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Abstract

Background Exercise is highly recommended in patients with Parkinson’s disease (PD). Exercise-induced amelioration
of motor, non-motor, and drug-induced symptoms are widely known. However, specific guidelines on exercise testing and
prescription in PD are lacking.

Objective This study reviews the literature on exercise-based approaches to the management of symptoms at each stage of the
disease and evaluate: (1) the most suitable clinical exercise testing; (2) training programs based on testing outcomes and PD
stage; (3) the effects of exercise on antiparkinsonian drugs and to suggest the most effective exercise—medication combination.
Methods A systematic search was conducted using the databases MEDLINE, Google Scholar and, Cochrane Library using
“Parkinson’s Disease AND Physical therapy”, “Training AND Parkinson”, “Exercise”, “Exercise AND Drug” as key words.
In addition, references list from the included articles were searched and cross-checked to identify any further potentially
eligible studies.

Results Of a total of 115 records retrieved, 50 (43%) were included. From these, 23 were included under the rubric “exercise
testing”; 20 focused on the effectiveness of different types of exercise in PD motor-functional symptoms and neuroprotective
effects, throughout disease progression, were included under the rubric “training protocol prescription”; and 7 concern the
rubric “interaction between exercise and medication”, although none reported consistent results.

Conclusions Despite the lack of standardized parameters for exercise testing and prescription, all studies agree that PD
patients should be encouraged to regularly train according to their severity-related limitations and their personalized treatment
plan. In this manuscript, specific guidelines for tailored clinical testing and prescription are provided for each stage of PD.

Keywords Parkinson’s disease - Physical activity - Training - Treatment - Guidelines

Introduction

Parkinson’s disease (PD) affects 6 million people worldwide
[1], making it one of the most common neurological syn-
dromes derived from dopamine loss. Resting tremor, brad-
ykinesia, rigidity, postural instability, and gait impairment
are the main cardinal symptoms. Besides them, the psycho-
logical and emotional spheres are often involved, increasing
disease severity [2]. While such diverse factors as aging,
free radical toxicity, mitochondrial dysfunction, genetics,
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and environmental stressors can trigger PD onset [3], its
etiology remains unknown.

Given the wide range of symptoms and inter-individual
differences, a personalized and multidisciplinary approach to
appropriate treatment planning is warranted. Currently, levo-
dopa (L-DOPA) administration in the early PD stages is the
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gold standard therapy. Unfortunately, its chronic use induces
dyskinesias accompanied by worsening of general health [4].
However, there is evidence from both human and animal mod-
els [5, 6] that, owing to its neuroprotective role [7], exercise
can improve motor impairment and physical condition in PD
patients regardless of the stage of the disease. To evaluate the
most effective exercise-based treatments, patients are required
to undergo clinical tests to identify disease stage-specific vital
and motor parameters.

Currently, clear recommendations for the most suitable
clinical exercise tests are lacking. Studies describe numerous
tests that evaluate the domains affected by PD [38, 71], but the
necessity to prescribe the correct exercise depending on the
outcome of each test is still underestimated. Likewise, little is
known about exercise programs in terms of frequency, inten-
sity, time, and type (FITT) of intervention addressed to PD
patients based on disease severity. High-intensity exercise and
long-term therapy have been associated with greater benefits
than low-intensity and medium- or short-term therapies [6, 8].
Moreover, a combination of mobility exercise, gait, and bal-
ance training [9], occupational therapy, cued exercises, high-
intensity aerobic and resistance activities are recommended
[10]. The effectiveness of training different muscle groups
through various activities is increasingly recognized, along
with the importance of supervision and motivation during pre-
ferred training activities. However, the most effective training
program for PD patients remains a matter of debate.

Additionally, it is important to couple exercise and med-
ication to maximize the beneficial effects over time and
potentially counteract long-term drug side effects. While
exercise training can be added to medications to manage
disease symptoms and enhance their benefits [72], more
rigorous investigations have to be conducted for cognitive
function, daily living activities (ADL), and psychosocial
variables. Even though exercise does not change greatly
medications’ effects, PD patients respond better during the
“on” phase, or when they can move fluently thanks to the
still circulating drug rather than during the “off” phase, when
symptoms tend to reappear with compromised movements.

The present study aimed to review the PD literature on
exercise testing, on personalized training programs and the
impact of exercise on antiparkinsonian drug-treatment. The
findings are summarized as indications for exercise-based
non-pharmacological approaches to manage PD symptoms
in each stage of the Hoehn and Yahr (H&Y) classification
[11].

Methods

Following the PRISMA guidelines for systematic review
of the literature [12], controlled clinical trials, systematic
reviews, and works containing guidelines were identified
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and included by means of a computerized literature search
in the Google Scholar, MEDLINE, Pubmed, and Cochrane
Library electronic databases with the following keywords:
Parkinson’s disease AND physical therapy, training AND
Parkinson, exercise, exercise AND drug. Furthermore, ref-
erences and cross-references, bibliographies, citations of
articles or publications were reviewed. The search strategy
focused on (1) articles in English published from 1986 to
2019, (2) patients with PD and the respective exercise-based
non-pharmacological prescribed treatment, (3) disease stage
(H&Y classification), clinical tests, exercise prescription,
type, intensity, and frequency of training, and drug admin-
istration. Selection criteria for clinical tests and training pro-
tocols were feasibility, usefulness, safety of each approach,
in addition to compliance of subjects, and improvements of
deficits described in the included works. Retrieved articles
were grouped as follows: exercise testing, training protocol
prescription and interaction between exercise and medica-
tion. The first two sections were further classified into three
core areas: endurance, strength, and flexibility.

After excluding non-relevant articles, a total of 50 records
were included (Fig. 1).

Results
Exercise testing

To obtain maximal benefits, the prescription of a personal-
ized program upon clinical evaluation, functional capacity,
mental health, and general fitness (e.g., cardiorespiratory
fitness, muscular strength and endurance, flexibility) is sug-
gested [13]. Moreover, given the chronic and progressive
nature of PD, reassessment every 6—12 months to review
the diagnosis and test program is recommended [11]. Albeit
just for a few PD-related deficits, the general clinical tools
for PD diagnosis are the older and simpler H&Y scale [14]
and the newer Movement Disorder Society Unified Parkin-
son’s Disease Rating Scale (MDS-UPDRS) [15]. However,
in addition to scales and questionnaires, the most appropri-
ate clinical test for examinations remain a matter of clinical
judgment. Thus, the present review summarizes the most
suitable exercise tests into the three main core areas of phys-
ical activity: endurance, strength, and flexibility.

Endurance assessment

Eleven articles were reviewed for endurance assessment.
Generally, all studies included patients with mild-to-moder-
ate disease (1-3 H&Y). Only one focused on advanced PD.
Six researches tested patients under medication; in one study
the patients were in off status, and four articles did not men-
tion medication status. There was one randomized controlled
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Included for “Exercise
Testing”
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Included for “interaction
between exercise and
medication”

(no =23) (mo=7)

Fig. 1 Literature review flow chart: records retrieved, screened selected and included in the review

trial, one research report, five clinical studies; the remaining
two included reviews that validated the results. Addition-
ally, a book and a research article which both contain two
published guidelines were used. The endurance assessment
tests are summarized in Table 1. Table 2 presents the specif-
ics of each test.

Balance assessment

Ten articles on balance, functional mobility, and postural
instability testing were included as considered indexes that
are helpful for a general evaluation of PD. One report tested
patients with PD (H&Y stage 1-4) and provided a guideline
that generally refers to each disease stage; the other studies
did not specifically mention disease stage. Patients under

medication were tested in four studies, in one the patients
were in “off” status; in two they were “in-between”; six arti-
cles did not mention medication status. This rubric included
one research report, three clinical studies; the remaining four
were reviews that validated the results. Additionally, a book
and a research article which both contain guidelines were
used. Balance assessment tests are summarized in Table 3.
Table 4 presents the specifics of each test.

Resistance assessment
Nine studies evaluated measurement tools for assessing mus-
cular strength; there was one research report and 6 clinical

studies. The American College of Sports Medicine (ACSM)
Guidelines for Exercise Testing and Prescription and the
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Table 1 Endurance assessment tests

Author Year Design Subject H&Y disease stage Medication status Test
Light et al 1997 Clinical study PD 4-5 On medication 2MWT
CG 6MWT
Noonan et al 2000 Review PD Not reported Not reported Modified Bruce protocol on treadmill
Other disease Astrand-Rhyming submaximal proto-
col on cycle ergometer
White et al 2009 RCT PD 1-3 On medication 2MWT
Speelman et al 2012 Research report PD Not reported On medication Astrand-Rhyming submaximal proto-
CG col on cycle ergometer
Cancela et al 2012 Comparative study PD 1-3 On medication 2MST
6MWT
Keus et al 2014 Guideline PD Not reported Not reported 1I0OMWT
Borg scale
Bryant et al 2015 Clinical study PD 2-3 Not reported Modified Bruce protocol on treadmill
Bloem et al 2016 Review PD Not reported Not reported 6MWT
1IOMWT
Penko et al 2017 Clinical study PD 1-3 On medication GXT on cycle ergometer
Borg scale
Mavrommati et al 2017 Cross sectional study PD Not reported Off medication GXT on cycle ergometer
CG Borg scale
Riebe et al 2018 Guideline PD Any stage On medication 10MWT
6MWT
GXT on treadmill

GXT on ergometer

PD Parkinson disease, CG control group, GXT graded exercise test, RCT randomized controlled trial, 2MWT 2 min Walk Test, 6GMWT 6 min

Walk Test, 2MST 2 min Step Test, /OMWT 10 min Walk Test

European Guidelines for Physiotherapy were examined for
all disease stages. Six included PD patients with mild to
moderate disease, generally in “on” status. Only one study
involved older adults, without specifying the chronic con-
ditions. All resistance assessment tests are summarized in
Table 5. Table 6 presents the specifics for each test.

Flexibility assessment

One clinical study was reviewed for flexibility and range of
motion (ROM) evaluation of mild to moderate disease. One
book containing guidelines was used. Both works included
PD patients in their “on” status. All flexibility assessment
tests are summarized in Table 7. Table 8 presents the specif-
ics of each test.

Training protocol prescription

The beneficial effects of exercise programs are marked
in both healthy aging and PD [16]. There is also a strong
connection between FITT of regular exercise and physical
function in PD. Unfortunately, the optimal exercise type
and dose are yet to be identified. There is much uncertainty
about whether exercise influences the risk of developing
the disease [17]. A better understanding of the mechanisms
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underpinning the exercise effect is important, as it will lead
to more targeted interventions for optimal physical activity.

Since the current literature is scarce, the ACSM Guide-
lines for Exercise Testing and Prescription recommend
improving of four main factors: gait, transfer, balance, and
functional capacity. Major issues are the level of physical
exertion which a PD patient can be subjected to and the
most effective non-pharmacological modality (e.g., physi-
otherapy, walking, running, strength training or functional
exercises) that can be safely prescribed. Recently, comple-
mentary programs like dance and Tai Chi have been posi-
tively re-evaluated [18]; such challenging exercises train
multiple aspects of physical status simultaneously. For
example, they improve walking speed, direction changes,
and muscle strength in balance and gait. Furthermore, aero-
bic training and the "random practice" have beneficial effects
of task-switching capability, particularly for PD patients. It is
essential to prescribe a variety of activities to overcome the
difficulties of PD patients to change activities and perform
two actions simultaneously. Random practice and variation
of movements will help to improve this.

Clinicians can adapt exercises from the training programs
for healthy adults; indeed, both healthy adults and early-
stage PD patients may present similar improvements in their
general fitness and functional capacity [19]. The only advice
is to adapt exercises to each person, taking into account
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Table 3 Balance assessment tests

Author Year Design Subject

H&Y stage Medication status Test

Review PD
Other diseases

Noonan et al 2000

Brusse et al 2005 Research report PD

Dibble et al 2006 Evaluation study PD

Jacobs et al 2006 Comparative study PD

CG

2010 Review PD

Other disease

Mancini et al

Keus et al 2014 Guideline PD

2015
2016

Chomiak et al

Bloem et al

Cross-sectional study PD
Review PD

Opara et al 2017 Review PD

Riebe et al 2018 Guideline PD

Not reported Not reported TUG

FRT
TUG
BBS

FRT
BBS
DGI
TUG

FRT
RPT
SLST

Tinetti test
TUG
SLST
BESTest
FRT

BBS
DGI
TUG MiniBEST

SLST

Tinetti test
BBS

DGI
Mini-BESTest
TUG

BBS

TUG

Tinetti test
Mini BESTest

FRT
TUG
RPT
SLST

14 Not reported

Not reported On medication

Not reported On-Between-Off medication

Not reported Not reported

Not reported Not reported

Not reported On-between medication

Not reported Not reported

Not reported Not reported

Any stage On medication

PD Parkinson disease, CG control group, BBS Berg Balance Scale, TUG timed up and go test, BESTest Balance Evaluation System Test, DG/
Dynamic Gait Index, RPT Retropulsion Test, SLST One Leg Stance Test, FRT Functional Reach Test

cardiorespiratory functions, physical limitations, mental
health, and disease stage progression assessed during a pre-
vious medical visit [11]. Differently, in stage 4 PD, patients
need modified exercises because of the severe limitations in
balance and gait. Contrarily, in bedridden patients in stage 5,
the program is restricted to a palliative approach to prevent
deformities or rapid physical decline [20]. Figure 2 illus-
trates the main objectives at each stage of PD.

Endurance training

In this section, 19 articles were included; the endurance
training interventions are summarized in Table 4. The most
recent papers were published in 2019, the oldest one dates
from 2000. Seven studies were randomized controlled tri-
als, six reviews, four works containing guidelines for PD
management; among the remaining two, one was a clinical

@ Springer

trial and the other a test—retest reliability study. All the stud-
ies reported benefits and improvements in PD patients after
following a program of aerobic therapy that included a mini-
mum of 20 min and a maximum of 60 min of activity. The
outcome scores and main features of the studies are sum-
marized in Table 9.

Resistance training

Twelve studies were included; the resistance training inter-
ventions are summarized in Table 5. The most recent articles
were published in 2019, the oldest one dates from 2003. Two
were randomized controlled trials, six reviews, four works
include guidelines for PD management; of the remaining
two, one was a clinical trial and the other a test—retest reli-
ability study. All the studies reported benefits and improve-
ments in PD patients after following a program of resistance
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Table 5 Resistance assessment tests

Author Year Design Subject H&Y stage Medication status Test
Koller 1986 Clinical study PD 1-2 Not reported MMT
CG HGT
Durmus et al 2010 Clinical study PD 2-3 On medication Isokinetic dynamometer
CG
Buckley et al 2012 PD 1-3 On medication 1-RM
Cancela et al 2012 Comparative study PD 1-3 On medication ACT
30SCST
Keus et al 2014 Guideline PD Not reported Not reported FTSTS
Frazzitta et al 2015 Clinical study PD 3 On medication Isokinetic dynamometer
CG
Lombara 2017 Review PD Not reported On medication MMT
Off medication ACT
CST
Isokinetic dynamometer
Riebe et al 2018 Guideline PD Any stage On medication MMT
ACT
Isokinetic dynamometer
Clael et al 2018 Research report PD 14 On medication Isokinetic dynamometer

PD Parkinson disease, CG control group, MMT Manual Muscle Test, HGT Handgrip Test, /-RM one Repetition Maximum, ACT Arm Curl Test,

30SCST 30 s Sit to Stand Test, FTSTS Five Time Sit to Stand Test

physical therapy (minimum of 1-4 sets and multiple repeti-
tions) in those with mild-to-moderate disease. Results and
specifics of the studies are summarized in Table 10.

Flexibility training

None of the eight studies that analysed flexibility reported
which is the best program for each H&Y stage. The studies
included patients with early to moderate stage but none with
more advanced stages. The most recent article was published
in 2018 and the oldest in 2008. Three were randomized
controlled trials, one was a review, four works contain
guidelines for PD management. Only general recommen-
dations about exercise frequency, time, and intensity were
mentioned. Considering the exercise type, the patients were
encouraged to follow a complete flexibility training program
that mobilizes each body district, without distinction. The
results and main features of the studies are summarized in
Table 11.

Interaction between exercise and medication

Seven studies were reviewed that summarized current
knowledge about the effects of physical exercise on drug
absorption and efficacy in PD. Six specifically tested the
effects of aerobic exercise on L-DOPA administration in
PD patients with H&Y stage 1-3; no study tested patients
with more advanced stage and no articles were found on
drug response to resistance and flexibility exercises; only
one exploited a MPTP-toxin parkinsonian mouse model used

by two other studies about molecular mechanisms underly-
ing the beneficial effects of physical exercise. One review
article was added as support.

In three studies, patients exercised on a treadmill and on
a cycle ergometer in four. As final assessment tools, blood
samples were taken in three studies to monitor drug con-
centrations, UPDRS-III score was used in three, whereas
only one trial reported physiological parameters (heart rate,
blood pressure). The animal-based study also used behavio-
ral testing, immunohistochemistry, and transcriptome analy-
sis. Outcome scores and main features of the studies are
summarized in Table 12.

Discussion
Endurance and balance assessment

There are valid strategies for performing endurance assess-
ment; the choice will be dictated primarily by the focus of
the study. During a clinical exercise test for endurance, also
known as a fitness assessment, subjects are generally in
their “on” status and are monitored while doing a battery
of exercises at maximal or submaximal intensity depending
on disease severity [21], graded workload exercises (GXT)
on a treadmill or a stationary cycle ergometer until exhaus-
tion [19, 22]. Likewise, patients can be tested with constant
workload or free body exercise utilizing step tests. Aero-
bic fitness, an important parameter for most sports, can be
severely impaired in illness, worsening the patient’s quality

@ Springer
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Table 6 (continued)

H&Y stage

1-3

Time

Devices

Description

Goal

Test Abbr

Test

Depends on the

After a warm-up, subjects choose a weight Free weights, stopwatch

Maximum lower or upper limb isotonic

One Repetition Maximum Test 1-RM

number of
series

that is achievable. Then after a rest of

at least several minutes, the weight is

strength

increased and tried again. Subsequent

weights are increased until the subject

can only repeat one full and correct lift
of that weight. The maximum weight

lifted, and the sequence of lifts should
be recorded as these can be used in

subsequent tests to help following

assessments

of life. The patient’s overall health and physical status can be
evaluated to obtain the baseline measurements for program-
ming a personalized exercise regimen.

Clinicians should exploit several different screening tools
to determine baseline parameters [e.g., height, weight, rest-
ing heart rate (RHR), and resting blood pressure (RBP)]
and compare them to the measurement taken during peak
exercise or after the test. Another main objective of these
tests is to measure cardiovascular performance, metabolic
parameters (e.g., maximal oxygen uptake [VO,max], METs)
via stress testing and monitor the cardiopulmonary response
to oxygen supply, rate of perceived exertion (RPE) [23], and
electrocardiogram (ECG) continuously monitored during
activity. Moreover, test results may be helpful to determine
functional problems, to predict the risk of falls [69], and to
evaluate the effectiveness of an intervention [24]. Attention
should be directed to testing balance, falling [25], and gait
[26] using, for example, the Timed Up and Go (TUG), the
Astrand-Rhyming protocol during GXT, and the Berg Bal-
ance Scale (BBS), which are the most widely used evalua-
tion tools [11, 27-29].

Common endurance tests, such as the 6-min walk test [27,
28] or the 2-min walk test [30] for patients with advanced
PD [31], can be easily administered without special equip-
ment and provide a complete framework of aerobic and gait
capacities when coupled with GXT protocols. Because PD
is a progressive disease, patients require repeated physical
evaluations over time and adjustments to their training pro-
gram according to disease stage [11], motor disabilities, and
L-DOPA-induced complications, which may preclude safe
adherence to an endurance exercise protocol (Tables 13—15).
The following indications are recommended for all patients
with PD (1-5 H&Y):

e PD patients often suffer from cardiac dysrhythmias.

e Exercise should start 45-60 min after medication has
been taken.

e Inquire about changes in medication.

e Patients with significant fluctuation should be tested
while in the “on” and the “off” status.

¢ Individuals unable to perform a GXT (due to risk of fall-
ing, severe stooped posture, deconditioning) may require
a radionuclide stress test or stress echocardiography.

e Continuously monitor heart rate, blood pressure, ECG,
RPE, and other signs.

e Standard procedures, contraindications, recommended
monitoring intervals, and standard termination criteria
are used in exercise testing of individuals with PD.

e For deconditioned patients with lower limb weakness,
compromised balance or history of falling, precautions
should be taken (gait belt, harness, and technician assis-
tance), especially at the final stages of the test when
fatigue occurs, and the individual’s walking may worsen.
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Table 7 Flexibility assessment
tests

Author Year Design

Subject H&Y stage Medication status  Test

Cancela et al

Riebe et al 2018 Guideline

2012 Comparative study PD 1-3

Back scratch
Sit and Reach test

Back scratch

Sit and Reach test
Goniometer
Flexometer
Inclinometer

On medication

PD Any stage  On medication

PD Parkinson disease

e Deep brain stimulation device, if present, should be
deactivated to avoid interference with ECG recording.
Remember that, without stimulation, the patient will be
in a compromised mobile state and will not be able to
achieve maximal tolerance (physical discomfort, tremor,
cramping, and emotional symptoms).

Resistance assessment

Muscle weakness is a primary symptom of PD, not only due
to consequences of aging and inactivity. It is directly cor-
related with lesion of the basal ganglia that impedes activa-
tion of motor neurons and results in muscle weakness [32].
Strength can be tested by measuring the maximal amount
of force a muscle group can exert at one time. The primary
goal is to train and improve muscle strength by develop-
ing a personalized program after baseline assessment. The
exercise tests are definite for each muscle group with instru-
mental measurements using tensiometers or dynamometers
[33-35]. Upper body exercise tests include the Static Hand-
grip Strength Test [36], the Manual Muscle Test [11, 36,
37], and the Arm Curl Test [11, 37, 38], while for the lower
body the Chair Rise Test [37] or the Five Time Sit to Stand
Test [29] are recommended. Note that the One-Repetition
Maximum (1-RM) test is not limited to only one exercise
type and that it can be conducted in a wide variety of assess-
ments [39] (Tables 13, 14, 15). The following indications are
recommended for all patients with PD (1-5 H&Y):

e The standard index for strength assessment is the 1-RM,
which is determined after completing a series of sub-
maximal repetitions of a specific exercise.

e Resistance is initially within the patient’s perceived
capacity (50-70% of capacity). Only when the series is
completed correctly it can be progressively increased.

e It may be necessary to use very light weights or substitute
them with household items.

e A metronome is a useful to measure how long the patient
can keep up with the rhythm.

e A warm-up phase of 5-10 min is always recommended.

@ Springer

e Patients at risk for cardiovascular, pulmonary or meta-
bolic diseases should perform adapted tests.

Flexibility assessment

Flexibility refers to the ability to completely move a joint
during sports and daily activities. Continuous training to
exercise joints is important in injury prevention. At the
early stages of the disease, patients often experience rigid-
ity of limbs, neck or trunk, hip and shoulder, which leads
to a reduced ROM, postural imbalance [10] and instability.
Because of the increased resistance to movement, patients
exhibit bradykinesia, muscle stiffness, pain, and cramps,
fixed facial expression, difficulty turning over in bed or
getting out of a chair and performing activities of daily
living [29].

Since the entire body is often involved, diverse tests
are administered to assess the level of flexibility and then
tailor the best exercise battery to the patient’s needs.

Exploited devices in assessment include goniometers,
electrogoniometers, tape measures, inclinometers, and
Leighton flexometer [38]. While, for visual measure-
ment of ROM, flexibility level can be estimated directly
by screening the neck, trunk, hip, shoulder and postural
motion observation through simple flexion, abduction,
adduction, rotation, supination, pronation, and inversion
recorded in degrees [11] (Tables 13, 14, 15). The follow-
ing indications are recommended for all patients with PD
(1-5 H&Y):

e Have the patient warm-up before the evaluation and use
adapted protocols as needed.

e Show the patient how to perform the movement being
evaluated.

e Encourage the patient to stretch to the point of slight
discomfort without pain.

e Perform all tests during peak medication when the
patient’s mobility is optimal.



233

Aging Clinical and Experimental Research (2021) 33:221-246

Apoq 9 jo syred 19yjo 10§

joU ‘sSuLnsuIey pue }oBq I9MO] 24} JO
syurof pue soposnwr INOY 10§ oy1oads
SI159) SIY L, “SUIpes[SIW S[enpIAIpUI
uoomleq suostredwos ayew ued

)SUQ[ yuny pue 39 ‘ULIR UT SUOTIBLIBA

syuro[ xodwoo 10§

A[reroadsa ‘res[d sAemye jou SI UON)BIOI
JO SIXE 9} PUB JUSWINSBIW )
INOYSNOIY) SIUAWIAS Ay} JO SAU0q Y}
Suofe 1910woruos 9Y) JO suLe Ay} Jo

uonisod oy Sururejurew ut AJnNOLI

ampaooid Funsdy
pIepue)s oy} Suisn JI ‘x0q [oral pue
J1s y)im wroyrad o3 yomb pue Aseq

uor)
-8)0I JO SIXE dY) AJIIUSPI 0} AU ON

KoeInooe 19)eaI3 YIIM SN 0) IATSe

POPI0IAI ST AOUEISIP
oy} o[y uonisod Jey) spjoy pue Jno
sayoeal 309(qns oy ‘eonoeld owos
19)Jv -9[qissod se ey se ourf Jur
-Inseaw oY) Suo[e PIEMIOJ SIYIBAI
109[qns o) ‘opts £q 9pIs 10 1Y)
yoes Jo doj uo spuey oy} pue ‘sprem
-umop Juroey swyed ay) YA\ TOOY
oy} 03 Jep passaid pue payoo[ 9q
pInoys seauy ylog "xoq ay) Jsurese
ey paoe[d aIe 129, SO0YS INOIIM
‘peaye 1YSTRI)S N0 PAYdIRIS ST

Im J0OY 9y uo Surnis s1309(qns oy,
[eIp 3y}
wo1j A[30a11p pear st aoe[d saye)
JUSWAOW A} YOTYM YySnoIyy o1e Jo
93139p 9y, "o3ueI Y} JO QWANX
10130 9y} Je 1)urod o) Joo[ ‘uon
-150d MaU 9} 0} PAAOW Sey JuSW
-3as Apoq ays 101y NOY 2 Jo
QUIAIX? JUO J& SITap () & [eIp oY)
300 "paInseaw 9q 0) JUAW3as Apoq

oY) 03 paddens ST 19)oWOXQY YL, ‘IOPINOYS “Yuni) ‘odu) ANIqrxap julof

JuSWRINSEIW JNOY Y ST Surpear
[euy s 1oewoutout oy, “(NOY)
uonjow jo a3uel sj1 y3noayy jurof oy
pu2q 03 Juanied oy sjonysul uay}
pUE IOJOWOUT[OUT 9} JNO-SI0IOZ
jsideroy oy, ‘uonisod Junrels pie
-puess e ur sur§aq oym ‘yuanied ay)

Uo juswInIsur oY) sploy isideray) ayJ,
QOUQIOJAI [RUIIXD UR 0) IO
sjuaw3as Juadelpe oy Jo sauoq Ay}
Jo stxe Suof oy yiim poausSife are 19}
-oworuo3 ay) Jo suLre Yy pue Juiof
® JO Uonejol Jo sixe ay) je pased

ST 19J0WOTUOS 9y} JO JJUAD Y,

ssomy3n

so[osnu SULNSWeY Pue Jorq JoMo ]

LAS 1S3 yovay pue NS

(syutof opjue pue
‘9ouy “‘d1y IS1Im ‘Ieu[noiper ‘moq[e
19JoWOX3 UOWSI]

(1930woruoS yuapuadop-Aiaeis)

a3ejueApesiq

agejueApy

uondrosa

juowainseaws 2dofs jo so[suy JIojowour[ouy
KIQIXQy JuIof TRISUSD) I9}oWOTUON)
[e0D 1qQqV 1S9l 1SoL

$159) JuQWISSasse ANIQIXIJ Jo ArewwunS g 3jqel

pringer

a's



234 Aging Clinical and Experimental Research (2021) 33:221-246

Endurance training

Endurance exercise training refers to exercise that improves
cardiorespiratory fitness, i.e., VO,max, and cardiorespiratory
endurance that refers to how long an individual can perform
an activity using large muscle groups. It has been suggested
that PD patients can benefit from aerobic training and main-
tain high levels of physical function [40, 70] by performing
high intensity exercises. Alternatively, leg cycle ergometry,
arm ergometry or combined ergometry are valid strategies
to record physical performance or cardiorespiratory fitness
[41-44] in patients with severe limitations [11]. Exercise
training may involve repetitive movements that guide and
gradually activate the neuromuscular system by working on
motor functions over time. Furthermore, good results can be
obtained with a gradual aerobic exercise program for cardio-
vascular autonomic regulation by improving systolic blood
pressure and response to orthostatic stress [19, 45]. Moreo-
ver, improvements in general fitness [20, 43, 46], fatigue,
bradykinesia, gait [47-49], and ADL [50] are obtained after
exercise at light-moderate intensity in patients with mild-to-
moderate PD.

Animal studies have associated exercise dose (e.g., fre-
quency, duration, intensity, and type of exercise) to neu-
roprotective effects [51]. Differently in humans, benefits
of endurance exercise have been observed only in general
motion, walking speed, balance improvement, and cortical
reorganization favored by neuroplasticity events [52—54].
Furthermore, aerobic exercise has been proved to be effec-
tive for improving heart, lungs, metabolic, and circulatory
systems by reducing the risk of chronic diseases such as
diabetes, heart diseases, and stroke.

However, the evidence for optimal exercise dose treat-
ment to improve function in PD remains unknown. While
it is recognized that all approaches lead to positive effects,
the choice of the protocol best tailored to each patient must,
firstly, guarantee safety during execution. Clinicians need
to consider the stage of the illness, drug-dependent status,
and physical limitations, while encouraging engagement in
light, moderate or vigorous exercise, according to maximum
capability and motivation also in deconditioned PD patients
(Tables 13, 14, 15).

Disadvantage

weeks to determine what progress

The test can be repeated every several
patient has made

Advantage

stand while they touch the fingertips
together behind the back by reach-
ing over the shoulder and under the

elbow. If the fingertips touch, the
score is zero. If they do not touch,
measure with a ruler the distance
score); if they overlap, measure by

how much (a positive score). Test
termination is recommended if the

between the fingertips (a negative
subject experiences pain

After a warm-up phase, subjects

Description

Shoulder range of motion

Goal

Resistance training

In almost all PD patients, muscle strength declines most
notably in the flexors and extensors of the hip, knee, wrist,
hands, and core muscles [49]. This reduction compromises
gait and general physical functions, increasing the risk of
falls. Muscle weakness is a serious impairment that alters
the individual’s ability to perform activities of daily liv-
ing such as simply standing up from a chair or stepping.
A valid approach is to prescribe specific training protocols

Test Abbr

BST

Table 8 (continued)
Back Scratch Test

Test
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DIAGNOSIS

l |

START MEDICATION

|

CONSIDER SURGERY

—

EARLY PHASE (H&Y 1-2.5)
Prevention

- educate about the disease

- prevent inactivity

- improve physical capacity

- improve balance

- improve endurance

- improve flexibility

- improve strength

MID PHASE (H&Y 2-4)
Rehabilitation-Preservation

- early phase goals

- improve transfer, posture, gait,
reaching and grasping

- improve steadiness

- freezing control

- prevention of falling

- ambulatory devices

- education of caregiver

LATE PHASE (H&Y 4-5)
Prevention

- mid phase goals

- maintain vital functions

- prevent contractures

- prevent pressure sores

- education of caregivers about
bed mobility, transfer, ADL,

and exercise

Fig.2 Main objectives at each PD stage

that exercise major muscle groups, especially the lower
limbs, without causing excessive fatigue [55-57]. Resist-
ance training can comprise a variety of exercises, use of
weight machines or bodyweight; generally, 2-3 days of
weekly resistance exercise at moderate to high intensity with
more than 1 set and multiple repetitions are recommended.
Although the studies reviewed here focused on early and
moderate stages (H&Y stage 1-3) of PD, the appropriate
exercise type depends on the individual fitness, stage of ill-
ness and experience with physical activity (Tables 13—15).

Flexibility training

Rigidity is an obstacle to movement, especially when it
affects lower limbs resulting in shorter steps and altered
walking pace. All studies agree that regular stretching is
essential in PD exercise programs. When performed mul-
tiple times per week or daily in adjunct with mobility and
resistance exercises [15, 17], it may diminish muscle rigid-
ity accompanying the illness [58]. Exercise also ameliorates
muscles and joints flexibility and general health status [11,
53]. To facilitate routine movements, few tips are necessary
to bring significant benefits, such as adapting both exercise
and stretching time to comorbidities and PD limitations,
not dynamic movements and avoiding pain. Information on
the exact duration of stretching therapy is unknown. One
study found a loss of efficacy 2 months after the end of the
therapy and recommended continuation and repetition of

flexibility training over time, especially near the peak effect
of L-DOPA [59], to maintain benefits (Tables 13, 14, 15).

Interaction between exercise and medication

Physical activity in patients with PD shows improvements
in motor symptoms, but, more importantly, also in non-
motor signs, since exercise involves many different brain
areas. Pharmacotherapy for motor signs is helpful but may
worsen non-motor symptoms, especially in the long term, or
accentuate compulsive disorders. The duration of "on" peri-
ods and drug effectiveness diminish with chronic L-DOPA
usage, probably due to disease progression rather than the
treatment itself [60]. However, treatment interruptions to
avoid adverse effects can lead to regression of the disease.
To date, no studies have evaluated the impact of physical
activity without pharmacological support, given the ethical
restrictions on standards of care. Nevertheless, important
discoveries concern the positive effects of physical activity
on drug-induced disorders, such as amantadine or L-DOPA,
still considered the gold standard therapy. Although some
studies did not report significant gaps in L-DOPA metabo-
lism, a different outcome during cycling exercise and at rest
indicated [61-63] three different responses, as exercise can
either increase or decrease L-DOPA absorption or induce no
significant change (H&Y stage 2-3).

In individuals with idiopathic PD (H&Y stage 1-2.5), the
UPDRS motor score, together with blood sample analysis

@ Springer
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Table 12 Interaction between exercise and medication

Author Year Design Subject H&Y stage  Drug Medication  Exercise Protocol Result
status modality
Carter et al 1992 Research PD Not reported L-DOPA On medica- Cycle ergom- L-DOPA+Train- no difference
study tion eter ing > absorption
L-DOPA at rest < absorption
Goetz et al 1993 RCT PD-vigorous Notreported L-DOPA On medica- Modified Vigorous exercise ~ Better UPDRS
PD-no exer- tion Naughton  No exercise in both
cise protocol on groups
treadmill Absorption not
influenced
by exercise
if drug taken
60 min
before exer-
cise
Reuteretal 2000 Clinical trail PD 2-3 L-DOPA On medica- Cycle ergom- Baseline Better absorp-
tion eter 2hours at 50Watts tion
Deteriorated
absorption
Muhlak et al 2007 Review PD 1-2 L-DOPA On medica- Cycle ergom- Training No significant
tion eter Rest differences
DiFrancisco- 2009 Clinical trial PD 2 L-DOPA On medica- Modified Maximum of five <HR, NE, BP
Donoghue CG tion Bruce 3 min intervals in PD
et al Off medica- protocol on
tion treadmill
Lopaneetal 2010 RCT PD 2-3 L-DOPA On medica- Cycle ergom- L-DOPA+15min No significa-
tion eter at moderate tive effects
intensity by exercise
L-DOPA at rest
Klemann 2018 Research PD Mice Not reported None None Treadmill 30 min twice daily RICTOR,
etal study Control Mice for 3 weeks L-DOPA,
CREB1

genes altered
with exercise

PD Parkinson disease, CG control group, L-DOPA Levodopa, RCT randomized controlled trial, UPDRS Unified Parkinson Disease Rating
Scale, HR heart rate, NE norepinephrine, BP blood pressure

Table 13 General Recommendations: clinical testing and training for Early PD diagnosis

Clinical test

Frequency training Intensity training

Time training

Type training

Endurance TUG; Tinetti Balance and 3 days/week
Gait Test; RPT; SLST;
FRT; BESTest; Mini-
BESTest; BBS

Resistance HST; Isokinetic Strength

3 days/week

Test; MMT; ACT; CST;

FTSTS; 1-RM

Flexibility ~Goniometer; Inclinome-

30 min/day

ter; Leighton flexometer;

SRT; BST

Vigorous: 60-89% of
HRR, 14-17 on 6-20
RPE scale

High: 60-80% 1-RM

Not beyond the point of
discomfort

45 min

2-4 sets, 8—12 repetitions

60 s for each of the 3
repetitions

Prolonged activities,
running, cycling, swim-
ming, walking over a
variety of terrains and
obstacles

Major muscle groups
exercise, weight
machines, other resist-
ance devices, free
weights

Major muscle group and

calf stretches, prone
lying, static stretches

HRR heart rate reserve, RPE rate of perceived exertion, TUG Timed Up and Go Test, RPT Retropulsion Test, SLST One-leg Stance Test, FRT
Astrand-Rhyming protocol during Graded Exercise Test, BESTest Balance Evaluation System Test, Mini-BESTest Mini Balance Evaluation Sys-
tems Test, BBS Berg Balance Scale, HST Handgrip Strength Test, MMT Manual Muscle Test, ACT Arm Curl Test; Chair Stand Test; Five Time
Sit to Stand Test; /-RM one Repetition Maximum, SRT Sit and Reach Test, BST Back Scratch Test
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Table 14 General Recommendations: clinical testing and training for Moderate PD diagnosis

Clinical testing Frequency training Intensity training Time training Type training

Endurance TUG:; Tinetti Balance and Moderate: 40-59% HRR,
Gait Test; RPT; SLST; 12-13 on 620 RPE
FRT; BESTest; Mini- scale
BESTest; BBS

Daily 30-40 min in multiple

sessions

Walking, cycling, swim-
ming over a variety
of terrains, obstacles
under supervision and
attentional cues

Calf stretches while
standing, prone lying
and positioning pro-
gram

Flexibility HST; Isokinetic Strength
Test; MMT; ACT; CST;
FTSTS; 1-RM

30 min/day 30-60 s for each of the 3

repetitions

Not beyond the point of
discomfort

Resistance Goniometer; Inclinometer; 2-3 days/week Very light: <30 1-RM > 1 sets, 10-15 repeti-
Leighton flexometer; tions
SRT; BST

Avoid free weights,
Supervised stair climb-
ing, repetitive stepping,
orthosis

HRR heart rate reserve, RPE rate of perceived exertion, /-RM one repetition maximum, 7UG Timed Up and Go Test, RPT Retropulsion Test,
SLST One-leg Stance Test, FRT Astrand-Rhyming protocol during Graded Exercise Test, BESTest Balance Evaluation System Test, Mini-BEST-
est Mini Balance Evaluation Systems Test, BBS Berg Balance Scale, HST Handgrip Strength Test, MMT Manual Muscle Test, Arm Curl Test;
Chair Stand Test; Five Time Sit to Stand Test, /-RM one Repetition Maximum, SRT Sit and Reach Test, BST Back Scratch Test

Table 15 General recommendations: clinical testing and training for Advanced PD diagnosis

Clinical testing Frequency training Intensity training Time training Type training

Endurance Tinetti Balance and Gait Daily Light: 30-59 of HRR, 20 min or multiple sessions Walking under supervision,
Test; RPT; SLST; FRT; 9-11 on 620 RPE of 10 min with assistive devices and
BESTest; Mini-BESTest scale palliative approaches,

stationary cycle, arm
ergometer with safety
harness

Resistance  MMT; FTSTS 2-3 days/week Very light: <30 1-RM > 1 sets, 10-15 repetitions  Avoid free weights
Supervised stair climb-
ing, repetitive stepping,
orthosis

Flexibility Goniometer; Inclinometer;

Leighton flexometer;

SRT; BST

15 min twice a day Not beyond the point
of discomfort

10-30 s for each repetition ~ Assisted calf stretches
while standing, hamstring
stretches while sitting,
lying supine or prone

PD Parkinson disease, HRRo heart rate reserve, RPE rate of perceived exertion, /-RM one repetition maximum, RPT Retropulsion Test, SLST
One-leg Stance Test, FRT Astrand-Rhyming protocol during Graded Exercise Test, BESTest Balance Evaluation System Test, Mini-BESTest
Mini Balance Evaluation Systems Test, MMT Manual Muscle Test; Five Time Sit to Stand Test, /-RM one repetition maximum, SRT Sit and

Reach Test, BST Back Scratch Test

to confirm the results and to transform them into appropri-
ate guidelines for patients with severe disease. Furthermore,
future studies that clarify the sensitivity, and reliability
of the assessments, as well as the compliance of patients
with PD in joining different training programs are strongly
needed, to improve the choice of appropriate clinical tests,
protocols and the understanding of their outcomes.

Conclusions

For this review, we collected data from recently published
studies that investigated physical training as a significant
non-pharmacological treatment for neurodegeneration in

PD. We aimed to find the most appropriate and suitable clin-
ical tests for each disease stage and to identify the impair-
ments to be treated with training according to each PD level.
To date, there are no solutions to completely avoid drug
prescription nor a standard exercise protocol to be broadly
offered to patients. General modalities of exercise such as
endurance training, resistance training, and flexibility train-
ing are increasingly recognized to alleviate symptoms in PD
and thus improve quality of life; on the other hand, uncer-
tainty and insufficient data remain about the interaction
between exercise and drug delivery, especially for pharma-
cokinetics and pharmacodynamics.

A future area of focus is the correct FITT of exercise
that can be personalized according to disease stage and
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drug dose. For now, it seems that the most effective train-
ing protocol is the one that combines multiple exercise
modalities to be performed routinely during the week and
in the long term, to maintain benefits on endurance, resist-
ance, and flexibility (Tables 13, 14, 15). Hence, patients
can manage symptoms and improve their general health.
However, because PD is an irreversible and progressive
disease, patients will require regular monitoring with spe-
cific clinical and exercise-test evaluations and adjustments
to their training protocols and therapeutic plans based on
symptom-related changes over time.
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