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ABSTRACT

Introduction: Parkinson’s disease presents physiological changes that compromise the patient’s daily
physical behavior, altering postural instability as well as injuries on the respiratory system. Objective: The
aim of the present study was to verify the quality of life and the effects of dual-task exercise on postural
instability and respiratory parameters in patients with Parkinson’s disease. Methods: Fourteen patients
underwent dual-task exercises (vestibular and respiratory), 3 times a week and lasting 45 minutes for a
period of 60 days. Quality of life, disease staging, respiratory indicators, physical fitness and vestibular
parameters were evaluated before and 48 hours after the intervention period. Results: The quality of life
indicators, such as mobility, activity of daily living, emotional well-being, stigma, cognition, communi-
cation and body discomfort, showed a statistically significant difference when compared to baseline data.
Lung function, physical fitness and vestibular system data showed improvement after the intervention
program. Conclusion: The results obtained suggest that the effects of dual-task physical exercise in PD
patients with Parkinson’s disease have positive effects on behavioral and functional aspects involved in
the quality of life, contributing to the regulation of the vestibular system.
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RESUMO

Introducio: A doenga de Parkinson (DP) apresenta alteracdes fisiolégicas que comprometem o compor-
tamento fisico diario do paciente alterando a instabilidade postural bem como agravos sobre o siste-
ma respiratorio. Objetivo: o objetivo do presente estudo foi verificar a qualidade de vida e os efeitos do
exercicio fisico de dupla tarefa sobre a instabilidade postural e parimetros respiratérios em pacientes
com doenca de Parkinson. Métodos: Quatorze pacientes com DP foram submetidos a exercicios de dupla-
-tarefa (vestibulares e respiratorios), 3 vezes por semana e duragio de 45 minutos por um periodo de 60
dias. Indicadores de qualidade de vida, estadiamento da doenga, respiratorios, aptidio fisica e parimetros
vestibulares foram avaliados antes e quarenta e oito horas apds o periodo de intervencio. Resultado: Os
indicadores de qualidade vida de pacientes com DP como mobilidade, atividade de vida didria, bem-estar
emocional, estigma, cognicdo, comunicagio e desconforto corporal apresentaram diferenca estaticamen-
te significativa quando comparadas aos dados basais. Dados de fun¢io pulmonar, de aptidao de fisica e
do sistema vestibular, apresentaram melhora ap6s o programa de intervenc¢ao. Conclusdo: Os resultados
obtidos sugerem que os efeitos do exercicio fisico de dupla tarefa em pacientes com DP exercem efeitos
positivos sobre aspectos comportamentais e funcionais implicados na qualidade de vida de pacientes com
DP, contribuem para a regulagio do sistema vestibular.
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Introduction

Parkinson’s disease (PD) is a progressive, slow, and irreversible neurodegene-
rative disease, with an estimated prevalence of 1 to 3% in the world population aged
over 55 years, with its main neuropathological characteristic being the loss of dopa-
minergic neurons [1,2]. The reduction in dopaminergic neurons may be associated
with different mechanisms, including oxidative stress, excitoxicity, homeostatic cal-
cium disturbance, inflammation, genetic factors, apoptosis, environmental factors
and protein aggregation [1,3,4] which compromise daily physical behavior altering
postural instability [5], as well as causing damage to the respiratory system [6].

Postural instability has been identified as one of the main complaints by PD
patients [7] in which disturbances in sensory information, impaired sensory motor
processing and impaired motor coordination affect the patient’s postural control [8].
In addition, PD promotes dysfunctions of the respiratory system, such as dyspnea,
hypoventilation, atelectasis, retention of pulmonary secretions, abnormalities asso-
ciated, mainly with a greater predisposition to respiratory infections, decreased chest
mobility and peak expiratory flow [8]. These dysfunctions are associated with mus-
cle stiffness and this induces a loss of flexibility in the respiratory muscles. Postural
changes that, as a hyperkyphotic pattern, influence the lower chest expansion resul-
ting in less lung volumes and restrictive ventilation deficit, changes in muscle acti-
vation and coordination and involvement of the upper airways at the level of glottic
and supraglottic structures [9].

In this scenario, the regular practice of physical exercises contributes to the
control of neurodegenerative disorders related to PD [10]. In addition to improving
motor functions [11], exercises help to improve ventilatory capacity and cardiorespi-
ratory rate in individuals with PD [12]. Physical exercise can cause cortical activation
patterns similar to those achieved with the use of pharmacological resources in these
patients, which suggests that it is extremely important for the symptomatic relief of
motor impairments of the disease [13]. Although the evidence points to the impor-
tance of physical exercise in controlling PD, the findings that reveal the role of du-
al-task exercises on vestibular and respiratory changes are still inconclusive. In this
context, the aim of the present study was to verify the quality of life and the effects
of dual-task physical exercise on postural instability and respiratory parameters, in
patients with Parkinson’s disease.

Methods

Participants and ethical procedures

The recruitment of participants was conducted through dissemination by lo-
cal media. Those eligible were those who had a clinical diagnosis of PD confirmed
by a medical report for at least 1 year, residing in the city of Criciima / SC and re-
gion and registered in the UNESC’s Pharmacy School program. All subjects met the
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following inclusion criteria: Preserved level of consciousness, be between stages 1
and 4 on the Hoenh and Yahr scale and use the same class of drugs for the treatment
of Parkinson’s disease. Exclusion criteria were subjects who underwent some type of
supplementation, who had physical limitations that compromised the performance
of activities and / or other associated degenerative diseases and violated the inclu-
sion criteria. The present proposal was inserted in the Platform Brazil and approved
by the institution’s ethics committee (CEP) under protocol No. 1,425,772. A total of
22 male subjects were interested in participating in the study, but only 15 met the in-
clusion criteria and 14 completed the intervention period, as shown in the flowchart
below (Figure 1).
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Figure 1 - Flowchart referring to the recruitment and selection of the sample

FOLLOW UP

Initial data were obtained through prior assessment of patients during a
home visit previously carried out before the intervention protocol. These sample cha-
racterization data are described in table I.

Intervention

The study was conducted for a period of 60 days, in the months of October,
November and December, with training frequency of 3 times a week and duration of
45 minutes as recommended by the European Physiotherapy Guideline for Parkinson’s
disease. The training protocol consisted of warm-up exercises, strength exercises and
proprioceptives. Vestibular rehabilitation exercises were based on the protocols of
Cawthorne & Cooksey, by Herdman (2007). Breathing exercises [12] were performed
in association with the other exercises.
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Table I - Characterization of the sample (n = 14)

Variables Mean + SD or %

Age (years) 65.07+8.70

Age years) 8.43 +4.18

BMI (kg / m?) 27.43 +3.19
Systolic blood pressure (mmHg) 126.43 £ 1393
Diastolic blood pressure (mmHg) 82.86 + 11.38
Heart rate (bpm) 80.29 + 12.80
Oxygen saturation (%) 97.64 + 1.44

Associated diseases

Dizziness 64.3%
Systemic Arterial Hypertension 35.7%
Heart diseases 7.1%

Data presented as mean and standard deviation or percentage. Body
mass index (BMI) mm of mercury (mmHg), beats per minute (bpm),
percentage (%)

Functional assessments

The evaluations were performed before and 48 hours after the physical trai-
ning program. Parkinson’s disease stage and severity were evaluated using the modi-
fied Hoehn and Yahr Staging Scale, patients” quality of life through the Parkinson’s
Disease Questionnaire-39 (PDQ-39), the elderly’s functional fitness by battery of Se-
nior Fitness Test tests proposed by Rikli and Jones [14], evaluation of static balance
through the sensitized Romberg test with open eyes and proprioceptive loss through
the Fukuda steps test [8] and lung function by spirometry from a forced breathing
maneuver using the spiro USB spirometer (Carefusion, USA).

Statistical analysis

Initially the data were analyzed by GraphPad, considering an alpha = 0.05.
Subsequently, the Kolmogorov-Smirnov test was used to verify the normality of the
data obtained. The data were analyzed by the Wilcoxon test considering a statistical
difference when the p was < 0.05. All data were expressed as mean + standard devia-
tion and percentage.

Results

Quality of life

As seen in Table II, quality of life indicators such as daily life activity, emo-
tional well-being, stigma, cognition, communication, and body discomfort showed
a statistically significant difference when compared to data prior to the intervention
program.
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Table II - Quality of life indicators of patients with Parkinson’s disease submitted to a dual task phy-
sical exercise program

Score (mean + standard deviation)

. . p-Value
Basal Post-1ntervention

Mobility 25.78 £9.97 15.71 £ 9.47 <0.001*
Daily Life Activity 14.64 £5.13 10.00 +5.32 <0.001"*
Emotional well-being 11.07 + 4.32 8.64 £ 3.85 <0.001*
Stigma 6.35 £ 2.49 4.85 +2.95 0.016"
Social support 8.92 £ 0.91 8.50 + 1.09 0.084

Cognition 6.85 + 1.95 5.64 £1.21 <0.001*
Communication 6.35 £ 1.64 4.92 +1.43 0.007*
Body discomfort 5.78 + 1.84 4.64 £1.59 0.011%

The data are presented as mean and standard deviation considering the maximum score obtained in
the questions of the Parkinson’s Disease Questionnaire. *Values obtained after application of Stu-
dent’s t tests for paired samples and Wilcoxon’s T tests (n = 14)

Staging of PD: There were no statistical differences in the stages of develop-
ment of PD, however, it is worth mentioning that some individuals showed changes
after the intervention program that can have positive effects on PD control, as shown
in Figure 2.
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Figure 2 - Developmental stages of PD according to the Hoehn and Yahr Staging Scale

Respiratory parameters

Table III shows, in average terms, that patients showed changes in functional
breathing indicators after the intervention program. Although these values are not
statistically different, they may represent an important change in the patients’ brea-
thing pattern.
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Table I1I - Pulmonary function data of patients with Parkinson’s disease submitted to a dual task phy-
sical training program

Variables Basal Post-intervention
(% predicted) (% predicted)
VEF1 (L) 65.23 +5.7 71.44 + 6.36
CVF (L) 74.92 + 4.88 78.38 £ 5.60
PFE (L/s) 45.42 + 5.44 54.25 + 6.56
VEF1/CVF (%) 85,66 + 4,10 91.29 + 3.14

Values are expressed as mean and standard deviation based on the predicted value of each patient (n
=10). The values of Forced expiratory volume in the first second (FEV1), Forced vital capacity (FVC),
Peak expiratory flow (PEF) and the FEV1 / FVC ratio

Physical aptitude

As noted in table IV, patients showed important differences after the inter-
vention program. Only the test of sitting and reaching the feet did not show a statis-
tically significant result. The other variables such as sitting and getting up from the
chair, forearm flexion, walking 2.44 meters, reaching the back, and walking 6 minutes
showed significant changes before and after the exercise program.

Table IV - Physical fitness data of patients with Parkinson’s disease submitted to a dual task physical
training program

Score (mean + PD)

Basal Post-intervention
Sit-ups 30s (number of repetitions) 8.14 +3.82 14.29 + 4.42 <0.001*
Forearm flexion 30s (number of repetitions) 10.71 + 5.46 16.64 + 4.65 <0.001*
Sit and reach the foot (distance cm) 5.86 + 7.89 3.21 + 6.37 0.017
Walking 2.44m (time seconds) 13.24 +10,47 7.05 +3.13 0.001*
Reach behind the back (distance cm) 24.71 + 15.01 15.64 + 9.63 0.001*
Walking 6 minutes (distance m) 278.57 + 136.76 345.71 + 130.36 <0.001*

Data are presented as mean and standard deviation considering the maximum score obtained in the
questions of the Senior Fitness Test. * Values obtained after application of Student’s t tests for paired
samples and Wilcoxon’s T tests (n = 14)

Vestibular system

The variables for assessing the vestibular system were described in Table V.
The presence of nystagmus was observed in 71.4% of the sample population. The
Romberg test, which assesses body balance with eyes open, showed a statistically
significant difference, showing that in the initial evaluation only 35.7% were able to
perform the test and in the final evaluation, after the intervention, 78.6% were able
to perform it. The Fukuda test also showed significant results both in the angle and
in the displaced meters before, and after the intervention.
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Table V - Vestibular system parameters data of patients with Parkinson’s disease
submitted to a dual task physical training program

. Mean £ PD or n (%)
Variables p-Value

Basal Posts-intervention

Nystagmus

Yes 71.4%

No 28.6%

Romberg test

Yes 64.3% 21.4% 0.031*"
No 35.7% 78.6%

Fukuda test

Displaced meters 0.78 + 0.33 0.42 +0.19 0.001*
Angle (degrees) 31.79 +17.17 16.43 + 12.00 0.005*

Data are presented as mean and standard deviation or percentage considering the
maximum score obtained in the different tests. * Values obtained after application
of Student’s t tests for paired samples and Wilcoxon test (n = 14)

Discussion

Behavioral changes, such as the adoption of a more active lifestyle or partici-
pation in physical training programs for specific purposes, have been pointed out in
several studies as a fundamental condition for maintaining health or reducing the
risks associated with several chronic-degenerative diseases. In this sense, PD consists
of a neurological, chronic, and progressive disease affects body movements and is
highly susceptible to the effects of exercise. Experimental studies in animal models
of our group [3,4] or studies in humans [10,15] have revealed that regular physical
exercise promotes quantitative and qualitative benefits to neurological functions.
Despite these advances and scientific reports, the data obtained are still inconclusive
since physical exercise is constituted by different forms and characteristics in its exe-
cution such as specificity, frequency, intensity, duration and type or model.

Dual-function or dual-task exercises involve performing a main activity, whi-
ch is the focus of attention, and a secondary activity performed at the same time [16].
In this context, the motor and cognitive systems work with each other to guarantee
more pronounced effects resulting from exercise. This exercise model, respecting spe-
cificity, intensity, frequency, and duration criteria, can be a relevant strategy that
contributes to improving the behavioral, functional, and biochemical parameters of
patients with PD. Thus, our study aimed to verify the potential effect of a dual-task
physical exercise program on postural instability and respiratory parameters in pa-
tients with PD.

The quality of life of patients with PD consists of at least three major do-
mains: physical, mental, and social [17]. Several instruments have been proposed to
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identify the role of a given intervention on a patient’s quality of life. In this scenario,
the Parkinson’s Disease Questionnaire - 39 (PDQ-39) has been indicated as the most
appropriate instrument for assessing the quality of life of patients with PD [18]. Our
results revealed that mobility and activity of daily living were the two domains that
showed higher levels of commitment by patients, especially about tasks of motor
origin, involving situations such as walking, performing leisure activities, bathing.
This result is consistent with previous studies emphasizing that disorders related to
the development of motor activities are detected as factors that negatively alter the
perception of quality of life [17,19,20].

After the intervention period with physical exercise, a significant im-
provement was observed in almost all the domains investigated, except for social
support. This is in agreement with Deane et al. [21], in which they demonstrate the
practice of physical exercises in the rehabilitation of individuals with PD, reducing
the debilitating effects of sensorimotor impairment in order to improve participa-
tion in social activities and consequent improvement in quality of life.

The etiology of PD is complex and, therefore, the disease progression stages
depend on psychosocial and biological factors that can contain or delay the harmful
and degenerative effects during life. The results of the Hoehn and Yahr Staging Scale
(modified) show that the patients had scores from 1 to 4 on that scale, however the
descriptive analysis reveals that some patients improved the disease stage after the
intervention program. Studies show that there is an association between the severi-
ty of the disease and the upper and lower body strength. These effects are possibly
associated with the improvement in the indicators of functional capacity or physical
fitness promoted by the training program. In this sense, Wade and Tarsy et al. [22,23]
suggest that several types of physical training are probably effective in improving
the functional outcome for patients with PD, showing the effectiveness of the inter-
vention given the functionality and stage of the disease of the investigated patients.

One of the factors apparently secondary to PD are changes in respiratory
function, which potentiates the degenerative effects of the disease and worsens the
patient’s health status. This disorder probably remains unnoticed while the disease
develops, because physical disability in PD generally leads the patient to lead a se-
dentary life, consequently limiting him from activities where breathing problems can
become evident [24]. The results observed in the present study reveal that patients
have spirometric characteristics compatible with restrictive ventilatory disorder. An
increase of 9.52% in the values of forced expiratory volume in the first second (FEV1)
and 19.44% in the peak expiratory flow (PEF) were observed. Although there is no
statistical difference on these data, this difference can represent an important clini-
cal improvement for these patients. The increase in such parameters in patients with
restrictive functional characteristics may impact the increase in chest expansion and
reduce the deficit in lung volume, compatible with the restriction pattern [24]. In
this sense, although the respiratory function does not undergo significant changes,
it does not exclude the importance of dual-task exercise for the clinical condition of
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patients with PD.

The assessment of functional capacity in PD has been increasingly reported
in the literature, highlighting a sensitive measure that could be used as a possib-
le predictor for the evolution of the disease. In this context, Gustafsson et al. [25]
demonstrate the importance of motor assessment through batteries of tests in nor-
mal individuals. The authors observed, from a prospective study involving 1,317,713
men, deficits in isometric strength of the upper limbs, three decades before the first
symptoms of PD manifestations. In the present study, we used the Senior Fitness Test
battery, which, according to Rikli and Jones [14], measures the physical fitness of the
elderly to perform activities of daily living in old age and is composed of six motor
tests that assess the strength of the upper limbs and lower limbs, flexibility of upper
and lower limbs, agility / dynamic balance and aerobic endurance. The results obser-
ved in the present study show important differences after the intervention program.
In particular, the variables of sitting and getting up from the chair, forearm flexion,
walking 2.44 meters, reaching the back, and walking 6 minutes, showed significant
changes after the exercise program. These results are in line with previous studies in
which they demonstrated that an intervention through exercises can improve stren-
gth, measures of static postural stability and motor symptoms in people with PD
[11,26,27].

According to Christofoletti [28], among the several benefits promoted by phy-
sical training, the increase in tone and strength of the muscles involved in walking
and balance promote improvements in the mobility of patients with PD. The data
from the present study corroborate these findings. In addition to observing the sig-
nificant improvement in the strength of the lower and upper limbs, the training
program promoted the biomechanical alignment of the posture, the reduction of the
time of execution of the motor tasks and the improvement of the gait speed [22,25].

According to Colnat-Coulbois et al. [29], parkinsonian patients have an ina-
dequate interaction of the systems responsible for body balance, vestibular, visual
and proprioceptive systems due to changes in low dopamine levels that, when lea-
ding to inefficient movement control, affect the processing of vestibular, visual and
proprioceptives responsible for maintaining body balance [22,26]. The results of this
study show that 71.4% of the patients had nystagmus and were completely reversed
after the exercise program. In addition to these findings, the patients’ body balance
was also significantly improved with regular physical exercise. The possible effects
of exercise on these postural parameters are possibly associated with the dual task
used in the exercise protocol. According to Azadian et al. [15], when the training has
dual task exercises, positive effects are observed in space-time parameters, such as
walking speed, stride size, oscillatory dynamic balance, and symmetry of the lower
limbs. Zeigelboim et al. [30] demonstrate that vestibular rehabilitation can induce or
even cancel the signs and symptoms triggered by PD.
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Conclusion

The results observed in the present study reveal that patients with Parkin-
son’s disease have spirometric characteristics compatible with restrictive ventilatory
disturbance but have shown changes in functional breathing indicators after the
intervention program. Although there is no statistical difference on these data, this
difference can represent an important clinical improvement for these patients. Taken
together, the results obtained suggest that the effects of dual-task physical exercise
have positive effects on behavioral and functional aspects involved in the quality of
life of patients with Parkinson’s disease, as well as contributing to the regulation of
the vestibular system.
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