower
limb; vs: versus; kg = kilogram; % = percentage; r = cor-
relation coefficient; * = significant (p < 0.05).

Discussion

The present study made it possible to identify that
BBM, BBM%, LM, LM%, RLL's and LLL's LM, WD, NS,
FVC, FEV,, FEV,/FVC and MVV are lower in patients
with COPD when compared with subjects exhibiting
similar anthropometric characteristics.

Body composition is a determinant factor associ-
ated with exercise intolerance (14), and its reduction
affects the peripheral muscles functions because of
two different phenomena: progressive muscle mass
loss and dysfunction of the remaining muscles. Some
studies (14, 15) have demonstrated that this muscle
dysfunction results from multiple factors, such as sed-
entarism, cachexia, skeletal muscle apoptosis, altered
regulation of nitric oxide, individual susceptibility,
electrolytes and hormones alterations, or may be,
as well as, the consequence of the cigarette smoking
itself and corticosteroids extended use.

Moreover, the muscle supplies are mobilized to
meet the protein synthesis demand contributing to
muscle depletion, limiting the subject’s functional
and respiratory capacity, increasing the risk for mor-
tality (16, 17), which represents a serious problem.

On the present study, significant positive corre-
lation was found comparing WD and NS with BBM,
BBM%, LM and LM%, suggesting that the lower
BBM, BBM%, LM and LM%, the lower is the func-
tional capacity.

According to Casaburi et al. (18), the body compo-
sition reduction may contribute to the peripheral gait
muscle biomechanics and structure losses, result-
ing in decrease of the quadriceps’ muscle strength

and endurance when compared with healthy con-
trol subjects.

The significant positive correlation between RLL's
LM and LLL's LM with WD and NS is another finding
arising from the present study. In the attempt to ex-
plain this fact we cite, according to Dourado etal. (2),
the decrease in activities that make use of the gait,
while trying to avoid the dyspnea sensation, and the
predominance of upper limbs daily activities.

Killian et al. (19) have suggested that peripheral
muscle dysfunction compromises the exercising ca-
pacity, and have also observed in their studies that the
fatigue sensation on LL is a limitation on functional
capacity in COPD patients.

The fact that 6MST demands more from the LL
muscles than the 6MWT caused this study to find
higher Borg scale values for LL in both groups, being
higher in the COPDG. Limitation on physical perfor-
mance observed on 6MST may have occurred as a
consequence of respiratory factors and muscle mass
decrease (6).

The exercise limitation due to respiratory factors
is presented by other authors (20, 21), and in the
present study can be also justified as a consequence
of the lower COPDG’s VVM values when compared
with the CG’s values, once the ventilatory demand
increases as the exercise intensity gets higher, re-
ducing the ventilatory efficiency in the first group,
and therefore reducing the exercise tolerance (22).

The body composition reduction reduces the
diaphragmatic mass and contributes to respiratory
muscle decrease in strength and endurance (23).
As a consequence, patients who lose weight exhibit
more dyspnea, higher rate of retained air and high-
er exercise limitation than those with stable weight
presenting the same degree of obstruction (24). In
addition, the diffusion capacity is, in general, more
compromised (21). As the muscle mass and muscle
function decrease, the respiratory muscles demands
increase to maintain the ventilatory work. As time
passes, muscles get less efficient due to fatigue. As the
body composition progresses, the respiratory failure
becomes, then, common (22).

Another finding of this study was the significant
reduction of the COPDG’s body bone mass, possibly
explained by the physical inactivity (chronic sed-
entarism) due to dyspnea, which contributes to the
skeletal muscle mass reduction (22).

The COPD patients’ physical inactivity is a nega-
tive influence on the bone mineral density, and may
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reduce its development (22). According to Dalsky. (23),
the body weight reduction and bedrest effects on
the spine and calcaneus mineral bone content is
negative, once they reduce around 1% per week,
contributing to functional capacity decrease.

LeBlanc et al. (24) studies have presented the ef-
fect of 17 weeks of bedrest on the skeleton. The loss
percentage was different for each part. Calcaneus
has lost approximately 10%, femoral trochanter 5%,
vertebral spine 4%, femoral neck 4%, tibia 2% and
1,4% in a whole body measure.

In conclusion, this study’s results show that
the body composition is an important prognostic
factor for COPD patients. We have also observed
the influence of BBM, BBM%, LM, LM%, RLL's LM
and LLL's LM depletion on the COPDG functional
capacity, which reinforces the importance of the
body composition assessment by dual-energy x-ray
absorptiometry, once it demonstrates satisfactory
clinical accuracy. Moreover, it is a useful evaluation
and reevaluation parameter in pulmonary rehabili-
tation programs.
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