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Abstract. [Purpose] Our study aimed to estimate the effects of a supervised, intensive, home-based-pulmonary-

rehabilitation (HBPR) program for mild and moderate chronic-obstructive-pulmonary-disease (COPD) patients.
[Participants and Methods] A retrospective, case-control study. Forty-three (N=43) patients were observed, divided
into Treatment-Group (TG) and Control-Group (CG). The TG (N=23) underwent a 4-week training program, con-
sisting of endurance and strength training sessions, performed 4-times per week. In addition, inspiration muscle
training was performed, with a threshold device. The primary outcome was dyspnea improvements, measured by
the modified-Borg-scale (mBS), and the secondary outcome was the determination of diaphragm excursion and
function, using ultrasound (US) assessment to measure clinical parameters. [Results] The results suggested signifi-
cantly improved mBS scores, measured for the ATO-T1 and ATO-T2 time points; improved diaphragm-excursion
(Dia-Ex) at ATO-T1 and AT0-T2; and improved maximum Dia-Ex at ATO-T1 and AT1-T2 in the TG compared with
the CG. Moreover, the results showed improvements over time for all parameters in the TG versus CG, suggesting
a constant improvement in respiratory pathology. [Conclusion] A supervised HBPR plan was effective in reducing
dyspnea by the mBS, and improving diaphragmatic function, as determined by US evaluation, and lastly improving
quality of life in patients with mild-to-moderate COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) has a high and growing prevalence, globally, and is a leading cause of
mortality and morbidity!). Unfortunately, COPD is often undiagnosed during the initial phase; therefore, the prevalence is
likely underestimated, resulting in delayed access to treatment and care pathways, especially rehabilitative options. During
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the mild or early stages of the disease, the symptoms often do not interfere with daily living activities? .

COPD is a lung disease, characterized by airflow limitations, and is not currently fully reversible?. When the patients
progress beyond the initial stages and develop the more severe stages of COPD, the activation of accessory expiratory
muscles becomes an increasingly apparent functional compensation, associated with increased energy expenditure and
muscle fatigue®. During progression, from mild to severe stages of COPD, a gradual reduction in diaphragm muscle activa-
tion can be detected. Muscle weakness and respiratory fatigue appear to be associated with muscle wasting and a shift in the
muscle fiber composition, from slow to fast, respectively®). Despite the engagement of accessory expiratory muscles, reduced
lung elasticity and mucus stagnation can contribute to an associated emphysematous situation in many patients®. During the
last decade, drug therapy options for COPD patients have improved dramatically; however, treatment that is integrated with
rehabilitation exercises has been associated with longer-lasting results. Respiratory rehabilitation involves exercise training,
education, nutritional therapy, psychological support, and the promotion of self-management techniques such as breathing
and relaxation technique (i.e., yoga pranayama respiration, diaphragmatic breathing training, tai chi, and qui gong’.

Home-based, pulmonary rehabilitation (HBPR) therapy has been demonstrated to be a clinically and cost-effective ap-
proach to minimizing COPD symptoms. Traditional, in-clinic pulmonary rehabilitation (PR) programs are not sufficient to
treat the entire COPD population, as patients may encounter transportation difficulties or have other physical limitations that
prevent their regular participation in traditional rehabilitation programs!0 1D,

HBPRs have emerged as valuable strategies for improving the clinical outcomes of COPD, such as dyspnea, exercise
capacity, and health-related quality of life'?. COPD patients, through participation in HBPRs, could access education and
practice and improve self-management techniques within the familiar and known settings in which they perform their normal
activities of daily life, a very important topic in chronic diseases!?). Some authors have suggested that HBPRs can have
beneficial effects for patients with COPD, not only in terms of increased exercise tolerance and improved quality of life but
also by contributing to the regulation of systemic inflammation, increased inspiratory muscle strength, and decreased serum
interleukin (IL)-8 levels'. The rehabilitative management of COPD patients and respiratory kinesitherapy are designed to
improve the quality of life of patients in the short and medium term and reduce the progression of chronic COPD pathology
and limit exacerbations over the long term, as far as possible. In this sense, rehabilitation takes on a double meaning: treat-
ment and support to drug therapy but also intense prevention as a slowdown in the progression of the clinical situation, albeit
in its chronicity'?.

Also, Maltais et al. suggested that although supervised outpatient pulmonary rehabilitation (PR) remains the standard
form of rehabilitative care, it is a less effective alternative than home-based alternatives, especially for those patients who
are unable to attend PR regularly'?. For HBPR to be effective, according to other authors, it should be well structured and
organized, with regular contact, at least by phone, between the physiotherapist and the COPD patients. COPD patients tend to
value the convenience of HBPRs and have reported experiencing positive impacts, in terms of improved physical fitness and
reduced symptoms, and felt better supported than during center based PR!#). Often, HBPRs utilize non-intensive protocols,
based on 2 to 3 sessions per week, for approximately 2 months. In addition, although the PR programs are standardized, they
often do not include specific inspiratory muscle training (IMT) or devices when implemented at home”> 14 1),

Gosselink and colleagues suggested that IMT could represent an effective rehabilitative treatment modality in COPD
patients'>. Recently, Smargiassi et al. demonstrated the potential role of ultrasound (US) measurements to determine dia-
phragm thickness at the end of a maximal inspiration'¥). Moreover, the US-based analysis of diaphragmatic excursion has
been correlated with bronchial obstruction and dyspnea. Crimi et al. performed a prospective, observational study to assess
the routine use of US diaphragmatic assessment before and after PR and recommended its use as an additional tool for the
evaluation of the clinical effects of PR in COPD patients!6: 17),

Diaphragm US measurements have also been widely used in the clinical setting to assess diaphragm movement amplitudes
and thickness in humans who are affected by various neuromuscular conditions'$2%. Diaphragm weakness is indicated by a
lower-than-normal amplitude of excursion during deep breathing, with or without paradoxical movement on sniffing?!-?2). In
patients with COPD, neuromechanical dissociation occurs, due to dynamic hyperinflation, which causes the breathing pattern
to become more rapid and shallow?? 23,

We hypothesized that an intensive and supervised HBPR could improve COPD dyspnea and quality of life when performed
at home, with constant, weekly support from a physiotherapist. As suggested by Crimi et al., we evaluated the diaphragmatic
excursion by US to monitor the biomechanical effects of HBPR on the diaphragm muscle'®. Therefore, our study aimed
to estimate the effects of an intensive and supervised HBPR in mild and moderate COPD patients. The principal outcome
was dyspnea improvement, as assessed by the modified Borg scale (mBS), whereas the secondary outcome was diaphragm
function and excursion, as assessed by US-based measurements of clinical parameters.

PARTICIPANTS AND METHODS

A retrospective, case-control study was conducted per the STROBE guideline to determine the effects of specific, inten-
sive, and supervised HBPR exercises in COPD patients on dyspnea and diaphragmatic excursion, evaluated by the mBS and
US-based measurements, respectively??.

This study was performed from February 2019 to November 2019, at the U.O.C. Pneumology and Respiratory Physio-
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pathology of Hospital “S. Spirito” Pescara (Italy), in collaboration with the Rehabilitation Unit of IRCCS “Bonino Pulejo”,
Messina, (Italy).

The Ethics Committee of IRCSS—Bonino-Pulejo approved the protocol, and the study was approved by the Local Depart-
ment Committee of G. D’ Annunzio University of Chieti (N°3350). This study conformed to Good Clinical Practice and all
procedures followed the ethical standards of the Helsinki Declaration on human experimentation. All patients gave written
informed consent, after receiving detailed information regarding the study’s aims and procedures.

Observed patients were included consecutively and divided into 2 groups: The Control Group (CG) as usual care and
home rehabilitation group constituted the Treatment Group (TG).

Patients aged over 55 years and diagnosed with mild-to-moderate COPD, were included in this study, according to the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria?®. Patients were also required to be clinically stable
and free from disease exacerbation during the last 30 days.

The exclusion criteria were: severe comorbidities, such as heart diseases, orthopedic diseases in the upper and lower
limbs, motor sequelae from neurological or visual disorders that interfered with the ability to perform physical exercises,
uncontrolled hypertension, disease exacerbation during the program, smokers; and those who did not agree to participate in
the study.

The pulmonologist identified all patients who met the inclusion/exclusion criteria and obtained signed informed consent
forms for participation in this observational study. Subsequently, a physiatrist evaluation was performed to define the home-
based rehabilitative plan. Evaluations were performed for each group before treatment (TO, baseline), at the end of the
rehabilitation treatment (T1), and after 2 months of follow-up (T2).

The determination of diaphragm excursion and the measurement of diaphragm thickening were performed at all three
evaluation points. To reduce variability and improve measurement reproducibility, the acquisition procedure was standard-
ized. The US probe was positioned on the middle clavicle line, and a subcostal scan was performed to acquire the diaphrag-
matic excursion. Because the best US acoustic window is obtained near the liver parenchyma, scans were only performed for
the right hemidiaphragm. To study the diaphragmatic thickness, the probe was positioned between the VIII and X intercostal
space, between the anterior and middle axillary line.

The US evaluation was performed using two probes that are commonly used in US practice: a 3—6 MHz convex probe and
a high-frequency linear probe, from 7-13 MHz, with a low-frequency, curvilinear, or phased-array transducer, using 2-di-
mensional brightness or the B-mode US, and M-mode US?*?). An anatomical evaluation of thickness, measured using the
linear probe, was performed during various phases of the respiratory cycle: i) spontaneous breathing; ii) maximal inspiration;
iii) and maximal exhalation. The values were reported in mm for thickening and cm for excursion. Diaphragmatic excursion
was evaluated using the convex probe.

For both measurements, the patient was placed in the supine position, with the back of the bed tilted at approximately 15°.
Patients were asked to place their hands behind the nape of the neck, to facilitate the opening of the intercostal space and
allow for the performance of intercostal scans.

A total of 5 measurements were acquired for each parameter, which were analyzed by discarding the two most extreme
values and calculating an average based on the 3 remaining values. The measurement procedures were performed by a
physiatrist with experienced performing muscle and respiratory US. The following reference values were used: diaphragm
excursion during normal breathing, 1.8 +0.3 ¢cm for males and 1.6 = 0.3 cm for females; diaphragm excursion during maximal
inspiration, 7.0 = 0.6 cm for males and 5.7 + 1.0 for females; diaphragm thickening during normal breathing, 1.9 + 0.2 mm;
and diaphragm thickening during maximal inspiration, 4.9 + 0.5 mm?®.

Spirometry was performed to assess the forced vital capacity (FVC) and one-second forced expiratory volume (FEV)), to
stratify the degree of pulmonary dysfunction as mild, moderate, severe, or very severe (FEV;>80% was categorized as mild,
between 50% to 80% as moderate, between 30% to 50% as severe, and <30% as very severe)>% 3D, Maximal inspiratory pres-
sure (MIP) and maximal expiratory pressure (MEP) were measured, as reliable parameters for the assessment of respiratory
muscle strength3?),

The modified Borg scale (mBS) was used to assess dyspnea. The mBS is a graduated, non-linear scale, ranging from 0 to
10 (0O=absence of dyspnea; 10=maximum dyspnea)*- 39,

To measure the speed and tolerance of walking, the 6-minute walking test (6-MWT) was used. This test measures the
distance walked with maximal intensity, which reflects the patient’s functional exercise abilities for daily physical activities
better than conventional lung functional outcomes33-37),

The COPD Assessment Test (CAT) was used to evaluate how COPD affects patients’ lives®®). The CAT measures health
impacts on a scale from 0 to 40 (0-10 low, 11-20 medium, 21-30 high, and 31-40 very high). CAT >10 corresponds to
GOLD Groups B or D, whereas CAT<10 corresponds to GOLD Groups A or C.

The physiotherapist and physiatrist instructed the patient how to perform the exercise program at home, during the phys-
iatrist examination. The exercise intensity was calculated for each individual, based on the target heart rate (HR), which was
calculated using the Karvonen formula [(maximal HR — resting HR) x training% + resting HR], and the number of repetitions
of each exercise to be performed was determined by the repeated administration of the fatigue resistance test (FRT), with
one-minute rest intervals®®. The FRT aimed to result in the failure of each activity, due to fatigue, from 40 to 60 sec after the
beginning of each movement (extension and flexion of the knee, abduction and flexion of the shoulder, and the bending of
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the elbow). The physiotherapist asked the patient to perform the maximum number of repetitions of each movement, at the
maximum range of motion (ROM) without pain, for up to 40—60 sec. The therapist recorded the number of repetitions and
the time until fatigue.

After the first month, each patient also received a booklet describing the exercises to perform, which they were asked
to perform twice per week, for at least 60 min. The booklet also included an explanation regarding the disease and the
importance making changes to motor activity lifestyle, nutrition, and physical activity*?.

Once per week, on a day of the patient’s choosing, the physiotherapist visited the patient’s home, to supervise the quality
and performance of PR exercises and to suggest personal adaptations to the intensity of the exercise for each patient, as
necessary, based on the physiotherapist’s perception of the patient’s dyspnea, in addition to the 4 weekly sessions of the
rehabilitation program.

During the first month, the 4-week training program consisted of i) endurance and ii) strength training sessions, which
lasted from 45 to 60 min each and were performed 4 times per week. Each of the 16 sessions consisted of a 10-min warm-up
period, 2040 min of aerobic activity, and a 10-min cool-down period.

The main objective of endurance training was to improve aerobic exercise capacity, via interval training (IT), which con-
sists of a sequence of on-and-off, high-intensity, muscular loading exercises for the peripheral muscles, without overloading
the cardiorespiratory system*". The implementation of IT has been shown to facilitate high-intensity lower-limb exercises,
which would not otherwise be tolerable.

The objective of strength training was to improve muscle mass making aerobic training easier to tolerate. The targeted
muscle groups were the major muscles of locomotion (quadriceps, gluteal muscles, gastrocnemius), the major muscles of
arm function (biceps, triceps, deltoids, trapezius, latissimus dorsi), and the abdominal muscles. Strength exercises were
performed using elastic fitness bands, as illustrated in Figs. 1 and 2.

Between each series of strength exercises, the patient was allowed 2 minutes of rest>®). Each week, the training load
increased by 1 series, for a total of 5 series at the end of the 4-week protocol (Table 1).

In addition, IMT was performed, which consisted of a treatment to improve respiratory muscle strength and endurance,
which has been shown to reduce dyspnea when added to general exercise training!). Studies have shown the increased effec-
tiveness of IMT strength training among patients with COPD, especially when combined with the use of a pressure threshold
device*?, aiming to increase strength (assessed with the MIP), improve exercise tolerance (assessed with the 6-MWT), and
reduce dyspnea (assessed with the mBS). This pressure threshold device is characterized by a spring-independent, one-way
valve, independent of the airflow, which ensures a fixed resistance (cmH,0). The resistance has a scale, ranging from 7 to
41 cm H,0, measured in increments of 2 cm H,O. The tension of the grooves causes the valve to open at a predetermined
pressure. The device is designed to block flow below the threshold pressure, whereas the valve opens once pressure has been
exceeded. At the end of the IMT sessions, stretching exercises and relaxation techniques were performed (Table 1).

During the daily home rehabilitative sessions, the patient was instructed by the doctor and physiotherapist to monitor

Fig. 1. Home-based exercises for upper limbs.
Exercises to strengthen the upper arm muscles (biceps, triceps, deltoids, trapezius, latissimus dorsi); 1-2: abduction-adduction exercises
of the shoulder; 3—4: flexion exercises of the shoulder; 5—-6: flexion exercises of the elbow (All the exercises illustrated must be performed
with shoes with a rubber sole for patient safety).
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Fig. 2. Home-based exercises for lower limbs.
Exercises to strengthen lower limb muscles (quadriceps, gluteal muscles); 1-3: flexion-extension exercises of the knee (All the exercises
illustrated must be performed with shoes with a rubber sole for patient safety).

Table 1. Home-based exercise program

1st week 2nd week 3rd week 4th week
Endurance Walking: warm-up 2 min, IT, 3 sets of 3 min: 1 min IT, 4 sets of 3 min: 1.5 min IT, 4 sets of 3 min: 2 min
training 5 min at 60%/70% of HR at 80% HR max, 2 min at 80% HR max, 1.5 min at 80% HR max, 1 min
max, 3 min cooldown (10  at 40%/45% HR max (10 at 40%/45% HR max (12 at 40%/45% HR max (12
min). min). min). min).
Strength Exercises with elastic Exercises with an elastic Exercises with an elastic Exercises with an elastic
training bands: 2 sets of the number band: 3 sets of the number  band: 4 sets of the number  band: 5 sets of the number
of repetitions calculated by of repetitions calculated of repetitions calculated by of repetitions calculated by
the FRT. by FRT. the FRT. the FRT.
Inspiratory 15 inspiratory efforts, with 20 inspiratory efforts, with 25 inspiratory efforts, with 30 inspiratory efforts with
muscle training Threshold set to 60% of Threshold set to 60% of Threshold set to 60% of Threshold set to 60% of
MIP MIP MIP MIP

IT: interval training; HR: heart rate; FRT: fatigue resistance test; MIP: maximal inspiration pressure.

oxygen saturation (SpO,) and HR with finger oximeter. A diary was given to each patient, in which to track adherence to the
rehabilitation program, based on the numbers of days and procedures that were performed during the first and second months
of rehabilitative treatment. In addition, the patient was able to contact the physiatrist by telephone, if necessary, to help quell
any doubts regarding the protocol, which minimized errors and improved adherence.

The sample calculation was obtained for a power of 95%, assuming an alpha error of 0.05. The calculation was based on
the mBS, with a difference of 2 points, assuming a standard deviation (SD) of 1.5 for the mBS score. The minimal clinically
important difference between groups after treatment is approximately 0.9 units*?). Thus, the analysis yielded 14 patients per
group; based on a 20% potential dropout rate, 20 patients per group were included.

Values are expressed as the median, minimum, and maximum, for continuous variables, and as proportions, for categorical
variables, as appropriate. Demographic and clinical data collected at baseline included the following parameters: age and
body mass index (BMI), expressed as the median, minimum, and maximum, and gender (female or male). Differences in
baseline characteristics between the 2 treatment groups were analyzed by Fisher’s exact test or the Mann-Whitney U test,
as appropriate. The analysis of evaluation time differences between the 2 groups (TG and CG) was performed through a
Friedmann analysis for repeated measures, to determine differences at the different evaluation times between the 2 groups.
A subsequent analysis for each parameter, as a pairwise comparison, was performed, with Bonferroni correction. Mann-
Whitney U test was used for all parameters to evaluate differences between the groups at each time point and differences
in the variations (A) between TO and T1, T1 and T2, and T2 and TO. All primary and secondary outcomes were analyzed
according to the principle of intention-to-treat. A p<0.05 was considered significant. Statistical analyses were performed
using SPSS, version 18 (SPSS Inc, Chicago, IL, USA).

RESULTS

During the treatment and observation period, 6 patients in the TG and 4 patients in the CG did not complete the rehabilita-
tive program due to COPD exacerbation, and 1 patient in the TG was excluded because he did not consistently participate in
the HBRP, whereas 2 patients were excluded from the CG after they changed their drug therapy regimens. No adverse events
were reported during the rehabilitative treatment or observation periods for the remaining patients in both groups who were
included in the study.
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Data from 43 patients were analyzed, including 23 patients in the TG and 20 patients in the CG. A descriptive analysis was
performed, as shown in Table 2, for age, BMI, and gender.

Compared with the baseline, the two groups were homogeneous, and matched for age, with a median (range) age of
69 years (58-78), for the TG (14 males and 9 females), and 69 years (63—77), for the CG (11 males, 9 females, p=0.41). No
significant differences in BMI were observed between the TG, at 26.53 kg/m? (19-31), and the CG, at 27.71 kg/m? (21-31.64,
p=0.29). In the TG, 5 patients received O, therapy, and 1 patient used non-invasive ventilation (NIV), whereas in the CG, 4
patients received O, therapy, and 2 patients used NIV.

The results showed a significant difference, with p<0.05, with improved values among the TG group, as shown in Table 3,
for the following variables: A TO-T1 and A TO-T2, for diaphragm excursion (Dia-Ex, in cm, Fig. 3), ATO-T1 and A T1-T2 for
Dia-Ex MAX (in cm), A TO-T1 and A TO-T2 for FVC (in L), A TO-T1 for 6-MWT (in min), A TO-T1, AT1-T2, and A TO-T2
for MIP (in cmH,0), A T1-T2 and A TO-T2 for MEP (in cmH,0), A TO-T1 and A TO-T2 for CAT, and A TO-T1 and A TO-T2
for mBS.

The within-group analysis demonstrated improvements over time for all parameters in the TG, whereas the results for the
CG indicated a constant trend toward increasing respiratory pathology, with improvements observed only for Dia-Ex MAX,
FVC, FEV1, for MIP (Table 4) (Fig. 4).

Table 2. Baseline characteristics of the study population

Treatment group Control group p-value
Age (years) 69 (58-78) 69 (63-77) 0.41
Weight (kg) 74 (56-85) 79 (60-89) 0.19
Height (cm) 167 (148-186) 166 (160—-170) 0.54
BMI (kg/m?)  26.53 (19-31) 27.71 (21-31.64) 0.29

BMI: body mass index; Values are presented as the median (range).

Table 3. Comparison analysis between groups

Group Evaluation times POST HOC
TO TI T2 p-value p TO-T1 p T1-T2 p TO-T2

Dia-Ex [cm] 2.2 (1.7-4.5) 2.5(1.9-4.9) 2.4 (1.8-4.7) <0.001**  <0.001** 1 <0.001**

% Dia-Ex MAX [cm] 2.5 (1.9-4.9) 2.4 (1.8-4.7) 3.5(1.1-7.8) <0.001** 1 <0.001**  <0.001**

% FVC[L] 86 (58-93) 95 (65-135) 93 (68-123) <0.001**  <0.001** 0.55 0.001*

= FEV,[L] 49 (40-79) 62 (42-85) 60 (42-84) 0.018* 0.019* 0.42 0.63

5 6-MWT [mt] 300 (50—450) 380 (100-500) 360 (100-480)  <0.001**  <0.001** 0.04* 0.08

é MIP [cmH,0] 69 (30-88) 86 (39-132) 82 (39-130) <0.001**  <0.001** 0.91 0.001*

&4 MEP [cmH,0] 50 (24-76) 64 (35-89) 62 (35-88) 0.017* 0.024* 0.365 0.81

& CAT 18 (10-38) 13 (8-34) 12 (8-34) <0.001**  <0.001** 0.63 <0.001**
mBS 6 (3-8) 5(2-8) 5(2-8) <0.001** 0.001* 1 0.005*
Dia-Ex [cm] 2.25(1.5-2.9) 2.1(1.4-3.1) 2.1(1.4-3.1) 0.06 - - -

o, Dia-Ex MAX [cm] 2.1 (1.4-3.1) 2.1(1.4-3.1) 2.35(1.4-4.3) <0.001** 1 <0.001**  <0.001**

8 FVC[L] 79 (63-83) 75 (68-92) 73 (69-86) <0.001**  <0.001** 0.47 0.001*

% FEV, [L] 53 (42-76) 58 (44-86) 55 (45-76) 0.026* 0.047* 0.2 1

§ 6-MWT [mt] 250 (170-350) 255 (165-400) 257 (160-380) 0.18 - - -

; MIP [cmH,0] 70 (36-124) 64 (23-130) 67.5 (30-130) 0.297 - - -

8 MEP [cmH,0] 43.50 (17-85) 46.5 (16-88) 45.5 (16-89) 0.001* 0.001* 0.29 0.17
CAT 20 (14-26) 19 (15-26) 19 (14-26) 0.192 - - -
mBS 5.54-7) 5.54-7) 5.5 4-7) 0.07 - - -

Values are given as the median (min—max).

TO: baseline; T1: after treatment; T2: follow-up; Dia-Ex: diaphragm excursion; FVC: forced vital capacity; FEV1: forced expiratory
volume in 1 second; 6-MWT: 6-minute walking test; MIP: maximal inspiration pressure; MEP: maximal expiration pressure; CAT:
COPD assessment test; mBS: modified Borg scale; *p<0.05; **p<0.001.
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Table 4. Time difference (A) between the two groups, with respect to treatment

Parameters Treatment group Control group p-value
A TO-T1 Dia-Ex [cm] 0.3 (-0.3-1.2) -0.1 (-0.2-0.2) <0.001**
A T1-T2 Dia-Ex [cm] 0(-0.4-0.2) 0 (-0.2-0.1) 0.415
A T0-T2 Dia-Ex [cm] 0.32 (-0.3-1.3) —-0.1 (-0.2-0.2) <0.001**
A TO-T1 Dia-Ex MAX [cm] 0.7 (0-2.3) 0.25 (-0.5-1.2) 0.029%*
A T1-T2 Dia-Ex MAX [cm] —-0.01 (-1-0.02) 0(-0.1-0.2) 0.026*
A T0-T2 Dia-Ex MAX [cm] 0.61 (0-2.2) 0.2 (-0.5-1.2) 0.094
A TO-T1 FVC [L] 10 (-12-49) 3 (-1-24) 0.001**
ATI1-T2 FVC [L] -2 (-23-10) —-0.5 (-10-1) 0.585
A TO-T2 FVC [L] 9 (-2-37) 2 (-7-14) 0.001**
A TO-T1 FEV1 [L] 4 (-9-30) 3 (-5-44) 0.885
ATI1-T2 FEVI [L] -1 (-10-3) -2 (=20-1) 0.365
A TO-T2 FEV1 [L] 3 (-7-30) 1 (-6-24) 0.693
A TO-T1 6-MWT [mt] 70 (—65-180) 2.5 (—60-50) 0.002*
ATI-T2 6-MWT [mt] —20 (-50-80) -5 (-100-30) 0.147
ATO-T2 6-MWT [mt] 50 (—85-180) 0 (-100-30) 0.002*
A TO-T1 MIP [emH,0] 20 (—-18-54) -2 (-13-10) <0.001**
A T1-T2 MIP [cmH,0] -1 (-30-10) 0.5 (-5-7) 0.015%*
A TO-T2 MIP [cmH,0] 16 (-11-44) -1 (-6-11) <0.001**
A TO-T1 MEP [cmH,0] 2 (-11-29) 4(-3-8) 0.57
A T1-T2 MEP [cmH,0] —1 (-20-2) -1 (-10-2) 0.54
A TO-T2 MEP [cmH,0] 2 (-11-28) 2 (-7-9) 0.926
A TO-T1 CAT 4 (0-6) -1(-3-4) <0.001**
A T1-T2 CAT 0(=5-1) 0(2-1) 0.094
A TO-T2 CAT 3(0-7) 0(-3-4) <0.001**
A TO-T1 mBS 1(-1-3) 0 (-1-0) <0.001**
A T1-T2 mBS 0(2-1) 0(0-1 0.065
A TO-T2 mBS 1(-1-3) 0 (-1-0) <0.001**

Values are given as the median (min—max).
A: difference; TO: baseline; T1: after treatment; T2: follow-up; DiaEx: diaphragm excursion; FVC:
forced vital capacity; FEV,: forced expiratory volume in 1 second; 6-MWT: 6-minute walking
test; MIP: maximal inspiration pressure; MEP: maximal expiration pressure; CAT: COPD assess-
ment test; mBS: modified Borg scale; *p<0.05; **p<0.001.
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DISCUSSION

The principal goal of this study was to investigate the effects of a specific, intensive, and supervised HBRP on dyspnea,
based on the mBS score, among COPD patients. The results were encouraging, as comparisons between the TG and CG
groups indicated that patients who followed the rehabilitation path demonstrated dyspnea improvements that met the minimal
clinically important difference of 0.9 units*®.

The changes measured between TO and T1 and between TO and T2 showed significant differences in the TG versus the
CG, and these results were maintained throughout the follow-up period. In the CG, dyspnea remained constant throughout
the 4-month observation period, with a median mBS value of 5.5 (5-7, p=0.07).

The quality of life perceived by patients, assessed by the CAT scales, showed a significant increase in the TG (median at
T0=18, median at T2=12), with a significant difference between the 2 groups. Several studies indicated that quality of life
(QoL) worsened due to the occurrence of dyspnea, anxiety, and depression, which are often present in COPD patients and
have been associated with poor physical condition, functional impairment, and comorbidities**.

Therefore, rehabilitative treatment, in this type of chronic and delicate patient, has important validity, not only for strictly
clinical and functional aspects but also for social aspects. Other studies in COPD patients have indicated the importance of
the respiratory rehabilitation setting from an ecological point of view. Kubincova et al. demonstrated the effectiveness of
complex climatotherapy rehabilitation treatments, in a mountainous environment, showing a large treatment effect for the
improvement of most quality-of-life dimensions*).

Outpatient rehabilitation is a therapeutic choice for COPD patients, it allows to follow the patient’s progress daily and
further customize the training program. However, as stated by de Oliveira et al. in most countries, the availability of PR
programs is limited, and few patients undergo this treatment modality*®). In addition, PR performed in a clinical setting and
based on hospital guidelines requires skilled healthcare professionals, equipment and facilities that are expensive to maintain,
and this cost contributes to the reduction of the availability of PR at healthcare services*®.

Respiratory rehabilitation in a home environment allows the patient avoid hospitalization, which also reduced the eco-
nomic impact. Home-based rehabilitation allows the patient to act as the protagonist of their rehabilitation path, which can
be integrated into daily life activities. In addition, the HBPR setting could contribute to changing habits, such as sedentary
lifestyles, and help patients learn to appreciate movement by the end of the rehabilitation program.

Based on our study and previous studies, HBPR has favorable impacts on the quality of life in COPD patients. Holland
et al. reported the HBPRs utilize minimal resources and require little direct supervision while simultaneously delivering
short-term improvements in functional exercise capacity and health-related quality of life, which are at least equivalent to
those observed for conventional PR*7,

COPD patients often fail to access conventional rehabilitation resources at specialized centers for different reasons (i.e.,
difficulties with transportation, distance and location of such centers, or lack of perceived benefit)*®); therefore, HBRPs may
represent a very important resource for COPD patients.

Despite being strongly recommended by treatment guidelines, PR is currently delivered to less than 10% of COPD pa-
tients who would likely benefit from rehabilitation*?.

Quality of life and dyspnea improvements are closely related. Patients who do not feel “hungry for air” during activities of
daily life can more easily break the vicious cycle in which increased dyspnea leads to a fear of moving and the development
of a sedentary lifestyle. In our study, the TG reported good improvements in functional parameters, such as the 6-MWT (A
TO-T1, p=0.002; and ATO-T2, p=0.002) and FVC (A TO-T1, p=0.001 and A TO-T2, p=0.001), in addition to improvements
in dyspnea and quality of life.

Kinesiophobia has been strongly associated with dyspnea perception, fatigue severity, and multisystemic comorbidities
in COPD*?. In our rehabilitation program, the physiotherapist and physiatrist, in addition to playing a supervisory role and
making themselves available for questions, as necessary, attempted to motivate and encourage the patients, reinforcing the
benefits of physical activity. Other groups, such as Meshe et al., have also discussed this important aspect during the respira-
tory rehabilitation path3D.

Further, for the HBPR in this study, simple and safe exercises were recommended. As indicated in the literature!%-4!-47), the
program included an integrated PR program, consisting of an aerobic phase, strength and endurance exercises, and specific
exercises for inspiratory muscles. Gosselink et al. suggested that in patients with inspiratory muscle weakness, the addition of
IMT to a general exercise training program tended to improve exercise performance'®). Basso-Vanelli et al. emphasized that
improving inspiratory performance significantly improves dyspnea®?. The combination of resistance and aerobic training
yielded greater increases in muscle endurance and increased resistance training volume compared to concurrent resistance
and aerobic training?.

The measurement of the diaphragm range during inspiration may represent a useful method for estimating lung hyperinfla-
tion and inspiratory muscle weakness'# 16:17),

In COPD patients, thoracic distension occurs due to the volume of air trapped in the lungs, which places the diaphragm in
an unfavorable contraction state. The degree of diaphragm shortening during contraction is strongly influenced by the level of
diaphragm motor outflow. The improved diaphragmatic excursion on US examination, under basal conditions, was observed
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for the TG, from a median of 2.2 cm at baseline to 2.5 at T1 and 2.4 at T2 (p<0.001), whereas no change in resting conditions
was observed for the CG, with a slight increase observed under conditions of maximum forced respiratory excursions.
US examination of the diaphragm muscle represents a non-invasive method that could be used to monitor the response to
rehabilitation treatments. Further, our results showed simultaneous improvements in the range of diaphragmatic excursions
on US examination and the MIP in the TG.

In the TG, increases in MIP and MEP were measured, whereas in the CG, a small increase in MEP but not MIP was
observed. The differences between the 2 groups were significant immediately after treatment for MIP but not for MEP. These
results suggest 2 hypotheses. The first hypothesis is that CG patients continued to activate their respiratory muscles in com-
pensatory manners, resorting increasingly on the support of expiratory muscles. The second hypothesis is that to maintain
the good activation of inspiratory muscles (diaphragm), the exercises must be performed constantly and continuously. At T2,
the MIP value of the TG was not maintained at the level observed at T1. Kim et al. reported as the strength of the inspiratory
muscles may better reflect the severity of COPD disease when compared to that of expiratory muscles®?.

Our results suggested that an intensive and supervised HBPR that is performed consistently and includes elements of
specific exercises designed to improve inspiratory endurance, aerobic, and strength training was effective for improving
diaphragmatic function during the respiratory cycle, as assessed by US evaluation. The weekly supervision provided by the
physiotherapist ensured good adherence to treatment among the patients, and no adverse effects related to the execution of
the proposed program were reported during the rehabilitative treatment. The TG also demonstrated improved clinical and
functional parameters compared with the CG, including the reduction of dyspnea and improved quality of life, demonstrating
the beneficial effects of HBPR for mild COPD patients when implemented as a tailored, patient self-management, supervised
program.

Suitable HBPR programs must be developed, and future studies should evaluate the long-term effects of these programs
with respect to pulmonary function.

In terms of study limitations and prospects, our study presented a period of 4 months, with a short follow-up of only 2
months. Although this short time frame could represent a limit, it was chosen to reduce the risks of exacerbations, which
would require the exclusion of additional patients from the study. However, even with this short time frame, 12 patients
were excluded during our study due to the exacerbation of respiratory failure. The small size of the sample did not permit
additional analyses to be performed, such as correlation analyses.
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