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Benefits of hydrotherapy in patients with chronic obstructive pulmonary
disease: additional outcomes of a randomized clinical trial

Beneficios de la hidroterapia en pacientes con enfermedad pulmonar obstructiva
cronica: resultados adicionales de un ensayo clinico aleatorizado

Beneficios da hidroterapia em pacientes com doenca pulmonar obstrutiva crénica:
resultados adicionais de um ensaio clinico randomizado
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Abstract: The objective of this article was to assess the effect of hydrotherapy on the functional
status, dyspnea, BODE index, and quality of life in patients with COPD. A randomized, controlled
clinical trial was carried out with 24 COPD patients, randomly divided in two groups: 1) aquatic
training group (ATG), participating in an aquatic training (AT) program of intermittent
(moderate/high) intensity that took place three times a week, for 8 weeks; and 2) control group
(CG), which received guidance on a healthy lifestyle and did not participate in supervised
exercises. The variables (functional status, dyspnea, BODE index, and quality of life) were
assessed before and after the intervention period. The level of significance was established in
5%. Results show that the ATG presented significant improvements in daily life activities
(LCADL total A score: -10.1, p = .01), in functional status (PFSDQ-M, total A score: -16.9, p =
.01), dyspnea (Aurc: -1.37, p = .003), BODE index (A: -1.25, p = .048) and quality of life (total A
score: -7.4, p=0.02). The CG did not show any significant changes. As a conclusion, intermittent
aquatic aerobic training of moderate/high intensity fostered a clinically relevant improvement for
most patients with COPD in terms of quality of life, limitations in daily life activities, dyspnea,
and in the BODE mortality predictor index.
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Resumen: El objetivo del articulo fue evaluar el efecto de la hidroterapia sobre el estado
funcional, disnea, indice BODE y calidad de vida en pacientes con enfermedad pulmonar
obstructiva crénica (EPOC). Se realizé un ensayo clinico aleatorizado y controlado con 24
pacientes con EPOC, asignados aleatoriamente a dos grupos: 1) grupo de entrenamiento
acuatico (GEA), que participd en un programa de entrenamiento acuatico de intensidad
intermitente (moderada/alta) 3 veces a la semana durante 8 semanas; 2) grupo control (GC),
que recibid orientacion sobre estilo de vida saludable y no realizé ejercicios supervisados. El
estado funcional, disnea, indice BODE y calidad de vida fueron evaluados antes y después del
periodo de intervencion. El nivel de significancia se establecié en el 5%. Los resultados
muestran que el GEA present6é una mejora significativa en las actividades de la vida diaria (A
puntaje total de LCADL: -10.1, p = .01), en el estado funcional (PFSDQ-M, A puntaje total: -
16.9, p = .01), disnea (AMRC: -1.37, p = .003), indice BODE (A: -1,25, p = .048) y calidad de
vida (Apuntaje total: -7.4, p = .02). EI GC no presenté cambios significativos. Se concluye que
el entrenamiento aerdbico acuatico intermitente de intensidad moderada/alta promovié una
mejora clinicamente relevante en los pacientes con EPOC en términos de calidad de vida,
limitaciones en las actividades de la vida diaria, disnea, y en el indice BODE, predictor de
mortalidad.

Palabras clave: enfermedades pulmonares, hidroterapia, calidad de vida, actividad fisica.

Resumo: O objetivo deste artigo foi avaliar o efeito da hidroterapia sobre o estado funcional,
dispneia, indice BODE e qualidade de vida em pacientes com doenca pulmonar obstrutiva
croénica (DPOC). Um ensaio clinico randomizado e controlado foi realizado com 24 pacientes
com DPOC, divididos aleatoriamente em dois grupos: 1) grupo de treinamento aquatico (GEA),
que participou de um programa de treinamento aquatico de intensidade intermitente
(moderada/alta) 3 vezes por semana durante 8 semanas; 2) grupo controle (GC), que recebeu
orientagBes sobre estilo de vida saudavel e n&o realizou exercicios supervisionados. O estado
funcional, a dispneia, o indice BODE e a qualidade de vida foram avaliados antes e apds o
periodo de intervengao. O nivel de significancia adotado foi de 5%. Os resultados mostram que
o GEA apresentou uma melhora significativa nas atividades de vida diaria (A escore LCADL
total: -10,1, p = 0,01), no status de desempenho (PFSDQ-M, A pontuagéo total: -16,9, p = 0,01),
dispneia (AMRC: -1,37, p = 0,003), indice BODE (A: -1,25, p = 0,048) e qualidade de vida (A
escore total: -7,4, p = 0,02). O GC nao apresentou alteragdes significativas. Conclui-se que o
treinamento aerdbio aquatico intermitente de intensidade moderada/alta promoveu melhora
clinicamente relevante em pacientes com DPOC em termos de qualidade de vida, limitacbes
nas atividades de vida diaria, dispneia e no indice BODE, preditor de mortalidade.

Palavras-chave: doencas pulmonares, hidroterapia, qualidade de vida, atividade fisica.
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1. Introduction

Patients with chronic obstructive pulmonary disease (COPD) present systemic
repercussions compromising their activities of daily living (ADL), designated as functional status
(Kocks et al., 2011).

Scientific literature has reported that the assessment of dyspnea (Janssens et al., 2011)
and the limitations of the ADL can be measured through the Modified Pulmonary Functional
Status and Dyspnea Questionnaire (PFSDQ-M) (Carpes et al., 2008; Garrod et al., 2000; Kovelis
et al., 2008; Lareau et al., 1998) and the London Chest Activity of Daily Living (LCADL) scale,
which assesses the dyspnea during the ADL (Garrod et al., 2000).

Additionally, patients with COPD present reduced performance in BODE index (BMI,
obstructed airways, dyspnea, and exercise capacity), which is associated with mortality,
providing important prognosis information for clinical practice (Celli et al., 2004). Therefore,
changes in its values after pulmonary rehabilitation programs provide valuable impacts on the
prognosis (Cote & Celli, 2005).

Physical exercise is an important component in a pulmonary rehabilitation program for
patients with COPD. According to McCarthy et al. (2015), pulmonary rehabilitation promotes a
relevant clinical improvement of dyspnea and fatigue. Aquatic exercises feature among the
exercise modalities employed in rehabilitation programs. Zampogna et al. (2023) reports that
this exercise modality is efficient in improving the exercise capacity and the quality of life in
people with COPD. Chen et al. (2021) also add that aquatic exercises deliver significant
additional effects to this population. However, most studies use a Moderate Intensity Continuous
Training (Chen et al., 2021) protocol. In this sense, considering that intermittent training on the
land has been regarded as a feasible and interesting alternative for patients with COPD (Adolfo
et al., 2019; Vogiatzis et al., 2002), the authors raised the hypothesis that intermittent exercises
in an aquatic environment could improve the functional status, dyspnea, BODE mortality
predictor index, and quality of life in patients with COPD. Thus, the purpose of this study was to
assess the effects of an 8-week intermittent aquatic training program of moderate/high intensity
on the functional status, activity of daily living, dyspnea, mortality prediction, and quality of life
of patients with COPD.

2. Methods

Study design and population

This is a randomized controlled trial which was conducted in accordance with the Helsinki
declaration and approved by the research ethics committee of the Methodist University of
Piracicaba-Sao Paulo-Brazil under protocol #13/11. All volunteers signed an informed consent
form prior to their inclusion in the study.

Sixty-two patients from a Regional Specialty Outpatient Clinic diagnosed with COPD were
invited to participate in the study. The inclusion criteria consisted of having a diagnosis of COPD,
according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
recommendations (GOLD, 2022), and a low level of physical activity according to the
International Physical Activity Questionnaire (IPAQ), defined as engaging in less than 600 MET-
minutes of total physical activity per week or walking less than 30 minutes per day (Craig et al.,
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2003). Participants were excluded if they were not clinically stable; had experienced a COPD
exacerbation in the past three months; had participated in regular physical training programs
within the past six months; or presented with any of the following conditions: diabetes mellitus,
endocrine disorders, liver diseases, other pulmonary diseases, associated inflammatory
diseases, heart conditions, musculoskeletal or neuromuscular impairments that could prevent
the execution of the experimental protocols, dermatological conditions (e.g., skin fistulas,
infected wounds, skin mycoses, varicose ulcers), hypersensitivity to products used in pool water
treatment, and/or hydrophobia.

Twenty-four male patients, aged between 50 and 75 years, met the inclusion criteria and
accepted to participate, being randomly allocated into the control group (CG, n=12) or aquatic
training group (ATG, n=12). Randomization was performed by a researcher who was not
involved in the study. A random assignment website (https://www.sealedenvelope.com/simple-
randomiser/v1/lists) was used to generate a sequence of numbers indicating group allocation
(CG or ATG). The group assignments were printed on paper and placed into opaque envelopes
according to the generated order. These envelopes were opened by the researcher responsible
for the rehabilitation program only after the baseline assessments had been completed. Due to
exacerbation of the COPD or personal reasons, 3 volunteers were excluded from the CG and 4
from the ATG (Figure 1). The CG was instructed to maintain the conventional clinical treatment,
characterized by drug therapy, receiving instructions on healthy lifestyle, and only participated
in the assessments. On the other hand, the ATG was submitted to an aquatic intermittent aerobic
physical exercise program (Figure 1).

Esta obra esta bajo una
Licencia Creative Commons Atribucién-NoComercial-Compartirlgual 4.0 Internacional



http://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists

 Pensar en
Movimiento

Vol.23 N° 1(1-21), ISSN 1659-4436, opens January 1%, closes June 30™, 2025.

Gallo-Silva, Zamunér, Cerezer-Silva, Gullo Ferreira, Sakabe, Kel de Souza, Bertholo, Ferreira Brasil & Moreno.
Benefits of hydrotherapy in patients with pulmonary disease.

Excluded (n=38)

[ Enroliment ] Assessed for eligibility
(n=62)

O Not meeting inclusion criteria
(n=14)
oDiabetes Mellitus (n=6)
oHeart diseases (n=2)

oAneurysm (n=1)
oRheumatic diseases (n=2

Randomized (n=24)

\ 4

oOther associated lung diseases
(n=3)
oSystemic Arterial Hypertension
(n=3)
[l Declined to participate (n=7)

l

Allocation

m—

| l

Control Group (n=12)

(1 Drug treatment (n = 9)

(1 Did not receive allocated intervention
(give reasons) (n=3)

L

Allocated to intervention (n=12)

[J Received allocated intervention (n=8)

[1 Did not receive allocated intervention
(give reasons) (n=4)

| |

L Follow-Up
Lost to follow-up (give reasons) (n=3)

J Lost to follow-up (give reasons) (n=4)

Discontinued intervention (give reasons)
(n=3)

Discontinued intervention (give reasons)
(N=4)

| Analysis

| |

Analyzed (n=9)
[1 Excluded from analysis (give reasons)
(n=3)

Analyzed (n=8)
[1 Excluded from analysis (give reasons)
(n=4)

Figure 1. Inclusion criteria flowchart. Source: the authors.

Measurements and outcomes
Pulmonary function

The lung function was assessed through spirometry tests using a portable spirometer (Easy
oneTM, ndd Medizintechnik AG, Zurich, Switzerland), in accordance with the American Thoracic
Society (ATS) and European Respiratory Society (ERS) guidelines. Forced vital capacity (FVC),
forced expiratory volume in the first second (FEV1) and the FEV1/FVC ratio were obtained as
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absolute and relative values (% of the predicted) (ATS, 2002; Miller et al., 2005; Pereira et al.,
2007).

Quality of life

Quality of life was assessed through the application of the Brazilian version of the Saint
George Respiratory Questionnaire (SGRQ) (Camelier et al., 2006). This is a self-administered
questionnaire that comprises three domains: 1) “Symptoms”: which provided information about
discomfort due to respiratory symptoms; 2) “Activities”. which assessed changes in physical
activity; and 3) “Impact”. which assessed the global impact on the patient’s activities of daily
living and well-being. In addition, the total score was also quantified. The results were expressed
in percentages ranging from 0 to 100%, a higher score meaning worse performance in each
domain.

Functional Capacity

The functional capacity was assessed by the six-minute walk test (6MWT). The
participants were requested to wear appropriate clothing (sportswear and trainers). Two tests
were performed with a 30-minute interval and executed by two physical therapists. The repetition
of two tests aimed at eliminating the learning effect and ensuring the reproducibility of the
procedure (Hernandes et al., 2011). The best test was used in the data. The volunteers were
instructed to walk at maximum speed as possible during the six minutes. During the walk, the
volunteers were encouraged by the examiner through verbal stimuli at every minute, using the
phrases recommended by the American Thoracic Society (ATS, 2002). The distance covered in
meters was recorded at the end of the test. The blood pressure (BP), heart rate (HR), respiratory
rate (RR), peripheral oxygen saturation (SpO;), and dyspnea and lower-limb (LL) fatigue score
using the CR10 Borg scale were recorded at the beginning, during and at the end of the 6MWT.
In case of desaturation (Sp0O.<90%), the test was interrupted, oxygen supplementation was
provided, and another test was started (Borghi-Silva et al., 2010).

Functional status

The functional status was assessed using the modified version of the Pulmonary
Functional Status and Dyspnea Questionnaire (PFSDQ-M). The PFSDQ-M consists of three
domains: 1) influence of dyspnea on ADL, 2) influence of fatigue on ADL (5 general items and
10 specific items for each domain); and 3) change in ADL compared to the period prior to the
disease (10 specific items). There are five general questions in the fatigue and dyspnea
domains, which are informative and qualitative in nature and are not added to the questionnaire
score. The participants describe how much dyspnea and fatigue interfere with the ten specific
ADL items, scoring between 0 and 10 for each activity, being 0 (no interference), 1-3 (mild), 4-
6 (moderate), 7-9 (severe) and 10 (very severe). In the third domain, the amount of change in
ADL is reported in comparison to the period prior to the disease, choosing a value between 0-
10 for each activity with 0 being as active as ever regarding this activity; 1-3 for small changes;
4-6 for moderate changes; 7-9 for extreme changes; and 10 for when no longer doing this
activity. Subsequently, a partial score is calculated, ranging from 0 to 100 for each domain and
a total score, which is composed of the sum of the partial scores of the three domains, ranging
from 0 to 300. Higher values on the scale indicate greater limitations in ADL (Kovelis et al.,
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2008). A minimum change of 5 points in each component was considered as the minimum
clinically important difference (MCID) (Regueiro et al., 2013).

London Chest Activity of Daily Living Scale

The level of dyspnea during the activities of daily living was assessed by the London Chest
Activity of Daily Living Scale (LCADL), which is composed of four domains: 1) personal care, 2)
domestic activities, 3) physical activities and 4) leisure activities, which includes 15 questions.
The domains present items that receive a score ranging from 0 to 5, totaling a maximum score
of 75 points, with higher values on the scale indicating greater limitations in ADL (Carpes et al.,
2008). A minimum of 4 points change in the total score of the scale was considered as the MCID
(Bisca et al., 2014).

Dyspnea

The dyspnea was also assessed using the Brazilian version of the Medical Research
Council (MRC) Dyspnea Scale, which comprises five statements, with the patient reporting their
subjective degree of dyspnea corresponding to how much it interferes with ADL as 1 (“only
suffers from shortness of breath during intense exercise”); 2 (“suffers from shortness of breath
when walking quickly or climbing a light slope”); 3 (“walks slower than people of the same age
because of shortness of breath or has to stop to breathe even when walking slowly”); 4 (“stops
walking to breathe after walking less than 100m or after a few minutes”); and 5 (“feels so short
of breath that they no longer leave the house or when getting dressed”) (Kovelis et al., 2008).

BODE index

The BODE (B-body mass index; O-airflow obstruction; D-dyspnea; E-exercise capacity)
mortality predictor index assesses the risk of mortality using the body mass index (BMI), FEV1,
MRC scale score and the distance covered in the 6MWT. The score in the BODE index ranges
from 0 to 10, with a higher score indicating greater severity (Celli et al., 2004).

Intermittent aquatic aerobic training protocol

The 8-week intermittent aquatic aerobic training, lasting 60 minutes, on alternate days,
three times a week (American College of Sports Medicine Position Stand [ACSM], 1998; Nici et
al., 2006) was performed based on a previously described protocol (Kim et al., 2010), adapted
to the patients, which consisted of: 1) warm-up (10 minutes): stretching exercises and dynamic
aerobic exercises; 2) aquatic physical conditioning: aerobic training consisting of aquatic
exercises for the trunk, upper limbs (UL) and lower limbs (LL), with intensity prescribed at 4-6
on the CR10 Borg scale (Carvalho et al., 2009; Graef & Kruel, 2006; Horowitz et al., 1996),
performed in an intermittent form, 1 minute of exercise and 1 minute of rest progressively
increasing (Vogiatzis et al., 2002). The first eight sessions lasted 20 minutes, then the next eight
sessions lasted 30 minutes and the last eight sessions lasted 40 minutes. 3) Cooling down (10
min): global stretching exercises. This training program was developed in a heated pool (32°C).
During all sessions, the patients were instructed to use pursed-lip breathing. Supplementary
oxygen was offered if SpO. levels were below 90%, during the exercise (Borghi-Silva et al.,
2010; Moga, 2012). Prior to therapy, BP, HR, RR, SpO,, Borg dyspnea and Borg LL were
measured and recorded. The sessions were carried out individually, and HR was monitored
every 10 minutes of therapy using a FT1 model frequency meter (Polar® Electro Co.Ltda.
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Kempele, Oulu, Finland), SpO; was measured by the wrist oximeter ONYX 9500 (Nonin®), and
the subjective perception of the respiratory effort and LL effort by the Borg scale.

Statistical analysis

The data were analyzed using the SPSS 25.0 software (IBM, Amonk, USA). Normality of
data distribution and homogeneity of variance were assessed using Shapiro-Wilk and Levene’s
tests, respectively. A mixed twoway analysis of variance (ANOVA) was used to assess Group
(CG vs ATG) and Time (Baseline vs Post) interaction. When interaction was significant, the
Bonferroni’s post hoc pairwise comparison was performed, and the main effects results were
disregarded. Partial eta squared (n?,) was calculated to quantify the effect size for the ANOVA
and interpreted as small (0.01), medium (0.06), or large (0.14). To assess the effect size for
pairwise comparisons, Cohen’s d was calculated and classified as a small (0.2), medium (0.5),
or large (0.8) effect, according to Cohen (1988). The significance level was established at 5%
for all the analyses. Moreover, we analyzed the individual responses of each participant based
on the available MCID values established in previous studies (Bisca et al., 2014; Regueiro et
al., 2013).

3. Results

Table 1 presents the baseline values for the 2 studied groups. There were no significant
differences observed between the groups (p>0.05). Table 2 presents the values for the SGRQ,
LCADL, PFSDQ-M, BODE index, and MRC before and after intervention for the two studied
groups (Gallo-Silva et al., 2025).

Esta obra esta bajo una
Licencia Creative Commons Atribucién-NoComercial-Compartirlgual 4.0 Internacional



http://creativecommons.org/licenses/by-nc-sa/4.0/

) Pensar en
Ao Vol.23 N° 1(1-21), ISSN 1659-4436, opens January 1%, closes June 30, 2025.
Gallo-Silva, Zamunér, Cerezer-Silva, Gullo Ferreira, Sakabe, Kel de Souza, Bertholo, Ferreira Brasil & Moreno.

Benefits of hydrotherapy in patients with pulmonary disease.

Table 1.
Clinical and demographic characteristics of both groups
CG (n=9) TG (n=8) p-value
Age (years) 66.6 £ 9.6 65.5+6.3 .24
BMI (kg/cm?) 26.7+5.8 23.7+28 .05
HR (bpm) 8819 89+ 14 19
SAP (mmHg) 121+ 13 128 + 12 .89
DAP (mmHg) 78 +10 81+8 .33
Smoking time (years) 35.6 +13.0 411128 .89
GOLD classification
I 2 3
Il 3 2
I 3 2 o
v 1 1
Lung Function
SVC (L) 2.35+0.81 2.73+0.98 .51
SVC (% pred) 65.2+15.9 70.1+15.8 .92
FVC (L) 214 +0.71 2.49 +0.97 19
FVC (% pred) 60.0 £ 16.7 64.0+17.2 .88
FEV1 (L) 1.33+0.85 1.36 £ 0.92 49
FEV1 (% pred) 46.3+24.8 446 +23.2 .94
FEV1/FVC 0.57 £ 0.21 0.51+£0.17 .36
FEV1/FVC (% pred) 722+259 66.1+21.6 .54
6MmWT (m) 439.9 + 102.5 466.1+74.4 .33

Note. BMI (Body mass index); HR (Heart rate); SAP (systolic arterial pressure); DAP (diastolic
arterial pressure); SVC (slow vital capacity); FVC (forced vital capacity); FEV+ (forced expiratory
volume in first second); GOLD (Global Initiative for Lung Obstructive Pulmonary Disease);
6mWT (six-minute walk test). @Fisher’'s exact test. Source: the authors.
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Table 2.
Pre- and post-training comparison related to quality of life, LCADL, PFSDQ-M, BODE index, and dyspnea
CG (n=9) ATG (n=8) p-values
Baseline Post Coh;n S Baseline Post Coh:n S T G |
SGRQ
Symptoms 50.0 + 20.0 56.8 +22.7* 0.32 57.9+14.2 49.2 + 10.6* -0.68 0.55 0.99 <0.0001
Activity 69.1+21.2 73.0+229 0.18 63.4 +19.8 55.2 + 18.0* -0.43 0.27 0.25 0.006
Impact 43.3+23.5 48.9 + 25.9* 0.23 39.5+16.7 33.9+16.2* -0.34 0.99 0.37 <0.0001
Total 524 +20.4 57.6 +22.8* 0.24 50.1 +16.0 42.7 + 14 4* -0.48 0.41 0.26  <0.0001
LCADL scale
Physical score 56+1.3 5711 0.08 53+x15 3.1£1.1 -1.64 <0.0001 0.03 <0.0001
SC[;‘::GS“C 8.0+56 8.7+6.0 0.12 74+33 4.1+21% 1.14 0.003 026 <0.0001
Personal score 8.8+4.0 9.1+3.8 0.08 9.5+3.7 5.9 +1.8*f -1.12 0.001 0.45 <0.0001
Leisure score 52+20 54+1.8 0.10 45+20 3.4+07 -0.63 0.23 0.09 0.079
Total score 274 +99 28.6 +9.3 0.12 26.6+7.9 16.5 + 3.9*t -1.48 <0.0001 0.12 <0.0001
PFSDQ-M
Fatigue 32.8+23.7 34.9 + 23.5* 0.09 36.0 + 16.7 30.5 + 14 .4* -0.35 0.003 0.95 <0.0001
Dyspnea 39.9+22.0 403+224 0.02 40.1+13.8 33.6 + 12.0* -0.50 <0.0001 0.72 <0.0001
AICDJCange n 322+248 343 +245* 0.004 349+18.8  29.9+17.0* -0.28 0.006 093 <0.0001
104.8 + 109.6 + 111.0 .
Total score 68.3 68.6% 0.007 48.3 94.1+423 -0.37 <0.0001 0.87 <0.0001
BODE index 4.44 + 255 433+224 0.05 412 +2.42 2.87 +2.42* -0.52 0.004 0.45 0.013
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1.63 = -1.61
MRC 3.33+1.0 3.22+0.83 -0.12 3.0+0.93 0.74* <0.0001  0.03 <0.0001

Note. *p < .05 vs Baseline; Tp < .05 vs CG Post; #p < .05 vs A CG. SGRQ (Saint George Respiratory Questionnaire), LCADL (London Chest
Activity Daily Living), PFSDQ-M (Modified Pulmonary Functional Status and Dyspnea Questionnaire), BODE (B-body mass index; O- airflow
obstruction; D-dyspnea; E-exercise capacity), and MRC (Medical Research Council). Source: the authors.
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Quality of Life

Regarding the quality of life assessed with the SGRQ (Table 2), a significant Group*Time
interaction was found for Symptoms (F1,15 = 23.1; p<0.0001, np? = 0.61), Activity (F115= 10.3;
p=0.006, np? = 0.41) and Impact (F1,15=21.1; p<0.0001, np? = 0.59) domains, as well as for the
Total score (F115 = 20.8; p<0.0001, np? = 0.58). Pairwise comparisons revealed that ATG
significantly improved quality of life (total score, d=-0.48, p=0.02) and its domains, Symptoms
(d=-0.68, p=0.01), Activity (d=-0.43, p= 0.01) and Impact (d=-0.34, p=0.006). On the other hand,
the CG experienced a worsening in overall quality of life (d=0.24, p=0.02), and in the domains
Symptoms (d=0.32, p=0.01) and Impact (d=0.23, p=0.004).

Dyspnea during activities of daily living

Regarding the level of dyspnea during activities of daily living, as assessed by LCADL
(Table 2), a significant Group*Time interaction was found for the Total Score (F115 = 41.4;
p<0.0001, np? = 0.73) and the domains Physical (F115= 32.5; p<0.0001, np? = 0.68), Domestic
(F115 = 29.1; p<0.0001, np? = 0.66) and Personal (F115 = 26.3; p<0.0001, np? = 0.64). No
significant interaction or main effects were observed for the Leisure domain (F+,15= 3.8; p=0.08,
np? = 0.19). Within group comparisons showed that ATG significantly improved total score (d=-
1.48, p<0.0001), physical score (d=-1.64, p<0.0001), domestic score (d=-1.14, p<0.0001) and
personal score (d =-1.12, p<0.0001) after the intervention. On the other hand, the CG did not
present any significant changes (p>0.05). In the between group comparison, the ATG presented
significantly lower values post intervention for the scores in the physical domain (d=-2.36,
p<0.0001), personal domain (d=-1.08, p=0.04) and total score (d=-1.70, p=0.004), indicating an
improvement in dyspnea in relation to the CG (Table 2).

Pulmonary functional status

Regarding pulmonary functional status, assessed by the PFSDQ-M (Table 2), a significant
Group*Time interaction was found for Total Score (F1,15 = 82.2; p<0.0001, np? = 0.81) and the
domains Fatigue (F1,15= 62.5; p<0.0001, np? = 0.81), Dyspnea (F1,15= 39.2; p<0.0001, np?=0.72)
and Change in ADL (F115= 63.1; p<0.0001, np? = 0.81). Within group comparisons showed a
significant difference in the total score (d=0.37, p<0.0001) and in all domains after the aquatic
intervention, indicating an improvement in the impact of fatigue (d=-0.35, p<0.0001) and dyspnea
(d=-0.5, p<0.0001) in activities of daily living, as well as in the perception of change in ADL (d=-
0.28, p<0.04). On the other hand, the CG presented a significant increase, although with small
effect on the total score (d=0.09, p=0.01), impact of fatigue (d=0.09, p=0.01) on ADL and the
perception of change in ADL (d=0.004, p=0.004). There were no significant differences between
groups for any of the variables concerning the PFSDQ-M (p > 0.05) (Table 2).

BODE index

A significant Group*Time interaction was also found for the BODE index (F115 = 7.93;
p=0.01, np? = 0.35). After the training, the ATG presented a significant improvement in the BODE
index (d=-0.52, p=0.001), which was not observed in the CG (d=0.05, p=0.69). No significant
difference was found for the between group comparisons (p>0.05).

Medical Research Council Dyspnea Scale
Finally, a significant Group*Time interaction was found for the MRC (F115=21.3; p<0.0001,
np? = 0.59, table 2). The ATG showed a significant improvement in dyspnea (d=-0.50, p<0.0001),
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assessed by the MRC, while no significant difference (d=-0.12, p=0.56) could be observed for the
CG. Furthermore, the dyspnea observed in the ATG in the post-treatment period was significantly
lower when compared to the dyspnea in the CG (d=-2.02, p=0.001, table 2).

Clinical improvement

Additionally, an individual analysis was carried out within each group to identify patients
who achieved a clinically relevant improvement in the variables that presented MCID values
reported in literature (Schiinemann et al., 2003) (Figure 2). It was possible to identify clinically
relevant improvement in 75% (6/8) of ATG patients in relation to the dyspnea domain of the
PFSDQ-M; 50% (4/8) improved the fatigue and changes in ADL domains of the PFSDQ-M; and
87.5% improved the total LCADL score, indicating an improvement in dyspnea in ADL. In addition,
patients classified as GOLD stages Ill and IV achieved the MCID across all the main outcomes
(Figure 2).
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Figure 2. Minimum clinically significant difference (MCID) delta chart. PFSDQ-M: Modified
Pulmonary Functional Status and Dyspnea Questionnaire, SGRQ (Saint George Respiratory
Questionnaire), LCADL (London Chest Activity Daily Living), BODE (B-body mass index; O-
airflow obstruction; D-dyspnea; E-exercise capacity), and MRC (Medical Research Council).
Source: the authors.

4. Discussion

This study evaluated the effects of an aquatic intermittent aerobic training protocol in
patients with COPD. The results show that the ATG presented significant improvements in quality
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of life, functional status in the activities of daily living, in the BODE index, and in general dyspnea,
and during physical, domestic and personal activities, except for dyspnea in leisure activities. On
the other hand, the control group, which maintained the drug treatment and received guidance on
healthy lifestyle habits but did not participate in the supervised rehabilitation program during this
period, showed a significant worsening of quality of life, fatigue and functional status.

These results are in accordance with the findings of previous studies. Wadell et al. (2004)
proposed a 12-week program, three times a week for 45 minutes, of high-intensity aquatic training
for patients with COPD. After training, the patients improved the activity component of the SGRQ.
In the same sense, Felcar et al. (2018) evaluated the effects of a 6-month program (60 sessions)
of water exercises compared to a land-based exercise program in patients with COPD. At the end
of the program, both groups improved inspiratory, expiratory and peripheral muscle strength, as
well as quality of life and functional status. Similar results were also observed by Mc Namara et
al. (2013) and Lotshaw et al. (2007). Both authors observed a significant improvement in quality
of life in COPD patients after an aquatic training program. This is extremely important, as the
frequency of exacerbations in COPD is associated with impaired quality of life, decline in lung
function and increased mortality (Ritchie & Wedzicha, 2020).

Another important finding of this study is the improvement in the level of dyspnea in activities
of daily living, except for leisure activities, assessed by the LCADL scale. These results partially
corroborate the findings reported by Felcar et al. (2018), who observed improvements in all
domains of the LCADL, except for the physical activity domain, in the group that underwent
aquatic training. Furthermore, the current study also showed an improvement in all components
of the PFSDQ-M scale, indicating a significant improvement in functional status.

Those findings are in accordance with the results obtained by Probst et al. (2011) who also
observed an improvement in the functional status in patients with COPD after a training program
on the land. In addition, it is important to emphasize that most patients presented an improvement
of at least 5 units in each component, reaching the MCID for this outcome, while only 50% of the
participants achieved the MCID for fatigue and activities of daily living. Improvement in dyspnea
may be explained by the positive physiological adaptations induced by exercise training. It has
been shown that the ventilatory requirements during submaximal exertion are reduced after an
exercise program, by enhancing the aerobic capacity of skeletal muscles. In addition, exercise
decreases blood lactate concentration and increases muscle mechanical efficiency, both of which
may contribute to lower perception of dyspnea (REFS). On the other hand, activities of daily living
and fatigue involve a more complex interplay between physiological systems, and the aquatic
environment may not sufficiently replicate the demands of these activities in a land-based context.
This could limit the transferability of improvements observed in water to daily life functioning
(Benzo-Iglesias et al., 2023). Even so, the ATG showed a significant improvement in the BODE
index, a predictor of mortality, with a moderate effect size, which is notable for this study
population. These findings corroborate the results observed by de Souto Araujo et al. (2012). The
authors observed a decrease in the BODE index after low-intensity training on the land and in
water.

Another point worth mentioning regards the differences between responders and non-
responders to the protocol, as illustrated in Figure 2. Our results showed that patients classified
as GOLD stages lll and IV achieved the MCID across all the main outcomes, whereas patients in
stages | and |l showed improvements in selected variables. This finding not unexpected and may
be attributed to a “floor effect’, wherein patients with more severe baseline impairments have
greater potential for improvement than patients with less compromise. These results are in
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accordance with previous studies reporting that individuals with higher levels of fatigue and poorer
quality of life at baseline were more likely to respond favorably to rehabilitation programs (Baltzan
et al., 2011, Van Herck et al., 2019).

The results of the study suggest that the intermittent training protocol in an aquatic
environment is an effective therapeutic option for patients with COPD. In addition to the benefits
of physical exercise itself, the physical properties of water can be highlighted among the possible
mechanisms for the positive effects of aquatic training for this population. In this sense,
hydrostatic pressure acts on the body and adjusts the position of the diaphragm muscle to a high
and effective level. Thus, hydrostatic pressure exerts resistance to diaphragmatic contraction
during inspiration, and facilitates expiration, consequently reducing the residual volume during
immersion (Anstey & Roskell, 2000; Chen et al., 2021; Wadell et al., 2004). It is also observed
that the increased capillarization of trained muscles reduces respiratory demand and dyspnea
(Broman et al., 2006). This mechanism may have played an important role in reducing the
sensation of dyspnea observed in this study. Buoyancy is another physical property worth
mentioning. Buoyancy is the force that acts in the opposite direction to gravity, favoring flotation,
reducing joint overload and facilitating the execution of movements against gravity. Therefore, the
aquatic environment becomes suitable for this population, since, in addition to reducing the risk
of falls in the elderly, it prevents impacts resulting from falls, which can lead to mild abrasions,
mobility restrictions, limitation of activities of daily living, and loss of functional independence,
which may compromise the quality of life of patients with COPD (Resende & Rassi, 2008).

Study limitations

Despite the promising results, the small size of the sample should be highlighted as a
limitation of the study. Nevertheless, the analyses of the results were complemented by the effect
size and the individual analysis in relation to the MDC, which are not size dependent.
Furthermore, the inclusion of a group performing the same protocol on the land can also be seen
as a limitation, as it would allow comparing the real advantages of training in the aquatic
environment.

5. Conclusions

This study demonstrated that the intermittent aquatic aerobic training of moderate/high
intensity promoted a significant and clinically relevant improvement for most patients with COPD
in their quality of life, in the limitations of their activities of daily living, dyspnea, and in the BODE
mortality predictor index.
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