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Abstract
Introduction

Pilates exercise may complement traditional pulmonary rehabilitation in individuals with
chronic obstructive pulmonary disease (COPD). The objective was to analyze the effects
of adding a six-month Pilates exercise program to a three-month pulmonary
rehabilitation for individuals with COPD.

Methods

Thirty-five participants with COPD (GOLD B) were assigned to the intervention (n=14) or
control (n=21) group. Both groups received an initial three months of a pulmonary
rehabilitation program. The intervention group further underwent six months of pilates.
Participants were evaluated at baseline and at three, six, and nine months. Lung function
and strength of respiratory muscles were defined as primary outcomes. Secondary
outcomes included cardiac, physical function, and exacerbation episodes.

Results

There were no consistent statistically significant differences between groups for the lung
function outcomes (p<0.05). Maximal inspiratory and expiratory pressure increased
significantly at three months in both groups (p<0.05). It was significantly superior in the
intervention group at nine months for maximal inspiratory pressure (p=0.005) and six
and nine months for maximal expiratory pressure (p=0.027 and p<0.001, respectively).
Changes in muscle strength (knee extension and handgrip) were comparable between
groups (p>0.05), but exercise-induced fatigue and balance were significantly superior in
the intervention group at the six- and nine-month follow-ups (p<0.05).

Discussion

Pilates exercise programs may be implemented to augment traditional pulmonary
rehabilitation with the goal of improving the strength of respiratory muscles.
Conclusion

Adding a Pilates exercise program to pulmonary rehabilitation resulted in superior
strength of respiratory muscles, higher resistance to exercise-induced fatigue, and
improved balance.

a Corresponding author mariselabarbosa@gmail.com
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a multi-
factorial and progressive chronic respiratory noncommu-
nicable disease. The worldwide prevalence of COPD is ap-
proximately 9% in men and 6% in women,! and it is the
leading cause of mortality due to chronic respiratory dis-
eases.? Individuals with COPD are often affected by one or
more comorbidities,3 increasing their risk of disability, im-
paired quality of life, and mortality.*

The natural course of COPD is marked by acute episodes
of exacerbation of respiratory symptoms. Dyspnea and pro-
ductive coughing with production of sputum are common
respiratory symptoms in individuals with COPD. These
symptoms result from a chronic airflow limitation caused
by airway and/or alveolar abnormalities associated with
particles or harmful gases, creating an increased inflamma-
tory response of the lung and recurrent chest infection.’
Recurrent exacerbations are common in patients with
COPD due to the decline of lung function and are the most
common cause of medical hospital re-admission,® which
results in high socioeconomic burden.” These health and
societal implications highlight the need for cost-effective
intervention and secondary prevention strategies to reduce
the risk of developing or exacerbating the symptoms of
COPD. Therefore, patients with acute exacerbations of
COPD should be followed with pulmonary rehabilitation af-
ter hospital discharge to decrease the risk of rehospital-
izations® and significantly reduce the associated costs.? A
myriad of exercise-based programs - including aerobic ex-
ercise, resistance exercise, water-based exercise, Yoga and
Tai Chi - have shown to be effective in patients with COPD
to enhance exercise capacity and function, reduce COPD-
related symptoms and impairments, while also improving
their health-related quality of life.19-15 The engagement
in physical activity and exercise-based interventions has
proven to be a cost-effective strategy with relevant gains
in quality-adjusted life years (QALYs).16:17 Therefore, it is
clear that medication and traditional breathing exercises
should always be complemented with exercise-based inter-
ventions in patients with COPD.

Due to obstructive airflow impairments that increase air-
way resistance, patients with COPD have difficulty gener-
ating the necessary negative pressure to draw air into the
lungs. Consequently, there is an increased workload of the
diaphragm that can result in fatigue and reduced efficiency
in breathing.18-21 Patients with COPD have a rapid and
shallow breathing pattern characterized by dynamic hyper-
inflation and air trapping,22 with breath-to-breath fluctu-
ations.23 This breathing pattern places extra effort on the
accessory respiratory muscles due to the inefficiency of the
diaphragm and the intercostal muscles in providing ade-
quate ventilation.24 This mechanism can lead to weakness
and fatigue of respiratory muscles that often result in dys-
pnea that is a hallmark symptom of patients with COPD.

Pulmonary rehabilitation programs implement exercises
that promote diaphragmatic breathing aiming to improve
thoracic mobility, enhance diaphragm and abdominal
movement, and thus decrease the effort placed at the res-

piratory muscles of the ribcage.25 A Pilates exercise pro-
gram training can help to complement these traditional
pulmonary rehabilitation programs, as it provides a more
controlled setting of deep breathing exercises, which differ
from diaphragmatic breathing exercises commonly seen in
pulmonary rehabilitation. Within each set of deep breath-
ing exercises, the individual keeps the abdomen pulled in as
they actively contract the transverse abdominal and pelvic
floor muscles.26

There are several mechanisms of a Pilates exercise pro-
gram that can contribute to clinically relevant improve-
ment in individuals with COPD. Pilates can improve the
strength of expiratory muscles by increasing the strength
and flexibility of the core and lumbopelvic muscles,27-28
improved flexibility and enhanced movement patterns in
the ribcage?? and upper and lower limbs.,27-28 which are of
upmost importance in patients with COPD.27:30 The con-
trolled concentric and eccentric breathing techniques em-
ployed during Pilates training can boost lung capacity and
improve the functionality of the deeper abdominal muscles
(transversus abdominis, lumbar multifidus, and the respira-
tory and pelvic diaphragms).3! The respiratory and breath-
ing techniques employed during the Pilates exercise pro-
gram can thus contribute to the improvement of strength of
respiratory muscles. By improving the strength of respira-
tory muscles, a Pilates exercise program can prevent wast-
ing respiratory muscles, improve respiratory function, and
increase resistance to fatigue of respiratory muscles, thus
contributing to decrease common COPD-related symptoms,
most notably chronic dyspnea.

Pilates exercise programs have been gaining popularity
and have shown positive effects in a wide range of clinical
conditions32; however, there is insufficient evidence of the
potential positive effects in individuals with COPD.26
Hence, our main goal was to compare the benefits home-
based pulmonary rehabilitation with or without a Pilates
exercise program after an initial three months of traditional
community-based pulmonary rehabilitation in individuals
with COPD. Lung function and strength of respiratory mus-
cles were defined as primary outcomes, while cardiac, phys-
ical function, and the number of exacerbation episodes
were defined as secondary outcomes. We hypothesized that
the group with the Pilates exercise program would signif-
icantly improve lung function and strength of respiratory
muscles as compared to the control group with home-based
exercises.

METHODS

The study was approved by the Institutional Ethical Com-
mittee (IRB number: ERS NORTE, study ID T667, No.37/
2017). All participants signed an informed consent form be-
fore enrolling in this study, and all procedures were con-
ducted according to the Declaration of Helsinki.

DESIGN AND STUDY POPULATION

This study was a non-randomized clinical trial, in which the
participants were assigned to the groups by the researchers.
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From July 2018 to May 2021, a general practitioner work-
ing in the National Health Service (in the north of Portugal)
invited adult individuals (> 18 years old) with COPD to
participate in the current study. Participants of both sexes
with COPD and presenting stable symptoms for the last
month were eligible for this study. The recruited partici-
pants were evaluated according to the updated Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) sys-
tem criteria,33 and only those classified as GOLD B were
included in this study. The goal in using this criterion was
to homogenize the symptoms of COPD of the included par-
ticipants.

The exclusion criteria were: (i) over 85 years old; (ii)
history of acute cardiac or respiratory events in the last
month; (iii) any medical condition that would limit their
exercise tolerance (severe cardiac, musculoskeletal, neu-
romuscular conditions, or recent surgery); (iv) psychiatric
conditions or cognitive deficits; (v) history of neoplasia or
immunologic diseases; or (vi) unwillingness to attend the
community-based exercise program.

SAMPLE SIZE

An a priori sample size calculation was conducted using the
Software G*Power (Version 3.1.9.2, Kiel, Germany) based on
the results of a previous randomized controlled trial,34 us-
ing the forced expiratory volume in one second (FEV,) to
forced vital capacity (FVC) ratio (FEV,/FVC) as the refer-
ence outcome after six months of pulmonary rehabilitation.

For the sample size calculation, a power (&) of 95% was
considered to detect statistically significant differences
(p<0.05) using a two-tailed independent Mann-Whitney
test.

A total of 20 participants (10 per group) were needed
to find statistically significant power; however, considering
that dropout rates in pulmonary rehabilitation interven-
tions are usually under 30%,35 a total of 14 participants
were assigned to each group.

PROCEDURES

Participants were divided into control and intervention
groups in a non-randomized way. Enrollment of partici-
pants was made consecutively within the same community
and no purposeful procedures were done for between-group
sample matching. We employed a consecutive participant
enrollment (within the same group) to allow a temporal
matching of participants (schedule-wise) to form groups of
community-based classes. All participants (of both groups)
followed the same traditional community-based pulmonary
rehabilitation program for the first three months of the
study. Following this initial intervention, both groups were
instructed to perform a set of recommended home-based
exercises for the remaining six months of the study (from
the 3' to the 9th month). While the control group was
restricted to the home-based exercises, the intervention
group also performed a Pilates exercise program in addition
to the home-based exercises.

Both groups were evaluated at baseline and at the end of
the traditional community-based pulmonary rehabilitation

(three months). Subsequently, both groups were reevalu-
ated at the sixth and ninth month from baseline.

INTERVENTION

TRADITIONAL COMMUNITY-BASED PULMONARY
REHABILITATION

An initial community-based pulmonary rehabilitation in-
tervention was equally implemented in both groups twice
a week (60 minutes each) for the first three months. Inter-
vention classes (from 4 to 12 participants per class) were
provided by the same trained physiotherapist within the
community context.

The traditional pulmonary rehabilitation program was
composed of a warm-up, aerobic exercise, resistance
strengthening, and cooldown.

The warm-up, which lasted ten minutes, consisted of
joint mobility and light stretching exercises of the spine,
upper, and lower limbs and was combined with breathing
exercises.

The aerobic exercise consisted of walking for 20 minutes
at an effort of 4-6 on the perceived dyspnea/fatigue on the
modified Borg scale.3¢ Participants started with a walking
speed that was perceived as 5 on the modified Borg scale.
They were then asked every five minutes about their per-
ceived dyspnea/fatigue, and if it were above 6, the walking
speed was decreased until reaching 5 on the modified Borg
scale.

Resistance exercises lasted 20 minutes and included the
major upper muscle groups (biceps, triceps, deltoid, pec-
toral major and latissimus dorsi), major lower limb muscle
groups (knee flexors and extensors and hip abductors and
adductors), the flexor and extensor trunk, and lower back
muscles. The exercises for each muscle group changed
every three weeks during the three months of the exercise
program. Strengthening exercises (2 sets of 10 to 12 rep-
etitions) were performed by the participants using free
weights and ankle weights. A load that evokes fatigue after
10 to 12 repetitions was appropriated. The exercise dosage
was increased over time (the so-called overload) to facil-
itate improvements in muscular strength and endurance.
This increase occurred when an individual performed the
current workload for 1 or 2 repetitions over the desired
number of 12, on two consecutive training sessions.36

The ten-minute cooldown included balance training
comprising static and dynamic exercises in an upright posi-
tion in addition to the same exercises used in the warm-up.

At the beginning of the study (baseline), participants in
both groups were encouraged to do a set of recommended
home-based exercises in order to complement the in-per-
son classes (see Supplement 1). Following the initial three
months, both groups were instructed to keep the same
home-based exercises twice a week for another six months.
Participants were required to keep a home-based exercise
diary during the entire duration of the study. At the end
of each week, they were contacted to determine if they
had performed the recommended home-based exercises.
If compliance was under 80% (controlled at each three
months), the participant was excluded from the follow-up.
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Figure 1. Summary of exercises included in the first three months of the exercise program based on Pilates
principles. The first five initial exercises were: (A) Imprinting; (B) One leg stretch; (C) Shoulder bridge; (D) Clam;
(E) Saw. The four progression exercises included: (F) Mermaid; (G) Spine stretch forward; (H) Bird dog; (I) Cat

stretch.

EXERCISE PROGRAM BASED ON PILATES PRINCIPLES

The intervention group received a Pilates exercise program
for six months after the initial 3-months of traditional pul-
monary rehabilitation. The Pilates exercise program was
led and supervised by the same physiotherapist and imple-
mented twice a week for 45 minutes per session. The Pi-
lates exercise program was divided into two stages: one first
stage (4th to 6th months) with a set of more simple and less
challenging exercises to accommodate the participants to
this type of exercise and a second stage (7th to 9th months)
with a new set of more challenging exercises to allow pro-
gression while increasing the difficulty of exercises.

The first Pilates session (beginning of the 4t month)
started with five basic and less physically demanding exer-
cises (see Figure 1A-E). Each of the five exercises required
two sets of ten repetitions. When performing unilateral ex-
ercises, the exercise was completed eight times for each
side. The rest between exercises was 60 seconds. Exercises
were first demonstrated by the physiotherapist and then re-
peated by participants. The importance of steady and con-
trolled breathing cycles (inhalation and exhalation) during
the pilates exercises were highlighted and shown by the
physiotherapist.

Progression in the difficulty of exercises was made at the
participant level and occurred when the participant demon-
strated that one of the five previous exercises was not suf-
ficiently challenging (below 4 points in the modified Borg
scale, asked during the rest time between exercises) and
shown that the exercise was done with the proper tech-
nique and without compensatory movements. For progres-
sion, there were four additional and more challenging ex-
ercises (see Figure 1F-I). However, if the participant was

unable to perform the new exercise, the exercise was re-
gressed to the previous, more basic one. In the following
week, the technique with the new exercise was retested. Af-
ter the first three months of the Pilates exercise program,
the set of exercises changed to allow variability and provide
more challenging exercises. Five new and more challenging
exercises (see Figure 2A-E) were added with four additional
exercises for progression (see Figure 2F-I). At this second
stage, each exercise was completed for 2 sets of 12 repeti-
tions. The same progression and regression rules were ap-
plied for this new set of exercises. However, if any partic-
ipant could not tolerate the difficulty of any of the new
exercises, they regressed to the exercises of the set of the
first three months of the Pilates exercise program, and then
progressed as tolerated. The full exercise Pilates protocol is
described in Supplement 2.

OUTCOME MEASURES

At baseline, we collected the sociodemographic and bio-
metric data of all participants. Lung function and strength
of respiratory muscles were defined as primary outcomes
while cardiac, physical function, and the number of exacer-
bation episodes were defined as secondary outcomes.

LUNG FUNCTION

Lung function was evaluated by spirometry (MicroLoop®
and MicroLab®, Care Fusion, Basingstoke, UK): FVC, FEV,,
and FEV/FCV ratio. The MicroLoop® spirometer has been
proven to be accurate and precise to measure lung function
in the population with COPD.37 The respiratory rate (cycles
per minute [CPM]) and oxygen saturation (% of SpO,) were
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Figure 2. Summary of exercises included in the second 3 months of exercise program based on Pilates principles.
The first five initial exercises were: (A) Push up; (B) Swimming; (C) Leg pull prone; (D) Side kick; (E) Criss cross.
The four progression exercises included: (F) Scissors; (G) Hip twist; (H) Hundred; (I) Roll up.

also collected. Each metric was repeated five times and the
highest value was used.

STRENGTH OF RESPIRATORY MUSCLES

The strength of inspiratory muscles was measured by a dig-
ital mouth respiratory pressure meter (MicroRPM®, Care
Fusion, Basingstoke, UK) to determine the maximal inspi-
ratory and expiratory pressure. The MicroRPM® is consid-
ered the gold standard device to measure the strength of
respiratory muscles and has shown high intra- and inter-
rater reliability.38 Each metric was repeated five times and
the highest value was used.

CARDIAC FUNCTION

Cardiac function was assessed by the systolic and diastolic
arterial blood pressure and heart rate using a digital blood
pressure cuff device (Omron M6 Comfort, Omron Health-
care Ltd., Kyoto, Japan). This device has proven to be a
valid and reliable measure of blood pressure according to
defined international protocol.3 Each metric was repeated
five times and the highest value was used.

PHYSICAL FUNCTION

Physical function comprised assessment of muscle
strength, exercise-induced fatigue, and balance. Muscle
strength was evaluated using a hand-held dynamometer
(microFET2, Hoggan Health, Salt Lake City, Utah) to mea-
sure (in kilogram-force [KgF]) the isometric quadriceps and
handgrip strength. The microFET2 device provides excel-
lent intra- and inter-rater reliability to measure quadriceps
strength in patients with COPD.40 For quadricep strength,
participants were seated with the knee flexed at approxi-
mately 90 degrees and were asked to perform knee exten-
sion. The dynamometer was placed distally to the ante-
rior leg (5 cm above the lateral malleolus). The handgrip
strength was measured with the participant seated and with
the elbow unsupported and flexed at 90 degrees. The partic-

ipant was asked to grip the dynamometer as hard as possi-
ble. Each strength metric was repeated three times and the
highest value was used.

Exercise-induced fatigue was evaluated with the one-
minute sit-to-stand and the six-minute walking test
(6MWT). Both tests are reliable and provide a valid measure
to estimate functional exercise performance in COPD pa-
tients. 4142

Balance was measured using the abbreviated version of
the Balance Evaluation Systems Test (BESTest): the Brief
BESTest.43 The Brief BESTest consists of six items (scored
from 0 to 3 points each) for a total of 24 points. Lower
scores indicate more severe balance impairment. The Brief
BESTest is a valid, reliable, and valuable tool to identify the
balance status in patients with COPD.44

EXACERBATIONS

The number of respiratory-related exacerbation episodes in
the preceding three months was collected at each follow-
up endpoint. Exacerbation episodes were defined as acute
worsening of respiratory symptoms (e.g., dyspnea, in-
creased cough frequency, or severity and increase of spu-
tum production or change of color) requiring additional
treatment or hospitalization.

STATISTICAL ANALYSIS

The software IBM SPSS version 28.0 (Statistical Package
for the Social Sciences, Inc.; Chicago, IL) was used for all
statistical analyses. Gaussian distribution was assessed
through the Kolmogorov—-Smirnov test and the skewness
and kurtosis absolute values, which displayed a non-normal
distribution in most of the included variables. Due to the
non-Gaussian distribution and the small sample size, it was
decided to conduct non-parametric statistics. Participants
lost to follow-up were included in assessments where they
were available and discarded in the evaluation endpoints
were lost. The continuous variables are described using me-
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dian and interquartile range, and categorical variables as
count and frequency (%). For the hypothesis test, a P value
of 0.05 was used to determine statistical significance.

Between groups statistical differences were compared
using the Mann-Whitney U tests. The x2 test was used to
compare categorical variables between groups as well as the
exact Fisher test (when applicable). Within-group statisti-
cal differences were compared using the one-way repeated
measures Friedman test (for overall changes throughout
the follow-up) with the post hoc Wilcoxon signed-rank tests
for pairwise comparisons between follow-up endpoints.

RESULTS
CHARACTERISTICS OF INCLUDED PARTICIPANTS

Of the 200 participants screened for inclusion in this study,
140 were initially excluded for not fulfilling the eligibility
criteria. The most common reasons for exclusion were non-
COPD respiratory diseases and the inability to participate
in the study due to transportation or scheduling constraint.
Moreover, further 65 participants were excluded as they
presented other COPD grades besides GOLD B. A total of 35
participants were eligible and enrolled in the study. Each
participant was allocated to either the intervention (n=14)
or control (n=21) group. One patient in the control group
was lost at follow-up at the three-month follow-up (Figure
3).

The baseline demographic and biometric characteristics
were homogenous between the groups (Table 1). The base-
line GOLD characteristics (stage and symptoms) were also
mostly homogenous between the groups. Only the rate of
exacerbations was statistically different, with the interven-
tion group showing a significantly superior rate of two or
more exacerbations in the last year (78.6% vs 0.0%).

PRIMARY OUTCOMES

The respiratory rate (CPM) and oxygen saturation (% SpO,)
were not statistically different between the groups at base-
line or during any follow-up end-point (p>0.05); neither
were the within-group changes throughout the nine
months of the study (Table 2).

The FEV, (L) was not significantly different between the
groups, and although it improved from baseline to three
months in the control group by 0.5 L (p=0.002), the effect
deteriorated at nine months from the baseline values
(p=0.021). Both groups showed a non-significant improve-
ment of FEV, (%) at three months (change of 10.5% in the
intervention group and 9% in the control group), but with
significantly superior values in the control group (p=0.039).
The improvement of FEV; (%) deteriorated in both groups
at nine months (decrease of 7.5% and 13% in in interven-
tion and control group, respectively). The FCV (L) was com-
parable between the groups at baseline and throughout the
follow-up, but with a statistically significant decrease of
0.3 L at nine months in the control group (p=0.001). The
FVC (%) was significantly superior in the control group
at baseline (77.3% and 99.0% at intervention and control
group, respectively; p=0.002), but it deteriorated signifi-

cantly throughout the follow-up until reaching similar val-
ues to the intervention group. The FEV/FVC (%) showed
a significant 29% increase in the control group at three
months (p=0.001), which was maintained at six and nine
months, always superior compared to the intervention
group (p<0.005).

The strength of inspiratory and expiratory muscles in-
creased significantly at three months in both groups
(p<0.05). However, the maximal inspiratory pressure was
significantly superior by 37 cm H,O in the intervention
group at nine months for maximal inspiratory pressure
(p=0.005). Likewise, the maximal expiratory pressure was
also significantly superior in the intervention group by 40.5
cm H,O at six months and by 45 cm H,O at nine months
(p=0.027 and p<0.001, respectively). Although maximal in-
spiratory and expiratory pressure showed a marginal im-
provement at three months in the control group (p<0.05),
both measures displayed a significant decrease at nine
months (p<0.001).

SECONDARY OUTCOMES

The systolic and diastolic blood pressure showed significant
variant patterns across the nine months of the study. De-
spite statistically significant differences between groups at
nine months (p=0.009 and p<0.001, respectively; Table 3),
the systolic blood pressure was within Stage 1 of hyper-
tension in both groups. The diastolic blood pressure was
within the range of normal values for the control group and
at the lowest range of Stage 1 of hypertension (80 mm Hg)
for the intervention group.

Isometric quadricep strength showed an improvement
in both groups at three months (13.7 KgF and 6.3 KgF in
the intervention and control group, respectively). However,
the improvement deteriorated by 4.1 KgF until the ninth-
month follow-up in the control group (p<0.001). Although
the improvement was superior in the intervention group, it
was not statistically significant in any of the follow-up end-
points (p>0.05). Likewise, the handgrip strength improved
in both groups but started to deteriorate at six months in
the control group (p=0.001). Handgrip strength was not sta-
tistically significant between groups in any of the follow-up
endpoints (p>0.05).

Exercise-induced fatigue (one-minute sit-to-stand and
6MWT) was comparable between groups at baseline (Table
3). However, after an improvement at three months in the
control group (p<0.05), both exercise-induced fatigue met-
rics deteriorated over time (p<0.001). The intervention
group showed a significantly higher number of repetitions
at six months (more 5.5 repetitions, p=0.027) and nine
months (more 4.5 repetitions, p=0.004) in the one-minute
sit-to-stand test. Similarly, the intervention group outper-
formed the control group in the 6MWT, with more 92.5 me-
ters at six months (p=0.047) and more 178.5 meters at nine
months (p<0.001).

Balance (Brief BESTest) was comparable between groups
at baseline and after the initial three months of interven-
tion (p>0.05), but the intervention group showed superior
balance scores at the six months (two points more, p=0.003)
and nine months (four points more, p<0.001; see Table 3).
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Assessed for eligibility
n=200

165 excluded:

n=25, COPDNot GOLD B

n=37, asthma
n=5, ACOS
n=3, pulmonary fibrosis

n=3, bronchiectasis

n=1, Rendu Osler Webersyndrome
n=4, not physically tolerant

n=1, blind

Included for analysis
n=35

n=69, no transpertation or scheduling constrains

n=2, age below 18 years

——

n=7, cognitive deficits

n=8, urgent hospitalization or exacerbations

Intervention Control
group group
Baseline Baseline
n=14 n=21
Lost to follow-up (n=0) Lost to follow-up (n=1)
n=1, family issues
Follow-up Follow-up
(3 months) (3 months)
n=14 n=20
Lost to follow-up (n=0) Lost to follow-up (n=0)
Follow-up Follow-up
(6 months) (6 months)
n=14 n=20
Lost to follow-up (n=0) Lost to follow-up (n=0)
Follow-up Follow-up
(9 months) (9 months)
n=14 n=20

Figure 3. Flow diagram detailing the inclusion and follow-up of participants.

Although the intervention group showed a higher num-
ber of exacerbations, the rate was not statistically different
between the groups at any follow-up endpoint (p>0.05; see
Supplement 3).

DISCUSSION

The main finding of this prospective cohort study showed
that adding a six-month Pilates exercise program to a
three-month pulmonary rehabilitation program resulted in
superior strength of inspiratory and expiratory muscles
when compared to the group that only received the initial
three months of pulmonary rehabilitation. Moreover, the
changes at follow-up in the maximal inspiratory pressure
surpassed the minimal clinically important difference
(MCID),%5 showing that the improvement was large enough
to be perceived as clinically meaningful by the patient. This
finding highlights a potential role that a Pilates exercise
program may play on improving the strength of respira-
tory muscles, which is clinically relevant, as the respiratory
muscles play a crucial role in the diaphragmatic function
in patients with COPD. Our findings are in line with other
studies that show improved strength of respiratory mus-

cles after the implementation of a Pilates exercise program
for different pathological conditions.27-30 Therefore, phys-
iotherapists may consider complementing their traditional
pulmonary rehabilitation program with a structured Pilates
exercise program.

Interestingly, the positive findings on the strength of
respiratory muscles were not translated into consistent im-
provement of lung function measured by spirometry. Most
lung function outcomes showed a similar behavior between
the intervention and control group throughout the nine-
month follow-up. This finding may be explained by the fact
that the participants in the control group also followed the
same recommended set of home-based exercises that may
have contributed to the maintenance of improvement in
lung function after the initial three months of traditional
pulmonary rehabilitation program. In fact, the FEV/FVC
(%) was significantly superior in the control group at six-
and nine-month follow-ups; however, this may be a con-
founding result because the FEV/FVC (%) was already sig-
nificantly superior in the control group after the initial
three months of traditional pulmonary rehabilitation pro-
gram (before the implementation of the Pilates exercise
program). This may partially explain why this outcome was
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Table 1. Baseline demographic, biometric and COPD-related characteristics of included participants.

. Intervention group Control group
Variables (n=14) (n=21) P value
Age (Years) 65.5(11.8) 65.0(14.0) 0.907
Sex
Male 11(78.6%) 15(71.4%) 0.712*
Female 3(21.4%) 6(28.6%)
Heigh (m) 1.65(0.16) 1.65(0.12) 0.654
Weight (Kg) 74.0(19.5) 70.9 (21.5) 0.702
% of fat mass 26.1(15.4) 22.3(15.6) 0.127
BMI (kg.m™2) 25.7(6.9) 25.2(6.8) 0.881
GOLD stage (%)
GOLD | 2(14.29%) 9(42.86%) 0.080
GOLD I 12 (85.71%) 9(42.86%)
GOLD Il 0(0%) 2(9.52%)
GOLD IV 0(0%) 1(4.76%)
GOLD symptoms
CAT< 10 3(21.4%) 0 (0%) 0.056*
CAT =10 11(78.6%) 21(100%)
GOLD exacerbations
AECOPD < 2 3(21.4%) 21(100%) <0.001*
AECOPD =2 11(78.6%) 0 (0%)

BMI - Body Mass Index; GOLD - Global Initiative for Chronic Obstructive Lung Disease system.

* Exact Fisher test

also significantly superior at the six- and nine-month fol-
low-up. Notwithstanding the lack of superiority in lung
function of the intervention group at follow-up, the signif-
icantly superior positive impact on the strength of respira-
tory muscles is sufficient to justify the addition of a Pilates
exercise program. Indeed, many lung-related ventilatory
parameters can be improved with Pilates-based breathing
exercises.26

The intervention group also showed superiority in exer-
cise-induced fatigue and balance at follow-up. Improving
exercise-induced fatigue is an important outcome in pa-
tients with COPD because the resistance to fatigue of these
patients is often compromised due to dyspnea-related
symptoms and to a smaller proportion of type I fibers that
are more resistant to fatigue.#¢ The improvement in the in-
tervention group is clinically meaningful, as it surpassed
the MCID for both the 6MWD%*! and number of chair
raises.4” Moreover, the between-group differences for the
6MWD at the nine-month follow-up (178.5 meters) are
larger than the 41 meters that is typically reported when
comparing traditional pulmonary rehabilitation interven-
tions to control groups.4® These metrics, such as the num-
ber of chair raises, are important in evaluating the tol-
erance of fatigue in patients with COPD and have been
associated with symptoms such as dyspnea.4 Improve-
ments in the 6MWD and other related to exercise-induced
fatigue are also seen in other studies that implemented pi-
lates in other pathological conditions.5%5! Likewise, im-
proving balance in patients with COPD is important be-
cause impairments and decline in balance are more
pronounced in these patients due to exercise intolerance
and dyspnea5253 as well as other physiological factors such
as muscle weakness>* and somatosensory deficits.5> The

Pilates exercise program may have contributed to improved
balance through better muscle control of the deeper ab-
dominal muscles.3! In line with exercise-induced fatigue,
the changes at follow-up in the intervention group for the
Brief BESTest also surpassed the MCID.56 Similar findings
on balance after a Pilates exercise program have also been
reported for many other populations.31,32,57

Isometric quadricep and handgrip strength, despite not
being statistically significant between groups, indicated
that median improvement was higher in the intervention
group. Indeed, while both strength metrics stayed relatively
constant for the control group, they showed a relevant im-
provement in the intervention group with the isometric
quadricep strength more than doubling at six months and
the handgrip strength being almost twofold that of the con-
trol group at nine months follow-up. Quadricep strength
plays an important role in patients with COPD in opposing
exercise tolerance>® and has an association with longer
survival.>® The improvements in isometric strength sur-
passed the MCID at the six- month follow-up and were
almost fourfold the MCID at the nine-month follow-up.45
Similarly, handgrip strength is important in patients with
COPD as it is impaired during exacerbation episodes®® and
is associated with dyspnea symptoms and functional exer-
cise capacity.®! Similar improvements in quadricep muscle
strength have been reported in other studies that have im-
plemented a Pilates exercise program for other pathologic
populations.32:57 The lack of between-group statistical sig-
nificance in these two strength metrics at follow-up may
have been the result of a type II error, which is discussed at
more length in the limitations section.

The strengths of our study are the implementation of a
structured exercise program during 9 months with a high
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Variables Groups Baseline 3 months 6 months 9 months Overall*
Intervention 720 71.0 (p=0.123 vs 77.5 (p=0.396vs 3 74.0 (p=0.528vs 6 0.183
(9.0) (22.0) baseline) (17.0) months) (19.0) months)
Respiratory rate (cpm) Control 70.5 69.5 (p=0.750vs 715 (p=0.155vs 3 70.5 (p=0.970vs 6 0.484
P Y P (14.0) (18.0) baseline) (11.0) months) (12.0) months)
Comparison between 0.934 0.377 0.129 0.323
groups
Intervention 95.5 95.5 (p=0.645 vs 96.0 (p=0.526 vs 3 96.0 (p=0.454vs 6 0.661
(3.0) (2.0) baseline) (2.0) months) (1.0) months)
SpO., (%) Control 96.0 96.0 (p=0.627 vs 96.0 (p=0.750vs 3 96.0 (p=0.356vs 6 0.481
2 (2.0) (2.0) baseline) (2.0) months) (3.0) months)
Comparison between 0.829 0.986 0.592 0.641
groups
Intervention (p=0.802vs 96.0 (p=0.572vs 3 96.0 (p=0.510vs 6 0.586
21(09) 21(03) baseline) (2.0) months) (1.0) months)
Control (p=0.002 vs 96.0 (p=0.076vs 3 96.0 (p=0.021vs 6 0.003
FEV, (L) 20(1.0) 25(08) baseline) (2.0) months) (3.0) months)
Comparison between 0.396 0.180 0.691 0.306
groups
Intervention 75.0 85.5 (p=0.509 vs 74.5 (p=0.624 vs 3 78.0 (p=0.489vs 6 0.697
(12.3) (19.0) baseline) (20.3) months) (16.5) months)
FEV. (%) Control 82.0 91.0 (p=0.121vs 84.0 (p=0.184vs 3 78.0 (p=0.601vs 6 0.793
1 (21.3) (28.0) baseline) (34.0) months) (26.3) months)
Comparison between 0.235 0.039 0.457 0.522
groups
Intervention 85.5 (p=0.509 vs (p=0.060vs 3 (p=0.258vs 6 0.156
30(10 (19.0) baseline) 31(16) months) 32(11) months)
Control 91.0 (p=0.121vs (p=0.983vs 3 (p=0.001vs 6 0.022
FvC () 30(13 (28.0) baseline) 32(18) months) 29(1.7) months)
Comparison between 0.583 0.769 0877 0.377
groups
Intervention 77.3 84.0 (p=0.149 vs 93.5 (p=0.102vs 3 89.0 (p=0.068 vs 6 0.033
(17.5) (29.0) baseline) (25.0) months) (25.0) months)
FVC (%)
Control 99.0 94.5 (p=0.380vs 98.0 (p=0.324vs 3 89.5 (p=0.033vs 6 0.312
(22.5) (19.3) baseline) (22.8) months) (30.0) months)
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Variables Groups Baseline 3 months 6 months 9 months Overall*
Comparison between 0.002 0.169 0.545 0.341
groups
Intervention 74.5 72.0 (p=0.683 vs 68.0 (p=0.286vs 3 66.5 (p=0.421vs 6 0.294
(15.0) (33.0) baseline) (27.0) months) (15.0) months)
FEV../FVC (%) Control 66.5 95.5 (p=0.001vs 92.5 (p=0.042vs 3 93.0 (p=0.681vs 6 0.006
1 ° (12.0) (21.0) baseline) (25.0) months) (24.0) months)
Comparison between 0.083 0.002 <0.001 <0.001
groups
Intervention 74.5 92.0 (p=0.431vs 84.5 (p=0.345vs 3 98.0 (p=0.004 vs 6 0.021
(39.0) (33.0) baseline) (91.0) months) (40.0) months)
Maximal inspiratory pressure Control 66.5 70.5 (p=0.040vs 68.0 (p=0.014vs 3 61.0 (p=0.003vs 6 <0.001
(cm H,0) (45.0) (47.0) baseline) (36.0) months) (34.0) months)
Comparison between 0.516 0.180 0.056 0.005
groups
Intervention 98.0 121.0 (p=0.008 vs 130.0 (p=0.801vs 3 129.0 (p=0.859vs 6 0.009
(38.0) (28.0) baseline) (28.0) months) (34.0) months)
Maximal expiratory pressure Control 94.0 99.5 (p=0.023 vs 89.5 (p=0.029vs 3 84.0 (p=0.002vs 6 <0.001
(cm H,0) (38.0) (54.0) baseline) (55.0) months) (39.0) months)
Comparison between 0.630 0.112 0.027 <0.001
groups
Data presented as median and IQR. * Within group statistics include Friedman test for overall improvement and post hoc Wilcoxon test for pairwise comparisons between follow-up endpoints.
cpm - cycles per minute.
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Table 3. Baseline and follow-up outcomes of secondary outcomes.

Variables Groups Baseline 3 months 6 months 9 months Overall*
Intervention 129.5 127.5 (p=0.916 vs 138.0 (p=0.005vs 3 131.5 (p=0.004 vs 6 0.183
(14.0) (19.0) baseline) (29.0) months) (16.0) months)
Systolic arterial blood Control 141.3 132.0 (p=0.263 vs 137.0 (p=0.852vs 3 133.5 (p=0.411vs 6 0.484
pressure (mmHg) (23.0) (30.0) baseline) (27.0) months) (29.0) months)
Eompa”son 0.752 0.051 0.004 0.009
etween groups
Intervention 76.5 80.5 (p=0.328 vs 79.5 (p=0.593vs 3 80.0 (p=0.900vs 6 0.661
(9.0) (15.0 baseline) (9.0) months) (13.0) months)
Diastolic arterial blood Control 82.0 81.0 (p=0.687 vs 79.0 (p=1.000vs 3 78.5 (p=0.262vs 6 0.481
pressure (mmHg) (13.0) (17.0 baseline) (14.0) months) (17.0) months)
gompa“sm <0.001 0.004 <0.001 <0.001
etween groups
Intervention 22.3 36.0 (p=0.005 vs 51.6 (p=0.103vs 3 31.0 (p=0.048 vs 6 0.586
(11.5) (11.5) baseline) (45.8) months) (11.3) months)
Isometric quadriceps strength Control 22.3 28.6 (p<0.001vs 26.8 (p=0.004 vs 3 24.5 (p=0.002vs 6 0.003
(KgF) (12.6) (8.7) baseline) (8.8) months) (8.0) months)
Comparison 0.145 0.796 0.457 0.959
between groups
Intervention 320 37.0 (p=0.327 vs 42.5 (p=0.027 vs 3 41.5 (p=0.472vs 6 0.697
(14.0) (9.0) baseline) (13.0) months) (8.3) months)
. Control 23.9 27.6 (p<0.001 vs 23.7 (p=0.001vs 3 22.2 (p=0.097 vs 6 0.793
Handegrip strength (KgF) (10.0) (9.0) baseline) (9.0) months) (7.6) months)
Comparison 0.026 0.259 0877 0.522
etween groups
Intervention 28.0 315 (p=0.271vs 315 (p=0.185vs 3 31.5 (p=0.173vs 6 0.156
(12.0) (8.0) baseline) (16.0) months) (14.0) months)
1-min chair raises Control 27.5 30.0 (p<0.001vs 26.0 (p<0.001vs 3 27(7.0) (p=0.404 vs 6 0.022
(# of reps) (7.0) (7.0) baseline) (8.0) months) ! months)
g°mpa“s°” 0.606 0.691 0.027 0.004
etween groups
Intervention 440.0 585.9 (p<0.001vs 540.0 (p=0.221vs 3 600 (p=0.021vs 6 0.033
6MWT (distance covered in (190.8) (168.8) baseline) (180.0) months) (142.5) months)
meters) Control 4425 470.0 (p=0.004 vs 447.5 (p=0.052vs 3 421.5 (p<0.001vs 6 0.312
(135.0) (142.5) baseline) (131.3) months) (95.3) months)
Canadian Journal of Respiratory Therapy 1 1
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Variables Groups Baseline 3 months 6 months 9 months Overall*
Comparison 0.934 0.018 0.047 <0.001
between groups
Intervention 16.5 23.0 (p=0.001vs 23.0 (p=0.089vs 3 23.0 (p=0.414vs 6 0.294
(7.0) (4.0) baseline) (1.0) months) (1.0 months)
. . Control 15.0 21.0 (p=0.003 vs 21.0 (p=0.699vs 3 19.0 (p=0.377vs 6 0.006
Brief BESTest (0-24) (9.0) (6.0) baseline) (6.0) months) (3.0) months)
Comparison 0.396 0.129 0.003 <0.001
between groups

Data presented as median and IQR. * Within group statistics include Friedman test for overall improvement and post hoc Wilcoxon test for pairwise comparisons between follow-up endpoints.
6MWT - 6-minute walking test.
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degree of adherence, which is often challenging in a cohort
of COPD patients. Moreover, our study investigates the ef-
fects of a particularly relevant and insufficiently researched
type of exercise (Pilates) in patients with COPD, showing
that the theoretical benefits of pilates in lung and respira-
tory function in individuals with COPD can translate into
measurable and clinically relevant improvements. Future
research should improve upon our research design by im-
plementing a randomized control trial comparing the ef-
fects of Pilates exercise against a control group with usual
care and expand into other subgroups of this population,
with other grades of COPD other than GOLD B.

This study has some limitations that need to be acknowl-
edged. Despite being above the a priori sample size calcula-
tion (at least ten per group), our sample size is still small.
Moreover, the intervention group had a lower sample size
than the control group due to the exclusion of some pa-
tients who were not classified as GOLD B. A total of 25
participants with grades other than GOLD B completed the
entire study, but we decided to exclude these from analy-
ses to prevent selection bias. Moreover, subgroups based on
GOLD grades were not possible because this would have re-
sulted in very small groups and low representativeness (ex-
ternal validity). These limitations led to a lower statistical
power in analyses and may have resulted in a type II er-
ror in not finding statistical differences when the between-
groups differences were clinically relevant (e.g., for isomet-
ric quadriceps and handgrip strength). Another limitation
was the lack of randomization and blinding of outcome as-
sessors which may increase the risk of selection and detec-
tion bias, respectively. Lastly, the control group was not left
without intervention throughout the follow-up period, as
it would have been unethical to leave these patients with-
out any guidance. Therefore, the participants of the control
group were encouraged to continue performing the recom-
mended home-based exercises throughout the follow-up
period. To mitigate a potential performance bias, the in-
tervention group was also encouraged to follow the same
home-based exercise program, and adherence to the home-
based exercises was monitored to assure that it was over
80% in both groups. The home-based exercises seem not
to have yielded an effect in the control group during the
follow-up because muscle strength and tolerance to exer-
cise-induced fatigue deteriorated in the control group at
the six- and nine-month follow-ups. However, it must be
acknowledged that the intervention group followed a struc-
tured exercise regimen (Pilates) as compared to solely un-
supervised home-based exercises and that results may have
arisen from the effects of following a structured exercise
program!4 (regardless of being pilates or other type of exer-

cise). Indeed, similar improvements have been observed in
patients with COPD following other types of structured ex-
ercise programs.'0-15 Moreover, the superior effect on the
intervention group could also be (at least partially) attrib-
uted to the potential effect of additional exposure to exer-
cise-based intervention. After the initial 3 months of tra-
ditional pulmonary rehabilitation, while the control group
followed home-based exercises for 6 months, the interven-
tion group received a structured Pilates-based exercise pro-
gram twice week in addition to the home-base exercises.

CONCLUSION

The intervention group, in which a six-month Pilates ex-
ercise program was added to an initial three-month pul-
monary rehabilitation program, showed superior strength
of inspiratory and expiratory muscles, higher resistance to
exercise-induced fatigue, and improved balance in patients
with COPD as compared to the control group that only
performed the initial three-month pulmonary rehabilita-
tion program. These findings underpin the relevance and
possibility of complementing the traditional pulmonary re-
habilitation with a structured Pilates exercise program to
enhance and/or maintain the improvement of pulmonary
rehabilitation.
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