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Abstract

Background: Skeletal muscles provide the mechanical basis for breathing and
movement, and skeletal muscle dysfunction which is frequently observed in
individuals with chronic obstructive pulmonary disease (COPD) has important clinical
implications. Aims: The objective of the present study was to investigate whether
the COPD assessment test (CAT) score may be associated with quadriceps muscle
thickness, handgrip strength, peripheral muscle endurance and respiratory muscle
strength in individuals with COPD enrolled in a pulmonary rehabilitation program.
Methods: This is a cross-sectional study with evaluation of the following outcomes:
quadriceps muscle thickness (ultrasonography), handgrip strength (muscle strength
dynamometer), peripheral muscle endurance (30-second sit-to-stand test) and
respiratory muscle strength (manovacuometry). Results: Twenty-three individuals
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Skeletal muscle dysfunction in chronic obstructive pulmonary disease

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is one of
the main causes of morbidity and mortality, representing an
important public health problem'. Currently, it has become the
third most frequent cause of death and one of the main reasons
for chronic hospitalization, resulting in a large expenditure
of financial resources?.

Airflow limitation is one of the main clinical characteristics
of individuals with COPD; this progressive and partially
reversible ventilatory dysfunction occurs due to an abnormal
pulmonary inflammatory process, which is triggered by
exposure to particles and harmful gases'. Nevertheless, with
the progression of the disease, a variety of systemic alterations
occur, culminating in implications for the health-related
quality of life (HRQoL) and patient’s’ prognosis®. Among
the systemic consequences of COPD, there is the skeletal
muscle dysfunction®.

Evidence has demonstrated that individuals with COPD
present significant reduction in handgrip strength (HGS) when
compared with controls’, quadriceps muscle weakness even in
early stages of the disease and younger age groups®, reduction
in both quadriceps muscle thickness (QMT)” and quadriceps
muscle resistance in comparison with healthy individuals®.
Furthermore, changes in respiratory muscle strength (RMS)
are frequent in these individuals’.

The skeletal muscles provide the mechanical basis
for breathing and movement. Thus the skeletal muscle
dysfunction observed in individuals with COPD has important
clinical implications for the occurrence of symptoms, reduced
functional capacity, increased frequency of health service use,
impaired quality of life and reduced survival'®!?, Therefore, a
comprehensive evaluation of this outcome proves necessary.

In 2011 the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines introduced the COPD
Assessment Test (CAT) to assess the clinical impact of
COPD on health status. Since then, this instrument has
been frequently used in both clinical practice and research,
demonstrating reliability, validity and good responsiveness'?.
Recent meta-analysis demonstrated that the CAT score can
be used as a complementary tool in clinical evaluation as
a predictor of exacerbation, deterioration of health status,
depression and even mortality in COPD'. Conversely, the
possible relationship between variables reflecting skeletal
muscle dysfunction and clinical impact on the health status
of individuals with COPD has not been yet investigated.

Therefore, the aim of this study was to investigate whether
the CAT score may be associated with QM T, HGS, peripheral
muscle endurance and RMS in individuals with COPD
entering a pulmonary rehabilitation (PR) program.

METHODS

Study design
Cross-sectional study conducted at the Rehabilitation
Unit of the University Hospital of Santa Maria (HUSM),
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Federal University of Santa Maria (UFSM), Santa Maria
(RS), Brazil, from June to November 2019. The study was
approved by the ethics committee (process no. 3.208.982)
and in accordance with the guidelines of the National Health
Council in Resolution 466/2012. All individuals provided
written informed consent before participation.

The study sample consisted of patients recruited during
the initial evaluation for admission to PR program referred
by the local Pulmonology Department, with the clinical and
spirometric diagnosis of COPD according to the criteria
established by GOLD (forced expiratory volume in the first
second/forced vital capacity - FEV /FVC<70 and FEV <80%
of predicted)'. Individuals who were active smokers,
with coexistence of previously diagnosed neurological
impairment, clinically unstable (acute exacerbation requiring
hospitalization or use of systemic corticoids in the last 3
months), uncontrolled systemic arterial hypertension or in
the presence of musculoskeletal disorders that would make it
impossible to perform the evaluations proposed in this study’
were excluded from the study.

Evaluations

All individuals were submitted to two days of assessment,
with a minimum 48-hour interval between them. On the first
day, anamnesis, physical examination, application of the CAT
questionnaire and assessment of RMS were performed. On
the second day, QMT, HGS and peripheral muscle endurance
evaluations were performed in this order. All assessments
were performed by previously trained evaluators.

COPD assessment test

The Portuguese version of the CAT questionnaire,
validated for the Brazilian population, was applied in an
interview format to evaluate the health status'.

This instrument is composed of 8 items, each scoring
from 0 to 5, and the sum of these can be stratified into
four categories that reflect the clinical impact of COPD
symptoms on the life of individuals in: mild (CAT=1-10),
moderate (CAT=11-20), severe (CAT=21-30) and very severe
(CAT=31-40)'s,

Respiratory muscle strength

RMS was assessed by maximum inspiratory pressure
(MIP) and maximum expiratory pressure (MEP) evaluated
with an MVD 300 digital manometer (MDI®, RS, Brazil).
All measurements were done according to ATS/ERS
recommendations (2002)"". The highest MIP and MEP values
were used for analysis and compared to predicted values'®.

Quadriceps muscle thickness

QMT was evaluated by high resolution ultrasound (US)
(Mindray Ultrasound, DP-2200 portable, China), in B-mode,
with echocardiological transducer (65C15EA 5.0-9.0 MHz,
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4W). Individuals were positioned in dorsal decubitus, with
the transducer placed perpendicularly on their skin with
minimal pressure at the midpoint of the quadriceps femoris,
region located between the anterosuperior iliac spine and the
upper patella pole'.

The measurement of the QMT was conducted using Image
J® software (NIH, Bethesda, MD) considering the average
of three measurements with a maximum difference between
them of 0.1 cm for each lower limb. The average of the QMT
between the lower limbs was considered for analysis.

Handgrip strength

HGS was assessed by a previously calibrated mechanical
dynamometer (Sachan corporation SH5001, Korea)®. In each
evaluation, three maximum isometric effort attempts were
recorded for 6 seconds, with a 1-minute interval between each
one. For analysis, the mean of the three evaluations recorded
in each upper limb, and after the mean between right and
left upper limb were considered. The predicted values were
calculated based on the equations of Novaes et al.?!.

Peripheral muscle endurance

Peripheral muscle endurance was assessed by the
30-second sit-to-stand (STS) test*. At the “go” signal,
individuals were oriented to change their position to
orthostatism, sequentially, returning to the chair in a sitting
position and being encouraged to complete the largest number
of repetitions for 30 seconds®. The number of repetitions
obtained in the aforementioned time interval was considered
for analysis. The equations proposed by Tveter et al.>* were
used in order to calculate the predicted values.

Sample size calculation

The sample size calculation was performed using BioEstat
software (version 5.0), based on a pilot study in which the first
10 individuals were included. To detect a correlation of r=-
0.60 between health status, evaluated by the total CAT score,
and the HGS (mean between right and left upper limbs) with a
significance level of 5% (p<0.05) and statistical power of 80%
a sample size of at least 20 individuals was calculated. The
HGS variable was used as an indicator of overall strength?*.

Statistical analysis

Data obtained were analyzed using GraphPad Prism 5
software (GraphPad Software Inc., San Diego, CA, USA). The
normality of the variables was evaluated by the Shapiro-Wilk
test. Continuous variables are presented in mean and standard
deviation and categorical variables in absolute frequencies
and percentages. The correlation between the total score
obtained in the CAT with the other variables was assessed
by Pearson’s correlation coefficient, being considered weak
(r=0.10-0.39), moderate (r=0.40-0.69) and strong (r=0.70-
1.00) correlations®.
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Simple linear regression and multiple linear regression
analyses were performed using CAT as a dependent variable
and QMT, HGS, peripheral muscle endurance and RMS
as independent variables. Kruskal-Wallis test followed by
Dunn’s post-hoc was performed to compare values obtained
for QMT, HGS, peripheral muscle endurance and RMS
between CAT categories. The significance level adopted was
5% (p<0.05).

RESULTS

Twenty-three individuals with COPD (65+10.1 years
old, 14 female) enrolled in a PR program were included in
this study (after the exclusion of three individuals because
they were active smokers and two individuals by the use of
systemic corticoids in the last 3 months). The anthropometric
characteristics, lung function, disease impact and outcome
variables are described on Table 1.

The total score obtained in the CAT correlated negatively
and moderately with the mean of right and left QMT (r=-
0.562; p=0.005) (Figure 1A), negatively and moderately with
the mean of right and left upper limb HGS (r=-0.655; p<0.001)
(Figure 1B) and negatively and moderately with peripheral
muscle endurance (Figure 1C) (r=-0.573; p=0.004). However,
there was no significant correlation between the total score
obtained in the CAT with the MIP (r=-0.372; p=0.081)
(Figure 1D) and the MEP (1=-0.320; p=0.137) (Figure 1E).

The multiple linear regression model including the
variables QMT, HGS and peripheral muscle endurance was
the best model to predict the CAT total score, explaining 65%
of'its variance (Table 2).

Taking into account the stratification into categories,
which reflect the clinical impact of symptoms obtained
through the CAT, there was a significant difference between
mild and very severe scores for QMT mean; mild and severe,
and mild and very severe for HGS mean; and mild and very
severe for peripheral muscle endurance. However, there was
no significant difference regarding the stratification into
categories for RMS (MIP and MEP) (Figure 2).

DISCUSSION

To the best of our knowledge, this is the first study to
investigate whether CAT score was associated with QMT,
HGS, peripheral muscle endurance and RMS in individuals
with COPD enrolled in a PR program. Our findings
demonstrated that health status, as assessed by the CAT,
correlated negatively and moderately with HGS, negatively
and moderately with QMT and peripheral muscle endurance.
Nevertheless, the CAT score did not show correlation with
RMS. We also observed that the QMT, HGS and peripheral
muscle endurance were predictors of the CAT score.
Furthermore, our results suggest that individuals with low
impact of COPD in health status had better QMT, HGS and
peripheral muscle endurance values than those with a high
impact.
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Table 1. Anthropometric characteristics, lung function, disease
impact and outcome variables.

Variables Mean+SD (n=23)
Anthropometric
Age (years) 64.6£10.1
Female sex, n (%) 14 (60.9)
Body mass index (kg/m?) 24.844.00
Lung function
FEV, FVC (%pred.) 57.8+£16.8
FEV, (%pred.) 50.1+17.1

GOLD

/IV/II/IV, n (%) 2 (8.7)/ 8 (34.8)/7 (30.4)/6 (26.1)
CAT classification (score) 19.4+8.9
Mild, Mean+SD / n (%) 8.5+1.3/4 (17.4)
Moderate, Mean+SD / n (%) 16.5+2.8 /12 (52.2)
Severe, Mean+SD / n (%) 25.5€2.7/4 (17.4)
Very severe, Mean+SD / n (%) 36.0+6.2 /3 (13.0)

Outcome variables

MIP (¢cmH,0) 66.7+20.8
MIP (% pred.) 97.2+30.9
MEP (cmH,0) 82.4+19.7
MEP (% pred.) 86.6+23.6
QMT (mm) 22.54+7.0
HGS right upper extremity 25.9+7.5
(KgF)
HGS right upper extremity 83.6+£14.8
(%pred.)
HGS left upper extremity 24.8+8.0
(KgF)
HGS left upper extremity 88.1+18.0
(Yopred.)
HGS mean right and left upper 25.447.8
extremities
30-second sit-to-stand test 8.2+1.9
(n°of repetitions)

30-second sit-to-stand test 38.3+14.8

(Yopred.)

Data are expressed as mean+SD or n (%). FEV, = forced expiratory volume in the
first second; FVC = forced vital capacity; GOLD = Global Initiative for Chronic
Obstructive Lung Disease; CAT = COPD assessment test; MIP = maximum inspiratory
pressure; MEP = maximum expiratory pressure; QM T = Quadriceps muscle thickness;
HGS = handgrip strength.

Limb muscle weakness is a common finding in individuals
with COPD, which is evidenced by reduced muscle volume,
culminating in decreased strength, which is reported mainly in
the quadriceps muscle**?’. Based on this theoretical assumption,
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the evaluation of lower limbs muscle thickness has been
recommended in these individuals, since the reduction of muscle
volume is associated with worsening physical function'>%,
Currently, US has been recognized as a promising modality
that facilitates the quantification of peripheral muscles, as it is
a valid, safe, and non-invasive method®. Despite the scarcity
of evidence investigating the relationship between peripheral
muscle volume and health status in individuals with COPD,
a study conducted by Ye et al. is noteworthy, whose findings
suggest that the quality and quantity of muscles, measured by
US, are associated to HRQoL'.

Scientific evidence has demonstrated that the reduction
of HGS is associated with decreased pulmonary function®,
reduced lower limb strength'!, reduced exercise capacity®!
and increased risk of mortality in individuals with COPD?*%.
According to the GOLD recommendations for management
of COPD based on the patients’ health status, studies have
investigated the association between health status with HGS'.
Ansari et al. demonstrated that HGS reduction occurs mainly
in patients with a frequent history of exacerbations and is
associated with a reduced health status**. Another study
showed that perception of health status, assessed by CAT,
has a dynamic factor in these individuals. Furthermore, that
study showed that a higher HGS was one of independent
predictors of a transition to recovery from poor health status
for patients®*. Similarly, in the present study we also showed
the association between HGS and health status, as well as we
demonstrated the HGS values as an independent predictor.

Quadriceps muscle endurance is well known to be reduced
in individuals with COPD, when compared to healthy subjects,
regardless of the type of task performed, negatively impacting
on functional capacity and consequently on quality of life®.
A study conducted by Stridsman et al. has demonstrated that
the presence of clinically relevant fatigue was associated with
high scores on CAT. The authors also suggest individually
considering the question number eight of the aforementioned
instrument on “energy” to tracking the presence of fatigue in
clinical practice. Similarly, our findings demonstrated that the
reduction of peripheral muscle endurance was associated with
a worse health status, evidenced by the higher CAT score®.

We did not observe association between the CAT total score
with RMS. Given the scarcity of studies that have investigated
the relationship between muscle dysfunction and health status,
it is worth mentioning the study conducted by Santos et al.,
whose objective was to investigate the association between
HRQoL and peripheral and RMS. The authors suggest that
quadriceps and expiratory muscles strength are able to reflect
the impact that impairment of activities of daily living have
on the quality of life of individuals with COPD*. A possible
explanation for the absence of association in our study may be
the fact that the individuals did not present respiratory muscle
weakness, and a considerable number of them presented with
less severe disease stages’.

In addition to the relationships observed in the present
study between peripheral muscle dysfunction and health status,
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Figure 1. Correlation between the total score on the COPD Assessment Test (CAT) with: A) quadriceps muscle thickness (QMT); B) hand
grip strength (HGS); C) peripheral muscle resistance (PMR); D) maximum inspiratory pressure (MIP); E) maximum expiratory pressure

(MEP). Significant difference (p<0.05).

it was demonstrated that QMT, HGS and peripheral muscle
endurance were the independent predictors of health status
explaining 65% of the variance. Thus, it is important to mention
arecent study whose sample consisted of 3452 individuals with
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COPD living in 11 Central and Eastern European countries.
The authors identified that the variables depression, number of
previous exacerbations, distance walked in the 6-minute walk
test (6GMWD), FEV | (%), modified Medical Research Council
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Table 2. Simple and multiple linear regression between CAT and QMT, peripheral muscle endurance (30-second STS test) and RMS.

Regression Coefficient g 95% CI R? R? adjusted p

Simple linear

QMT -0.72 -1.19 t0 0.24 0.31 0.28 0.005
HGS -0.76 -1.16 t0 -0.36 0.43 0.40 <0.001
30-second sit-to-stand test -2.77 -4.36to 119 0.39 0.36 0.001
MIP -0.17 -0.34 t0 0.02 0.14 0.10 0.08
MEP -0.14 -0.34 t0 0.05 0.10 0.06 0.14

Multiple linear

QMT -0.47 -0.84 to -0.09 0.70 0.65 0.01
HGS -0.37 -0.73 to -0.005 0.04
30-second sit-to-stand test -2.07 -3.32 t0 -0.81 0.002

Significant difference (p<0.05). CI = confidence interval; QMT = Quadriceps muscle thickness; HGS = Handgrip strength; MIP = Maximum inspiratory pressure;
MEP = maximum expiratory pressure.
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Figure 2. Comparison of the scores obtained in the categories mild (n=4), moderate (n=12), severe (n=4) and very severe (n=3) at the
COPD Assessment Test and: A) quadriceps muscle thickness (QMT); B) hand grip strength (HGS); C) peripheral muscle resistance
(PMR); D) maximum inspiratory pressure (MIP); E) maximum expiratory pressure (MEP). Significant difference (p<0.05).
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score and country were significantly associated with the CAT
scores, explaining 47.2% of the variance™.

The study by Gulart et al. pioneered the stratification
based on the total CAT score. These authors demonstrated a
significant difference between mild and high clinical COPD
impact for 6oMWD, Glittre test time, total score and percentage
of the total score obtained on the London Chest Activity of
Daily Living (LCADL) scale. Additionally, a significant
difference between moderate and high COPD clinical impact
on the total score and percentage of the total score obtained
on the LCADL scale was observed, thus confirming that the
CAT reflects the functional status of individuals with COPD?.
A significant difference in the clinical impact of the disease
between mild and very severe on QMT was identified in our
study; mild and severe, and mild and very severe for HGS;
and mild and very severe for peripheral muscle endurance.
However, this finding should be analyzed with caution, due to
the reduced number of individuals belonging to the different
categories of the CAT. Therefore, we suggest that the CAT
was associated to peripheral muscle dysfunction.

Peripheral muscle dysfunction is a potential risk factor for
declining health status over time in COPD*. Considering this
premise, the applicability of our findings to clinical practice
lies on the fact that the QMT, HGS and peripheral muscle
endurance were important determinants of CAT in individuals
with COPD. It should be emphasized that such instrument is
easy and rapid to apply, besides being validated in Brazil®>.

This study presents some limitations that must be
considered. First, the reduced number of individuals
belonging to the different categories regarding the clinical
impact of the disease. Second, we performed a multiple
regression model in a sample of only 23 individuals. However,
we highlight that the sample size was calculated and powered
based on the specific correlation between CAT and HGS.
Therefore, the sample was considered adequate for this main
analysis of our study and the multiple regression model used
as a complement. Third, due to the cross-sectional design
of the study, the observed relationships are restricted to the
evaluated moment, i.e., pre-PR. Fourth, the ultrasonographic
analysis of the quadriceps muscle was only assessed by a
quantitative variable, not being performed qualitative analysis
(echogenicity). Finally, we recognize the need to carefully
analyze our results in view of the predominance of women,
the small sample number and the inclusion of only ex-smokers
or individuals without previous smoking history.

In conclusion, the present study demonstrated that the
health status, evaluated by CAT, showed association with
QMT, HGS and peripheral muscle endurance in a sample
composed predominantly of women with COPD, ex-smokers
or without previous smoking history enrolled in a PR program.
Conversely, the health status did not denote a relationship
with RMS. Our findings also demonstrated that QMT, HGS
and peripheral muscle endurance were independent predictors
of health status in COPD. Finally, when stratification was
considered from the total CAT score, a significant difference

Cardiorespir Physiother Crit Care Rehabil., 1:e42146

was suggested regarding the impact of COPD on health status
for QMT, HGS and peripheral muscle endurance. This suggests
that the CAT was associated to peripheral muscle dysfunction.
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