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ARTICLE INFO ABSTRACT

Keywords: Introduction: Whilst non-motor experiences of daily living (NMeDL) reduce quality of life (QoL) in people with
Movement disorder Parkinson’s Disease (PD), research dedicated to NMeDL is lacking compared to motor symptoms. The aim of this
Neurodegenerative

Network Meta-Analysis (NMA) was to compare and determine the effects of exercise and dual-task training in-
terventions on NMeDL for people with early-to-mid stage PD.

Methods: Eight electronic databases were systematically searched, identifying randomised control trials (RCTs)
that assessed the effect of interventions on the Movement Disease Society - Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS); Part I scores. A fixed-effect pairwise and NMA were completed and confidence in estimates
were assessed using the Confidence in Network Meta-Analysis (CINeMA) framework.

Results: Five RCTs involving exercise were identified, involving 218 participants. No dual-tasking studies were
suitable. Pairwise comparisons favoured tango and mixed-treadmill training (TT) when compared to control,
however 95% Confidence Intervals (CI) crossed the line of no effect (MD = 0). Indirect comparisons revealed
tango had clinically meaningful reductions in Part I scores compared to speed-TT and body-weight resistance
training, (MD —4.47; 95% CI —8.50 to —0.44 and MD —4.38; 95% CI —7.86 to -0.90), indicating improved
NMeDL. Compared to control, low confidence evidence suggests tango and mixed-TT improves NMeDL.
Conclusions: Tango and mixed-TT are the most effective exercise interventions for improving NMeDL. Adoption of
an exercise program in the early stages of PD, irrespective of modality, may be effective and holds potential
clinical importance immediately following a diagnosis of PD.

Other: Prospero Registration Number; CRD42022322470.

Physical activity
Non-motor symptoms

1. Introduction

Parkinson’s Disease (PD) is the fastest-growing neurological disorder
in the world [1,2], with estimates that it will affect over 12 million in-
dividuals by 2040 [3,4]. In the past 20 years there has been an 81%
increase in loss of disability-adjusted life years, which equates to a loss of
5.8 million years, in addition to a 100% increase in deaths attributed to
PD, resulting in 329,000 deaths [2]. With an ageing population and no
current known cure, the ‘Parkinson’s Pandemic’ is a major contributor to
the increasing prevalence of neurodegenerative disease [3,5-7], and is
becoming a global public health concern [8]. Whilst investigations
examining motor symptoms have been a focal point of PD research for
many years, non-motor symptoms (NMs) are gaining increased attention
[9,10] as they develop years prior to motor symptoms, progress and
accumulate through the early-to-mid stages of PD and consequently
reduce quality of life (QoL) [11], increase disability [9] and contribute
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to a loss of independence [10,12]. Although motor symptoms and NMs
both affect QoL, NMs are suggested to greater impact QoL[13]. NMs
affect 100% of people with PD [14-16] and can include (but not limited
to) psychosis, hallucinations, delusions, apathy, excessive drooling,
constipation, nausea and vomiting, urinary incontinence, erectile
dysfunction, orthostatic hypotension and autonomic dysfunction, sleep
disorders including insomnia, excessive daytime sleepiness, rapid eye
movement (REM) sleep behaviour disorder, restless leg syndrome,
obstructive sleep apnoea, cognitive impairments and excessive sweating
[9,11,17-20]. Additionally, people with PD more likely to experience
depression, anxiety, pain and fatigue [11,20-22].

The Movement Disease Society-Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) is a comprehensive scale for the evaluation of
various symptoms and complications experienced in PD, while also
assessing the extent and burden of PD [23]. The MDS-UPDRS was
revised in 2008 to better evaluate the broad range and extent of NMs
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experienced in PD [23,24] and is comprised of four sections, including
Part I, NMeDL; Part II, motor experiences of daily living; Part III, motor
examination; and Part IV, motor complications [23]. The MDS-UPDRS is
the most widely used clinical rating scale for people with PD, and has
demonstrated reliability, validity and sensitivity to change [23,24].
With specific focus on NMeDL (Part I), previous work has demonstrated
that MDS-UPDRS scores attain a high correlation with scores of other
validated scales that assess NMs individually [25]. In addition to
providing an accurate assessment of the wide range of the NMs burdens
experienced in people with PD, Part I of the MDS-UPDRS has a favour-
able application time of approximately 10 min [25].

Current management strategies for PD include the prescription of
pharmaceuticals such as dopamine precursors, dopamine agonists and
monoamine oxidase, however such medications offer little symptomatic
relief of NMs [26]. Additionally, disease progression and waning phar-
maceutical effectiveness over time often leads to dosage increases and
additional side effects [26]. These limitations have resulted in the
advocation of non-pharmacological and complimentary strategies to be
incorporated into management of PD [27], such as participation in
regular exercise and dual tasking. Exercise is one of the most well
studied non-pharmacological strategies in the management of PD [28].
Rodent studies utilising neurotoxins to induce parkinsonism have pro-
vided evidence for the neuroprotective benefits of exercise and its role in
mitigating PD progression [26,29,30]. For people with PD, exercise has
been shown to improve QoL and decrease symptom severity, including
improvements in sleep quality and quantity[9], autonomic function
[31,32], cognition [33], depression, anxiety and QoL [34]. In contrast to
exercise, the effectiveness of dual tasking on NMs is less clear, with in-
dications that it may affect gait and NMs, while other studies have re-
ported no effect on NMs [35] and adverse outcomes [36].
Notwithstanding, Tibar, El Bayad examined the effect of NMs on QoL in
117 patients with a mean Hoehn and Yahr stage of 2 and identified the
most common symptoms were autonomic and sleep related [37]. Given
these findings, and the authors; suggesting that further understanding
the pathophysiology of NMs should be at the forefront of interventional
research aiming to improve symptoms and QoL in people with PD, this
network meta-analysis (NMA) will further explore the role of exercise
and dual-tasking as interventions that may be supportive of people with
early- to mid-stage PD.

The effects of exercise and dual tasking are well documented; how-
ever, limitations have restricted the ability to undertake correlational
research, resulting in limited high-quality literature. Study limitations
include poor methodological design, reduced participant numbers,
exclusion of healthy control groups and/or human subjects, lack of de-
mographic reporting and examination of isolated NMs [9]. Although
pairwise comparisons involving exercise and/or dual-task interventions
are abundant, little is known regarding the most effective intervention
for the improvement of NMeDL for those living with PD. Therefore, the
objective of this NMA was to compare and determine the effects of ex-
ercise and dual-task training interventions on NMeDL for people with
early to mid-stage stage PD and will simultaneously compare multiple
treatments in a single analysis via combination of both direct and in-
direct evidence.

2. Methods

The NMA was guided by the Cochrane Collaboration Handbook [38]
and reported in conjunction with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) extension incorpo-
rating NMA (PRISMA-NMA) [39,53]. The protocol for this NMA was
registered with the International Prospective Register of Systematic
Reviews (PROSPERO); CRD42022322470.

2.1. Eligibility criteria and study search

Eight electronic databases were systematically searched (CENTRAL,
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CINAHL, Emcare, Medline (OVID), ProQuest, PubMed, Scopus and Web
of Science) from inception until March 2022, with search terms used
provided in Table S1. Inclusion criteria included: (i) participants: human
subjects with early to mid-stage PD, classified as per the Hoehn and Yahr
(H&Y) Scale (Stage I-111); (ii) intervention: exercise or dual-task training;
(iii) outcome: MDS-UPDRS Part I scores; NMeDL[23]; and (iv) study
design: full text RCTs, provided in English. Studies were excluded when
they (i) included participants with other neurological conditions/dis-
eases, included people with advanced-stage PD (H&Y > Stage 4), (ii)
outcome measures other than MDS-UPDRS Part I were used, such as the
original UPDRS or Part 2, 3 or 4 exclusively, (iii) did not include a
control group or involved a single acute bout of training, (iv) were
feasibility, efficacy, pilot or study protocols and/or designs, abstracts or
conference presentation posters.

2.2. Screening and data extraction

Two authors (PT, MS) independently screened titles, abstracts and
the full text of potentially eligible RCTs, with disagreements resolved by
consensus. Data extracted was completed by the primary author and
included data pertaining to: 1) characteristics of participants, including
sample size (number of males), age (years + SD), duration of disease
(DoD) (years + SD), H&Y Stage (mean + SD), MDS-UPDRS; Part I and
Total MDS-UPDRS scores (mean + SD), Levodopa medication dosage
(mg) (mean + SD) and medication stage (ON or OFF) during testing, and
2) characteristics of training interventions including, type and details of
interventional and control groups, characteristics of each group and
dosage of each intervention, including durations of each intervention
(weeks), sessions per week and time of each session. Contact was made
(PT) with authors from studies that reported sections of the MDS-UPDRS
other than Part [, in aim to identify additional eligible studies.

2.3. Risk of bias assessment

Risk of bias (RoB) was completed independently by two authors (PT,
TM) and was assessed using the revised Cochrane Collaboration tool for
RCTs (RoB v2.0) [38], according to 6 domains including bias 1) arising
from the randomisation process, 2) due to deviation from intended in-
terventions, 3) due to missing outcome data, 4) in measurement of the
outcome, 5) in the selection of the reported result and 6) overall bias
[40]. Discrepancies were resolved via consensus. Overall bias was
considered “low risk of bias”, “some concerns” or “high risk of bias”. Low
risk of bias studies presented a “low risk” judgement in all six domains,
studies with some concerns presented “some concerns” in at least one
domain but no “high risk” domains and studies with “high risk of bias”
attained at least one “high risk of bias” judgment across the six domains.

2.4. Assessment of homogeneity and transitivity

Clinical and methodological heterogeneity was assessed through the
examination of study and trial characteristics across all eligible studies.
NMA validity assumes that any participant included in the network
could be randomised to any of the available interventions (transitivity)
[41] and assessed via consideration and distribution of the major effect
modifiers across the comparisons, including baseline disease severity,
methods utilised for classifying disease severity and duration of in-
terventions [42].

2.5. Data synthesis

Direct comparisons were obtained via the visual presentation of a
network plot [43], where the node size represents sample size, colour
represents RoB judgements, thickness of the line connecting the nodes is
proportional to the number of studies and line colour (yellow) indicates
mean indirectness. A pairwise meta-analysis was performed for each
direct comparison. Data from trials were pooled to estimate the overall
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effect on NMeDL of any intervention compared to control. A fixed-effect
NMA was performed as there was only one exercise intervention per
comparison identified. Multi-arm studies were treated as independent
comparisons. For each comparison, continuous outcomes were calcu-
lated as mean difference (MD) and 95% confidence intervals (CIs).

2.6. Confidence in the evidence

Confidence in the results was evaluated using the CINeMA (Confi-
dence in Network Meta-Analysis) framework and web application.
CINeMA is an adaptation of the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) approach for a NMA [44].
The credibility of treatment effects was evaluated via consideration of
study limitations, indirectness, inconsistency (heterogeneity and inco-
herence), imprecision and publication bias. Each domain was graded by
combining the direct evidence with respective statistical contributions
to the network results and were then summarised to obtain a confidence
judgement for each pairwise effect estimate. Publication bias was
assessed via consideration of search completeness, however, due to
small-study effects (<10), evaluation of funnel plot symmetry was not
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completed, and therefore could bias I2 estimates and add to uncertainty
[45].

3. Results

The search retrieved 9,573 studies, of which 5 were identified as
being eligible for inclusion in the NMA (Fig. 1). A list of eligible and
included studies are provided in Table S2. As shown in Figure S1, one
closed loop was identified within the network, containing a single multi-
arm study. Included studies consisted of six interventional groups with
119 participants, five control groups with 99 participants, 61% of which
were male. Of the available information, participants’ mean =+ standard
deviation (SD) age was 67 + 6 years, disease duration was 5.8 + 2.5
years and H&Y stage was 2.20 + 0.5. Mean + SD MDS-UPDRS; Part I
scores were 8 + 4 and mean + SD MDS-UPDRS total scores were 51 +
16. Mean + SD levodopa medication dosage was 571.50 mg + 349.81
mg. Intervention durations ranged from 10 to 52 weeks and involved 1
to 3 sessions per week for 1 h in duration (Table 1). Due to the low
number of studies and their differing interventions, each intervention
remained independent in the analysis, including a multi-arm study

[ Identification of studies via databases and registers ]

Records identified from:

Databases (8 = 28, 474)
CENTRAL (n=715)
CINAHL ( n = 2407)
Emcare (n =138)
Medline (n = 181)
Proguest (n = 23, 943)
Pubmed (n = 449)
Scopus (n = 205)

Web of Science (n = 436)

Identification

Records removed before
screening:

}

Records screened
(n=9,573)

Duplicate records removed
(n =880)

L4

Records marked as ineligible

by automation tools
(n = 18,021)

« | Records excluded

Reports sought for retrieval
(n=883)

Screening

Y

Reports assessed for eligibility
(n=883)

(n = 8,680)

Y

Studies included in review (n = §)

[ Included ] [

Reports excluded:
Ineligible intervention: (n = 130 }

Ineligible participant
characteristics: (n = 19)

Ineligible outcomes: (n = 368)

Ineligible study design: (n = 371)

Fig. 1. The PRISMA Screening Flow Chart used for to identify eligible studies for inclusion, using the updated guideline for reporting systematic reviews [52]. The
systematic search identified 28, 747 studies, of which 9,573 were screened at the title and abstract level. 893 studies were then screened in full text, to identify 5

eligible studies for inclusion.
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Table 1

Study, Sample Size, Participant and Intervention Characteristics of Included Studies.

Clinical Parkinsonism & Related Disorders 9 (2023) 100203

Study Sample Participant Characteristics Intervention Characteristics
(year) Size R .
(n=m) MeanAge DoD H&Y MDS- MDS- LDOPA On/ Intervention Characteristics Dose
(SD) (SD) (SD) UPDRS;I UPDRS (mg) Off
(SD) Total (SD) State
(SD)

Albrecht 1G: 34 70.2(5.8) 5.7 2.1 8.9 52.3 610.5 On 1G1: HiBalance IG: Small group sessions of gait and 1G: 10w-2
etal., (20) (4.5) 0.3) (5.4) (20.7) (355.8) balance training x lhr/w
2021 CG: 31 70.4 (6.1) 4.5 2.2 8.9 46.7 458.3 On CG: Active CG: Speech training + Active control ~ CG: 10w-
[48] (20) (3.4 0.4 (5.5) (16.0) (293.2) Control 1 x 1hr/w

Amara 1G: 27 65.3 (8.1) 8.8 56.4 1G1: Combined IG: Exercises (x5) to improve IG: 16w-
etal., (16) (1.0) (18.1) RT + BWFM strength and muscle mass (3 s @ 8- 3sx/wW
2020 12reps) + Trunk to improve postural
[47] stability + 3-4BW exercises to

improve power and balance (50 reps
each)
CG: 28 65.8 (5.1) 9.7 50.0 CG: Sleep CG: Discussion with sleep medicine CG: 30-
19 (1.2) (20.9) Hygiene physician 60mins
every 4w

Duncan 1G: 26 69.3 5.8 2.6 10.6 Off 1G1: IG: Participants altered between IG: 52w-
etal., (15) (1.9) (1.1) (1.0) (4.9) Community- leader and follower, learnt new steps 2 x lhr/w
2012 Based Tango and changed partners frequently
[49] Program throughout 12mnths.

CG: 26 69.0 (1.5) 7.0 2.5 12.4 Off CG: Usual Care CG: usual care, no prescribed NA
(15) (1.0) 1.00 (6.7) Control exercise

Michels 1G: 9 66.4 2.1 11.8 55.4 1G1: Dance IG: Combined dance and talk therapy ~ IG: 10w-
et al., (0.3) (5.4) (15.8) Therapy 1hr /w
2018 CG: 4 75.5 2.5 10 65.7 CG: Control CG: Group discussions of PD CG: 10w-
[50] (1.0) (3.6) (13.0) (Support) interventions and interventional 1hr/w

Group management strategies

Nadeau 1G1: 12 64.0 (6.6) 1.9 3.5 53.5 IG1: Speed IG1: 5 min warm up, 45 min session 1G1: 24w-
et al., 8) 0.2) 2.3) (16.0) Treadmill (walking only), 5 min cool down. 3 x 1hr/e
2014 Training Commenced at 80% of participants
[46] preferred walking speed. When

participants reached 100% + RPE

was < 4 on modified BORG scale +

<75% HRm midway through

previous session, speed was

increased 0.2 km * h™! in next

session
1G2: 11 60.0 (6.8) 1.9 1.4 40.5 1G2: Mixed 1G2: Same progression criteria as 1G2: 24w-
(10) (0.1) 1.0) (8.3) Treadmill IG1. When criteria were met, 3 x 1hr/e

Training treadmill incline

(+1%) and treadmill speed (0.2

km * h-1) were alternately increased
CG: 11 64.3 (5.6) 1.8 2.6 34.3 CG: Active CG: “Viactive” program - low- CG: 24w-
9 0.2) (2.5) (12.9) Control intensity at home exercise 2 x 1hr

(home)

Abbreviations: Control Group, CG; Hour; hr; Heart Rate Max, HRm; Interventional Group 1, IG1; Interventional Group 2, IG2; Standard Deviation, SD; Week, w.

Grey shaded areas indicate data was not available and/or provided.

which was treated as two separate interventions, (6) including, Balance
and Gait (BG), 1; Dance and Movement Therapy (DMT), 1; Mixed
Treadmill Training (MTT), 1; Speed Treadmill Training (STT), 1;
Resistance Training and Body Weight Functional Training (RTBW), 1;
Tango (T), 1 as shown in in the network plot (Figure S1).

3.1. Risk of bias assessment

Of the five (5) studies assessed, as outlined in Table S3, two studies
were judged to be high RoB due to missing outcome data and RoB in the
measurement of the outcome [46,47]. The remaining three studies were
judged to be of ‘some concerns’, due to bias arising from the random-
isation process, deviations from intended audience, missing outcome
data and bias in the selection of the reported result [48-50] (Table S3).

3.2. Assessment of clinical heterogeneity and transitivity

As there were only one study per comparison, an in-depth assessment
and evaluation of heterogeneity and transitivity were not possible. Of
the information provided within each of the included studies, variability
in clinical characteristics was not identified; including the age of

participants, disease duration and disease severity including the MDS-
UPDRS; Part I score and total MDS-UPDRS scores. All studies indi-
cated disease severity by incorporating the MDS-UPDRS total score and/
or classification as per the H&Y Scale. Variability in intervention dura-
tion was identified between included studies, with duration ranging
from 10 to 52 weeks. No other variation in effect modifiers was
identified.

3.3. Pairwise and network-meta analysis

Compared to baseline, a decrease of > 2.64 (—2.64) in mean MDS-
UPDPRS; Part I scores represents a minimal, yet clinically meaningful
improvement in symptoms, whilst an increase of > 2.45 (+2.45) in-
dicates a clinically meaningful worsening of symptoms [51]. Results
from the pairwise meta-analysis are presented in Fig. 2. Tango and mixed
treadmill training interventions were more effective than control in
reducing MDS-UPDRS; Part 1 scores (MD — 3.27; 95% CI — 6.69 to 0.15,
MD —1.00; 95% CI — 2.65 to 0.65), respectively (Fig. 2). The remaining
interventions, including balance and gait training, combined resistance
training and body weight functional training, speed treadmill training
and dance and movement therapy all had a mean difference beyond the
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MD
TvCH [ } | 327
MTT v CH — -1.00
£ BGvcd ——+—H 0.77
5
f=%
§ RTBW v C 4 2.19
8
E STT v CH } t { 1.20
DMT v C- } t { 1.11
STT v MTT —+— 2.20
T T T T
-10 5 0 5 10

Mean Difference in MDS-UPDRS; Part I scores

no effect line (MD > 0) (MD 0.77; 95% CI —1.44 to 2.98, MD 2.19; 95%
CI —4.86 to 9.24, MD 1.20; —0.93 to 3.33), respectively (Fig. 2). Addi-
tionally, speed treadmill training was not favoured when compared to
mixed treadmill training (MD 2.20, 95% CI 0.62 to 3.79) (Fig. 2).
Results from the network meta-analysis are presented in Fig. 3. Of all
(14) indirect comparisons, two comparisons did not cross, and remained
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Fig. 2. Forest Plot of direct comparisons in Network Meta-

95% CI
Analysis. Forest plot of pairwise analysis results of mean
change in MDS-UPDRS scores in Direct Comparisons. Black
-6.69, 0.15 lines represent confidence intervals (CIs) for mean difference
(MD) for each comparison. The centre line is the line of no
-2.65,0.65  effect (MD = 0). MD < 0 favour the first intervention, and MD
> 0 favours the second. Space between dashed lines is the
-1.44,2.98  range of equivalence, extending from MD = —2.64 to MD =
2.45. MD values that extend beyond this range represent
-4.86,9.24 minimal, yet clinically-meaningful improvement (<—2.64) or
worsening (>2.45) on non-motor experiences of daily living
0.93.333 (MDS-UPDRS; Part I) [51]. Predictive intervals were not
? available since a fixed-effect model was used. MD: Mean dif-
ference; CI: Confidence Interval; BG; Balance and Gait training;
045, 1.77 DMT: Dance and Movement Therapy; MTT: Mixed Treadmill
Training; RTBW: Resistance Training and Body Weight Func-
0.62, 3.79

tional Training; STT: Speed Treadmill Training; T: Tango.

assumption could not be completed.

3.5. Confidence in the evidence

Confidence in estimates for change in mean MDS-UPDRS; Part I

on the left-hand side of, the ‘line of no effect’ (MD = 0) (Fig. 3),
including tango versus speed treadmill training and tango versus com-
bined resistance training and body weight functional training compar-
isons (MD — 4.47; 95% CI — 8.50 to — 0.44 and MD —4.38; 95% CI —
7.86 to — 0.90), respectively. All other (12) indirect comparisons crossed
the line of no effect (MD > 0) (Fig. 3).

3.4. Assessment of statistical heterogeneity and inconsistency

Heterogeneity for pairwise comparisons of any intervention versus
control was considered moderate (I2 = 55.13); however, this estimation
must be interpreted with caution as there were very few studies avail-
able to complete a more robust heterogeneity estimation. The number of
studies in this NMA was small, thus, the estimations of heterogeneity
may be inaccurate. Since the only closed loop was derived from a single
multi-arm study [46], a statistical evaluation of the consistency

MD

TvDMT 4 | | -5.46

TvSTT p——t—— -4.47

Tv RTBW I -4.38

TvBG- | } -4.04

g TVMITH | | | 2.27

g | | 0.09

2 STTVRIBW f f

£ STTvDMT+ f } | -0.99
o

$  STTVBGH } ; 0.43

£ RTBWvBGH —t— 0.34
=

RTBW v DMT f } | -1.08

RTBW v MTT - —— 2.11

MTT v DMT } 1 | -3.19

MTT v BG ! } ] -1.77

DMT v BG } } | 1.42

T T [ | 1
-15 -10 5 0 5 10

Mean Difference in MDS-UPDRS; Part I Scores

scores are considered low to very low due to study limitations, impre-
cision, heterogeneity, indirectness and publication bias (Table S4).
Studies were downgraded for study limitations due to RoB judgements.
The small number of studies resulted in wide CIs, equating to 71.4% of
all (14) indirect comparisons identifying as some (6; 42.8%) or major (4;
28.6%) concerns with imprecision. Predictive interval estimate and
assessment of incoherence could not be completed due to small sample
size and missing mixed evidence, and therefore inconsistency was
downgraded. Indirectness was downgraded to account for variation in
one effect modifier identified (length of intervention), potentially
undermining the assumption of transitivity. Publication bias was
downgraded due to bias in selection of the reported result. The assess-
ment of small-study-effects could not be completed.

4. Discussion

The aim of this Network Meta-Analysis (NMA) was to compare and

95%CI Fig. 3. Forest Plot of indirect comparisons in Network Meta-
_13.29 237 Analysis. Forest plot of network meta-analysis results of mean
850  -0.44 change in MDS-UPDRS scores in Indirect Comparisons. Black
lines represent confidence intervals (CI) for mean difference
786 -0.90 (MD) for each comparison. The centre line is the line of no
-8.11  0.03  effect (MD = 0). MD < 0 favour the first intervention, and MD
-6.07 1.53 > O favours the second. Space between dashed lines is the
214 23 range of equivalence, extending from MD = —2.64 to MD =
2.45. MD values that extend beyond this range represent
835637 minimal, yet clinically-meaningful improvement (<—2.64) or
264 3.50  worsening (>2.45) on non-motor experiences of daily living
-1.97 2.65 (MDS-UPDRS; Part I) [51]. Predictive intervals were not
816 6.00 available since a fixed-effect model was used. MD: Mean dif-
034 388 ference; CI: Confidence Interval; BG; Balance and Gait training;
DMT: Dance and Movement Therapy; MTT: Mixed Treadmill
-1043 4.0 Training; RTBW: Resistance Training and Body Weight Func-
-4.53 099 tional Training; STT: Speed Treadmill Training; T: Tango.
-5.97 8.8l
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determine the effects of exercise and dual-task training interventions on
NMeDL for people with early- to mid-stage PD. No dual-task training
studies were identified as eligible for inclusion. Screening revealed that
only five studies examined the effects of exercise on NMeDL, when
compared to control. Low confidence evidence suggests that these ex-
ercise interventions had no clinically meaningful effect on the NMeDL in
people with early- to mid-stage PD. Of the examined interventions,
tango and mixed (incline and speed progression) treadmill training were
the most effective in attenuating NMeDL.

The current NMA is the first to examine the effects of exercise in-
terventions on the NMeDL in people with early- to mid-stage PD and
includes a protocol registration within the PROSPERO database,
reporting in alignment with the PRISMA-NMA extension and the
comprehensive and systematic search of eight electronic databases,
including CENTRAL. Further, confidence in estimates were assessed
using the newly developed CINeMA framework and application. Limi-
tations that arose in this study are attributable to the restricted literature
available for inclusion, including the total number of eligible studies,
lack of head-to-head trials and studies incorporating a control group,
resulting in a scarce network plot. Additionally, the limited number of
studies prevented a thorough statistical evaluation of required as-
sumptions, adding to uncertainty in our conclusions. Emphasis was
placed on the clinical assessment of transitivity, which comprised a strict
inclusion criterion pertaining to patient and study characteristics. Some
of the included studies did not report all desired participant character-
istics such as H&Y stage, and most studies did not report if participants
were in the ON or OFF medication phase when completing physical
assessments and exercise training. Exploration of heterogeneity via
meta-regression techniques was not possible due to lack of adequate
trials [51]. Lastly, only studies that reported NMeDL, using the MDS-
UPDRS; Part I, were included and, therefore, some bias could not be
avoided.

Results of this study highlights the need for further robust RCTs
examining the effect of exercise and dual-task training on NMs in PD and
several areas and opportunities for interventional research in the ex-
amination of non-motor symptoms and NMeDL for people with PD. Total
MDS-UPDRS scores are the sum of all four sections in examining severity
and progression of PD, with higher scores indicating increased severity
and progression of the disease. Although people included in the analysis
were all classified as early- to mid-stage (H&Y: 1-3) PD, total MDS-
UPDRS scores differed. Interestingly, the most effective interventions
for attenuating NMeDL, were conducted with participants that had
decreased baseline MDS-UPDRS scores. Unfortunately, total scores for
tango were not attainable, however baseline participant scores for the
second most effective intervention (mixed treadmill training) were 41 in
comparison to the least effective intervention (combined resistance and
body weight functional training) where baseline participant scores were
56. These differences may suggest that adoption of an exercise program
in the early stages of the PD progression may be most effective and holds
potential clinical implications immediately following a diagnosis.
Furthermore, it may suggest that favouring or choosing one exercise
modality for those with PD may not be of particular importance, but
adherence to an exercise intervention, irrespective of modality, may be
more important than the mode of exercise itself. Whilst further research
is required, the confirmation of this theory would have marked impli-
cations for clinical management guidelines for PD.

Given the findings of this NMA, future interventional research should
directly compare the effectiveness of a given intervention in very early
stage or recently diagnosed PD to those with moderate-stage PD.
Another avenue for further investigation and research is the total
duration, including weeks and total time (hours), of exercise required to
produce clinically meaningful change. The most effective interventions
were those that were longer in duration and involved a greater amount
of exercise time. Tango, shown to be most effective, was conducted over
52 weeks and involved 104 h of total exercise time. Following tango,
mixed treadmill training included 24 weeks in duration and involved 72
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h of total exercise time. In contrast to tango and mixed treadmill
training, combined resistance and body-weight functional training was
the least effective, which was 16 weeks in duration and only involved 48
h of total exercise time. Of note, participants in the ‘least effective’
intervention were classified as having the most advanced PD of all
included studies, and therefore could have influenced the results.
Further research should investigate resistance and body-weight func-
tional training with earlier stage PD, including those with MDS-UPDRS
scores < 40. The screening process revealed that a large proportion of
publications since 2008 are using the original UPDRS (1987) assess-
ment. In addition to using the revised MDS-UPDRS, including Part I
(NMeDL), future research should focus on examining head-to-head trials
and increasing the variety of interventions, via the inclusion of exercise
and dual-task training interventions. Given PD is extremely heteroge-
nous, all information pertaining to participant demographics, stage and
duration of disease, medication states during assessment and medication
quantity are pertinent to increasing transitivity in future research.
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