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ABSTRACT

Background: Although the pharmacological approach may
help with motor symptoms in Parkinson’s disease (PD), they
are clearly not the complete solution. Thus, for the treatment
of PD motor symptoms, physical activity has been proposed
as an effective intervention.

Methods: A systematic search in MEDLINE, Web of Science,
Scopus, and Cochrane Central Register of Controlled Trials
databases was conducted to identify randomized controlled
trials testing the effectiveness of exercise interventions on
motor symptoms of PD. Physical exercise interventions were
divided into 9 categories: endurance, resistance, combined,
balance, dance, alternative exercises, body weight supported,
sensorimotor interventions including endurance exercise, and
sensorimotor interventions not including endurance exercise.
A pairwise meta-analysis for direct and indirect comparisons
between intervention and control/nonintervention groups was
carried out.

Results: Fifty-six studies met the inclusion criteria, includ-
ing 2740 participants, aged between 57.6 and 77.7 years.
Results showed that sensorimotor training including endur-
ance (effect size [ES]—1.09; 95% confidence interval [Cl],
—1.68 to —0.50), resistance (ES—0.82; 95% CI, —1.23 to
—0.41), and dance (ES—0.64; 95% Cl, —1.24 to —0.05)
were the most effective physical activity interventions for miti-
gating PD motor symptoms.

Conclusion: Physical activity interventions are an effective
strategy for the management of motor symptoms in patients
with PD. Among the different exercise intervention programs,
those including more complex and demanding activities (sen-
sorimotor training including endurance, resistance, and dance)
seem to be the most effective physical activity interventions.
Key Words: ageing, effectiveness, exercise rehabilitation

(J Geriatr Phys Ther 2023;46(2):E87-E105.)

CLINICAL HIGHLIGHTS

e So far, there is no substantial evidence showing the
most effective exercise program for Parkinson’s disease
(PD) motor symptoms.

e Physical activity interventions are effective in the man-
agement of PD motor symptoms, with sensorimotor train-
ing including endurance being the most effective one.

e This information is of use to clinicians prescribing
exercise for mitigating patients’ motor symptoms and
promoting their independence in activities of daily living.

INTRODUCTION
Parkinson’s disease (PD) is a common, chronic, and pro-
gressive neurological disorder with a universal age-adjusted
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incidence rate ranging from 9.7 to 13.8 per 100000 cases
per year.! It is characterized by the predominant presence of
motor symptoms, such as bradykinesia, rigidity, tremor, and
postural instability, which are frequently associated with
nonmotor symptoms.

The diagnosis of PD implies a progressive motor impair-
ment and disability affecting patients’ everyday activities
and quality of life.> Pharmacological and surgical treat-
ments may help in the management of PD symptoms, but
they do not completely address motor symptoms of PD as it
is an incurable and progressive neurodegenerative disease.’
Furthermore, regular leisure-time physical activity and
exercise program engagement can reduce the risk of devel-
oping PD because of their neuroprotective effect through
upregulation of brain-derived nerve growth factors.*

Apart from their preventive effect, rehabilitation proto-
cols that include exercise interventions adapted to patients
with PD are considered a new approach to cope with the
remaining motor disabilities.>® The common aim of these
physical activity programs is to deal with long-lasting
motor symptoms through the preservation and improve-
ment of motor functions, thereby improving global health.
Several types of exercise have been included in these
PD-adapted programs, such as body weight support
exercises, adapted dance, tai chi, yoga, endurance, and
strength physical activity programs.” Specific PD-adapted
programs have shown benefits in physical functioning,
health-related quality of life, strength, and balance and gait
speed, although there is insufficient evidence on their effi-
cacy on reducing falls or depression in people with PD.”-12
Although so far, there is no consistent evidence on which
type of exercise shows the greater effects for reducing PD
motor symptoms.

Frequently, PD symptoms have been measured using
the Unified Parkinson’s Disease Rating Scale (UPDRS),'3
which ensure fair comparisons among studies and include
a specific section for PD motor symptoms that consist of
a combination of the following motor symptoms: speech,
facial expression, rigidity, finger tapping, hand movements,
pronation-supination movements of hands, toe tapping, leg
agility, arising from chair, gait, freezing of gait, postural sta-
bility, posture, global spontaneity on movement, postural
tremor of the hands, rest tremor amplitude, and constancy
of the rest tremor.

Therefore, the aim of this systematic review and meta-
analysis was to provide evidence regarding the effectiveness
of exercise programs on relieving motor symptoms of PD
measured using the motor part of the UPDRS scale by com-
paring different types of exercise programs.

METHODS

This network meta-analysis was guided by the Cochrane
Collaboration Handbook!* and reported following the
PRISMA statement extension for systematic reviews incor-
porating network meta-analysis (PRISMA-NMA) state-
ment.!> The protocol for this network meta-analysis has
been registered on PROSPERO (CRD42018087765).
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Data Sources and Searches
We searched MEDLINE (via PubMed), Web of Science,
Scopus, and Cochrane Central Register of Controlled Trials
from their inception to April 2021, aiming to identify stud-
ies on the effect of physical exercise interventions on motor
symptoms of patients with PD, measured by the motor part
of UPDRS. This scale is the most widely used clinical rating
scale for PD.!3

The search strategy included the following terms:
“Parkinson,” “Parkinson Disease,” “physical exercise,”
“exercise,” “CRE” “VOZmax’” “fitness,” “cardiorespiratory
fitness,” “aerobic fitness,” “physical fitness,” “muscular
resistance,” “physical endurance,” “muscular endurance,”
and “muscular strength.” In addition, previous systematic
reviews and meta-analyses in the issue and reference lists of
the included studies were reviewed for any relevant study.
The complete strategy search for MEDLINE is available in
Supplemental Digital Content Table 1, available at: http://
links.lww.com/JGPT/A7S.

» <«

The Study Selection

This network meta-analysis includes studies on the effect of
physical exercise interventions on the motor symptoms of
patients with PD. Inclusion criteria were as follows: (i) par-
ticipants: adults; (ii) exposure: physical exercise programs;
(ili) outcome: motor symptoms of PD measured using the
motor part of the UPDRS; and (iv) study design: random-
ized and nonrandomized controlled trials. No language
restrictions were applied.

Studies were excluded when (i) they focused on children
or adolescents, (ii) PD motor symptoms were rated using
scales other than UPDRS, (iii) they did not include a control
group and included different intervention groups develop-
ing similar exercise programs, or (iv) they were designed as
crossover studies and did not report results at the end of the
first intervention period.

Data Extraction and Risk of Bias

We summarized the main characteristics of the included
studies in Table 1, including the following: (1) character-
istics of participants (sample size, including number of
females, mean age, duration of PD, type of population, and
basal Hoehn and Yahr stage (H&Y) and UPDRS scores),
and (2) physical exercise intervention characteristics (inter-
vention description and dose [length of the intervention,
sessions per week, and duration of sessions]).

The included studies were assessed using the Cochrane
Collaboration tool for assessing risk of bias (RoB2).1
This tool assesses the risk of bias according to 6 domains:
bias arising from the randomization process, bias due
to deviations from intended interventions, bias due to
missing outcome data, bias due to measurement of the
outcome, bias due to selection of the reported result, and
overall bias. The overall bias of each study was consid-
ered as “low risk of bias” when the study was classified
as “low risk” in all domains, “some concerns” when there
was at least 1 domain classified as “some concern,” and
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“high risk of bias” when there was at least 1 domain
classified as “high risk” or several domains with “some
concerns.”

Grading the Quality of Evidence

The Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE)!7 tool was used
to evaluate the quality of the evidence and make recom-
mendations. Each outcome obtained a high, moderate, low,
or very low evidence value, depending on the design of the
studies, risk of bias, inconsistency, indirect evidence, impre-
cision, and publication bias.

Literature search, data extraction, risk of bias assess-
ment, and grading the quality of evidence were indepen-
dently performed by 2 researchers (C.A.B. and I.C.R.), and
disagreements were resolved by consensus or involving a
third researcher (V.M.V.).

Data Synthesis and Analysis

To perform the meta-analysis, physical exercise interven-
tions were classified into 9 categories: endurance (aimed
at increasing heart rate and energy expenditure), resistance
(aimed at increasing muscle strength and muscle power),
combined (including only aerobic exercise and resistance
training), stretching (aimed at increasing muscle’s elasticity
and achieving comfortable muscle tone), dance (interven-
tions with target balance and complex gait tasks in coordi-
nation with music), balance (aimed at improving postural
reactions by strengthening of muscles that help keep you
upright), body weight—supported (aimed at maintaining the
lower limb trajectories, while increasing the motor activa-
tion and motor function by reducing the patient’s weight)
alternative exercises ([tai chi, yoga, Qui-Gong, and Ai-Chi]
understood as a modality of exercise that combines body
movement, mental focus, and controlled breathing for
improving strength, balance, and flexibility), and senso-
rimotor training (aimed at improving the neuromuscular
system by the emphasis on postural control and progres-
sive challenges to the sensorimotor system, using aerobic,
relaxation, postural and stretching exercises, and gait and
balance training) including endurance, and sensorimotor
training not including endurance.

Before conducting the network meta-analysis, we exam-
ined the statistical power of the interventions to find dif-
ferences between groups by using the baseline mean in
the motor part of the UPDRS, the sample size, and the
common standard deviation for both groups. For studies
including more than 1 intervention group, estimates were
calculated for each comparison included in this network
meta-analysis. In addition, these estimates were also calcu-
lated for studies reporting their procedures for sample size
determination.

The included studies were summarized narratively in an
ad hoc table describing the types of direct and indirect com-
parisons. We conducted our network meta-analysis accord-
ing to the steps outlined in the PRISMA-NMA statement:

JOURNAL OF Geriatric Physical Therapy

(i) the strength of the evidence was assessed through a net-
work geometry graph in which the number of participants
in trials was represented by the size of the node, and the
thickness of the continuous line to connect nodes is propor-
tional to the sample size in trials that directly compared the
2 interventions.!8 (i) Consistency was assessed by checking
whether the intervention effects estimated from direct com-
parisons were consistent with those estimated by indirect
comparisons; consequently, the Wald test and the side-
splitting assessment were used. (iii) Comparative evaluation
of the intervention effect was assessed by performing a
standard meta-analysis for each direct comparison between
2 physical exercise interventions using the random effect
DerSimonian-Laird method.'® These results were displayed
by creating both forest plots and a league table. In addition,
statistical heterogeneity was analyzed by calculation of the
I? statistic. According to the values of I2,'# the heterogene-
ity was considered as not important (0%-40%), moder-
ate (30%-60%), substantial (50%-90%), or considerable
(75%-100%), and the corresponding p values were also
considered. Finally, to determine the size and clinical rel-
evance of heterogeneity, the 72 statistic was calculated and
interpreted as low (lower than 0.04), moderate (0.04-0.14),
and as substantial (0.14-0.40).2° (iv) The probability of
each physical activity intervention being the most effective
was presented graphically using cumulative rankograms.?!
In addition, the surface under the cumulative ranking
curve (SUCRA) was estimated for each intervention, which
involves the assigning of a numerical value between 0
and 1 in such a way that the best intervention obtained
a value for SUCRA closest to 1 and the worst interven-
tion obtained a value closest to 0.'8 (v) Small study effect
and publication bias was estimated using Fgger’s test.?
(vi) Sensitivity analyses were performed excluding studies
one by one from the pooled estimates, in order to evalu-
ate whether any particular study significantly modified the
original summary estimate. Finally, (vii) meta-regression
analyses were conducted to examine the influence of the
duration of the intervention (weeks) and the weekly (min)
time spent on sessions. Meta-regressions were performed
to estimate the effect of intervention groups versus control
groups, including at least 6 studies.

We used the frequentist random effects multivariate net-
work meta-analysis to synthesize the evidence for exercise
interventions and to achieve a ranking of treatments. All
analyses were conducted in Stata 15.0 (Stata, College Station,
Texas). The following methodological issues were pointed
out: (i) when studies involved data on ON (when there is
a successful control of motor symptoms) and OFF (when
medication is not optimally effective)>3 PD motor symptoms,
only data on ON motor symptoms were included in the
pooled estimates; (ii) when studies provided 2 or more end
point measurements over time, the closest one to the most
frequently reported was considered in this meta-analysis; and
(iii) when studies included follow-up without intervention
measurements, these were not included in this meta-analysis.
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RESULTS

The search retrieved 12 496 studies, of which 56 were
included in this network meta-analysis.2*7® (Figure 1;
see Supplemental Digital Content Figure 1, available at:
http:/links.lww.com/JGPT/A76). They included 125 inter-
vention groups with 2038 participants, and 49 control
groups with 702 participants. Their mean age was between
57.6 and 77.7 years and the duration of PD from the
diagnosis ranged from 2.5 to 15.7 years. Physical exercise
program duration varied from 2 weeks to 3 years (involved
1-5 sessions per week, lasting between 120 and 180 min-
utes) (Table 1).

The number of intervention groups classified within
each category was as follows: endurance, 31; resistance,
21; combined exercise, 3; balance, 3; dance, 7; alternative
exercises, 19; body weight—supported interventions, 11;
sensorimotor interventions including endurance, 8; and
sensorimotor interventions not including endurance, 20.

Risk of Bias and Grade of Evidence

The overall risk of bias was high for all included studies.
Regarding each domain, the studies recorded the following:
for randomization process, 72.7% for some concerns and
9.1% for high risk of bias; for deviations from intended
interventions, 95.5% as high risk of bias; for missing
outcome data, all studies as low risk; for selection of the
reported results, all studies as some concerns; and finally,
for the measurement of the outcome domain, 97.7% were
at low risk (see Supplemental Digital Content Table 2,
available at: http:/links.lww.com/JGPT/A77).

The quality of evidence, as assessed by the GRADE
system, was moderate in 68% of the pairwise comparison
studies, and low in 32% (see Supplemental Digital Content
Table 3, available at: http:/links.lww.com/JGPT/A78).

Statistical Power

The calculated statistical power of the interventions to find
differences ranged from 3% to 100% (see Supplemental
Digital Content Table 4, available at: http:/links.lww.com/
JGPT/A79).

Exercise and Motor Symptoms of PD

In pairwise analyses (Table 2), the highest mean difference
was shown for alternative and endurance exercises versus
control comparisons (—0.48; 95% confidence interval [CI],
—0.82 to —0.13 and -0.36; 95% CI, —0.54 to —0.19,
respectively). Moreover, dance interventions and senso-
rimotor interventions not including endurance, showed
better results than sensorimotor interventions including
endurance (0.87; 95% CI, 0.04-1.70 and 0.67; 95% CI,
—0.06 to 1.27, respectively).

Finally, as shown in Table 2, the indirect effects of the
network meta-analysis showed positive results for alterna-
tive (—0.52; 95% CI, —0.92 to —0.13), dance (—0.64;
95% CI, —1.24 to —0.05), endurance (—0.49; 95% ClI,
—0.82 to —0.15), resistance (—0.82; 95% CI, —1.23 to

—0.41), sensorimotor interventions including endurance

E100

(—1.09; 95% CI, —1.68 to —0.50), and sensorimotor inter-
ventions not including endurance (—0.55; 95% CI, —0.90
to —0.21) versus control comparisons (Table 2).

Best Treatment Probabilities

The probability of being 1 of the 2 best treatments was
55% for sensorimotor interventions including endurance
and 22% for balance programs. Furthermore, the high-
est SUCRA was for sensorimotor interventions includ-
ing endurance (90%) and resistance programs (76%)
(Figure 2; see Supplemental Digital Content Figure 2, avail-
able at: http:/links.lww.com/JGPT/A80, and Supplemental
Digital Content Table 3, available at: http:/links.lww.com/
JGPT/AS1).

Sensitivity Analysis, Heterogeneity, and Publication
Bias

The sensitivity analysis after removing one by one the
studies from the pooled estimates showed that they were
substantially modified only after removing the data from
(i) Fisher et al,¥ from the body weight support interven-
tions versus control groups and (ii) Duncan and Earhart,*!
from the dance interventions versus control groups (see
Supplemental Digital Content Table 6, available at: http://
links.lww.com/JGPT/A82).

Three direct comparisons showed moderate heterogene-
ity, which ranged from I?= 45.5 to 57.8; 7> = 0.1297 to
0.1627 alternative exercises versus control; sensorimotor
training including endurance versus body weight support,
and sensorimotor training not including endurance versus
control. Six direct comparisons showed substantial het-
erogeneity (body weight support vs control, body weight
support vs endurance; dance vs control; resistance vs
control; sensorimotor training not including endurance vs
endurance; and sensorimotor training not including endur-
ance vs sensorimotor training including endurance), which
ranged from I> = 72.2 to 91.6, 7> = 0.2145 to 1.0538 (see
Supplemental Digital Content Table 7, available at: http://
links.lww.com/JGPT/A83).

Publication bias was found for the direct comparison
of sensorimotor training not including endurance versus
resistance (P = .066) (see Supplemental Digital Content
Figure 3, available at: http:/links.lww.com/JGPT/A84, and
Supplemental Digital Content Table 8, available at: http://
links.lww.com/JGPT/A8S5).

Meta-Regressions

Meta-regressions showed that only the duration of interven-
tions influenced the relationship between dance interventions
and UPDRS-II scores (see Supplemental Digital Content
Table 9, available at: http:/links.lww.com/JGPT/A86).

DISCUSION

This network meta-analysis aimed to provide evidence
regarding the comparative effectiveness of exercise pro-
grams on motor symptoms of patients with PD as assessed
using the motor part of the UPDRS. The results of this

Volume 46 e Number 2 e April-June 2023

Copyright © 2021 APTA Geriatrics, An Academy of the American Physical Therapy Association. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/JGPT/A81

Systematic Review

*(90USPIIUOD [BAIBJUI %G6) SYNSAJ JUBDLIUSIS A][BONSIIE}S SAEDIPUI 90B)PO|g,

*(UWIN[OD 0} DAEI] LUOIUSAISIUI MO1) SISAIRUB-BJOL SIOMIBU BUj} WO} SR0UBIBHIP UBaW Pajood ay) SIS S[SUBL 1a| JoMO| ‘(MO 0} SAljE[SI UORUSAISIUI ULLIN|0D) SUOSLEdW0D asimiied WOJ) saoualayip ueaw pajood ayy sani8 ajguel Jysu seddne

“Bujuiesy Jojowiiosuss ‘NS ‘a|qedldde jou ‘YN ‘Hoddns jySiem Apoq ‘Spmg suonelnaiqay

asueInpua (17T (120 (1€00} (520 (G20 (€€0 Gz (G0 (1z'0- o

10U LINS 0 v00-)¥50 | A810-)920 | voro-) 00— | ass0-)600 | 020T-) vT0— | ovvz0-) 120- | ove60-)910 | o 150-)€00— | 06'0-) 50—
zt aoueInpu3 ot0 (€00 (80 (€€0 (000 (€80 010 (05°0— 0

0190°0) £9°0 + 1S 0166'0-) /20— | 42 T-) 090 | 0¥ 2z T-) sv0— | 489 T-) 90— | o6 1-) v20— | vsgT-)8e0- | vz 1) 50— | 89'T-) 60T
(€20 sousisiso @10 (¥50 (150 (€10 (960 @20 (17°0— o

0162°0—) ¥0'0 YN ¥ [ o16/:0-)e0- | a68°0-) 10— | v 1E 1) ov'0— | @4 20T-) 20— | o zT 1) 0T0— | v 180-) 60— | €2°T-) 280
(vZ0 N @10 soueInpU (€80 (180 (980 (11 (050 (ST'0— 0}

0} 08'0—) 82'0— 0} 2/:0-) 00— 01250-) 910 | G1S56'0—) L00— | ove90-) vT'0— | arsg0-)ez0 | orero-)vo0 | z80-) 6v°0—
L1 (080 670 (0e'T (650 (S0'0— 0

01 40°0) £8'0 N N YN ueq 0z 1-)220— | A80T-)620— | 991 1-) 00 | eg0-) 20— | b2 1) ¥90—
N N N N N bouquon (060 (69T (@60 (T'0 0}

! Av01-) L00— | ®@90T-) 620 | a1s0-)010 | Sz1-)ero-
(050 (€70 (@'t (080 (/100

01 /7°0—) ST'0— YN YN 01 8hT—) £5°0— YN VN sma 01690-) /€0 | ©Gr0-)810 | /80-)5e0-
(G20 (20 (¥60 (/00

YN YN 01 ¥9'0—) G500 YN N N 01 2/'0-) bZ0— ueled 0ze1-)610— | 081-) 10—
(¥80 6L0 (0 (920 (€70 I (ET°0— o

0 1¥'0-) 120 | a6T'T-)020— | o91'0-)91'0 | @9r'0-) 010 YN 0}05'0—) £0°0— VN YN Heulsiv 26'0—) 25°0—

eSWwoydwAs 1010\ ad uo ANANDY [edisAud Jo saaualayiq ues|y pajood °g a|qel

Downloaded from http://journals.lww.com/jgpt by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZghsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC4/OAVpDDa8K2+Ya6H515kE= on 04/12/2024

E101

JOURNAL OF Geriatric Physical Therapy

Copyright © 2021 APTA Geriatrics, An Academy of the American Physical Therapy Association. Unauthorized reproduction of this article is prohibited.



¥202/2T/¥0 uo

PISTSHIRA+ZY8eAAAAVO/YIAEIDYIASALLIAIPO0AEIEAHIOIN/dOAU

MY TXOMADUOINXFOHISABZIYTH+.YNIOITWNOIZTARMHIASHNAUE Aq 1dbl/wod mm) sfeuinolj/:dny wouy papeojumod

DN

RT

SMT-noEN

SMT-EN

Figure 1. Network of available comparisons between physical activity interventions on PD motor symptoms measured by
UPDRS. Size of node is proportional to number of trial participants, and thickness of continuous line connecting nodes is
proportional to number of participants randomized in trials directly comparing the 2 treatments. AL indicates alternative;
BL, balance; BWS, body weight support; CN, control; COM, combined exercise; DN, dance; EN, endurance; RT,
resistance; SMT-EN, sensorimotor training with endurance; SMTnoEN, sensorimotor training without endurance.

network meta-analysis show that physical activity interven-
tions are effective in the management of PD motor symp-
toms. The most effective physical activity interventions (in
a decreasing order) were sensorimotor training including
endurance, resistance, dance, sensorimotor training not
including endurance, alternative exercise, and endurance
training.

From our results, complex or multifaceted physical®-8°
activity programs that emphasize fine motor tasks such

as holding a pencil, or gross motor tasks such as getting
up from the bed, could improve walking, self-care, and
other tasks by helping people modify and adjust how they
perceive their movements. These aims could be achieved
by those physical exercise programs including postural
control and progressive challenges to the sensorimotor
system, using aerobic, relaxation, postural, and stretch-
ing exercises, and gait and balance training. Dance,
alternative exercise, resistance, endurance training, and

o
S 4
@ Sensoriomotor+endurance
S Resistance
(3] [ J
=
)
*g Balance
£ 31 L o Dance
&) Sensoriomotor without endurance
E o Alternative
E) o | @ Endurance
Ke) < Combined
= o
(@] Body weight support
2o
N {
Control
o 4
T T T T T T T T T
1st 2nd 3rd 4th 6th 7th 8th 9th 10th
Rank

Figure 2. Surface under the cumulative ranking curve (SUCRA). UPDRS indicates Unified Parkinson’s Disease Rating Scale.
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sensorimotor training not including endurance and sen-
sorimotor training including endurance could be included
in this classification. The pharmacological treatment of
PD motor symptoms is well-defined from the early stages
of the disease, but gait and balance impairments persist
and adverse effects of medication usually appear.®! The
absence of reported side effects of physical activity pro-
grams makes them a potentially useful adjunct to medi-
cation,3? although patients might be closely followed as
side effects could occur on the basis of patient’s stage or
severity of the health condition.

Previous research has reported positive effects of exer-
cise on movement. In our study, most types of exercise
confirmed these previous findings, although we did not
find significant effects of balance, combined, and body
weight-supported exercise programs, which seems not to
adequately foster all the UPDRS-III dimensions. In addi-
tion, because the scarcity of studies and the width of the CI,
the small, but significant, effect estimated for dance should
cautiously be interpreted. These types of exercise are the
less reported in the included studies, which could influence
our data. In addition, owing to the increasing evidence of
physical activity interventions in the treatment of PD motor
symptoms, there is considerable heterogeneity among the
intervention characteristics (intensity, frequency, and dura-
tion)."' In addition, the scarcity of studies reporting the
aforementioned interventions and the lack of information
on their characteristics make difficult to firmly conclude
about the effectiveness of these types of interventions.

Several mechanisms have been proposed to explain the
benefits of exercise on PD motor symptoms. These exercises
require the patient to respond to both cognitive and physi-
cal demands, incorporating specific movements involving
multitask exigencies and motor skill learning.*! Most phys-
ical activities include a visual or auditory cue, facilitating
attention, balance, and rhythm on gait,®? and reinforcing
the neuronal circuits that contribute to lower limb move-
ments.3* In addition, some studies have hypothesized that
exercise enhances the release of brain-derived neurotrophic
factors and promotes neural repair and neuroplasticity.®!
The underlying mechanisms behind these are the increase
in cerebral blood flow arising from these types of exercise.

Limitations

Some limitations encountered in this study were as follows.
First, some studies did not report whether the patients were
assessed in the ON- or OFF-medication state. Second, most
studies included patients with PD in II to IIl H&Y stages,
and this could limit the effect of the interventions. Third,
although we have distinguished 9 exercise intervention
types, it cannot be denied that there are some differences
between each type of exercise classified into the same cat-
egory, as well as their levels of intensity, frequency of deliv-
ery, and duration of programs. Fourth is the presence of a
publication bias in the direct comparison of sensorimotor
training not including endurance versus resistance. Thus,
these data should be cautiously interpreted. Fifth, only
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studies reporting PD motor symptoms using the UPDRS
scale have been included in this network meta-analysis and,
therefore, some bias could not be avoided. Sixth, although
data showed no influence of some intervention character-
istics (duration of the intervention in weeks and weekly
session time in minutes) on the effect size of intervention
versus control groups in motor symptoms assessed by
UPDRS-III, the meta-regression analyses were conducted
only in those comparison subgroups, including 6 or more
studies. Finally, the calculated statistical power of the stud-
ies was small in most, which could cause difficulties to find
differences between groups. The use of meta-analysis rein-
forces the statistical power of individual studies.

CONCLUSION

Because of the high burden of disease attributable to PD,
providing patients with effective approaches that could
mitigate their motor symptoms and promote their inde-
pendence in activities of daily living has become a prior-
ity. The results of this network meta-analysis allow us to
conclude that physical activity interventions are an effec-
tive approach in the management of PD motor symptoms.
Among the different intervention programs, sensorimotor
training including endurance, resistance, and dance, and
sensorimotor training not including endurance, alternative
exercise, and endurance training seem to be the most effec-
tive physical activity interventions. This information is of
use to clinicians prescribing exercise for mitigating motor
symptoms in patients with PD, as well as to policy makers
when designing new strategies to cope with the devastating
consequences of PD.
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