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Abstract

Objective. Parkinson disease (PD) is associated with a predictable decline in motor function and mobility that is commonly
managed with exercise. There is a limited understanding of the effects of group exercise compared to individual exercise (IE)
and usual care (UC) on motor function and mobility. Our purpose was to investigate the effects of group exercise compared
to IE and UC on motor function and mobility for people with PD.

Methods. A systematic review and meta-analysis was performed with randomized control trials that investigated the effects
of group compared with |IE and UC on motor function and mobility for people with PD. A systematic search was performed
in PubMed, EBSCO, and Science Direct databases. Methodological quality was assessed using the Cochrane Grading of
Recommendations Assessment, Development, and Evaluation approach.

Results. Twenty-three studies assessed at least 1 mobility-related outcome measure, met our inclusion criteria, and were
included in quantitative analysis. There was no significant difference on motor function and mobility between group exercise
and |E for all standardized outcome assessment meta-analyses. Motor function and mobility were significantly improved with
group exercise compared to UC in 9 of 11 standardized outcome assessment meta-analyses. Results were based upon low
to moderate quality of evidence.

Conclusion. Based upon low to moderate quality of evidence, group exercise has a similar to larger effect as IE and UC on
improving motor function and mobility for people with PD. When used in combination with skilled physical therapy, group
exercise may be an appropriate adjunct to individualized physical therapy to maximize mobility and function.

Impact. Long-term adherence to exercise is essential to maintain mobility and motor function for people with PD. Our study
suggests group exercise is as effective as |E and may be an appropriate option to encourage long-term adherence related to
increased access, socialization, and accountability.
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Introduction

Parkinson disease (PD) is a neurodegenerative condition
affecting more than 1 million people in the USA," and by
2040, the worldwide prevalence of PD is expected to double
to over 12 million.” People with PD have a progressive loss of
motor function that negatively impacts mobility, increases the
risk of falls and fall-related injuries, and decreases quality of
life.3>* The consequences of the progressive motor symptoms
for people with PD lead to increasing medical needs that are
accompanied by substantial direct and indirect costs estimated
to exceed $50 billion per year in the USA.

Appropriately prescribed exercise is an evidence-based
intervention that can delay the progressive loss of motor
function, decrease the required dosage of antiparkinsonian
medication, improve mobility, and increase the quality of life
for people with PD.%” Although there is no consensus on
the best type of exercise for PD, many people with PD are
referred to a physical therapist to provide safe, effective, and
individual exercise (IE) intervention programs. A recent meta-
analysis found that physical therapy significantly improves
motor function, mobility, and quality of life for people with
PD.® However, there are numerous barriers that can affect
access to physical therapy, including variations with individual
insurance coverage, geographical location of residence, and
overburdened care partners.” With consideration of these
barriers, many people with PD are unable to access ongoing
IE interventions provided by physical therapists intended to
attenuate the predictable decline in motor function, mobility,
and quality of life.

An alternate strategy that is fiscally conscientious is needed
to maintain or increase motor function and mobility. For
many people with PD, group exercise may be an alternate
strategy that can maintain or increase motor function and
mobility” and is associated with high exercise program adher-
ence.!0-12

Although appropriately prescribed group exercise is recom-
mended in clinical practice guidelines,” there has not been
a systematic review of the literature with meta-analysis that
assesses the effectiveness of group exercise compared to IE or
usual care (UC) on motor function and mobility for people
with PD. The purpose of this systematic review and meta-
analysis was to compare the effects of group exercise to IE
and UC on motor function and mobility for people with PD.

Methods

Our systematic review and meta-analysis was registered in the
International Prospective Register of Systematic Reviews (ID:
CRD42021232342).'3 Results are presented according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 statement.!4>15

Differences Between Protocol and Review

Deviations from the published protocol were made to improve
the robustness of data analysis and the clinical utility of our
findings. The following were deviations from the published
protocol: the review excluded studies with a nonrandomized
controlled design; the search strategy consisted of 3 common
medical databases; the Cochrane Risk of Bias Tool was used to
assess study risk of bias instead of the Physiotherapy Evidence
Database Scale; and subgroup analyses were determined a
posteriori.

Group Exercise for People With PD: Meta-Analysis

Study Eligibility

We aimed to identify all available randomized controlled trials
(RCTs) that compared the effects of group exercise on motor
function and mobility with IE (ie, 1:1 supervised exercise,
home exercise program [HEP]), and UC for people with PD.

Data Sources and Searches

A systematic search for RCTs up to May 30, 2023 was
conducted in the following databases: PubMed (1966-2023),
EBSCO (1966-2023), and Science Direct (1966-2023). The
search terms were standardized and used to create a unique
search protocol for each database. Searches included a mix
of MeSH and free text terms related to PD, mobility, and
exercise interventions (Suppl. Appendix 1 in Suppl. File 1).
The reference lists of included studies and other systematic
reviews were manually searched.

To ensure accurate identification of eligible studies, a 2-step
selection process was implemented. Two investigators (D.P.
and M.W.) independently conducted the systematic searches
and removed duplicates. K.G. and H.S. then independently
screened titles, keywords, and abstracts of the search results.
If there were any discrepancies in the search results, 2 authors
(K.G. and H.S.) attempted to reach a consensus on a study’s
inclusion. When necessary, an independent reviewer (A.S.) was
consulted to make the final decision. The full text of all eligible
RCTs was reviewed independently by D.P.,K.G.,and A.S., and
then in duplicate. M.W. was consulted to resolve disputes. The
first author (D.P.) screened the reference lists of each full-text
article that met the inclusion criteria. If there were missing
data, we contacted the authors for additional information.

Study Selection

Studies were included if they investigated people with PD,
were RCTs, studied group exercise, and evaluated the effects
of group exercise versus IE or UC for people with PD. Group
exercise was defined as exercise instruction or classes that
simultaneously included 2 or more people with PD.'® IE was
defined as prescribed exercise performed with 1:1 supervi-
sion or as an HEP. UC included study groups that did not
have a specific exercise prescription but allowed individuals
to continue with their normal daily activity. Studies were
excluded if they (1) defined UC as medication management,
(2) participants receiving UC were instructed not to exercise,
or (3) those performing group exercise participated in multiple
types of interventions.

Outcomes

Included studies reported pre- and postintervention measure-
ments of motor function or mobility that were assessed for
group exercise, IE, and UC. We included RCTs that used a
standardized outcome assessment (SOA) to identify changes
in mobility. To be included in the quantitative analyses, a min-
imum of 2 RCTs had to use the same SOA to identify changes
in motor function or mobility. The SOAs included were the
Berg Balance Scale,'”>18 Falls Efficacy Scale,'® 5-times sit-to-
stand test,”’ Freezing of Gait Questionnaire,”! preferred gait
speed,?2»23 fast gait speed,?? Mini Balance Evaluation Systems
Test,'8:24 6-minute walk test,>2 Timed “Up & Go” Test,22:2°
Unified Parkinson Disease Rating Scale (UPDRS) activities of
daily living,”>»*® and UPDRS motor.>2->® Both preferred and
fast gait speed were reported as meters per second (m/s). If gait
speed was reported as time in seconds, the value was converted
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to meters per second for analysis. For the UPDRS activities of
daily living and UPDRS motor, we included scores from the
original UPDRS and the Movement Disorder Society-UPDRS.

Data Extraction

The studies included in our review were randomly divided
between 2 teams (D.P. and M.W.; K.G. and H.S.) of inves-
tigators. Each team member independently extracted data
from the included RCTs to a preestablished data extraction
form and reviewed the other team member’s data extraction
for accuracy. A.S. was consulted if a consensus was needed.
The following data were extracted from each included RCT:
author(s), publication year, and study design; demographic
and clinical characteristics; group exercise and IE protocols;
group exercise and IE pre- and postintervention assessments;
and main study findings. Pre- and postintervention summary
data (mean or mean difference [MD], standard deviation
[SD] or standard error [SE], 95% CI, or either the SD or
the 95% CI of the MD that used either within- or between-
group contrasts) were extracted for group exercise, IE,
and UC.

Quality Assessment

Methodological study quality was assessed using the Cochrane
Risk of Bias Tool 2.0.2” The Cochrane Risk of Bias
Tool assesses the overall risk of bias and 5 domains of
bias: randomization process, deviations from the intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported results. Study quality
was assessed independently by M.W. and D.P. The 2
investigators (M.W. and D.P.) then compared results and when
discrepancies existed used discussion to reach a consensus.

Data Synthesis and Analysis

If the SD was missing from a study, we calculated the SD
from 95% ClIs, SE, or 25th to 7S5th percentiles.”” If no
measure of variability was presented, then we estimated the
SD from the most similar trial included in the review, based
on intervention, outcome measure, and effect size.?”

Statistical analyses were conducted using STATA 17 (Stata
statistical software: release 17; StataCorp LLC, College Sta-
tion, TX). The MD for group exercise compared to IE and
UC was organized by each SOA.

Meta-Analysis and Subanalyses

Data were pooled using the restricted maximum likelihood
method to calculate the unstandardized MD (effect size) and
95% CI under the random-effects model. The MD and 95%
CI were estimated with a meta-analysis when at least 2 or
more studies included the same SOA. We performed subgroup
analyses to estimate the influence of the type of IE (1:1
supervised exercise, HEP) on the overall effect size.

For studies that included follow-up assessments, only data
from the first postintervention assessment were included in the
meta-analysis. Sensitivity analysis was performed to examine
the influence of the length of the exercise interventions on
the overall effect size. Twelve weeks or less was used as the
cutoff for short-term interventions.”® Beyond 12 weeks was
considered a long-term intervention.

Heterogeneity

Heterogeneity was assessed using the Q statistic and the cor-
responding P value (P < .1 was considered significant), 95%

prediction interval (PI), and I2. The amount of heterogeneity
was described as low, moderate, or high for 1> values of
<50%, <75%, and > 75%, respectively.”’ The Comprehen-
sive Meta-Analysis Prediction Interval Program (Biostat, Inc,
Englewood, NJ) was used to determine the 95% PI for each
meta-analysis.

Small-Study Effects

For meta-analyses that included at least 10 comparisons,
small-study effects were assessed by inspection of the standard
error funnel plots, the trim-and-fill analysis described by
Duval and Tweedie,’” the Egger regression test,’! and the
rank correlation test described by Begg and Mezumdar.3?
Leave-one-out meta-analysis was performed to estimate the
influence of each study on the overall effect size.

27

Overall Evidence Quality Assessment

We used the Cochrane Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) approach to
assess the overall evidence quality of each SOA meta-analysis
(GRADEpro GDT: GRADEpro Guideline Development Tool
[software]; McMaster University and Evidence Prime, 2022;
available from gradepro.org). Each SOA meta-analysis was
classified as very low, low, moderate, or high-quality evidence.
Two investigators (D.P. and M.W.) independently completed
the Cochrane GRADE approach and then met to compare
assessments. A consensus approach was used to resolve dis-
crepancies.

Results
Study Selection

We identified 582 studies through electronic database search-
ing and 7 additional studies via manual searching. After
duplicates were removed and studies were excluded on the
basis of title and abstract, 211 full-text studies were screened
for eligibility. Twenty-three studies met the inclusion criteria
and were deemed eligible for review (Fig. 1).

Characteristics of Included Studies

The included 23 studies were conducted between 2000 and
2022. The included studies investigated the effects of group
exercise on motor function and mobility using at least 1 of 11
SOA. The total sample size in each meta-analysis ranged from
84 (5-times sit-to-stand test for UC) to 351 (UPDRS motor for
IE) participants. For participants who received group exercise,
Hoehn and Yahr scores ranged from 1.733-34 to 3.33%:3¢; for
participants who received IE or UC, Hoehn and Yahr scores
ranged from 1.73* to 3.1.3%:3¢ Group exercise was super-
vised in all occasions and performed in a range of settings,
including hospital,>” wellness center,’® dance studio,?3-3’ city
park,*%*! town hall,*>**3 university laboratory,** and outpa-
tient clinic.**>*¢ The group exercise setting was not specified
in 11 included studies (Suppl. File 2).39,36-47-55

Reporting Study Quality Assessment
Eleven studies®3-34:37-39,44,46,48-51 were identified as having
a low risk of bias. Twelve studies??>36:40-43,45,47,52=55 ere
identified as having some concerns for a risk of bias. Bias due
to deviations from the intended intervention and bias arising
from the randomization process were the most commonly
identified concerns for a risk of bias (Fig. 2).
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Identification

Group Exercise for People With PD: Meta-Analysis

Identification of Studies via Databases and Registers ]

Screening

Records identified through
database searching
(Conducted by authors DP, AS)
(n=582)

PubMed = 302
CINAHL/EBSCO = 222
ScienceDirect = 51
Other =7

i

Records screened (Titles)
(Independently conducted by 3
reviewers DP, HS, and MG)

(n = 352)

Studies (Abstracts)

Screened
(Independently conducted by 3
reviewers DP, HS, and MG)

(n = 265)

Records removed before
screening:
Duplicate records removed
(n =230)

Records excluded
(n=287)
Unrelated to study topic
Noft specific to PD
Intervention unrelated to exercise

Reports sought for retrieval
(n=2)

A4

Reports excluded:
(n = 54)
Unrelated to study topic
Not RCT
Not specific to PD
Noft related to exercise or mobility

A4

Studies (Full text) assessed
for eligibility
(Independently conducted by 3
reviewers DP, HS, and MG)

(n=211)

A4

Reports not retrieved
(n=2)

Included

Studies included in review
(n=23)
(Independently conducted by 2
reviewers DP and MW)

\4

Reports excluded:
(n=188)

No definitive comparison of
individual to group exercise (n =
145)
Control group activity not defined
(n=8)
Outcome measures not related to
mobility (n=1)
Noft specific to PD (n = 5)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for new systematic reviews that included
searches of databases and registers only." PD = Parkinson disease; RCT = randomized controlled trial.
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

25% 50% 75% 100%

. Low risk

D Some concerns

Study

wewbpr
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Figure 2. Study quality.

Standardized Outcome Assessments

Summary statistics of the effect of group exercise interventions
on motor function and mobility for people with PD for
each meta-analysis are presented in Tables 1 and 2. Forest
plots for each meta-analysis are presented in Supplementary
Appendices 2 and 3 in Supplementary File 1. Sensitivity anal-
ysis for each SOA is presented in Table 3.

Berg Balance Scale
Four studies’*3%>43:2 (1=117) investigated group exercise
compared with 1:1 supervised exercise on the Berg Balance
Scale. There was a nonsignificant effect (MD =—1.89; 95%
CI=-3.79 to 0.02) (Suppl. Appendix 2a in Suppl. File 1)
with a low and nonsignificant degree of heterogeneity
(O=4.04; P=.26; 12=27.4%; 95% Pl=—7.97 to 4.19).
Seven comparisons*!»43:43:46,51.52 (3, 2 275)  investigated
group exercise compared with UC. There was a significant
effect (MD=-5.92; 95% CI=-7.94 to —3.90) (Suppl.
Appendix 3a in Suppl. File 1) with a moderate and significant
degree of heterogeneity (Q=4.04; P=.26; 1> =27.4%; 95%
PI=—11.74 to —0.10). Sensitivity analysis for group exercise
compared with 1:1 supervised exercise revealed that short-
term interventions had a nonsignificant effect (MD = —1.47;
95% CI=—5.33 to 2.40) and that long-term interventions had
a significant effect (MD =—2.43; 95% CI=—-4.40 to —0.45)
(Suppl. Appendix 4a in Suppl. File 1).

Falls Efficacy Scale

Three studies*$>#7>51
compared with UC on the Falls Efficacy Scale.

(n=259) investigated group exercise
There

0000000000000
0000000000000
0000000000000
0000000000060
0000000000060
.0@@.@@00@@@00@.@0@0@0@

SUIBLLIOP SBIq JO ¥ H.A

was a nonsignificant effect (MD=-0.71; 95% CI=-1.75
to 0.32) (Suppl. Appendix 3b in Suppl. File 1) with a
low and nonsignificant degree of heterogeneity (Q=1.70;
P=.43; 12=8.6%; 95% PI=—9.84 to 8.42). There was a
nonsignificant effect with short-term (MD=-0.54; 95%
CI=-1.07 to 0.00) and long-term (MD=-3.60; 95%
CI=-9.81 to 2.61) interventions (Suppl. Appendix 5a in
Suppl. File 1).

5-Times Sit-to-Stand Test

Three studies*!*©48 (;7=84) investigated group exercise
compared with UC on the 5-times sit-to-stand test. There
was a significant effect (MD=-3.36; 95% Cl=-4.64
to —2.07) (Suppl. Appendix 3¢ in Suppl. File 1) with a
low and nonsignificant degree of heterogeneity (O =0.68;
P=.71; ?=0.0%; 95% PI=—4.64 to —2.07). Short-term
interventions had a significant effect (MD=-3.56; 95%
CI=-4.99 to —2.13), and long-term interventions had a
nonsignificant effect (MD = —2.52; 95% CI=—5.44 to 0.40)
(Suppl. Appendix 5b in Suppl. File 1).

Freezing of Gait Questionnaire
Four comparisons?*»3%:3? (n=114) investigated group exer-
cise compared with IE on the Freezing of Gait Question-
naire. There was a nonsignificant effect (MD =—2.06; 95%
CI=—-4.33 to 0.22) (Suppl. Appendix 2b in Suppl. File 1)
with a high and significant degree of heterogeneity (Q =10.31;
P=.02; 1> =76.8%; 95% PI=—12.02 to 7.90). One-to-one
supervised exercise had a nonsignificant effect (MD = —3.15;
95% Cl=—8.37t0 2.07), and the HEP had a significant effect
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Table 1. Group vs Individual Exercise Meta-Analysis Results?

Group Exercise for People With PD: Meta-Analysis

Outcome Total Type of Individual Exercise Overall Effect Size GRADE
Measure Sample Size (95% CI Around Overall
1:1 Supervised Exercise Home Exercise Program Mean Difference) Cert? inty of
Evidence
Mean Difference (95% No. of Mean Difference (95% No. of
CI Around Mean St ot.ﬁo CI Around Mean St ot.ﬁo
Difference) udues Difference) udies
Berg Balance 117 —1.89 (—3.79 t0 0.02) 4 —1.89 (—3.79 t0 0.02) Moderate
Scale
Freezing of gait 114 —3.15 (—8.37 t0 2.07) 2 —1.38 (—2.63 to —0.13) 2 —2.06 (—4.33t0 0.22) Low
Gait speed, 237 0.03 (—0.03 to 0.08) 4 —0.03 (—0.09 to 0.03) 4 0.00 (—0.04 to 0.04) Moderate
preferred
Mini-BESTest 131 0.55 (=1.75 to 2.85) 2 —0.94 (—4.04 t0 2.17) 3 —0.25 (-2.18 t0 1.67) Low
Timed “Up & 341 —0.38 (—1.74 t0 0.98) N —0.50 (—1.26 to 0.26) 6 —0.46 (—1.18 t0 0.26) Moderate
Go” Test
UPDRS ADL 109 —3.56 (—9.80 t0 2.68) 2 —0.76 (—3.61 t0 2.09) 2 —2.20 (—5.46 to 1.05) Moderate
UPDRS motor 351 —3.80 (—10.45 to 2.85) 8 —1.10 (—3.98 t0 1.79) 4 —3.02 (—7.43 to 1.39) Moderate

9Negative values favor group exercise. Table cells without values indicate that no studies were included in the analysis. ADL =activities of daily living;
GRADE = Grading of Recommendations Assessment, Development and Evaluation; Mini-BESTest = Mini Balance Evaluation Systems Test; UPDRS = Unified

Parkinson Disease Rating Scale.

Table 2. Group vs Usual-Care Meta-Analysis Results?

Outcome Measure No. of Studies Included

Total Sample Size

GRADE Overall
Certainty of Evidence

Overall Effect Size (95% CI
Around Mean Difference)

Berg Balance Scale 7 275
Falls Efficacy Scale 3 259
5-times sit-to-stand test 3 84
Freezing of gait 2 97
Gait speed, preferred 6 251
Gait speed, fast 2 97
Mini-BESTest 4 250
6-min walk test 4 145
Timed “Up & Go” Test 7 225
UPDRS ADL S 283
UPDRS motor 7 174

—5.92 (—=7.94 to —3.90) Moderate
—0.71 (—=1.75 t0 0.32) Low
—3.36 (—4.64 to —2.07) Low
~2.09 (=3.32 t0 —0.87) Low
—0.12 (—0.18 to —0.06) Moderate
~0.10 (=0.23 t0 0.03) Low
—2.64 (—4.20 to —1.08) Low
—135.40 (—221.93 to —48.87) Low
—1.64 (—2.39 to —0.89) Moderate
—2.66 (—3.58 to —1.74) Moderate
—-9.27 (—11.05 to —7.50) Moderate

9Negative values favor group exercise. ADL = activities of daily living; GRADE = Grading of Recommendations Assessment, Development and Evaluation;
Mini-BESTest = Mini Balance Evaluation Systems Test; UPDRS = Unified Parkinson Disease Rating Scale.

(MD =—1.38; 95% CI=-2.63 to —0.13). Two studies*-"
(n=97) investigated group exercise compared with UC. There
was a significant effect (MD=-2.40; 95% CI=-3.75 to
—1.05) (Suppl. Appendix 3d in Suppl. File 1) with no het-
erogeneity (O =0.00; P=1.00; 12=0.00%; 95% PI=—3.75 to
—1.05). Sensitivity analysis for group exercise compared with
IE revealed a significant effect with short-term (MD = —1.16;
95% CI=—-2.23 to —0.10) and long-term (MD = —5.91; 95%
CI=-8.73 to —3.09) interventions (Suppl. Appendix 4b in
Suppl. File 1).

Preferred Gait Speed

Eight comparisons#:33:40-44:47,52,54 (5, 2 237) investigated
group exercise compared with IE. There was a nonsignificant
effect (MD =0.00; 95% CI=—0.04 to 0.04) (Suppl. Appendix
2¢ in Suppl. File 1) with a low and nonsignificant degree of
heterogeneity (O =3.79; P=.80; 12 =0.02%; 95% PI=—0.04
to 0.04). One-to-one supervised exercise (MD =0.03; 95%
CI=-0.03 to 0.08) and the HEP (MD=-0.03; 95%
CI=-0.09 to 0.03) had a nonsignificant effect when
compared with group exercise. Six comparisons3/>48,50,52,55
(n=251) investigated group exercise compared with UC.
There was a significant effect (MD = —0.12; 95% CI=-0.18
to —0.06) (Suppl. Appendix 3e in Suppl. File 1) with a low

and nonsignificant degree of heterogeneity (Q =6.39; P=.27;
12=29.13%; 95% PI=—0.18 to —0.06). Sensitivity analysis
for group exercise compared with IE revealed a nonsignificant
effect with short-term (MD=-0.02; 95% CI=-0.07 to
0.04) and long-term (MD=0.02; 95% CI=-0.03 to 0.07)
interventions (Suppl. Appendix 4c in Suppl. File 1). When
compared with UC, short-term interventions had a significant
effect (MD = —0.10;95% CI=—0.16 to —0.03) and long-term
interventions had a nonsignificant effect (MD =—0.13; 95%
CI=-0.30 to 0.05) (Suppl. Appendix Sc in Suppl. File 1).

Fast Gait Speed

Two studies*®30 (72=97) investigated group exercise com-
pared with UC on fast gait speed. There was a nonsignif-
icant effect (MD=-0.10; 95% CI=-0.23 to 0.03) (Suppl.
Appendix 3f in Suppl. File 1) with a low and nonsignificant
degree of heterogeneity (Q=0.00; P=.99; 1>=0.0%; 95%
PI=—-0.23 to 0.03).

Mini Balance Evaluation Systems Test

Five comparisons®3:3%:47-52 (2=131) investigated group
exercise compared with IE. There was a nonsignificant effect

(MD =-0.25;95% CI=-2.18 to 1.67) (Suppl. Appendix 2d
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in Suppl. File 1) with a moderate and significant degree of het-
erogeneity (O =13.92; P=.01; 2=72.1%; 95% PI=—6.89
to 6.39). One-to-one supervised exercise (MD =0.55; 95%
Cl=-1.75 to 2.85) and the HEP (MD=-0.94; 95%
CI=—-4.04 to 2.17) had a nonsignificant effect. Four stud-
ies37:49:30:52 (3, = 250) investigated group exercise compared
with UC. There was a significant effect (MD = —2.64; 95%
CI=-4.20 to —1.08) (Suppl. Appendix 3g in Suppl. File 1)
with a high and significant degree of heterogeneity (Q = 15.38;
P<.01; 12=81.4%; 95% PI=—9.69 to 4.41). Sensitivity
analysis for group exercise compared with UC revealed
a significant effect with short-term (MD=-2.03; 95%
CI=-3.41 to —0.66) and long-term (MD=-4.51; 95%
CI=-5.95 to —3.07) interventions (Suppl. Appendix 5d in
Suppl. File 1).

6-Minute Walk Test

Four comparisons**>40-0 (2=250) investigated group exer-
cise compared with UC. There was a significant effect
(MD=-135.40; 95% CI=-221.93 to —48.87) (Suppl.
Appendix 3h in Suppl. File 1) with a high and significant
degree of heterogeneity (Q=45.37; P<.01; 12=92.7%;
95% PI=-540.87 to 270.07). Sensitivity analysis for
group exercise compared with UC revealed a significant
effect with short-term interventions (MD=-161.77; 95%
CI=-192.80 to —130.75) and no significant effect with long-
term interventions (MD =—-23.63; 95% CI=—-51.31 to 4.05)
(Suppl. Appendix Se in Suppl. File 1).

Timed “Up & Go"” Test

Eleven compalrisons“’34’3'8"‘0’42‘44’47’52 (n=341) inves-

tigated group exercise compared with IE. There was a
nonsignificant effect (MD=-0.46; 95% CI=-1.18 to
0.26) (Suppl. Appendix 2e in Suppl. File 1) with a low
and nonsignificant degree of heterogeneity (Q=12.22;
P=.27; =332%; 95% PI=—1.48 to 0.56). One-to-one
supervised exercise (MD =—0.38; 95% CI=—1.74 to 0.98)
and the HEP (MD=-0.50; 95% CI=-1.26 to 0.26) had
a nonsignificant effect. Seven comparisons*!»43,46,51,52,55
(n=225) investigated group exercise compared with UC.
There was a significant effect (MD = —1.64; 95% CI=-2.39
to —0.89) (Suppl. Appendix 3i in Suppl. File 1) with a
low and nonsignificant degree of heterogeneity (O =4.94;
P=.55; 1>=12.9%; 95% PI=-3.02 to —0.26). Sensitivity
analysis for group exercise compared with IE revealed a
significant effect with short-term interventions (MD = —0.87;
95% CI=-1.66 to —0.07) and a nonsignificant effect with
long-term interventions (MD=-0.06; 95% CI=-1.73 to
1.61) (Suppl. Appendix 4d in Suppl. File 1).

Unified Parkinson Disease Rating Scale Activities of

Daily Living

Four comparisons®®:#7:%3 (=109) investigated group exer-
cise compared with IE. There was a nonsignificant effect
(MD =—2.20; 95% Cl=—5.46 to 1.05) (Suppl. Appendix
2f in Suppl. File 1) with a moderate and significant
degree of heterogeneity (Q=8.32; P=.04; 1>=62.7%;
95% PI=—15.52 to 11.12). One-to-one supervised exercise
(MD=-3.56; 95% CI=-9.80 to 2.68) and the HEP
(MD =-0.765 95% CI=-3.61 to 2.09) had a nonsignificant
effect. Five comparisons®’-4:49:50 (=283) investigated
group exercise compared with UC. There was a significant
effect (MD=-2.66; 95% CI=-3.58 to —1.74) (Suppl.
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Appendix 3j in Suppl. File 1) with a low and nonsignificant
degree of heterogeneity (Q=5.42; P=.25; 1> =26.7%; 95%
PI=—4.93 to —0.39). Sensitivity analysis for group exercise
compared with UC revealed a significant effect with short-
term interventions (MD = —2.84; 95% CI=-3.91 to —1.76)
and a nonsignificant effect with long-term interventions
(MD=-1.78; 95% CI=-3.94 to 0.38) (Suppl. Appendix
5f in Suppl. File 1).

Unified Parkinson Disease Rating Scale Motor

Twelve <:omparisons.33’34’37‘40’43’47’52’53 (n=351) investi-
gated the effects of group exercise compared with IE. There
was a nonsignificant effect (MD=-3.02; 95% CI=-7.43
to 1.39) (Suppl. Appendix 2g in Suppl. File 1) with a
high and significant degree of heterogeneity (Q=91.19;
P <.01;12=89.4%; 95% PI=—19.67 to 13.57). One-to-one
supervised exercise (MD =—3.80; 95% CI=—-10.45 to 2.85)
and the HEP (MD=-1.10; 95% CI=-3.98 to 1.79) had
a nonsignificant effect. Seven comparisons*!»43,46,50,52,55
(n=174) investigated group exercise compared with UC.
There was a significant effect (MD = —9.27;95% CI=—11.05
to —7.50) (Suppl. Appendix 3k in Suppl. File 1) with a low and
nonsignificant degree of heterogeneity (Q=11.23; P=.08;
I2=15.5%; 95% PI=—12.78 to —5.76). Sensitivity analysis
for group exercise compared with IE revealed a nonsignificant
effect with short-term (MD=-3.33; 95% CI=-9.48 to
2.81) and long-term (MD = —2.56; 95% CI=-9.45 to 4.32)
interventions (Suppl. Appendix 4e in Suppl. File 1). When
compared with UC, there was a significant effect with short-
term (MD=-8.49; 95% CI=-12.20 to —4.79) and long-
term (MD =—-9.80; 95% CI=-10.95 to —8.65) interventions
(Suppl. Appendix 5g in Suppl. File 1).

Small-Study Effects

There was an insufficient number of comparisons (<10) to
assess small-study effects in the majority of meta-analyses.2”
For those meta-analyses that had 10 or more comparisons
(Timed “Up & Go” Test and UPDRS motor when compared
with IE), there was minimal to no evidence of small-study
effects observed in the funnel plots (Suppl. Appendix 6 in
Suppl. File 1) and trim-and-fill analysis. The Egger regres-
sion test and the rank correlation test described by Begg
and Mezumdar were not significant for both meta-analyses
(Suppl. Appendix 7 in Suppl. File 1). Leave-one-out meta-
analyses did not identify any outliers (Suppl. Appendices 8
and 9 in Suppl. File 1).

Overall Evidence Quality Assessment

Using the Cochrane GRADE approach, the level of evidence
was downgraded by 1 level for all SOAs as the overall effect
size 95% CI was deemed small or crossed the minimal clin-
ically important difference boundary (imprecision, —1). The
overall quality was deemed low to moderate for all SOA meta-
analyses (Tabs. 1 and 2).

Discussion

IE has long been an evidence-based intervention for the treat-
ment of motor symptoms for people with PD.**=5° Group
exercise programs for people with PD are gaining popularity
and becoming more available as an alternative to IE.°%-¢1 To
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our knowledge, this is the first systematic review with meta-
analysis to compare the effects of group exercise to IE and UC
on motor function and mobility for people with PD. Based
on low to moderate quality of evidence, there were 2 main
findings on motor function and mobility in people with PD
from our investigation. First, there was a similar overall effect
between group exercise and IE. Second, when compared with
UC, group exercise had a similar to larger overall effect. Our
findings should be interpreted with caution, as the majority of
SOAs had a moderate to large degree of heterogeneity and/or
wide PIs.

Notably, there is no statistical significance for group com-
pared to IE, whereas 9 of 11 meta-analyses were statisti-
cally significant for group exercise compared to UC. For
people with PD, UC often requires independent application
and adherence to an exercise program. Without intentional
support or guidance, it is not surprising a prescribed group
exercise program would have a larger effect on motor function
and mobility. We were unable to determine the clinical impact
of group exercise compared to IE and UC for all but 1 meta-
analysis. When group exercise was compared with UC, the
effect size, CI, and PIs of the UPDRS motor meta-analysis were
beyond the minimal clinically important difference.®> Our
findings suggest that group exercise has a significantly greater
clinical impact on motor function as assessed by the UPDRS
motor. The UPDRS activities of daily living, when group
exercise was compared to UC, met the minimal clinically
important difference for people with PD.? With wide Cls
that go beyond the minimal clinically important difference,
the clinical impact of the UPDRS activities of daily living
should be interpreted with caution. The 6-minute walk test,
when group exercise was compared to UC, was the only
studied SOA that met a minimal detectable change for people
with PD.22 However, the 6-minute walk test meta-analysis
had a large and significant degree of heterogeneity with
wide PIs.

Group Exercise Compared With Types of Individual
Exercise

For people with PD, IE often occurs as 1:1 supervised exercise
and a HEP. Our findings of no statistically significant dif-
ferences between group exercise and 1:1 supervised exercise
and a HEP were not surprising. Disease-specific impairments
(ie, postural instability, freezing of gait)®* vary greatly among
people with PD, and interventions to improve these impair-
ments are most effective when targeted strategies (ie, external
cueing, cognitive challenge)®® are used. Group exercise, 1:1
supervised exercise, and a HEP are common intervention
programs often developed by a physical therapist to address
unique PD-specific impairments.

Timing of Group Exercise

For the long-term management of motor function and mobil-
ity for people with PD, current recommendations suggest that
regular movement-related examinations should be performed
by a physical therapist every 6 months to assess safety and
determine the need for skilled IE interventions.’® When skilled
IE interventions are not appropriate or possible (ie, partici-
pant plateaus, limited by insurance coverage, cannot attend
physical therapy), people with PD should continue to perform
regular exercises, often group exercises.”*°¢ When perform-
ing group exercise, our findings suggest the greatest benefit

to motor function and mobility occurred during the first
12 weeks and provide preliminary evidence for decreasing the
time between movement-related examinations from 6 months
to 3 months. Our findings are consistent with others?® that
have identified significant improvement with short-term com-
pared to long-term interventions. Future high-quality research
is needed to investigate the effects of movement-related exam-
inations every 3 months on motor function and mobility for
people with PD.

Benefits of Group Exercise

Evidence strongly supports IE to maintain or improve mobil-
ity,>”=72 yet many people with PD have difficulty accessing
or do not adhere to an IE program.”? Financial limitations,
geographic location, and overburdened care partners may
limit access to long-term physical therapy for some people
with PD. Evidence suggests that people with PD are more
likely to have long-term adherence to an exercise program
when travel and costs are minimized.”* Group exercise has
been found to be a cost-effective alternative when compared
to IE with the potential to improve access to exercise for some
people with PD.”

Considering the risk of inactivity and the associated con-
sequences,’® determining the type of exercise intervention
that is most likely to increase adherence is an important part
of exercise prescription.” People with PD report that group
exercise programs are beneficial for socialization, account-
ability, and long-term adherence!!>”” making group exercise
an appropriate option for many people who may otherwise
have difficulty adhering to an IE program. People with PD
are more likely to adhere to high-quality group exercise that
promotes “a positive and nurturing environment, varied and
individually tailored exercise, and the importance of social
cohesion.”’7>78

Although group exercise is an appropriate option for many
people with PD, it may not be appropriate for all. When
determining the appropriateness of group exercise or indi-
vidualized physical therapy, it is important to consider where
each person with PD is at in the course of the disease pro-
cess. Group exercise may be more appropriate earlier in the
disease process, as people with PD are more likely to have the
physical ability to safely exercise without direct assistance.”
Whereas people in advanced stages of PD are more likely to
require direct assistance to maximize safety and participation,
suggesting that individualized physical therapy may be more
appropriate later in the disease process.”” Because of the
nature of group exercise, safety concerns may exist related to
the instructor-to-participant ratio. Individuals at a high risk of
falls, cognitive impairment, and/or autonomic dysregulation
may be more appropriate to continue with medically neces-
sary individualized physical therapy. To improve the safety
and effectiveness of group exercise, physical therapists should
consider who is appropriate to participate and what type
of group exercise is most relevant. When used in combina-
tion with skilled physical therapy, group exercise may be an
effective and judicial use of available resources for people
with PD.

Limitations and Future Research

This study had several limitations. First, the included stud-
ies had a moderate to large amount of heterogeneity that
was present in a number of meta-analyses (7/18). Second,
because of a limited number of studies included in each
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meta-analysis, we did not investigate the extent that dosage,
setting, type of exercise program, or characteristics of those
leading group exercise programs may have influenced our
results. Future research should be considered for these topics
as they may have a profound effect on the efficacy and
safety of group exercise programs. Third, our systematic
search only included published RCTs and did not include
conference proceedings, abstracts, or a search of clinical trial
registries.

Conclusion

Based on low to moderate quality of evidence, group exercise
has a similar to larger effect as IE and UC on improving
motor function and mobility for people with PD. However,
we were unable to determine the clinical impact of group
exercise compared to IE or UC. Group exercise is a fiscally
responsible and accessible option that promotes long-term
adherence. Our study suggests that group exercise may be an
appropriate exercise intervention to improve motor function
and mobility for many people with PD. Future high-quality
RCTs are needed to further investigate the effects of group
exercise on motor function and mobility for people with PD
compared to IE.
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