Acta Scientiarum » ,
T - http://periodicos.uem.br/ojs/acta

' ISSN on-line: 1807-8648
Doi: 10.4025/actascihealthsci.v47i1.70249

CIENCIAS DA SAUDE / HEALTH SCIENCES

Functional capacity, health impact, and risk of sarcopenia in
individuals with chronic obstructive pulmonary disease.

Janine Bosi Tonel", Maité Mendes Pellenz?, Maria Elaine Trevisan?, Ariovaldo Leal Fagundes! and
Luciane Flores Jacobi*

'Hospital Universitario de Santa Maria, Avenida Roraima, nimero 1000, Prédio 22, Bairro Camobi, 97105-900, Santa Maria, Rio Grande do Sul, Brazil.
2Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil. *Departamento de Fisioterapia, Centro de Ciéncias da Satude, Universidade
Federal de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil. “Departamento de Estatistica do Centro de Ciéncias Naturais e Exatas, Universidade Federal
de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil.*Author for correspondence E-mail:janine.btonel @gmail.com

ABSTRACT.This study aimed to verify the functional capacity of individuals with chronic obstructive
pulmonary disease (COPD) and its associated factors. This study is a cross-sectional, observational study
with quantitative data analysis. It was performed with patients previously diagnosed with any degree of
COPD: I (mild), IT (moderate), III (severe), and IV (very severe). Functional capacity was assessed using the
six-minute step test (6MST), the risk for sarcopenia was identified using the SARC-F + CC questionnaire,
and the clinical impact of COPD was quantified using the COPD Assessment Test (CAT) questionnaire.
Moreover, primary data were collected from the patients to identify associated factors. The results of the
37 patients evaluated (59.5% female; 81.1% elderly), 30 (81.1%) had reduced functional capacity. Out of
these, 53.3% were at risk for sarcopenia and 93.3 % were somehow clinically impacted by COPD. Their
impact was classified into mild to moderate (53.3%) and severe and very severe (40%). Furthermore, most
patients (60%) had a recent diagnosis and almost all of them (96.7%) were smokers or former smokers. In
conclusion, most patients had reduced functional capacity which was significantly associated with dyspnea
and risk of sarcopenia.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the three main causes of death worldwide, seen in
considerable numbers in emergencies and hospital admissions. Studies have also shown that its morbidity is
associated with age and the development of other comorbidities (GOLD, 2022). It is characterized by airflow limitation
due to changes in the airways and/or lung parenchyma, and its main symptoms are dyspnea and chronic cough, while
its main cause is smoking (GOLD, 2022). Moreover, it has significant extrapulmonary effects that can contribute to
its severity and the increase in mortality rates (Spruit et al., 2017; Park et al., 2019; Machado et al., 2020).

Functional capacity changes as a of COPD, resulting from a systemic inflammatory process caused by the
disease. Among these changes are the dysfunction of ventilatory and peripheral skeletal muscles, a direct
relationship with osteoporosis, and exercise intolerance, which together promote a reduction in the quality
of life of individuals affected by the disease (Dourado et al., 2006; Yoshimura et al. 2017).

A crucial alteration for understanding COPD and its relationship with functional capacity is that, in these
patients, there is a change in the diaphragmatic muscles, with an increase in type I fibers and a decrease in
type 2 fibers. These adaptations in the face of the disease promote a reduction in strength and muscular
endurance, when compared to healthy individuals (Dourado et al., 2006).

Functional capacity is defined as resistance to physical exercise (Dourado et al., 2006) and, in addition to
being altered by COPD, it is also affected by sarcopenia. Sarcopenia is a syndrome characterized by progressive
and generalized loss of skeletal muscle mass and strength and is present in 15% of the population diagnosed
with COPD, affecting even more the daily activities of these patients (Jones et al., 2015; Byun et al., 2017;
Cruz-Jentoft et al., 2018; Septilveda-Loyola et al., 2020; GOLD, 2022).

Therefore, this study aimed to verify the functional capacity of individuals with chronic obstructive
pulmonary disease and the associated factors in patients followed up at a pulmonology outpatient clinic of a
University Hospital in the southern region of Brazil.
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Materials and methods

This is an observational, cross-sectional study with quantitative data analysis carried out with patients
previously diagnosed with COPD and treated at a pulmonology outpatient clinic of a university hospital in
the southern region of Brazil, which is certified as an educational institution (Castro et al., 2021). The study
included adults of both sexes who had a clinical and spirometric diagnosis of COPD at any severity degree and
were clinically stable.

Patients who had a history of COPD exacerbation at the time of evaluation or in the three previous months;
had another pulmonary disease; had decompensated cardiovascular diseases; had neuromuscular and
orthopedic diseases that prevented the evaluations; performed strenuous activities in the 12 hours previous
to the study procedures; were feverish and/or in a flu-like state on the day of the evaluation; had peripheral
oxygen saturation lower than or equal to 90% at the time of the evaluation; or were unable to understand and
perform the activities proposed by the study, were excluded.

Eligible individuals were evaluated from March 2021 to January 2022. Collections were performed via
electronic medical records, and primary data were collected directly from the research participants.

Based on the results of spirometry, previously collected from the patients' electronic medical records, they
were classified according to their COPD severity using the GOLD criteria (2022) as follows: mild (GOLD 1),
FEV1 > 80% predicted; moderate (GOLD II), 50.0% < FEV1<80.0% predicted; severe (GOLD III), 30% <
FEV1<50% predicted; and very severe (GOLD IV), FEV1<30% predicted.

Primary data were collected through an evaluation form that included gender, age, body mass index (BMI),
measurement of waist circumference (Arcuri et al., 2015), vital signs, time of diagnosis, lifestyle habits such
as smoking, and associated comorbidities. The sensation of dyspnea was evaluated by the modified Medical
Research Council (mMRC) scale (Kovelis et al., 2008).

Functional capacity was assessed using the six-minute step test (6MST), which is a tolerable and
reproducible test to evaluate individuals with COPD (Ribeiro et al., 2022). The 6MST was performed using a
20-cm-high step with a non-slip rubber surface for patient safety, following the principles of the American
Thoracic Society's six-minute walk test (6MWT) (American Thoracic Society [ATS], 2002).

Patients were instructed to step up and down the step as quickly as possible for six minutes, aiming at the
maximum number of repetitions. They should be able to alternate the lower limbs while their upper limbs
remained at rest along the body. Before starting the test, the patients were asked about the sensation of
dyspnea and the perception of tiredness, both evaluated by the BORG Scale (Borg, 1982) Their heart rate (HR)
and peripheral oxygen saturation (SpO:) were verified using a portable digital oximeter (G-TECH LED®, Sao
Paulo, Brazil).

During the test, this evaluation was repeated every two minutes and in the first and fifth minutes of
recovery after the test was performed. The number of steps climbed in six minutes was recorded and expressed
as a numeral and percentage of the predicted value. Based on Arcuri's equation (Kovelis et al., 2008),
(Equations 1) and (Equations 2) were used for male and female patients, respectively.

6MST,; = 263.17 — 0.8761 — 0.585WC (1)
6MSTy = 222.09 — 0.876] — 0.585WC 2)

Where: 6MSTy = Six-Minute Walk Test for Males; 6MSTr = Six-Minute Walk Test for Females; I = Age (in
years); WC = Waist Circumference (in centimeters)

From the predicted value resulting from the equations, it could be inferred that individuals who
climbed the step thirty times less than the predicted value in the 6MST presented reduced functional
capacity (Kovelis et al., 2008). The Simple questionnaire to rapidly diagnose sarcopenia and calf
circumference (SARC-F + CC) (Barbosa-Silva et al., 2016), composed of closed questions and applied
directly to the individuals participating in the research, was used to assess sarcopenia. In addition to
measuring calf circumference in centimeters, this questionnaire evaluates five components: muscle
strength; the need for assistance to walk; the ability to get up from a chair; the ability to climb stairs;
and the frequency of falls. Each item is given a score from 0 to 2 points, and their sum may reach 0 to 10
points. Calf circumference scores from 0 to 10. Scores greater than or equal to 11 in this questionnaire
are suggestive of sarcopenia (Malmstrom et al., 2013; Barbosa-Silva et al. 2016).

To assess the impact of COPD symptoms on the well-being of individuals with this disease, the COPD
Assessment Test (CAT) was used, which is a simple instrument used to quantify the clinical impact of COPD
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and to help in the assessment of the patients’ health status (Silva et al., 2013; Ferrari et al., 2016). The CAT
instrument is a questionnaire composed of eight items: cough, phlegm, chest tightness, shortness of breath,
limitation in household activities, confidence in leaving home, sleep, and energy. For each item, the patient
may choose only one answer, whose score varies from 0 to 5. At the end of the test, the scores of all answers
are added, and the results vary according to the range of scores obtained. The clinical impact is then classified
into mild, 6 to 10 points; moderate, 11 to 20 points; severe, 21 to 30 points; and very severe, 31 to 40 points
(Silva et al., 2013).

This study protocol was approved by the Human Research Ethics Committee of a public higher education
institution under CAEE protocol number 43018821.9.0000.5346, following the guidelines of Resolution No. 466/12
by the Brazilian National Health Council (CNS). All participants signed a written informed consent form.

Data analysis was performed using the Statistica software, and p-values lower than 0.05 were considered
significant. A simple crossing of qualitative variables was performed and their association with reduced
functional capacity was verified by Fisher's exact test or by the G test. These tests were used because the
sample size was small due to the fact that consultations in the pneumology outpatient department decreased
by approximately 45% during the pandemic period.

Results and discussion

A total of 37 patients were evaluated. Most of the participants were female (59.5%) and elderly (81.1%, >
60 years), had normal BMI weight (48.6%), and were former smokers (54.1%). The only variable that was
significantly associated with reduced functional capacity was dyspnea. Other characteristics that could be
associated or not with reduced functional capacity are presented in (Table 1).

Table 1. Characterization of the sample in relation to reduced functional capacity.

Reduced functional capacity

Total sample

Characteristics Yes No p-value
n(%) n(%) n(%)
Gender
Female 22 (59.5) 18 (60.0) 4(57.1)
Male 15 (40.5) 12 (40.0) 3(42.9) 0.99947
Age group
<60 years 7 (18.9) 6 (20.0) 1(14.3) 1.0000f
>60 years 30 (81.1) 24 (80.0) 6 (85.7) )
BMI
Underweight 5(13.5) 5(16.7) 0(0.0)
Normal 18 (48.6) 15 (50.0) 3(42.9) 0.23211F
Overweight 14 (37.8) 10 (33.3) 4(57.1)
Diagnosis time
<5 years 23 (62.2) 18 (60.0) 5(71.4) 0.6869+
>5 years 14 (37.8) 12 (40.0) 2 (28.6)
Smoker
Yes 16 (43.2) 11 (36.7) 5(71.4)
No 1.7 1(3.3) 0(0.0) 0.2214%
Former smoker 20 (54.1) 18 (60.0) 2 (28.6)
Dyspnea (MRC)
0 4(10.8) 1(3.3) 3(42.8)
1 11 (29.7) 9 (30.0) 2 (28.6)
2 2(54) 1(3.3) 1(14.3) 0.02671T
3 6(16.2) 6 (20.0) 0(0.0)
4 14 (37.8) 13 (43.3) 1(14.3)
GOLD"
1 7 (18.9) 4(13.3) 3(42.9)
2 12 (32.4) 10 (33.3) 2 (28.6)
3 13 (35.1) 11 (36.7) 2(28.6) 0.225411
4 5(13.5) 5(16.7) 0 (0.0)

tFisher's Exact Test. 11G Test.* GOLD = Global Initiative for Chronic Obstructive Lung Disease [GOLD]. BMI = body mass index. MRC = Medical Research
Council. Significant association statistical (p<0.05).

The categorization of COPD according to airflow limitation and clinical parameters is shown in (Figure 1).
Most patients were classified into GOLD groups 2B and 3B.

Acta Scientiarum. Health Sciences, v. 47, €70249, 2025



Page 4 of 7 Tonel et al.

i
o

Airflow limitation

Mild (GOLD )
Moderate (GOLD 1)

H Severe (GOLD )
|l -I-l u Very severe (GOLD IV)
 ——

GOLD A GOLD B GOLD C GOLDD
Clinical parameters

Number of patients
O = N W s U O N X WO

Figure 1. Sample categorization according to airflow limitation and clinical parameters established by the GOLD criteria.

Functional capacity, the main data examined in this study, presented surprising and worrisome results:
81% of the patients evaluated had reduced functional capacity. Also, individuals with reduced functional
capacity had a mean percentage predicted approximately 50% lower than those with preserved functional
capacity. These data are presented in (Figure 2).

Per ge of the predicted value found with the 6MST:
Mean 93.93

Standard deviation 12.63

Median 90.42

Percentage of the predicted value found with the 6MST:

Mean 45.08
Without Reduced Functional Capacity Standard deviation 14.96
B With Reduced Functional Capacity Median 46.45

Figure 2. Functional capacity according to the six-minute step test (6MST).

The relationship between functional capacity, risk of sarcopenia, and clinical impact of COPD is shown in
(Table 2). A significant association can be observed between reduced functional capacity and sarcopenia (p<0.05).

Table 2. Relationship between functional capacity, risk of sarcopenia, and clinical impact of COPD.

Reduced functional capacity

Parameters Yes No p-value
n (%) n (%)
Sarcopenia (SARC-F + CC)

Positive for sarcopenia 16 (53.3) 0(0.0) 0.01247

Negative for sarcopenia 14 (46.7) 7 (100.0)

Clinical impact (CAT)

None 2(6.7) 3(42.9) 0.0627'f

Mild or moderate 16 (53.3) 3(42.9)

Severe or very severe 12 (40.0) 1(14.3)

TFisher's Exact Test. TG Test. SARC-F + CC = Simple questionnaire to rapidly diagnose sarcopenia and calf circumference. CAT = COPD Assessment Test.
Significant association statistical (p<0.05).

It is known that COPD has a great effect on exercise tolerance. Patients usually present dyspnea and
consequent fatigue after performing activities, even if simple ones (GOLD, 2022). In this study, 43% of
patients with reduced functional capacity had a high score on the mMRC scale, reporting that they do not
leave their homes due to dyspnea. This finding is explained by the low efficiency of gas exchange, which is
associated with greater airway resistance that leads to air trapping in patients with COPD (Neder et al., 2021). As a
way of minimizing these symptoms, a study showed that training the upper limbs with breathing exercises
improved lung function, functional capacity, and quality of life in COPD patients (Tarigan et al., 2019).
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This study showed that most of the patients have moderate to severe COPD, that is, their signs and
symptoms are more intense. Dransfield et al. (2019), in a study on the eradication of COPD, discuss strategies
to early diagnose the disease so that it does not worsen. The authors also report that the diagnosis of COPD
is currently made only after the symptomatic, clinical, and functional worsening of these patients, which may
explain the greater number of individuals with more severe degrees of the disease.

The results of this study show that almost all individuals with reduced functional capacity are or were
smokers (96.7%). Smoking is the main etiology of COPD (Agusti et al., 2020), even though environmental
pollution, occupational exposure, and passive smoking may also be causal factors that trigger the disease
(Lopez-Campos et al., 2016). Thus, it is important that the risk factors of COPD are reduced and that its
diagnosis and treatment are early in order to reduce the impact on health and to improve prevention,
treatment, and prognosis (Agusti et al., 2020).

Reduced functional capacity, the main outcome investigated, was seen in almost all the individuals with
COPD included in this study, being significantly associated with dyspnea and sarcopenia. Dyspnea reduces
exercise tolerance and, together with sarcopenia, which is responsible for reducing lean mass and respiratory
and peripheral muscle strength, increases energy expenditure. In turn, these individuals remain seated for
longer periods and, consequently, present lower functional performance, which makes them less physically
capable (Mansour et al., 2019).

Kanezaki et al. (2021) carried out a study to identify the effects of sarcopenia on ventilatory musculature in
patients with COPD. It was found that patients with sarcopenia had lower tidal volume, higher respiratory rate and
greater ventilatory discomfort in the Step Test, as well as increased ventilatory effort in the Walk Test. Concluding
that sarcopenia significantly interferes with the sensation of dyspnea and fatigue in patients with COPD.

The sensation of dyspnea leads to a reduction in the activities of daily living of individuals with COPD, as
a result of which there is a reduction in mass and progressive muscle strength, which, in turn, further reduces
the physical capacity of these individuals. These routine changes can bring on symptoms of anxiety and
depression. All biopsychological manifestations can exacerbate the sensation of dyspnea, increasing the
severity of the disease and maintaining quality of life (O’Donnell et al., 2020).

In this study, 93.3% of individuals with reduced functional capacity were clinically impacted by COPD, be
it related to respiratory changes, difficulty in performing activities of daily living (ADLSs), or lack of sleep or
energy in everyday life. Despite not being directly investigated in the present study, respiratory changes can
also lead to changes in cognitive, emotional, and behavioral responses that have a direct impact on the
functional capacity of these individuals (Schuler et al., 2018; GOLD, 2022).

This study was limited by the small number of participants, which can be explained by the fact that the
collection period was in its entirety during the pandemic (COVID-19), when outpatient consultations were
reduced. This reduced sample number may explain the study's few associations.

Conclusion

In conclusion, most patients had reduced functional capacity, which was significantly associated with
dyspnea and the risk of sarcopenia. The importance of early diagnosis is also highlighted in order not to
worsen the pulmonary disease.
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