einstein

Official Publication of the Instituto Israelita
de Ensino e Pesquisa Albert Einstein

ISSN: 1679-4508 | e-ISSN: 2317-6385

How to cite this article:

Kanegusuku H, Peganha T, Silva-Batista C,
Miyasato RS, da Silva Junior ND, de Mello
MT, et al. Effects of resistance training on
metabolic and cardiovascular responses to
a maximal cardiopulmonary exercise test in
Parkinson's disease. einstein (Séo Paulo).
2021;19:eA05940.

Corresponding author:

Heélcio Kanegusuku

Avenida Albert Einstein, 627/701 - Morumbi
Zip code: 05652-000 - S&o Paulo, SP, Brazil
Phone: (55 11) 99539-9557

E-mail: helciokng@gmail.com

Received on:
June 23, 2020

Accepted on:
Dec 5, 2020

Conflict of interest:
none.

Copyright 2021
(e
This content is licensed

under a Creative Commons
Attribution 4.0 International License.

ORIGINAL ARTICLE
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to a maximal cardiopulmonary exercise
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ABSTRACT

Objective: To evaluate the effects of resistance training on metabolic and cardiovascular responses
during maximal cardiopulmonary exercise testing in patients with Parkinson’s disease. Methods:
Twenty-four patients with Parkinson’s disease (modified Hoehn and Yahr stages 2 to 3) were
randomly assigned to one of two groups: Control or Resistance Training. Patients in the Resistance
Training Group completed an exercise program consisting of five resistance exercises (two to
four sets of six to 12 repetitions maximum per set) twice a week. Patients in the Control Group
maintained their usual lifestyle. Oxygen uptake, systolic blood pressure and heart rate were
assessed at rest and during cycle ergometer-based maximal cardiopulmonary exercise testing at
baseline and at 12 weeks. Assessments during exercise were conducted at absolute submaximal
intensity (slope of the linear regression line between physiological variables and absolute
workloads), at relative submaximal intensity (anaerobic threshold and respiratory compensation
point) and at maximal intensity (maximal exercise). Muscle strength was also evaluated. Results:
Both groups had similar increase in peak oxygen uptake after 12 weeks of training. Heart rate
and systolic blood pressure measured at absolute and relative submaximal intensities and at
maximal exercise intensity did not change in any of the groups. Muscle strength increased in
the Resistance Training but not in the Control Group after 12 weeks. Conclusion: Resistance
training increases muscle strength but does not change metabolic and cardiovascular responses
during maximal cardiopulmonary exercise testing in patients with Parkinson’s disease without
cardiovascular comorbidities.

Keywords: Parkinsonian disorders; Cardiovascular abnormalities; Oxygen consumption; Exercise
test; Resistance training

The Brazilian Registry of Clinical Trials: RBR-5YC53K.

RESUMO

Objetivo: Avaliar os efeitos do treinamento resistido nas respostas metabdlicas e cardiovasculares
ao teste de esforgo cardiopulmonar méaximo em pacientes com doenca de Parkinson. Métodos:
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Vinte e quarto pacientes com doenca de Parkinson (estagios 2 a 3
de Hoehn e Yahr modificado) foram aleatoriamente randomizados em
dois grupos: Controle e Treinamento Resistido. O Grupo Treinamento
Resistido realizou, duas vezes por semana, cinco exercicios
resistidos, duas a quatro séries, seis a 12 repeticdes maximas por
série. 0 Grupo Controle manteve seu estilo de vida. No inicio e
apds 12 semanas, consumo de oxigénio, pressao arterial sistdlica e
frequéncia cardiaca foram avaliados em repouso e durante um teste
de esforco cardiopulmonar maximo realizado em um cicloergdmetro.
As avaliagdes durante o exercicio foram realizadas nas intensidades
subméximas (a inclinagdo da regresséo linear entre as varidveis
fisioldgicas e as cargas absolutas), nas intensidades subméximas
relativas (limiar anaerdbico e ponto de compensacéo respiratoria)
e na intensidade maxima (pico do exercicio). Adicionalmente, foi
avaliada a forga muscular. Resultados: Comparado com o inicio,
o consumo de oxigénio pico aumentou, de forma semelhante, em
ambos os grupos apds 12 semanas. A frequéncia cardiaca e a pressao
arterial sistdlica avaliadas nas intensidades submdaximas absolutas
e relativas, assim como no pico do exercicio, ndo se modificaram
em nenhum dos grupos. Finalmente, diferente do Grupo Controle, a
forga muscular aumentou no Grupo Treinamento Resistido apds 12
semanas. Conclusado: Em pacientes com doenca de Parkinson sem
comorbidades cardiovasculares, o treinamento resistido aumenta
a forca muscular, mas ndo modifica as respostas metabdlicas e
cardiovasculares ao teste de esforco cardiopulmonar méximo.

Descritores: Transtornos parkinsonianos; Anormalidades cardiovasculares;
Consumo de oxigénio; Teste de esforco; Treinamento de resisténcia

Registro Brasileiro de Ensaios Clinicos: RBR-5YC53K.

INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder characterized by nigrostriatal dopaminergic
system dysfunction and resultant motor symptoms, such
as bradykinesia, resting tremor, rigidity and postural
instability.(» Besides motor symptoms, PD patients also
tend to have metabolic and cardiovascular dysfunctions
either at rest®® or during stressful events such as
exercise.1¥ Attenuated metabolic and cardiovascular
responses in submaximal and maximal cardiopulmonary
exercise testing have recently been reported in patients
with PD.? Blunted responses to exercise may increase
cardiovascular risk in these patients.(!'? Hence the
significance of investigating strategies to offset such
impairments.

Resistance training (RT) is recommended to
PD patients in order to improve muscle strength,
functionality (e.g., walking capacity) and quality of
life.!» Resistance training has also been shown to
improve cardiac autonomic dysfunction at rest and
during stressful conditions such as orthostatic stress in
this population.! These findings suggest RT may also
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enhance cardiovascular responses to exercise. However,
this hypothesis remains to be confirmed.

Resistance training has been shown to increase
peak oxygen uptake (VOzpeak) in patients suffering from
other conditions (cognitive impairment, hemiparesis,
etc).1319 Still, in PD patients in particular, RT failed
to induce changes in VO, (7 and RT-related
effect remains to be confirmed. However, assessment
of responses to submaximal exercise (i.e., responses
at absolute submaximal workloads and ventilatory
thresholds) is even more relevant in these patients,
since these responses mirror effort intensity associated
with daily activities.!” Fernandez-Lezaun et al.,
reported improvement of responses to submaximal
exercise in older adults without PD following RT.?%
Enhanced cardiovascular responses to submaximal
RT may improve the quality of life of these patients.?)
Despite the relevance of this topic, to the best of our
knowledge the effects of training on responses to
submaximal exercise have not been investigated in PD
patients to date.

This study was designed to test the hypothesis
that RT improves responses obtained at submaximal
intensities during maximal cardiopulmonary exercise
testing in patients with PD without changing maximal
metabolic (i.e., VO,) and cardiovascular (i.e., heart rate
— HR and systolic blood pressure — SBP) parameters.

OBJECTIVE

To evaluate the effects of resistance training on
metabolic and cardiovascular responses during maximal
cardiopulmonary exercise testing in patients with
Parkinson’s disease.

METHODS

Subjects

Volunteers were recruited from Associacdo Brasil
Parkinson. Inclusion criteria were as follows: =50 years
of age; stages 2 to 3 of the modified Hoehn and Yahr
scale;®? no other neurological disorder, hypertension or
cardiovascular disease diagnosis; not taking medications
with potential direct cardiovascular effects except for
those required to treat PD; no limitations to engage in
RT. Patients who experienced changes of type or dose
of regular medications during the study, engaged in
additional physical exercise programs or attended to less
than 80% of RT sessions were excluded.
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This paper was based on data extracted from a
larger study approved by the Ethics Committee of the
Faculdade de Educacdo Fisica e Esporte of Universidade
de Sdo Paulo (2011/42) and registered at Brazilian
Clinical Trials Registry (RBR-5YC53K). All patients
read and signed an informed consent form prior to
enrollment. Findings derived from the analysis RT
effects on resting conditions have been published.
This paper specifically addresses responses during
exercise.

Experimental design

This prospective, randomized controlled study with
parallel design was conducted at the Faculdade de
Educacao Fisica e Esporte of Universidade de Sdo Paulo,
between February 2012 and March 2015. Patients with
PD were randomly allocated to one of two groups:
Control Group (CG) or Resistance Training Group
(RTGQG), as previously described.¥

Physiological responses during maximal cardiopulmonary
exercise testing were assessed at baseline (beginning of
the study) and at 12 weeks. In the RTG, post-intervention
assessments were carried out at least 48 hours after the
last training session. Patients were assessed in the “on”
state (i.e., action phase of medication).

Experimental procedures

Detailed description of maximal cardiopulmonary
exercise testing procedures have been given elsewhere.”)
Tests were conducted on a cycle ergometer (Lode,
Corival, Netherlands) by a physician with extensive
experience (more than 10 years) in maximal exercise
testing. Fifteen to twenty minutes prior to testing,
patients were familiarized with the cycle ergometer
by pedaling at a comfortable intensity for 2 to 3
minutes. Patients were then allowed to rest until
cardiovascular parameters returned to baseline and
tested. Individualized ramp protocols were selected
to induce fatigue within 8 to 12 minutes of test start.
These involved increments ranging from 3 to 15 watts
per minute according PD severity and level of physical
conditioning. Pedaling frequency ranged from 50 to
60rpm. Tests were discontinued whenever subjects
were unable to maintain pedaling frequency. The same
ramp increments were used in baseline and 12-week
assessments.

Heart rate was recorded at 30-second intervals
via continuous 12-lead echocardiogram monitoring
(CardioPerfect®, ST 2001, Netherlands). Auscultatory
blood pressure was measured by a blinded technician
every 2 minutes using a mercury sphygmomanometer.
Respiratory gas exchange was measured by breath-by-
breath analysis using a metabolic cart (Medical Graphics
Corporation, CPX/D, United States) and data collected
at 30-second intervals averaged.

Peak HR, SBP and VO, were defined as the
highest value obtained during the exercise phase of
the test and corresponded to maximal test responses.
Responses to submaximal relative intensities were
assessed at ventilatory thresholds (i.e., anaerobic
threshold — AT — and respiratory compensation point
— RCP)*2% determined by two independent experts,
with discrepancies solved by consensus. Responses
to submaximal absolute intensities were assessed
by comparing the slope of the linear regression line
between physiological parameters (VO,, HR and SBP
values) recorded at baseline and after 12 weeks of
exercise practice.® Regression was based on values
measured during exercise. Individual linear regression
slope lines were used in the analysis.

Interventions
The RT program consisted of two exercise sessions
per week with a rest period of 3 to 4 days in-between.
Training sessions were supervised by an experienced
strength coach. The RT program included lower limb
(horizontal leg press, squat and rotary calf) and upper
limb (lat pulldown and chest press) resistance exercises.
Training load increased progressively from two to four
sets of six to 12 repetition maximum (RM), as detailed
elsewhere.!¥ Training load increments were as follows:
first and second weeks, two sets of 10-12 RM; third
and fourth weeks, three sets of 10-12 RM); fifth and
sixth week, three sets of 8-10 RM; seventh to tenth
week, four sets of 8-10 RM; 11 and 12™ weeks, four
sets of 6-8 RM. The rest period between exercises and
sets was 2 minutes. Workload increased progressively
throughout the intervention period. Load increments
were introduced whenever patients were able to execute
two consecutive sessions with the same load.

Patients in the CG were instructed to maintain their
usual lifestyle during the experimental period and were
evaluated at baseline and at 12 weeks only.
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Muscle strength

Resistance training efficacy was estimated according
to muscle strength. After two familiarization sessions
48 hours apart, muscle strength was assessed using the
1RM test in the leg press exercise, as per the Brown et
al., protocol® and details given elsewhere.!¥ Muscle
strength was reassessed at 12 weeks.

Statistical analysis

Data normality and homogeneity were investigated
using the Shapiro-Wilk and Levene test respectively.
Data were submitted to logarithmic transformation
as needed (ie., HR ., HR  and VO, ). Patient
characteristics were compared between groups using
the ¢ or the y? test. Two-way mixed design analysis of
variance (ANOVA - andlise de varidncia) using group
(CG versus RTG) as a between main factor and time
(baseline and 12 weeks) as a within main factor was
conducted to examine the effects of RT. Whenever
F-values were significant, the Newman-Keuls post-hoc
test was used for multiple comparisons. Variables (i.e.,
SBP) that differed between groups at baseline were
submitted to covariance analysis (ANCOVA - andlise de
covaridncia) using baseline values as covariates. Effect
size (ES) was calculated for each outcome using Cohen’s
d.®? Effect size was categorized as small (ES<0.49),
medium (ES 0.50-0.79) or large (ES=0.80). The level
of significance was set at p<0.05. Data were expressed
as means=*standard deviation.

RESULTS

Forty-four PD patients signed the informed consent
form. Of these, 30 were randomly allocated to the RTG
(n=15) or the CG (n=15). Four patients in the CG
and two patients in the RTG dropped out of the study
during the intervention period. A total of 24 patients
completed the study (11 and 13 patients, CG and RTG,
respectively) and had their data analysed (Figure 1).

Patient characteristics were similar between groups
at baseline (Table 1). Patients in the RTG completed
more than 90% of training sessions. Lower limb strength
remained unchanged in the CG (90%26kg versus
82+26kg) but increased significantly in RTG (90+24kg
versus 108=29kg) after 12 weeks of RT. Muscle strength
differed significantly between groups at 12 weeks
(F 125 = 83.159; p<0.01).

Baseline VO, did not differ between groups.
However, both groups experienced similar significant
increase in VO, after the intervention (F,,, = 0.0338;
p=0.86 and p<0.01, interaction effect and main effect
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of time respectively) (Table 2). Resting VO, AT and
RCP were also similar between groups at baseline and
remained unchanged over time. Likewise, peak VO,
increase according to workload increments (slope
line between VO, and workload) was similar between
groups and remained unchanged over time.

Heart rate measured at rest, AT, RCP and maximal
exercise, and HR slope increment per watt during testing
were similar between groups and remained unchanged
after 12 weeks of RT. Likewise, SBP measured at, RCP
and maximal exercise, and SBP slope increment per watt
during testing did not differ between groups and did not
change after 12 weeks of RT.

Patients with

Parkinson disease
assessed for eligibility
{n=44)

Excluded
Did not meet inclusion criteria (9)
Personal reasons (5)

Baseline evaluation
Randomized [n=30)

i i

Control Group Resistane Training Group
in=15) {n=15)

Droupout (n=4]
Health (2)
Personal reasons (2)

Dropout (n=2)
Personal reasons (2)

Completed 12 Completed 12
weeks weeks
In=11} n=13)

Figure 1. Flowchart of participants

Table 1. Characteristics of patients with Parkinson Disease allocated to the
Control or the Resistance Training Group

Control Resistance
Group Training Group  p value
(n=11) (n=13)
Physical characteristics
Sex, male/ female 8/3 11/2 0.48
Age, years 62+9 67+8 0.12
Body mass index, kg/m? 21134 259+3.6 0.43
PD characteristics
Disease duration, years 9+4 9+4 0.94
Hoehn & Yahr modified, stage 2/2.5/3 5/2/4 6/2/5 0.98
Medication use
Levodopa/carbidopa " 11 0.18
Dopamine agonist 6 5 0.43
Amantadine 4 6 0.63
Selegiline 2 3 0.77

Data expressed as n or meanstandard deviation.
PD: Parkinson's disease.
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Table 2. Metabolic and cardiovascular responses assessed at rest and at submaximal and maximal intensities during cardiopulmonary exercise testing conducted at
baseline and at 12 weeks with Parkinson disease patients in the Control and the Resistance Training group

Control Group

Resistance Training Group

. ES . ES F-values p value
Baseline 12 weeks Baseline 12 weeks
Peak workload (watts 10754 107+58 0.01 93+37 96+38 0.09 F2=0.5877 0.45
VO, e mLkg".min"/watt' -1.03£0.38 -0.86+0.14 0.75 -0.90+0.21 -0.88+0.12 0.05 Fip=11013 0.31
VO, mLkg.'min" 9.7+£2.1 9.7+22 0.00 10.3+2.3 10.3+2.8 0.02 F12,=0.0090 0.93
VO, mLkg. 'min” 14.4+35 13.8+3.6 0.03 146+24 15.7+3.0 0.40 Fi=17885 0.20
VO, MLkg."min’ 17.8+5.5 18.6+5.8* 0.14 18.0+4.2 18.8+4.4* 0.20 F.=0.0338 0.86
HR... bpm 76+8 76+11 0.06 7348 72+10 0.16 F2=0-2541 0.62
HR, .. DPMwatt! 0.28+0.19 -0.24+0.29 0.18 0.38+0.17 -0.47£0.26 0.44 F12y=3:3466 0.08
HR,, bpm 11013 108+12 0.17 98+17 99+17 0.07 F.,=0.6767 0.42
HR > bpm 126+14 124+15 0.13 114+22 118+22 0.19 Fl=2.0427 0.17
HR ... bpm’ 2.16+0.06 2.15+0.06 0.24 2.10+0.09 2.10+0.10 0.03 Fi2=2.3841 0.14
SBP_ ., mmHg 113+13 10712 0.47 122+18* 119+14# 0.16 F2=0.153 0.70
SBP, s MMHg/watt 0.72+0.64 0.95+0.80 0.33 0.45+0.25 0.57+0.25 0.50 Flg=0:4273 0.62
SBP,, mmHg 139+17 132+15 0.41 13716 144+19 0.43 Flp=3.1499 0.09
SBP, ., mmHg 156+22 148+18 0.39 149+15 158+18 0.58 F=5:6330 0.03
SBP__,mmHg 171£23 170+25 0.10 160+20 167+20 0.37 F. . =16963 0.21

peak’

Results expressed as mean=standard deviation.
* significantly different from baseline (p<0.05); " logarithm; * significantly different from the C Group (p<0.05)

EF: effect size; VO, oxygen uptake; AT: anaerobic threshold; RCP: respiratory compensation point; HR: heart rate; SBP: systolic blood pressure.

DISCUSSION

The main finding of this study was that RT increased
lower limb muscle strength but had no impact on
metabolic and cardiovascular responses obtained at
maximal or absolute and relative submaximal intensities
during maximal cardiopulmonary exercise testing in
patients with PD.

Lower limb muscle strength increase in RTG relative
to the CG emphasizes the effectiveness of the training
protocol employed in this study. Similar findings have
been reported in previous studies,''® in which lower
limb strength also increased after RT. Neuroplastic
changes in the primary motor cortex and neural
adaptation to RT may explain the initial increase in
lower limb strength in these patients.*3? Such strength
gains may be of clinical significance in this population,
given muscle mass and strength losses are correlated
with poorer quality of life in patients with PD.CD
Significant similar VO, increase at 12 weeks
in both groups indicates improvements cannot be
attributed to the RT program. In fact, the increase
observed in the CG suggests a learning effect of multiple
tests. A previous study®? with PD patients submitted
to three maximal cardiopulmonary exercise tests on
different days revealed significant increases in VO,
between the first and the second test. Patients in this
study may have experienced similar effects.

The lack of effect of RT on VOZWlk is in keeping
with previous studies that also failed to detect changes
in VO, in response to RT in patients with PD.(719
This finding is also consistent with a previous study
conducted by this research group,® in which VO, .
remained unchanged after 16 weeks of resistance and
power training in healthy elderly. In contrast, studies
conducted with other populations of adult patients
with neurological impairments or chronic neurologic
diseases (cognitive impairments or chronic hemiparesis)
reported VO, increase after RT.0>!9 This discrepancy
may reflect different pathophysiological changes in
different neurological diseases and their respective
impact on patient response to RT. Therefore, it could be
argued that, at least in patients with mild to moderate
stage PD, RT has no effect on VO, ..

A differential of this study was the investigation of
submaximal exercise parameters which are less impacted
by motor disabilities associated with PD.®® For this
purpose, patients were assessed at both absolute and
relative submaximal exercise intensities. Responses to
absolute submaximal intensity were assessed according
to metabolic and cardiovascular changes in response
to workload increments, whereas responses to relative
submaximal intensity were assessed at AT and RCP.
Contrary to the research hypothesis, RT had no impact
on VO,, HR or SBP responses at absolute and relative
submaximal intensities. This finding is congruent with a
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previous study addressing responses to RT at absolute
and relative submaximal intensities in subjects without
PD.® Therefore, is spite selection of parameters which
are less affected by the disease-related limitations, this
study failed to demonstrate significant impacts of RT on
responses during progressive exercise testing.

Enhanced metabolic and cardiovascular responses
during maximal cardiopulmonary exercise testing are
associated with better quality of life in patients with PD.
Such responses have been obtained with aerobic training
in this population.1®3 Still, RT can improve muscle
strength, functionality (e.g., walking capacity) and quality
of life in patients with PD.(17:18262829.33.35) Findings of this
study support recommendations of combined aerobic
and strength training in exercise programs designed for
patients in the mild to moderate stages of PD.

Study limitations

This study has some limitations. Exclusion of patients
diagnosed with hypertension or any other cardiovascular
disease limited sample size. However, such exclusions
were deemed important to tease out the effects of RT
on metabolic and cardiovascular changes inherent to
PD. Also, selected patients were at stages 2 to 3 of the
modified Hoehn & Yahr scale. Therefore, findings may
not apply to patients in other stages of PD.

CONCLUSION

Twelve weeks of resistance training improves lower
limb muscle strength but does not affect metabolic or
cardiovascular responses obtained at submaximal and
maximal intensities during maximal cardiopulmonary
exercise testing in patients with Parkinson’s disease with
no cardiovascular comorbidities.

ACKNOWLEDGEMENTS

Authors heartily thank participants,
the Associacdo Brasil Parkinson and the Centro
de Estudos em Psicobiologia e Exercicio. Claudia
Lacia de Moraes Forjaz was granted a fellowship
by the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (process no. 304436/2018-6).
Hélcio Kanegusku was granted a fellowship by the
Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico (process 142017/2012-4) and by the
Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (process 99999.010276/2014-09).

volunteer

einstein (Sao Paulo). 2021;19:1-7

AUTHORS' INFORMATION

Kanegusuku H: http://orcid.org/0000-0002-0406-6504
Pecanha T: http://orcid.org/0000-0003-4968-5525
Silva-Batista C: http://orcid.org/0000-0003-0244-6535
Miyasato RS: http://orcid.org/0000-0002-3864-240X

da Silva Junior ND: http://orcid.org/0000-0001-5689-9535
de Mello MT: http://orcid.org/0000-0003-3896-2208
Piemonte ME: http://orcid.org/0000-0002-8298-268X
Ugrinowitsch C: http://orcid.org/0000-0001-8547-419X
Forjaz CL: http://orcid.org/0000-0001-7584-4265

REFERENCES

1. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol
Neurosurg Psychiatry. 2008;79(4):368-76. Review.

2. Poewe W, Mahlknecht P The clinical progression of Parkinson’s disease.
Parkinsonism Relat Disord. 2009;15 Suppl 4:528-32. Review.

3. Barbic F, Perego F, Canesi M, Gianni M, Biagiotti S, Costantino G, et al. Early
abnormalities of vascular and cardiac autonomic control in Parkinson’s
disease without orthostatic hypotension. Hypertension. 2007;49(1):120-6.

4. Goldstein DS. Dysautonomia in Parkinson disease. Compr Physiol. 2014;4(2):
805-26. Review.

5. Kaufmann H, Goldstein DS. Autonomic dysfunction in Parkinson disease.
Handb Clin Neurol. 2013;117:259-78. Review.

6. Magerkurth C, Schnitzer R, Braune S. Symptoms of autonomic failure in
Parkinson's disease: prevalence and impact on daily life. Clin Auton Res.
2005;15(2):76-82.

7. Kanegusuku H, Silva-Batista C, Pecanha T, Nieuwboer A, Silva ND Jr, Costa
LA, et al. Blunted maximal and submaximal responses to cardiopulmonary
exercise tests in patients with Parkinson disease. Arch Phys Med Rehabil.
2016;97(5):720-5.

8. Low DA, Vichayanrat E, lodice V, Mathias CJ. Exercise hemodynamics in
Parkinson’s disease and autonomic dysfunction. Parkinsonism Relat Disord.
2014;20(5):549-53.

9. Sabino-Carvalho JL, Teixeira AL, Samora M, Daher M, Vianna LC. Blunted
cardiovascular responses to exercise in Parkinson’s disease patients: role of
the muscle metaboreflex. J Neurophysiol. 2018;120(4):1516-24.

10. Miyasato RS, Silva-Batista C, Pecanha T, Low DA, de Mello MT, Piemonte
ME, et al. Cardiovascular responses during resistance exercise in patients
with Parkinson disease. PM R. 2018;10(11):1145-52.

11. Lauer MS, Francis GS, Okin PM, Pashkow FJ, Snader CE, Marwick TH.
Impaired chronatropic response to exercise stress testing as a predictor of
mortality. JAMA. 1999;281(6):524-9.

12. Oliveira RB, Myers J, Aratjo CG, Abella J, Mandic S, Froelicher V. Maximal
exercise oxygen pulse as a predictor of mortality among male veterans
referred for exercise testing. Eur J Cardiovasc Prev Rehabil. 2009;16(3):358-64.

13. Falvo MJ, Schilling BK, Earhart GM. Parkinson’s disease and resistive exercise:
rationale, review, and recommendations. Mov Disord. 2008;23(1):1-11.
Review.

14. Kanegusuku H, Silva-Batista C, Peganha T, Nieuwboer A, Silva ND Jr,
Costa LA, et al. Effects of progressive resistance training on cardiovascular
autonomic regulation in patients with Parkinson disease: a randomized
controlled trial. Arch Phys Med Rehabil. 2017;98(11):2134-41.

15. Ivey FM, Prior SJ, Hafer-Macko CE, Katzel LI, Macko RF, Ryan AS. Strength
training for skeletal muscle endurance after stroke. J Stroke Cerebrovasc Dis.
2017;26(4):787-94.

16. Mavros Y, Gates N, Wilson GC, Jain N, Meiklejohn J, Brodaty H, et al. Mediation
of cognitive function improvements by strength gains after resistance training
in older adults with mild cognitive impairment: outcomes of the Study of
Mental and Resistance Training. J Am Geriatr Soc. 2017;65(3):550-9.



20.

22.

23.

24.

25.

26.

Effects of resistance training on metabolic and cardiovascular response

. Demonceau M, Maquet D, Jidovtseff B, Donneau AF, Bury T, Croisier JL,

et al. Effects of twelve weeks of aerobic or strength training in addition to
standard care in Parkinson’s disease: a controlled study. Eur J Phys Rehabil
Med. 2017;53(2):184-200.

. Shulman LM, Katzel LI, lvey FM, Sorkin JD, Favors K, Anderson KE, et al.

Randomized clinical trial of 3 types of physical exercise for patients with
Parkinson disease. JAMA Neurol. 2013;70(2):183-90.

. Spruit MA, Wouters EF, Eterman RM, Meijer K, Wagers SS, Stakenborg KH,

et al. Task-related oxygen uptake and symptoms during activities of daily life
in CHF patients and healthy subjects. Eur J Appl Physiol. 2011;111(8):1679-86.

Fernandez-Lezaun E, Schumann M, Makinen T, Kyrolainen H, Walker S. Effects
of resistance training frequency on cardiorespiratory fitness in older men and
women during intervention and follow-up. Exp Gerontol. 2017;95:44-53.

. Herrero F, Balmer J, San Juan AF, Foster C, Fleck SJ, Pérez M, et al. Is

cardiorespiratory fitness related to quality of life in survivors of breast cancer?
J Strenght Cond Res. 2006;20(3):535-40.

Goetz CG, Poewe W, Rascol 0, Sampaio C, Stebbins GT, Counsell C, Giladi N,
Holloway RG, Moore CG, Wenning GK, Yahr MD, Seidl L; Movement Disorder
Society Task Force on Rating Scales for Parkinson’s Disease. Movement
Disorder Society Task Force report on the Hoehn and Yahr staging scale:
status and recommendations. Mov Disord. 2004;19(9):1020-8.

Skinner JS, Mclellan TM. The transition from aerobic to anaerobic
metabolism. Res Q Exerc Sport. 1980;51(1):234-48. Erratum in: Res Q Exerc
Sport. 2013;84(2):273.

Wasserman K, Hansen JE, Sue DY, Whipp BJ. Principles of exercise testing
and interpretation. 2nd ed. Philadelphia (PA): Lea & Febiger; 1994. p. 112-31.
Kanegusuku H, Queiroz AC, Chehuen MR, Costa LA, Wallerstein LF, Mello MT,
et al. Strength and power training did not modify cardiovascular responses to
aerobic exercise in elderly subjects. Braz J Med Biol Res. 2011;44(9):864-70.
Brown LE, Weir JP. ASEP procedures recommendation |: accurate assessment
of muscular strength and power. J Exerc Physiol Online. 2001;4(3):1-21.

28.

29.

30.

31.

32.

33.

34.

35.

. Cohen J. Statistical power analysis for the behavioral sciences. New York:

Routledge. 1988. p. 29-35.

Silva-Batista C, Mattos EC, Corcos DM, Wilson JM, Heckman CJ, Kanegusuku
H, et al. Resistance training with instability is more effective than resistance
training in improving spinal inhibitory mechanisms in Parkinson’s disease. J
Appl Physiol. 2017;122(1):1-10.

Helgerud J, Thomsen SN, Hoff J, Strandbréten A, Leivseth G, Unhjem R, et
al. Maximal strength training in patients with Parkinson’s disease: impact on
efferent neural drive, force-generating capacity, and functional performance.
J Appl Physiol (1985). 2020;129(4):683-90.

David FJ, Rafferty MR, Robichaud JA, Prodoehl J, Kohrt WM, Vaillancourt DE,
et al. Progressive resistance exercise and Parkinson’s disease: a review of
potential mechanisms. Parkinsons Dis. 2012;2012:124527. Review.

Gray WK, Hildreth A, Bilclough JA, Wood BH, Baker K, Walker RW. Physical
assessment as a predictor of mortality in people with Parkinson’s disease: a
study over 7 years. Mov Disord. 2009;24(13):1934-40.

Katzel LI, Sorkin JD, Macko RF, Smith B, Ivey FM, Shulman LM. Repeatability
of aerobic capacity measurements in Parkinson disease. Med Sci Sports
Exerc. 2011;43(12):2381-7.

Stanley RK, Protas EJ, Jankovic J. Exercise performance in those having
Parkinson’s disease and healthy normals. Med Sci Sports Exerc. 1999;
31(6):761-6.

Uc EY, Doerschug KC, Magnotta V, Dawson JD, Thomsen TR, Kline JN, et
al. Phase I/Il randomized trial of aerobic exercise in Parkinson disease in a
community setting. Neurology. 2014;83(5):413-25.

Kelly NA, Ford MP, Standaert DG, Watts RL, Bickel CS, Moellering DR, et
al. Novel, high-intensity exercise prescription improves muscle mass,
mitochondrial function, and physical capacity in individuals with Parkinson’s
disease. J Appl Physiol (1985). 2014;116(5):582-92.

einstein (Sao Paulo). 2021;19:1-7


https://pubmed.ncbi.nlm.nih.gov/32790593/
https://pubmed.ncbi.nlm.nih.gov/32790593/
https://pubmed.ncbi.nlm.nih.gov/22191068/
https://pubmed.ncbi.nlm.nih.gov/22191068/

