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Peripheral muscle dysfunction in COPD:
lower limbs versus upper limbs*®

Disfuncdo muscular periférica em DPOC: membros inferiores versus membros superiores

Eduardo Foschini Miranda, Carla Malaguti, Simone Dal Corso

Abstract

In patients with COPD, the degree of functional impairment appears to differ between the upper and lower limbs.
Significant dyspnea and fatigue have been reported by these patients when performing tasks with unsupported
upper limbs and two mechanisms have been proposed to explain this fact: neuromechanical dysfunction of
respiratory muscles; and changes in lung volume during such activities. The neuromechanical dysfunction seen
in COPD patients during this type of exercise is related to changes in the breathing pattern, as well as to the
simultaneity of afferent and efferent muscle stimuli, resulting in respiratory muscle asynchrony. In addition, the
increased ventilation during upper limb exercise in patients with COPD leads to dynamic hyperinflation at different
workloads. During lower limb exercises, the strength and endurance of the quadriceps muscle is lower in COPD
patients than in healthy subjects. This could by explained by abnormal muscle metabolism (decreased aerobic
capacity), dependence on glycolytic metabolism, and rapid accumulation of lactate during exercise. In comparison
with lower limb exercises, upper limb exercises result in higher metabolic and ventilatory demands, as well as in a
more intense sensation of dyspnea and greater fatigue. Because there are differences between the upper and lower
limb muscles in terms of the morphological and functional adaptations in COPD patients, specific protocols for
strength training and endurance should be developed and tested for the corresponding muscle groups.
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Resumo

O prejuizo funcional parece diferir entre membros superiores e membros inferiores de pacientes com DPOC.
Dois possiveis mecanismos explicam os sintomas importantes de dispneia e fadiga relatados pelos pacientes ao
executar tarefas com membros superiores ndo sustentados: a disfuncdo neuromecénica dos musculos respiratorios
e a alteracdo dos volumes pulmonares durante as atividades realizadas com membros superiores. A disfuncédo
neuromecanica estd relacionada a alteracdo do padrdo respiratério e a simultaneidade de estimulos aferentes e
eferentes musculares, o que causaria a dissincronia na acdo dos musculos respiratdrios em pacientes com DPOC
durante esse tipo de exercicio. Adicionalmente, o aumento da ventilacdo durante os exercicios com membros
superiores em pacientes com DPOC induz a hiperinsuflacido dindmica em diferentes cargas de trabalho. Nos
membros inferiores, ha reducdo da forca e da endurance muscular do quadriceps femoral nos pacientes com
DPOC comparados a individuos saudaveis. Uma explicacdo para essas reducdes ¢ a anormalidade no metabolismo
muscular (diminui¢do da capacidade aerdbia), a dependéncia do metabolismo glicolitico e o acimulo rapido de
lactato durante o exercicio. Quando contrastadas as atividades de membros superiores e membros inferiores,
0s exercicios com membros superiores resultam em maior demanda metabdlica e ventilatéria com mais intensa
sensacdo de dispneia e fadiga. Devido as diferencas nas adaptagées morfofuncionais dos musculos dos membros
superiores e membros inferiores em pacientes com DPOC, protocolos especificos de treinamento de forca efou
endurance devem ser desenvolvidos e testados para os grupos musculares desses segmentos corporais.

Descritores: Doenca pulmonar obstrutiva cronica; Fadiga muscular; Extremidade superior; Extremidade inferior.
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Introduction

Progressive and irreversible evolution is a
hallmark of COPD.!" Because of the primary site
of COPD, reduced functional capacity has for
many decades been attributed to changes in the
respiratory mechanics and impaired pulmonary
gas exchange, resulting in dyspnea being the
principal symptom limiting exercise. However, in
the mid-1990s, one group of authors® noted
that lower limb fatigue in isolation was greater
than was the sensation of dyspnea in 43% of
patients with COPD submitted to maximal
exercise testing.

Although lower limb muscles are largely
responsible for limiting activities such as
walking and going up inclines or flights of stairs,
it is recognized that the activities of daily living
(ADL) that involve the upper limbs, especially
those that involve unsupported upper limbs
(upper limbs at shoulder level without support),
are also poorly tolerated by patients with COPD.
)

In patients with COPD, the degree of
functional impairment appears to differ between
the upper and lower limbs and can be explained
by the compartment theory. In brief, respiratory
muscle function and lower limb muscle function
are impaired by structural and functional
changes. Upper limb muscle structure and
function are relatively preserved, which is due to
the maintenance of ADLs that involve the arms
or to the use of some of those muscles during
the work of breathing.””

Structural changes in the lower limb muscles
result in reduced overall exercise capacity,
progressing to deconditioning caused by a
reduction in the performance of physical ADLs
in order to avoid dyspnea.® The performance of
physical ADLs appears to be a determining factor
in muscle changes.®® However, such changes are
also thought to be modulated by other local
and systemic factors, such as inflammation,
oxidative stress, pharmacological treatment, and
nutritional disorders.®

Although various researchers have studied
the effects that lower limb and upper limb
exercises have on various physiological and
clinical outcomes,”'® only a few studies have
drawn comparisons between lower limb muscle
function and upper limb muscle function.!''®
Only one study compared lower and upper limb
exercises in terms of metabolic and ventilatory
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demands, as well as in terms of perceived effort.
(18)

Impact of upper limb activities on
metabolic and ventilatory responses

Although upper limb mechanical efficiency
and exercise capacity are relatively preserved in
patients with COPD,"” these patients complain of
severe dyspnea while performing, without upper
limb support, tasks that could be considered
trivial. There are two mechanisms to which that
finding might be attributable: neuromechanical
dysfunction (thoracoabdominal asynchrony) of
respiratory muscles (diaphragm and accessory
muscles)??; and changes in lung volume
during activities involving the upper limbs.?>-2%

Neuromechanical dysfunction was first
described in a study conducted by Tangri &
Woolf.?" In that study, the breathing patterns
of 12 patients with COPD were evaluated
by inductance plethysmography. A rapid,
shallow breathing pattern was observed during
bending, tying shoelaces, tooth brushing,
and hair combing. Fluoroscopy revealed an
irregular pattern of diaphragm movement
during hair brushing and tooth brushing in the
orthostatic position. That was followed by a
period during which ventilation increased. The
authors stated that this might be due to carbon
dioxide retention and decreased arterial oxygen
pressure during those activities. Therefore, the
hyperventilation observed after the activity had
been discontinued would have been required in
order to allow blood gases to return to baseline
levels. The dyspnea observed in COPD patients
after activities involving the upper limbs might
be due to increased RR associated with low tidal
volume.

One group of authors found a rapid, shallow
breathing pattern in 34 COPD patients (FEV,,
0.95 + 0.08 L) who kept their upper limbs raised
to shoulder height, with the elbows held at a 90°
angle, for two minutes,?® thereby corroborating
the findings of Tangri & Woolf.?" The authors
attributed the change in the breathing pattern
to the simultaneity of afferent and efferent
muscle stimuli, which could cause respiratory
muscle asynchrony during unsupported upper
limb exercise in patients with COPD.

According to Breslin,?® the thoracoabdominal
asynchrony triggered by unsupported upper
limb exercises causes dyspnea in patients with
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COPD. The author found that patients with
severe COPD (FEV,, 37 + 3% of predicted)
reported a marked increase in the sensation of
dyspnea during routine tasks involving the upper
limbs, especially during activities that required
unsupported elevation of the upper limbs. The
author speculated that dyspnea is associated
with changes in respiratory muscle function,
i.e., decreased respiratory muscle strength and
endurance, as well as with an increase in the
recruitment of rib cage muscles and accessory
muscles during those activities. Unsupported
upper limb exercise further impairs the ability of
respiratory muscles to aid in ventilation because
this type of exercise requires the recruitment
of respiratory muscles concomitantly with the
maintenance of chest wall stability.

In another study,®? healthy individuals (n =
18) were compared with COPD patients (n =
25; FEV, 38 + 5% of predicted) in terms of
their performance on an unsupported activity
involving the arm flexor muscles during the
expiratory phase. Muscle activity was evaluated
by electromyography (EMG), the pattern of
thoracoabdominal motion was measured by
inductance plethysmography, and the sensation
of dyspnea was evaluated by a visual analog
scale. Upper limb muscle endurance during
unsupported exercises was reported to be reduced
in healthy individuals and in patients with
COPD, being associated with increased dyspnea
and changes in the pattern of respiratory muscle
recruitment. Unsupported exercise resulted in
a significant increase in the mean EMG signal
amplitude of the diaphragm during inhalation
and exhalation, as well as in thoracoabdominal
motion asynchrony and increased intensity
of dyspnea. These changes in diaphragmatic
recruitment and thoracoabdominal motion can
partially explain the increase in the intensity
of dyspnea caused by unsupported upper limb
exercise.

The effects of wupper limb flexion on
metabolic responses—oxygen consumption (VO,)
and carbon dioxide production (VCO,)—and
ventilatory responses (minute ventilation, tidal
volume, and RR) have also been evaluated in a
study of patients with COPD.?” Those variables
were studied while the patients held their upper
limbs in three different positions, in sequence:
neutral (upper limbs resting along the body);
horizontal flexion at shoulder level for two
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minutes; and then neutral again. The principal
finding of that study was that unsupported
upper limb exercise increased minute ventilation
by increasing the RR, as evidenced by the activity
of the sternocleidomastoid muscle, resulting in a
minimal increase in tidal volume.

Higher metabolic and ventilatory demands
were also reported in a study® comparing
patients with COPD (FEV,, 38 + 13% of
predicted) and healthy elderly individuals. The
authors found a significant increase in baseline
VO,, VCO,, pulmonary ventilation, RR, and HR
in COPD patients during three basic upper limb
elevations (shoulder flexion at 90°, shoulder
flexion at 180°, and shoulder abduction at 90°).
The increase explained the higher metabolic and
respiratory demands.

According to one group of authors,?
unsupported upper limb exercise alters
respiratory muscle recruitment and causes
dyspnea in patients with COPD. The authors
evaluated 11 COPD patients (FEV,, 0.65 +
0.21 1) at rest, during unsupported upper limb
exercise, and during supported exercise on an
arm ergometer. The duration of the exercise,
HR, VO,, and pulmonary ventilation at peak
exertion were lower during unsupported upper
limb endurance exercise than during supported
upper limb exercise. In 8 of the patients, gastric
pressure increased at the end of inhalation, and
pleural pressure was less negative during the
unsupported exercise. Those pressure changes
were attributed to the ventilatory overload
of the inspiratory muscles of the rib cage and
diaphragm. The change in the recruitment of
respiratory muscles could explain why certain
unsupported upper limb exercises are poorly
tolerated by patients with COPD.

In agreement with the previous findings,
another group of authors® also suggested
that the limitation on unsupported upper limb
exercise in COPD patients is characterized by
thoracoabdominal asynchrony of inspiratory
muscles. Those authors studied the relationship
between pulmonary function at rest and
unsupported upper limb exercise performance
(upper limb flexion at shoulder level) in
patients with COPD (n = 21; FEV,, 42 + 12%
of predicted). The duration of upper limb
exercise significantly correlated with inspiratory
capacity (1C), functional residual capacity (FRC),
maximum inspiratory pressure, and FEV. In
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addition, arm circumference and VO, correlated
with the duration of the exercise. The variables
1C, FRC, and FEV, collectively accounted for
77% of the variation in exercise duration. In that
context, the authors reported that therapeutic
strategies aimed at increasing 1C, decreasing
FRC, or increasing inspiratory muscle strength
and upper limb strength could provide symptom
relief and improve unsupported upper limb
exercise performance in patients with COPD.

According to one group of authors,™ arm
ergometer incremental exercise resulted in
dynamic hyperinflation in patients with moderate
to severe obstruction. The hyperinflation
correlated with an increase in dyspnea, upper
limb effort, and VO, at peak exertion. Increased
ventilation during upper limb exercises in
patients with COPD has been associated with
dynamic hyperinflation and decreased 1C at
different workloads.!"?

The abovementioned studies analyzed the
upper limbs while they were held motionless
or during cycle ergometer exercises, neither of
which is representative of ADLs involving the
upper limbs. In this context, Velloso et al.®)
were the first to study metabolic and ventilatory
outcomes during the performance of ADLs, such
as sweeping the floor, erasing a blackboard,
lifting jars with different loads, and changing
light bulbs, in patients with COPD (FEV,, 32.5 +
1.8% of predicted). Maximal VO, and pulmonary
ventilation were significantly greater during
those activities than during activities performed
at rest. In addition, when compared with the
control group, patients with moderate to severe
COPD reported a higher rate of fatigue and
greater sensation of dyspnea during the ADLs
that required upper limb elevation.

There have been only a few studies analyzing
the microstructure of the upper limb or shoulder
girdle muscles. There seems to be no change in
the relative proportion of fibers in the biceps
brachii; however, type 1 and type 11 atrophic
fibers are evident, especially in patients with
weight loss and airflow obstruction that is more
severe.’?

1t appears that oxidative capacity is preserved
or even increased in the deltoid muscles of
patients with COPD,®» as opposed to what is
observed in lower limb muscles (Figure 1). One
possible explanations for this difference is that
patients continue to perform, to a certain extent,
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the ADLs that involve the upper limbs but reduce
their performance of the activities that involve
the lTower limbs, adopting a sedentary lifestyle
in order to minimize dyspnea. In a more detailed
study, the analysis of biopsy samples from the
middle deltoid muscle of the non-dominant limb
revealed three different types of fibers in COPD
patients (fibers of normal diameter, atrophic
fibers, and hypertrophic fibers), resulting in a
mosaic pattern.®¥ That finding was prevalent in
patients with severe COPD.

Unlike the lower limbs, the upper limbs
have not been studied in terms of the objective
assessment of muscle fatigue. However, there
have been numerous studies analyzing the
ventilatory and metabolic responses during
upper limb exercise in patients with COPD. 1t has
been reported that VO,, VCO,, and pulmonary
ventilation at peak exertion are lower during
upper limb exercise than during lower limb
exercise.® However, at comparable workloads
(similar VO,), upper limb exercise leads to
greater VCO,, ventilation, and lactate production
than does lower limb exercise,®® with an early
anaerobic threshold. This is probably due to
reduced muscle mass and possible microstructural
changes, which result in increased muscle work
in order to maintain the exercise. Therefore, the
activities that involve shoulder girdle muscles
lead to a marked sensation of dyspnea, as well
as to upper limb fatigue.
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Figure 1 - Comparison between patients with COPD
and controls (C) regarding the levels of the oxidative
enzyme citrate synthase in the quadriceps and middle
deltoid. Taken from a study conducted by Gea et al.t?
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Lower limb muscle dysfunction in
patients with COPD

Because the quadriceps is readily accessible
and a primary muscle of locomotion, it is the
muscle that is most commonly studied in COPD
patients with skeletal muscle dysfunction.t”

Gosselink et al.®® were the first to document
reduced quadriceps muscle strength, as assessed
by isometric peak torque (PT), in patients with
COPD, showing it to be a predictor of reduced
maximal VO,. In addition, patients present with
decreased muscle endurance when compared
with healthy individuals. A plausible explanation
for this reduction is abnormal muscle
metabolism in which the oxidative activity is
lower.®9 1t is of note that there is an association
between muscle endurance and the level of
physical ADL performance, as well as between
muscle endurance and the degree of airflow
obstruction.“? Certain factors, such as reduced
muscle strength, decreased aerobic capacity,
dependence on glycolytic metabolism, and
rapid accumulation of lactate during exercise,
might be responsible for early muscle fatigue in
patients with COPD.

Muscle fatigue has been evaluated by
surface EMG (sEMG) associated with voluntary
contraction measurements. More recently,
muscle fatigue has been evaluated by magnetic
stimulation of the femoral nerve, a technique
that is considered the gold standard because
it is non-volitional. Muscle contraction in
response to the magnetic stimulus is known as
twitch tension. A study comparing patients with
COPD and healthy elderly individuals in terms
of quadriceps muscle strength, as evaluated
by magnetic stimulation and sEMG, showed
a 30% reduction, on average, in quadriceps
muscle strength in the patients with COPD; the
reduction was attributed to a decrease in the
proportion of type 1 fibers and an increase in the
proportion of type 11 fibers, as well as to reduced
oxidative metabolism and quadriceps muscle
deconditioning.®” Similar results were found
by a group of authors*! investigating reduced
lower limb muscle endurance in 36 patients with
COPD (FEV,, 36 + 14% of predicted) and in 39
healthy individuals. Quadriceps strength and
endurance were both evaluated. In the patients
with COPD, quadriceps strength was reduced to
430 after exercise, whereas it remained at 77%
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in the control patients. The reduction in muscle
endurance was independent of the pulmonary
function of the patient or the force generated
by the quadriceps.

One group of authors* compared patients
with COPD (FEV,, 36 + 5% of predicted) and
9 healthy individuals in terms of the degree
of fatigue caused by cycle ergometer exercise.
Fatigue was evaluated by magnetic stimulation of
the femoral nerve after cycle ergometer exercise
at 60% of the maximum workload. Fatigue, as
assessed by a drop in twitch tension, was greater
in the patients with COPD than in the healthy
individuals. A drop in quadriceps twitch tension
was also reported in another study.”” In that
study, quadriceps muscle fatigue was evaluated
with magnetic stimulation of the femoral nerve
before and after submaximal cycle ergometer
exercise in 30 patients with COPD (FEV,, 42
+ 3% of predicted). The authors found that
the decline in quadriceps muscle strength was
associated with a drop in the median EMG signal
frequency, with an increase in the sensation of
lower limb fatigue, together with an increase in
arterial blood lactate levels.

In one study, patients with COPD were
reported to present with quadriceps muscle
atrophy, as shown by a CT scan of the thigh
(66 cm? vs. 107 cm? in healthy individuals). The
authors found that, in the patients with COPD,
quadriceps muscle strength was reduced by 17
kg on average, and the endurance test showed
that the time to fatigue was 38 s shorter in the
patients with COPD than in healthy individuals.
(a4)

A study comparing changes in the six-minute
walk test performance with those in the shuttle
walk test performance in 14 patients with COPD
(FEV,, 50 + 8% of predicted) provided an analysis
of the response to dyspnea, as well as of the level
of quadriceps muscle fatigue. The authors used
SEMG and magnetic stimulation of the femoral
nerve, contractile muscle fatigue being defined
as a 15% reduction in post-exercise strength
when compared with that measured at rest. We
find it curious that post-exercise dyspnea was
similar between the two tests, that the test did
not cause a significant drop in quadriceps twitch
tension, and that muscle fatigue occurred in less
than 15% of the patients after the two walk
tests.*)
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The principal changes in the quadriceps
muscle and middle deltoid muscle are shown
in Table 1. Such changes increase quadriceps
muscle fatigability, as demonstrated during cycle
ergometer exercise at a constant workload®>>°0)
and during localized exercise.””

Comparison between upper limb and
lower Iimb exercise response in COPD

It is of note that, although patients with
COPD have been reported to present with
impaired lower limb and shoulder girdle muscles,
the morphological adaptations appear to differ
between these muscles (Table 1).

Celli et al.? were the first to compare lower
limb and upper limb activities in patients with
COPD. The authors noted that, despite the lower
amount of work, the time during which patients
were able to maintain the upper limbs raised
without support during the activity of changing
rings on a vertical plank was lower than was that
during which patients were able to perform lower
limb exercise on a cycle ergometer. Unsupported
upper limb activities in patients with COPD end
before lower limb exercises do, although the HR
and VO, obtained during upper limb exercise
are lower. 1t appears that the limiting factor for
upper limb exercise in some patients is the early
onset of intense dyspnea, which is associated
with thoracoabdominal asynchrony.

One group of authors!'® evaluated peripheral
muscle weakness and endurance of the upper
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and lower limbs (biceps brachii and quadriceps)
in patients with COPD. A drop in PT over the
course of 14 isokinetic contractions was used
as a criterion for fatigue. Biceps brachii fatigue
was found to be greater than was quadriceps
fatigue, the drop in PT being 42% and 289%,
respectively.

The authors of one study®” determined the
degree of respiratory and peripheral muscle
weakness in patients with moderate to severe
COPD. The study compared 22 healthy elderly
individuals and 40 patients with COPD (FEV,,
41 + 19% of predicted) in terms of respiratory
and peripheral muscle strength. The authors
assessed pulmonary function, isometric strength
of four muscle groups (hand-grip strength,
elbow flexion, shoulder abduction, and knee
extension), neck flexion strength, maximal
inspiratory pressure, and maximal expiratory
pressure. As expected, respiratory and peripheral
muscle strength was lower in the patients with
COPD patients than in the normal individuals.
In patients with stable COPD, muscle weakness
did not affect all muscles similarly. Inspiratory
muscle strength was more affected than was
peripheral muscle strength, whereas proximal
upper limb muscle strength was more affected
than was distal upper limb muscle strength.
Although those findings were not discussed
by the authors, reduced respiratory muscle
strength in COPD patients has been reported
to be due to lung hyperinflation, which leads

Table 1 - Quadriceps and middle deltoid muscle changes reported in various studies involving patients with

COPD.
Parameters Muscle evaluated Study Changes
Muscle mass Quadriceps Schols et al.® Decreased
Muscle strength Clark et al.®” Decreased
Muscle endurance Vant Hul et al.®® Decreased
Oxidative enzymes Maltais et al.®) Decreased
Glycolytic enzymes Jakobsson et al.®” Increased
% of type 1 fibers Hildebrand et al.”" Decreased
9% of type 11 fibers Satta et al.®? Increased
Atrophy of type 1 and type 11 fibers Saey et al.”? Present
Whittom et al.®"
Muscle mass Middle deltoid Davis et al.t® Decreased
Muscle endurance Criner et al.?® Decreased
Oxidative enzymes Gea et al.®? Increased
Glycolytic enzymes Gea et al.®? Equal to controls
% of type 1 fibers Gea et al.®? Increased
Atrophy of type 1 and type 11 fibers Hernandez et al.?¥ Present
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to mechanical impairment.*® Distal strength is
possibly preserved because patients are able to
continue to perform ADLs that involve repeated
hand-grip movements, including gripping,
holding, and carrying objects. In contrast,
reduced proximal upper limb muscle strength, as
assessed by shoulder abduction, can be explained
by a reduction in unsupported arm activities in
order to avoid dyspnea. More recently, for the
same relative load, dyspnea scores and lactate
production were found to be higher during upper
limb exercise performed on an arm ergometer
than during lower limb exercise performed on
a cycle ergometer.®® One study reported that
lung hyperinflation, as assessed by reduced 1C,
was greater after upper limb exercise than after
a treadmill walk test, the two tests having been
performed at similar metabolic loads.?" The
comparison between reduced upper limb muscle
strength (elbow flexors) and reduced lower limb
muscle strength (knee extensors) after a fatigue
protocol in 8 patients with moderate to severe
COPD showed an increase in perception of
fatigue scale scores (for elbow flexors and knee
extensors) before and after the protocol.®” In
the patients with COPD, the fatigability of the
elbow flexors was greater than was that of the
knee extensors.

Final considerations

Upper limb strength and endurance are lower
in COPD patients than in healthy individuals, as
are lowerlimb strength and endurance. Regarding
the upper limbs, two possible mechanisms are
related to those findings: neuromechanical
dysfunction (thoracoabdominal asynchrony) of
respiratory muscles (diaphragm and accessory
muscles); and changes in lung volume during
activities involving the upper limbs. Regarding
the lower limbs, reduced muscle strength and
endurance are related to decreased muscle mass,
decreased aerobic capacity, a predominance of
glycolytic metabolism, and rapid accumulation
of lactate during exercise, factors that might be
responsible for early muscle fatigue in COPD
patients.

Because of the continuing controversy
over the distribution of muscle dysfunction
between the upper and lower limbs in patients
with COPD, there is a need for further studies,
comparing macrostructural and microstructural
changes while adjusting for certain factors, such
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as disease severity and phenotype, as well as the
presence or absence of hypoxemia and muscle
depletion.
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