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Abstract. C)

Background: Interest in non-pharmacologic -syrgical interventions to treat Parkinson’s disease (PD) has substantially
increased. Although a few health-economy ave been conducted, summary information on the cost-effectiveness is
still scarce.

Objective: To give an overview of iveness analyses (CEA) focusing on non-pharmacological/non-surgical inter-
ventions in PD patients.

Methods: A systematic litera @ arch was conducted in five databases. Studies were included that provided cost-
effectiveness analysis (CEAf) or coSetility analysis (CUA) of non-pharmacological/non-surgical interventions in PD patients.
Study quality was assessed§yithgthe Drummond and CHEERS 2022 checklists respectively, for economic evaluation.
Results: N=9 studies published between 2012-2023 were identified. Most studies undertook a CUA (n=15); n =3 reported
a combination of CEA and CUA, and n=1 a pure CEA. Most studies (n=6) examined physical exercise. The CEA studies
identified additional costs of 170€-660€ for the improvement of one single unit of a clinical outcome and savings of
18.40€-22.80€ per score gained as measured with established instruments. The four studies that found significant quality of
life benefits show large variations in the incremental cost effectiveness ratio (ICER) of 3,220€-214,226€ per quality-adjusted
life year (QALY); notably interventions were heterogenous regarding content and intensity.

Conclusions: Despite increasing numbers of non-pharmacological/non-surgical intervention trials in PD patients, health-
economic evaluations are rare. The examined intervention types and health-economic results vary greatly. Together with the
heterogeneity of the health-economic studies these factors limit the conclusions that can be drawn. Further research and a
standardization of methods is needed to allow decision makers to make meaningful interpretations, and to allocate scarce
resources.
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INTRODUCTION

Neurological disorders including Parkinson’s dis-
ease (PD) are the third most frequent cause of
disability and early death in the EU [1]. Accord-
ing to the 2016 Global Burden of Diseases study
neurological disorders were the primary cause of
disability-adjusted life-years, and the total number
of disability-adjusted life-years allocatable to neuro-
logical disorders in the EU was 21.0 million.

Despite optimal pharmacological adjustment, the
majority of PD patients experience a broad range of
quality of life (QoL)-limiting motor (e.g., bradykine-
sia, rigor, tremor, gait impairment) and non-motor
symptoms (e.g., hyposmia, cognitive impairment,
depression) [2, 3]. This places a huge burden on the
affected patients, their families, and caregivers.

PD therapy guidelines comprise pharmacotherapy
and deep brain stimulation (DBS) [4, 5]. Furthermore,
non-pharmacological or non-surgical approaches
have attracted increasing interest as part of the therapy
regime. They comprise, e.g., physiotherapy, physical
activity, occupational therapy, speech therapy, and

[4-10].

However, a so far unresolved question is w,
treatment options are cost-effective from 1t
economic perspective (i.e., the degree t@ an
intervention is effective in relation cosfs). As
policy makers and healthcare provij e concerned
with resource allocation decisio@!ﬂ\ -economic
evaluations of effective inter, @\ are of high rel-
evance [11]. Health-ec gvaluations can be
conducted from differe@ectives (e.g., payer or
societal perspective). Depefiding on the perspective,
different types of cost data need to be collected. The
broader the perspective (e.g., societal), the broader
the collection of cost data (e.g., through collecting
data on welfare loss due to caregiver abstinence from
work).

For example, a study with early PD patients com-
paring costs and utilities before and after starting
drug treatment demonstrated that it improved util-
ities, and an Incremental Cost Effectiveness Ratio
(ICER) of €45,259 per quality adjusted life year
(QALY) was shown [12]. Notably, a systematic
review from 2019 [13] including 26 pharmacologi-
cal trials concluded that health-economic studies are
still rare and more studies are needed to clearly define

the cost-effectiveness of these treatments. Even less
data is available on health-economic evaluations of

for the efficacy of these interventions is growin&
er

non-pharmacological interventions in PD. Afentou
et al. [14] conducted a systematic review covering
health-economic evaluation of pharmacological and
non-pharmacological PD treatments. Within the non-
pharmacological/non-surgical studies, eight studies
were included covering physical exercise and occupa-
tional therapies. The authors summarized that among
early-stage treatments Tai Chi dominated all physi-
cal interventions but its cost-effectiveness should be
further explored in relation to its duration, intensity,
and frequency. Notably, the literature search cov-
ered studies published between 2010 and 2018, so
that older studies might have been missed, and an
update of studies lasting until 2023 is reasonable in

this rapidly developingffesearch field. A systematic
review addressing spe ally health-economic eval-
uations of non-phl gical interventions in PD
is missing so {4

Against kground, the aim of this sys-
tematic @AS to give an updated overview of
cost- tigness analyses (CEA) focusing specif-
icall@ non-pharmacological and non-surgical
\{

ir economic outcomes. Following the “PICO”
format [15], this systematic review focuses on idio-
pathic PD patients (P =population), treated with a
non-pharmacological and non-surgical intervention
(I=intervention), compared with usual care and/or
active control groups (C =comparison), and its cost-
effectiveness (O = outcome).

entions in PD patients, to evaluate the qual-
cognitive and behavioral approaches [4]. Evidence @ f the identified studies, and to evaluate

MATERIALS AND METHODS

The systematic review adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [16]. It is registered in
the International Prospective Register of Systematic
Reviews (PROSPERO; CRD42020136015). In this
registration the original, broad search strategy was
lined out. However, after precise full-text examina-
tion non-comparative studies were discarded due to
a lack of homogeneity and, thus, the impossibility
to make comparisons between the health-economic
results. Therefore, it was decided for this review to
focus on the comparative study designs CEA or cost
utility analyses (CUA).

Keywords, databases, and review process

To identify eligible studies, we searched the
databases MEDLINE Ovid, EMBASE, PsycINFO,
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CENTRAL, and the Centre for Reviews and Dissem-
ination up to July 21, 2023 (including two update
literature searches in January 2022 and July 2023).
English and German articles were included. Addi-
tionally, the included studies in previously published
systematic reviews [8, 17-29] were identified via
hand-search and checked for eligibility.

Databases were searched using a combination
of keywords (Supplementary Table 1). Keywords
were clustered into three categories: study par-
ticipants, intervention types, and health-economic
evaluations. Based on previous research on evidence-
based medicine recommendations for treating motor
and non-motor symptoms [6, 30], we identified seven
different categories of non-pharmacological inter-
ventions covering cognitive interventions including
transcranial magnetic stimulation (TMS) and tran-
scranial direct current stimulation (tDCS); music,
art and drama; psychotherapy; language and speech
therapy; physical activity; gaming; and other inter-
ventions such as occupational therapy.

Titles and abstracts were screened according to the
eligibility criteria using the software Covidence [31].
Afterwards, the full-text articles of the studies were
then evaluated with regard to the final decision o
inclusion in the systematic review. The process
independently done by two authors (DHN, AKF): 1
case of uncertainty a third author (EK) was m
to discuss critical studies until consensus eached

on the abstract as well as full-text le‘Q~

Eligibility criteria

Study designs and publifatiog“ Bpe

Health-economic ev ons (including both
trial-based and modeling studies) for non-
pharmacological or non-surgical interventions
in idiopathic PD patients were included. Studies
that just stated that the intervention is cost-effective
without providing an evaluation were not included.

Reviews and meta-analysis were excluded as well
as editorials, letters to the editors, comments, con-
ference posters and further conference contributions,
study protocols, books and book chapters.

Study participants

Eligible patients were individuals of all sexes 50
years or older with a clinical diagnosis of idio-
pathic PD. Studies with patients having a diagnosis
of atypical, genetic, or secondary Parkinsonism were
excluded.

Types of interventions

Single and combined non-pharmacological/non-
surgical approaches were considered. Additionally,
interventions for both patients and relatives were
included.

Patient-centered care approaches, nursing/care
interventions/networks following a health services
research approach which were included in the previ-
ously published review by Afentou et al. [14], studies
targeting the evaluation of diagnostic instruments
(e.g., neuroimaging techniques, test materials, exper-
imental designs), and interventions only provided to
PD relatives were excluded [32, 33].

Types of health-econo?valuations

Two types of he nomic analyses were con-
sidered:

e CEA,i.e aring the incremental costs of the
co -@, terventions and their incremental
icAl outcome effects in natural units (e.g.,

ts of blood pressure reduction) [34]
CUA, as a variant of a CEA, i.e., comparing

he incremental costs of a program to the incre-
mental health improvement measured typically

@ in QALY as a generic measure [34].

Health-economic outcomes

CEA and its variant CUA relate costs and benefits
(outcomes) of interventions by dividing the differ-
ence in costs by the difference of the intervention
effects. These ratios are called ICER (for CEA)
and Incremental cost-utility ratio (ICUR; for CUA).
ICER and ICUR can be used as guidance as to how
cost-effective an intervention is deemed in relation-
ship to its comparator (e.g., usual care). For example,
if the new intervention is both more effective and
costs less, the new intervention is considered to be
dominant. If the new intervention is more effective but
also costs more, the cost-effectiveness is determined
by the willingness-to-pay of the chosen perspective
(i.e., society, health politics or the Statutory Health
Insurance). An evaluation on the cost-effectiveness
of an intervention depends on increases realized in
the outcome, e.g., PDQ-39 changes. This means that
it is possible to provide information about how much
money needs to be invested to gain a change in a
specific clinical outcome.

CEA uses clinical effects to express benefits that
are revealed as ICERs [35]. An ICER summarizes
the costs per unit in a measurement instrument of
the intervention compared with control groups. An
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ICER is derived by dividing the difference in total
costs between the competing interventions (incre-
mental cost) by the difference in a specific measure
of health effect or outcome (incremental effect) [36].

In contrast, CUA uses generic measures such as
QALYs derived from standardized questionnaires
(e.g., EQ-5D).

To ensure comparability, the monetary values
given in the included studies in different currencies
were recalculated in Euro and inflated to 2022 by
using the CCEMG-EPPI-Centre Cost Converter soft-
ware (version 1.6).

Data extraction and synthesis

The following information was extracted from
every included study: general information (i.e.,
authors and publication year, country, sample
size), intervention details (i.e., intervention type,
duration and frequency, comparator) and detailed
information of the health-economic analysis (i.e.,
health-economic analysis type, perspective, costs
included, health-economic outcomes). Standardized
data selection forms were employed by two reviewers

expert was asked for advice (DM, see Acknowl
ments).

A formal meta-analysis could not be con th}
g&cc?nes.

to the heterogenous intervention types an

Q.

For the assessment of me @ ical study qual-
ity in terms of study ign, data collection and
analysis of the include@?es, the 10-item Drum-
mond checklist for econo evaluations [34] and the
28-item Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) checklist [37] were
used. To ensure objectivity, two reviewers (DHN and
AKF) independently evaluated the studies. In case

of conflicts, an external expert was asked for advice
(DM, see Acknowledgments).

Quality assessment

RESULTS
Inclusion of studies

The systematic database literature search led to a
total of 16,679 identified publications; additional 133
publications were collected through manual search.
After removing duplicates, a total of 7,266 publi-
cations were screened. Potentially eligible full-text

papers (N =295) were retrieved for further consider-
ation, of which 275 were excluded. Health-economic
evaluations of eligible interventions were identified
in 20 studies. Eleven studies were further excluded
because of methodological heterogeneity, i.e., these
studies did not include a CEA or CUA. Finally, nine
studies were included in this systematic review (see
Fig. 1 for the PRISMA flow chart and including rea-
sons for exclusion).

Study designs

All included studies (N=9; Tables 1-3) were
health-economic evaluations along-side a random-
ized controlled trial. [Me majority of these studies
(4) were conductedin We UK [38-41], the others
were conducted i %l [42], France [43], Aus-
tralia [44], USA #or in the Netherlands [46].
Studies we @

¢ ed between 2012 and 2022.
Patingation

g total, N=2244 PD patients were included in

he Studies. Mean age of the study samples ranged
(DHN and AKF). In case of ambiguities, an externg om 60 years [38] to 77 years [45]. Equal or more

male than female patients were included (between
50% [38] and 65% [40] male patients), except for
one study (30% male patients) [45]. All patients had
a confirmed clinical PD diagnosis, whereas in 4 stud-
ies the UK Brain Bank Clinical Diagnosis Criteria
was used as an inclusion criterion [38, 40, 43, 45].
Hoehn and Yahr (H&Y) stages ranged between I and
V, whereby stage V was only defined as eligibility
criteria in two studies [40, 46], and Bogosian et al.
[38] did not report any H&Y stage at all. Mean dis-
ease duration ranged between 2.1 years [38] and 8.6
years [41].

Intervention and control groups

From the nine studies, six studies conducted a
physical intervention. Four of these studies con-
ducted physiotherapy [39, 41, 42, 44], one study
combined physiotherapy with occupational therapy
[40], and one study conducted Tai Ji Quan [45].
One study examined a mindfulness-based interven-
tion [38], another one an education (psychosocial
support) program [43]. One study exclusively exam-
ined occupational therapy [46].

Study duration varied from 2 to 12 months. Most
studies (N =5) conducted an intervention period of 2
and 2.5 months, respectively [38, 40—42, 46]. Three
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Fig. 1. PRISMA flow diagram of the study selection process. CEA, cost-effectiveness analysis; CUA, cost-utility analysis; PD, Parkinson’s
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Table 1
Key characteristics of studies including pure cost-effectiveness analyses

Author Intervention Comparator(s) Economic Costs included Health-economic

(year; country) (duration, study design results, ICER

Sample size frequency) (perspective) (value in Euro

€ inflated to 2022)

Canivet [43] (2016, F) Psychosocial support Usual care CEA (cost per score  Intervention-related: 1CER:
N=120 program and standard (12 months) point gained on the Travel expenses —22,80€ / per score

neurological care

(12 months, quarterly

1 individual and 3
group sessions)

UPDRS II and
UPDRS III scale

(Payer)

Non-intervention-
related:

Medication use,
health service use

UPDRS 1T

UPDRS III

CEA, Cost-effectiveness analysis; ICER, Incremental cost-effectiveness ratio; UPDRS, Unified Parkinson’s Disease Rating Scale.

point gained on the

— 18,40€ / per score
point gained on the
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Table 2
Key characteristics of studies including pure cost-utility analyses

Author Intervention Comparator(s) Economic Costs included Health-economic

(year; country) (duration, study design results, ICER (value in

Sample size frequency) (perspective) Euro € inflated to

2022)

Bogosian [38] Mindfulness-based Usual care CUA (Payer) Intervention-related: ICER: 31.010 €/ QALY

(2022, UK) Intervention Intervention costs (no
N=60 (8 weeks, 1 specification given)

session/week) Non-intervention-
related: -

Xin [39] (2020, UK) Physiotherapy Usual care (plus  CUA (Payer) Intervention-related: ICER: 152.240

N=474 intervention for aDVD) Training, travel €/ QALY
fall prevention expenses, equipment,
(PDSAFE) consumables
(6 months, 12 Non-intervention-
sessions) related: -
Clarke [40] (2016, Physiotherapy and No therapy CUA (Payer) Intervention-re, ICER:4.680€/ QALY
UK) occupational Intervention
N=762 therapy (8 weeks, Non-inte 8
frequency N/S) related’ % ation
ug At Crvice use
Sturkenboom [46] Occupational Usual care CUA (Societal) 1é @ -related: ICER: non-significant
(2015, NL) therapy (10 weeks, tervention costs, differences in costs
N=191 frequency N/S) 1mplementation costs and QALYs*
n-intervention- *When society is willing
related: Health service to pay €20.000 per
use, absence from QALY gained, the net
Q work and informal benefit of the
care hours intervention for the
caregiver is positive,
& with a probability of
95%.
Fletcher [41] (2012,  Exercise Usual rC) CUA (Payer) Intervention-related.: ICER: dominates; i.e.,
UK) intervention Training, travel less costly and
N=130 (10 weeks, 1 expenses, equipment, clinically more
day/week) consumables effective
Non-intervention-
related: Medication
P use, health service use

CUA, Cost-utility analysis; ICER, @n;l cost-effectiveness ratio; N/S, not specified; QALY, Quality-adjusted life year.

studies examined an interv

ion period of six months

of a stretching and a resistance training program,

[39, 44, 45], and one study an intervention period of
12 months [43]. The studies varied substantially with
regard to intervention intensity. Four studies con-
ducted a weekly intervention with at least one contact
per week [38, 41, 42, 45]. Three studies delivered
their interventions on a monthly basis with at least
one contact per month [39, 41, 43]. One study which
used a “real life” setting in which the prescriptions for
physiotherapy and occupational therapy were vari-
able and reported a mean number of four therapy
sessions, with a mean time per session of 58 min and
a mean therapy duration of 8 weeks [40]. Finally, in
one study, patients received 10 weeks of intervention
with a maximum of 16 h [46].

Concerning the comparators, one study used two
active control groups of comparable intensity in form

respectively [45], in one study patients received a
DVD on PD and one advice session after trial comple-
tion [39], while all other studies (n =7) used a passive
control group with patients receiving treatment as
usual (TAU) [38-44, 46].

Intervention efficacy

Within the physical interventions, Xin et al. [39]
reported no fall reduction after physiotherapy as com-
pared to an active control group, but reduction of fall
rates among those with moderate disease severity.
Fletcher et al. [41] did not demonstrate a statis-
tically significant difference in falls after exercise
vs. TAU, but between-group differences for balance,
falls, and recreational physical activity levels. The
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Table 3

Key characteristics of studies including cost-effectiveness and cost-utility analyses

Author Intervention Comparator(s) Economic Costs included Health-economic
(year; country) (duration, study design results, ICER (value in
Sample size frequency) (perspective) Euro € inflated to
2022)
Joseph [43] (2019, Balance training Usual care CEA (cost per Intervention-related: ICER: 660 €/
SE) program one unit Time, training, travel one unit increase
N=100 (HiBalance) increase in the expenses, equipment, in the Mini-
(10 weeks, 3 Mini-BESTest consumables BESTest
sessions/week) (Balance Non-intervention- (Balance
performance) related: — performance)

Farag [44] (2016,
AU)
N=231

Li & Harmer [45]
(2015, US)
N=176

Falls prevention
exercise program
(6 months,
1 monthly exercise
class and 24
home visits)

Tai Ji Quan
(6 months, 2 times
weekly)

Usual care (plus
a falls
prevention
booklet)

(7 weeks, 3
days/week)

C1: Stretching
training

C2: Resistance
training
(6 months, 2
times weekly)

CEA (cost per
unit increase of
gait velocity)

ICER: 170€/ per unit
increase of gait
velocity

CUA (Payer) ICER: 33.170€/ QALY
CEA (cost per Intervention-related: ICER: 360€/ fall
fall prevented) Intervention g#sts prevented
CEA (cost per implementat osts,  6.051€/ per extra
extra person travel exp person avoiding
avoiding Non-inte - mobility deterioration
mobility refli edication 214.230€/ QALY
deterioration) U h service use
CUA (Payer)
CEA (cost pe tervention-related: ICER: dominates; i.e.,
fall preven ntervention costs, less costly and
CUA (Payer) implementation costs clinically more
Non-intervention- effective
0 related: Medication 3.220€/ QALY
use, health service use, dominates

participant travel time

C, Control group; CEA, Cost-effectiveness analysis; CUA, COst-

balance training program compared to TA! a study
by Joseph et al. [42] was found to ftdefive in
improving balance and gait velogs e falls pre-
vention exercise program exam arag et al.

[44] revealed no significant mpared to TAU
in the frequency of fallggbutN\inghobility and QoL.
QoL was also improved,in d study of Clarke et al.
[40] who compared physfOtherapy combined with
occupational therapy to TAU. However, they did not
find a significant impact on activities of daily living.
Finally, Tai Ji Quan was demonstrated to outperform
the active control groups in maximum excursion,
directional control, and further secondary functional
outcomes [45]. The falls’ incidence was lowered in
comparison to stretching but not to resistance train-
ing.

Bogosian et al. [38] reported that a mindfulness
intervention improved QoL, but no further outcomes
compared to TAU. Participating in a psychosocial
support program compared to TAU did not lead to
QoL improvement but in the Unified Parkinson’s Dis-
ease Rating Scale Part I (UPDRS-I), which assesses
cognition, mood, and behavior, in the UPDRS-II
scale assessing activities of daily living, and in the

ility analysis; ICER, Incremental cost-effectiveness ratio.

UPDRS total score as an indicator of disease severity
[43]. Finally, a home-based, individualized occupa-
tional therapy compared to TAU showed a significant
improvement in self-perceived performance in daily
activities [46].

Health-economic analyses and health-economic
outcomes

Nine studies were included. A CEA was calcu-
lated in one study [43], a CUA was conducted in
five studies [38—41, 46], and three studies employed
both a CEA and a CUA [42, 44, 45]. Concern-
ing the included costs, all studies (n=9) examined
intervention-related costs, i.e., costs directly linked
to the delivery of the intervention including costs of
receiving the intervention [38], cost of therapy ses-
sions in terms of salaries, training, travel, equipment,
and consumables [39], therapists’ time needed for
intervention conduct [40], therapist’s time needed for
intervention conduct, costs of venue hire, equipment
costs and travel costs for therapists [41], education of
therapists, assessment costs and costs for equipment
and facilities [42], price to be paid for the education



program [43], costs for service delivery and travel
[44], promotional costs, recruitment costs, and class
delivery costs [45], intervention costs [46]. Further-
more, non-intervention-related costs were considered
in the majority of studies (n=7) including primary,
secondary and social care services [39], hospital costs
and medication use [40], hospital contacts and med-
ication use [41], ambulatory care, laboratory tests,
medication use and medical equipment [43], medica-
tion, hospital and health services costs [44], costs of
medication use, physical therapy, and medical treat-
ment of falls [45], healthcare use, and absence from
work and informal care [46].

While only one of the nine studies [46] assessed
health-economic evaluations from a societal perspec-
tive, the other eight studies considered a third-party
payer’s perspective [38—45].

Results of health-economic analyses
Cost-effectiveness analyses (CEA)
A 10-week balance training program to improve

balance performance compared with a passive con-

ICERs: 660€ to increase one unit in the Mini

D. Hartmann-Nardin et al. / Cost-Effectiveness Analyses of PD Interventions

Cost-utility analyses (CUA)

Among the eight studies, which undertook a CUA,
four studies found significant differences in the
quality-of-life outcome [38, 42, 44, 45]. The ICER
of these studies ranged between 3,220€ [45] and
214,226€ per QALY gained [44]. More specifically,
data indicate that the costs to realize a QALY for
PD patients are 214,226€ in case of a 6-months falls
prevention exercise program [44], 33,174€ in case
of a 10-week balance training program [42], and
31,010€ in case of a mindfulness-based intervention
over 8-weeks [38]. A 6-month Tai Ji Quan interven-
tion [45] with a QALY of 3,220€ was found to be less
costly and more effective than the active control group
j . Resistance training, the

Ji Quan intery, N

Four st a@ not find significant differences
between%"utervention group and their control
grou h&QALY outcome [39-41, 46]. A 6-month
physidgherapy intervention showed an insignificant

gain with large uncertainty which results in a
of 152,240€/ QALY [39]. The 8-week com-

intervention yielded a slight, but insignificant QoL

trol group demonstrated the following increme;K@ination of physiotherapy and occupational therapy

ance Evaluation Systems Test (Mini BESTe n
170€ per 1 cm increase in a gait veloci tr

falls prevention exercise program
per fall prevented and a price o
person avoiding mobility deteri
ized with the Short Physic
Test (SPPB) was shown \ paring a 6-month
Tai Ji Quan interventi@nh two active control
groups, the Tai Ji Quan intéfvention was cheaper and
more effective than the stretching control interven-
tion, i.e., Tai Ji Quan showed an average reduction
of 166€ per additional fall avoided; notably, also
resistance training as a control group showed an
average of 95€ per additional fall prevented [45].
Since resistance was more costly and less effec-
tive, the authors eliminated it from the subsequent
analysis.

A psychosocial support program over 12 months
combined with standard neurological treatment
found that the intervention dominated usual care as
it was less costly and more effective in the improve-
ment of the outcomes UPDRS 1II and III. The saving
per patient to realize an additional score point on the
UPDRS-II and UPDRS 111, respectively, was 22.80€
and 18.40€ [43].

gain [40]. One gained QALY had a price of 4,680<€.
Although there was no statistically significant differ-
ence in QoL from baseline to follow-up in a 10-week
exercise intervention, the intervention is presumably
(over 80%) dominant, i.e., cheaper and more effec-
tive at a willingness to pay of $20,000 (23,630€) [41].
A 10-week occupational therapy intervention did not
reach significant differences in costs and QALY [46].
However, the results were in favor of the intervention
group. When society is willing to pay 20,000€ per
QALY gained, the net benefit of the intervention for
the caregiver is positive, with a probability of 95%.
All studies calculated the QALY's using the correct
country-specific data sets.

Quality assessment

The quality of the health-economic evaluations
of the included studies was assessed using the
Drummond’s quality assessment tool (Supplemen-
tary Table 2). The methodological quality of the
included studies is moderately high considering
that the health-economic evaluations were follow-
up analyses of clinical studies. Thus, sample size
calculations and power were not sufficient for health-
economic analyses. All included publications posed a
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well-defined question, presented a detailed descrip-
tion of the considered comparators and provided a
comprehensive discussion of the study results. One
study considered only one incremental cost factor as
the main difference between the groups [38]. All other
included studies identified relevant costs. However,
the measurement of costs varied between studies.
The quality appraisal employing the CHEERS 2022
checklist [37] (Supplementary Table 3) yielded sim-
ilar results.

DISCUSSION

This systematic review examined health-economic
evaluations of non-pharmacological and non-surgical
interventions in PD patients. In total, the review
included 9 RCTs and 2,244 participants. Only stud-
ies that undertook a CEA and/or CUA were included.
The main findings are that (i) only nine studies eligi-
ble for our review were identified; (ii) the majority
of studies included physical exercise interventions
(n=5) while studies with other intervention types
(i.e., cognitive training, music/art/drama, language

sented; (iii) most studies undertook a CUA (n

or a combination of CEA and CUA (n=3), whift on
study used a pure CEA; (iv) CEA identifiegrcagts
between 170€ and 660<€ for improveme jingle
units in the different clinical outco vings
of between 18.40€ and 22.80€ p gained; (v)
CUA in the four studies that fou ificant bene-

fits of the experimental inter@ QoL indicated
that the ICER of QALY seh reatly and ranged
between 3,220€ and 21@?; (vi) the methodolog-
ical quality of the included Studies was high.

Compared to the only review considering health-
economic outcomes of non-pharmacological studies
in PD patients so far [14] which covered 8 studies
but also included broader PD management con-
cepts, our review has an overlap with six studies
and integrated further three studies; both reviews
demonstrate the high heterogeneity of studies in
the field of health-economic evaluations of non-
pharmacological interventions in PD, but physical
exercise is the intervention type most frequently
evaluated, and that this intervention might be cost-
effective. Next to differences regarding intervention
types, studies differed significantly in terms of the
chosen payer perspectives and the defined cost cate-
gories, but also regarding country-specific available
cost data.

In our review, four out of eight CUA studies
demonstrated a significant increase in QoL, but the
ICER for a QALY varied greatly. However, the
question remains what amount decision-makers are
willing to pay fora QALY gained. According to NICE
an ICER between $20,000 (23,630€) and $30,000
(35,451€) per QALY are assumed to be acceptable,
and in US cost-effectiveness ratios between $US
100,000 (98,407€) and $US 200,000 (196,814€) per
QALY gained are considered reasonable [47]. Based
on this thresholds, three out of four interventions
could be regarded as cost-effective in our review [38,
42, 45]. However, there is an ongoing controversy
among health-economics of how to set an adequate
cost-effectiveness thregifold (e.g., $20,000-$30,000)

for new interventiop .
As far as the ltaw concerned, it is difficult
3 ofiess-to-pay thresholds for the

to interpret thgAVl]
different o, % (e.g., for 1 cm increase in gait
velocity @ 0 the fact that no adequate other

publq galth-economic evaluations are available
e

to se as comparators. To be used as a basis

follow-up studies with comparable outcomes are
necessary [49]. These studies should include various
types of non-pharmacological interventions poten-
tially contributing to PD healthcare.

health-economic decision-making, head-to-head
parisons of competing interventions and long-

and speech therapy, and gaming) were not repre;

Strengths and limitations

To the best of our knowledge, this is the first
systematic review focusing specifically on the health-
economic evaluations of non-pharmacological and
non-surgical interventions in PD patients. A further
strength is that this study followed the Cochrane
collaboration standards for conducting systematic
reviews.

There are some limitations of this review. First,
the findings of our systematic review yielded only
a small number of studies which were highly het-
erogenous regarding interventions and parameters
included in the health-economic evaluations. Fur-
thermore, certain types of health-economic analyses
which may be specifically helpful for decision-
making in the healthcare sector, including analysis of
cost-efficacy, are missing so far. Therefore, the data
base is incomplete, and clear conclusions are limited.
Another limiting aspect concerns the countries of the
included studies. These were only conducted in west-
ern countries. Due to differences in cultural aspects,
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socio-economics, and healthcare policies, our find-
ings have restricted generalizability to African,
Asian or South American countries. The rele-
vance of health-economic evaluations may be even
higher in developing countries due to more resource
constraints.

Implications for research

Future studies on non-pharmacological and non-
surgical interventions in PD should not purely
focus on clinical outcome measures, but include
health-economic evaluations for short-term, but also
long-term intervention effects to facilitate solid
decision-making in PD healthcare. Within the scope
of health-economic evaluations, more CEA are
needed. The advantage of this type of analysis is that
they enable to examine the association of the effects
of the intervention (e.g., PROMS) with the costs of
the intervention.

To increase the comparability between health-
economic evaluations it is fundamental for
researchers to follow consistent guidelines (cf.
CHEERS statement [37] for reporting health-

economic evaluations). Finally, it would be &
for

high importance to define cost categorie
different payer perspectives in order to gudrant
the comparability of data for future me#a- c

approaches. 2
CONCLUSION Q~

PD has a high econemi den for patients,
payers, and the entire so@-’ealth-economic eval-
uations are an essential pillar for decision-makers
to compare competing interventions regarding costs
and effects. Health-economic evaluations of non-
pharmacological and non-surgical interventions in
PD are promising, but still at a nascent stage, so that
this important research gap will have to be faced in
the future. Interdisciplinary research teams includ-
ing experts for health-economics are necessary to
promote this research field in terms of high-quality
analyses; also, the education of clinical researchers
would be of great merit. High-quality research
could further be supported by guidelines specifically
designed for health-economic evaluations of non-
pharmacological interventions. Ultimately, growing
evidence in the field has the potential to accelerate

the clinical application of this important spectrum of
interventions in PD healthcare.
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