i University
of Glasgow

e
[ vessas it |

Rayment, Georgina (2022) A single case experimental design study of a
reminder app for supporting adherence to personalised treatment goals in
Parkinson’s Disease. D Clin Psy thesis.

http://theses.gla.ac.uk/83144/

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses

https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://theses.gla.ac.uk/83144/
mailto:research-enlighten@glasgow.ac.uk

A Universit
of Glasg()\z

A single case experimental design study of a reminder app for
supporting adherence to personalised treatment goals in Parkinson’s

Disease
Georgina Rayment, (BSc, MSc)

Submitted in partial fulfilment of the requirements for the degree of

Doctorate in Clinical Psychology
Institute of Health and Wellbeing
College of Medical, Veterinary and Life Sciences

University of Glasgow

July, 2022



Table of Contents

List Of TAbBIES .....coooiiiiieeee s 3
List Of FIQUIreS .....cuuviiiiiiiiiiiicssseee s 4
Acknowledgements. ... ————————— 5
(0 1 -7 o= ol N 6
ADSTract ......... 7
e T LT T2 4 T o 8
= 1110 o =[S 9
ODJECHIVES ...ttt e e e e e e e e e 10
Method...... . 11
Eligibility CrIteria .......eeeeeeeeeeeeeeeeee e 11
INFOrMation SOUIMCES ......ooeiieiee e 11
SEArCh Strategy .....ooi i 12
SEIECHON PrOCESS ... i ettt e e e e e e e e e e e e e eeeeeeeeennnnns 12
Data ColleCtioN ProCESS...... oo 13
Rating of Methodological QUality ............coiiiiiiii e 13
RESUIES ... 14
StUAY SEIECHON......eiieee e e e e e e e 14
Study CharacteriStiCs.........oooiiii e 16
RISK Of DIAS ... s 16
Objective measures of EF ... 33
Subjective measures Of EF .......... e 33
Relationship between informant and self-report on subjective measures.......... 34
Association between objective and subjective measures.................cccciiiiinnnee. 35
D T L] o 1 == 1o Y 37
What is the impact of PD on executive functioning in everyday life when
measured by subjective Measures? ... 37
What is the association between subjective and objective assessment of EF in
10 PR 37
What is the methodological quality of the available evidence?.............ccc.......... 40
L7 0] o o7 U] To] o -0 USSR 41
Reference list ... 42
(0] 1 -1 o (= S 46
Plain Language SUMMACY .......ccccciiiiimmmmmmennnnnnssssss s sssssssssssssssssssssssssssssssss s s 47
ADSTract ......... e 49
INErOAUCEION ... 50
N S S 54
HYPOINESIS ... 54
Methods..... ..o 55
D=1 T | o PP TP PR PPPPPO 55
PartiCipants .........ooooii s 55
e o U 57
PrOCEAUIE ... e e es 58
Measures and MaterialS.........ccoooo oo 58



Data @nalySis .......oooeeiiii s 59

RESUIES ... 60
ViSUAI @NAIYSIS .. 63
D T o W == 1o Y 70
Reference List ... 74
APPENAICES ... n s naaan 79
Appendix 1.1 Search Strategy .........ccooiiiiiiii 79
Appendix 1.2 Screening t00] ........coooi i 81
Appendix 1.3 AXIS Quality appraisal ..........coouuueeieiiiiie e 84
Appendix 2.1 Participant Information sheet ... 89
Appendix 2.2 Nominated Person Information sheet ................ccoiiieiin. 90
Appendix 2.3 Consent for contact form...............iiiiiiiiii e 91
Appendix 2.4 REC 3 Approval Letter ... 92
Appendix 2.5 Amendment approval letter.............ccoiiieiiiii i 95
Appendix 2.6 R&| APProval.........coooo oo 98
Appendix 2.7 Non-substantial amendment R&l approval .............cccccviiennnnnnn. 100
Appendix 2.8 Consent fOrM .......ccooooii i 101
Appendix 2.9 Nominated Person Consent form...........cccoooeeeiiiiiiiiiiiiiiiinn. 102
Appendix 2.10 SMART goal worksheet ..., 103
Appendix 2.11 Participant goal information ..., 110
Appendix 2.12 Weekly monitoring form ... 111
Appendix 2.13 Visual analysis of participants — Stability envelopes applied to
0 = = R EEERSRR 114
Appendix 2.14 MRP Proposal ... 117



List of Tables
Table 1.1 Study characteristiCs ........ ..o, 18

Table 1.2 Participant characteristics. ... 26

Table 1.3 — Table of objective and subjective measures used in included studies..28

Table 1.4 Summary quality appraisal for each study................coooiiis 32
Table 2.1 Participant characteristics and cognitive measures............................ 61
Table 2.2 Participant emotional wellbeing measures...............cccoooiiiiiiiiinnn. 62



List of Figures
Figure 1.1 Flowchart of search strategy (PRISMA, 2020)..........c.cocvieiiiiiinnnt.. 15

Figure 2.1 — Percentage of completed tasks per phase for each participant......... 63
Figure 2.2 Participants percentage of completed goal-related tasks per two-day
period, presented in order of baseline length (16, 21 & 33 days) .........c.c.coeenee. 64

Figure 2.3 Participants’ percentage of completed goal-related tasks per two-day
period, presented in order of baseline length (12, 16, 22 days)......................... 67



Acknowledgements

Firstly, | would like to thank my supervisor Professor Jonathan Evans for his expertise,
guidance and encouragement throughout the research process. It has been a pleasure

to learn from your invaluable knowledge and experience.

Secondly, | would like to thank my field supervisor Dr Salma Igbal for support
throughout the project and her persistence with recruitment. My thanks also to Dr
Victoria Marshall from Greater Glasgow and Clyde’s Neurology team for your
assistance with recruitment. Thank you to Sophie Jolly for her contribution to my

systematic review and much needed encouragement.

Most importantly, | would like to thank all the participants and their partners who
took the time to take part in this research. | am extremely grateful for your commitment

to this project.

To my fellow doctorate friends, thank you for the endless entertainment and
support, even in the height of a pandemic. As always, thank you to my family for your

unconditional love support over the years.

Sonny, thank you for your unwavering love and patience for which there aren’t
enough words. Without you this wouldn’t have been possible.

Finally, I'd like the thank the individuals along the way who helped me to truly
understand that neurodivergence is not a flaw. When life gives you melons and all that

jazz.



Chapter 1

A systematic review of the association between performance on objective
neuropsychological assessment measures of executive functioning and subjective

measures of executive functioning in everyday life in Parkinson’s disease
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Abstract
Background: Executive dysfunction is a common clinical feature in people with
Parkinson’s disease (PwPD). The relationship between neuropsychological tests of
executive function (EF) and everyday executive functioning is unknown. Objective:
This review aimed to investigate the relationship between objective deficits in EF, as
measured by performance on neuropsychological tests, and everyday executive
functioning, as measured by subjective (self and other) reports. Methods: Five
databases were systematically searched. Observational studies which utilised both
neuropsychological tests and self/informant report measures of EF were included if
they reported statistical analysis of the association between measures. Eleven studies
were identified and appraised for risk of bias using the structured Appraisal tool for
Cross-Sectional Studies (AXIS tool). Results: A narrative synthesis of findings
indicated both an objective and subjective deficit in EF was reported in the majority of
included studies. No clear association was found between neuropsychological tests of
EF and self-reported everyday executive functioning. Conclusions: There is no
obvious relationship between commonly used neuropsychological tests of EF and the
impact of EF on daily life measured through self-report for PwPD. However, with
heterogeneity in both the samples and measures used, it is difficult to draw any strong
conclusions. Future research should consider subjective reports of EF across disease
severity and its association with neuropsychological tests, clarifying the nature of any
relationship and informing clinical practice. Findings highlight the need for clinicians to
use multiple types of measure, considering real-world application, for a comprehensive

assessment of EF difficulties.

Keywords: Parkinson’s disease, executive function, neuropsychological tests,
everyday functioning, self-report



Introduction

Affecting around one in 500 people, Parkinson’s disease (PD) is a progressive
neurodegenerative disease predominantly associated with motor symptoms (NHS,
2019). Some people with Parkinson’s disease (PwPD) also develop a specific profile
of cognitive deficits in the early stages, characterised by difficulties with executive
function (EF), episodic memory and visual-spatial abilities, and are at increased risk
of developing dementia (Aarsland et al., 2017). EF has been found to be a common
clinical feature in PwPD and PD-related dementia (Emre, 2003). Definitions of EF vary,
but generally refer to cognitive processes that are necessary for goal-directed
behaviour. These processes include inhibition, initiation, cognitive flexibility, planning,
problem-solving and reasoning (Sira & Mateer, 2014). The domains of working
memory and attention are often viewed as interlinked with EF (Kudlicka, Clare &
Hindle, 2011). Kudlicka et al. (2011) conducted a systematic review of EF in PwPD,
providing consistent evidence of executive deficits in the early stages of the disease
via meta-analyses from five commonly used neuropsychological tests (Verbal
Fluency, Trail Making Test B, Wisconsin Card Sorting Test, Stroop Word-Colour
Interference, Digit Span).

Neuropsychological tests allow for detailed analysis of an individual's cognitive
strengths and weaknesses in specific cognitive domains within a controlled
environment, improving the reliability of findings (Lanni et al., 2014). A core aim of
neuropsychological assessment, beyond diagnosis, is to aid the management of
patient care by considering the impact of cognitive deficits on everyday function
(Lezak, 2012). However, in their review, Kudlicka et al. (2011) note that despite
evidence of an objective EF impairment, deficits found via neuropsychological testing
may not significantly impact everyday life.

Burgess et al. (2006) raised questions over the generalisability and
representativeness of traditional neuropsychological tests for predicting difficulties in
daily life. It has been argued that the highly structured nature of some
neuropsychological tests of EF prevents them from capturing the full range of
executive functioning and hence may not reflect the demanding nature of everyday
activities (Sobreira et al., 2008). To this end, Koerts et al. (2012) investigated whether
reports of EF deficits in the daily lives of PwPD corresponded with scores on
neuropsychological tests, finding that reported deficits in EF by PD patients and



informants did not correspond with neuropsychological tests. More than a decade
later, following a multitude of further research, the relationship between
neuropsychological tests and PwPD’s subjective experiences remains unclear.

Self and informant report, whether through standardised questionnaires or
clinical interview, is often used to understand how EF deficits (and other cognitive
deficits) may impact on daily life (Puente, Cohen, Aita & Brandt, 2016). However, self-
report measures are subjective in nature and therefore open to the influence of
external factors (Domensino, Evans & van Heugten, 2022). For example,
anosognosia (lack of awareness of deficit) is commonly associated with impairment in
EF (and with frontal lobe damage), highlighting the problematic nature of reliance on
self-report data for measuring everyday EF (Kudlicka, Clare & Hindle, 2013). Research
into awareness of cognitive difficulties in PwPD is mixed. Koerts et al. (2012) found
good agreement between self and informants reports of EF. Whereas McKinlay et al.
(2008) found that PwPD reported more difficulties than informants. However, these
studies did not consider the association between subjective reports and objective
deficits based on neuropsychological tests.

Rationale

Deficits in EF have been evidenced even in the early stages of PD on
neuropsychological tests and these deficits characterise PD-related dementia, but the
relationship to daily executive functioning is less clear. A key task for
neuropsychological assessment is to make predictions about how a person’s deficits
(identified via standardised neuropsychological tests) will impact them in everyday life
(Lezak, 2012). The impact of deficits in executive functioning in everyday life is most
typically measured by the use of questionnaires that ask for the view of the patient, or
a significant other, on how they function (Domensino et al., 2022). There are limitations
to this, particularly for self-report, given the possibility of impairments of awareness
that come with EF deficits. Therefore, to test whether neuropsychological tests of EF
are useful at predicting everyday functioning in PwPD, there is a need to examine
whether performance on neuropsychological tests predicts scores on subjective

measures of everyday executive functioning.



Objectives

The current review aimed to investigate the relationship between objective deficits in
EF, as measured by performance on neuropsychological tests of executive functions,
and everyday executive functioning, as measured by subjective (self and other)

reports.

Review questions
What is the impact of PD on executive functioning in everyday life when measured by

subjective measures?
What is the association between subjective and objective assessment of EF in PD?

What is the methodological quality of the available evidence?
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Method

This review has been reported in accordance with the Preferred Reporting Items for

Systematic reviews and Meta-Analyses 2020 updated guidelines (PRISMA; Page et
al., 2021). A protocol for this review is registered on Prospero (CRD42022310586).

Eligibility criteria

All studies were screened based on the following criteria:

Inclusion

Studies which included participants with a formal diagnosis of PD, at any age
or stage, without dementia.

Studies which investigated EF, as measured by objective neuropsychological
tests and as defined by the authors. Objective neuropsychological tests were
defined as those which have been standardised, validated and have normative
data (Lezak, 2012).

Included studies had to report subjective measures of executive functioning in
everyday life. These could be self-report, informant-report or both.

Studies were required to report data investigating the statistical association
between objective assessments and subjective reports of EF.

Studies were published in English in a peer reviewed journal.

Only quantitative, observational design studies were included, such as cross-

sectional, cohort and case-control studies.

Exclusion

Studies with participants with a diagnosis of dementia were excluded unless
used as a comparator group.
Intervention studies and qualitative designs, editorials, reviews, protocols,

conference papers, theses and dissertations, and books were excluded.

Information sources

The following electronic databases were searched from their inception on 14" May

2022;

Via Ebscohost:
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- PsycINFO
- PsycARTICLES
- MEDLINE
- CINAHL
Via Ovid:

- Embase
Grey literature was not searched as part of this review. Searching of grey literature
can be difficult to systematically replicate in the same way as peer reviewed literature
and has difficulties with sensitivity and specificity of the search strategy (Adams et al.,
2016).

Search Strategy

A systematic search strategy was created using the eligibility criteria for included
studies and keywords from related research. The sensitivity and specificity of the
search strategy was examined and amended where necessary by conducting a
scoping review of results and ensuring key papers were included. The search strategy
was then adapted for use with each database and reviewed by a University of Glasgow
librarian. See appendix 1.1 for an example search strategy.

Selection process

Search results were exported to EndNote X9, where de-duplication was completed.
Results were then uploaded to Rayyan systematic reviewing software, where titles and
abstracts were screened against inclusion criteria using screening tool developed for
this review (appendix 1.2). A second reviewer (SJ) screened 10% of papers (N=537)
to ensure reliability of the screening tool. There was 99.6% agreement between the
two raters, suggesting good inter-rater reliability. Studies included at this stage were
read in full and screened against eligibility criteria. Reference lists of included studies
were screened to highlight any studies that were not identified by the initial search
strategy.
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Data Collection Process
The remaining studies were included within the review and data extracted using an
extraction template on Microsoft Excel which included all relevant variables related to

the eligibility criteria and can be found in Tables 1.1, 1.2, 1.3, 1.4.

Rating of Methodological Quality

Prior to synthesis of findings, each study was appraised for methodological quality
and risk of bias using the structured Appraisal tool for Cross-Sectional Studies (AXIS
tool, Downes, Brennan, Williams & Dean., 2016, Appendix 1.3). The AXIS tool does
not provide an overall score but instead provides questions related to three
subdomains revelant for appriasing observational studies. These subdomains are
quality of reporting, study design quality and introduction of bias. The second
reviewer (SJ) reviewed 5/11 studies on the AXIS tool to assess the methodological
quality. Across all items there was 93% agreement indicating good inter-rater
reliability, with discrepancies resolved through discussion.

13



Results
Study selection
A total of 9,011 records were identified with the search strategy from electronic
databases. Following removal of duplicates, 5,317 articles were screened by title and
abstract against inclusion criteria. Thirty-five studies were selected for full text
screening with a further five articles identified and screened via reference list
screening. In total 11 papers were included within this review (see figure 1.1).
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Figure 1.1 Flowchart of search strategy (PRISMA, 2020)

Identification

Screening

Identification of studies via databases and registers

Records identified from:
Databases:
CINAHL (n = 654)
Medline (n = 2,939)
Psychinfo (n=1,388)
PsychAtrticles (n=49)
Embase (n=3,981)

\ 4

Records screened
(n=5,317)

\ 4

Reports sought for retrieval
(n=37)

A4

Reports assessed for eligibility
(n=37)

Studies included in review
(n=11)

Identification of studies via other methods

Records removed before
screening:
Duplicate records removed
(n =3,694)

Records identified from:
Citation searching (n = 5)

Records excluded
(n =5,280)

Reports not retrieved
(n=0)

Reports sought for retrieval

Reports excluded:
No subjective measure of EF

(n=14)
No objective measure of EF
(n=2)

No analysis of EF (n = 5)
Conference Abstract (n=5)

(n=5)
I

Reports assessed for eligibility
(n=5)

A

\4

Reports not retrieved
(n=0)

Reports excluded:
Not specific to PD (n = 4)
No subjective measure of
EF (n=1)
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Study characteristics

A detailed description of study and participant characteristics can be found in Tables
1.1 and 1.2. Overall, studies examined 785 PwPD and 354 healthy controls (HC) were
used as a comparison group. Seven of the 11 studies included a control group for
comparison (Koerts et al., 2011a; Koerts et al., 2012; Kudlicka et al., 2013; Lanni et
al., 2014; Lovstad et al., 2016; Vlagsma et al., 2017). Eight studies also compared
participant and informant data (Copeland, Lieberman, Oravivattanakul & Trdster,
2016; Koerts et al., 2011a; Koerts et al., 2012; Kudlicka et al., 2013; Lanni et al., 2014;
Lovstad et al., 2016; Siquier & Andres, 2021; Vlagsma et al., 2017).

Four studies were conducted in the USA (Copeland et al., 2016; Lanni et al.,
2014; Mills et al., 2020; Puente et al.,2016), three in the Netherlands (Koerts et al.,
2011a; Koerts et al., 2012; Vlagsma et al., 2017) and one each in the UK (Kudlicka et
al., 2013), Spain (Siquer & Andres, 2021), Norway (Lovstad et al., 2016) and Brazil
(Sobreira et al., 2008). The majority of studies recruited from movement
disorder/neurology clinics. Three studies drew data from existing databases, including
a medical trial (Mills et al., 2020) and pre assessment for Deep Brain Stimulation
surgery (Lovstad et al., 2016; Puente et al.,2016). Only Lanni et al. (2014) recruited
from a variety of sites, recruiting participants from movement disorder clinics, PD

support groups, senior centres and veterans’ organisations.

Risk of bias

All studies were evaluated against the AXIS tool, which covers quality of reporting,
quality of study design and consideration of the introduction of bias (Downes et al.,
2016, Table 1.4). Quality appraisal was coded with ‘Low’ corresponding to low of risk
of bias and good quality and ‘High’ corresponding to high risk of bias and poorer

quality, in all subdomains. Studies were not excluded based on quality appraisal.

Generally, most studies displayed a good quality of reporting (n=10), with all
studies clearly describing aims, target population and methods and internally
consistent results (n=11). Only two studies were deemed low risk in the introduction
of bias subdomain due to undertaking measures to address and categorise non-
responders (Kudlicka et al., 2013; Puente et al., 2016). Within this subdomain, most

studies used appropriate well-validated measures (n=9). However, two studies were

16



deemed to have a high risk from the introduction of bias due to a non-representative
sample selection process (Lovstad et al., 2016) and inappropriate measures
(Copeland et al., 2016). The majority of studies had a good study design quality with
a ‘Low’ risk of bias rating in seven cases. However, all included studies failed to
justify their sample size, with the only mentions of this arising within the limitations
section. Only one study was deemed to have a poor study design quality due to a

non-representative sample (Lovstad et al., 2016).

Six studies were deemed to show low risk of bias overall (Kudlicka et al.,
2016; Lanni et al., 2014; Mills et al., 2020; Puente et al., 2016; Siquier & Andres,
202; Vlagsma et al., 2017). Only one study was deemed to be high risk of bias
overall as a result of a small, non-representative sample and unclear reporting
(Lovstad et al., 2016). However, the level of bias in three studies was deemed
unclear and so risk of bias is possible (Koerts et al., 2011a; Koerts et al., 2012;

Sobreira et al., 2008). See appendix 1.3 for full quality appraisal.
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Table 1.1 Study characteristics

Study, Aims Tests of EF Findings on Objective and Association between
Design Subjective tests objective and subjective
measures

1) Copeland | 1) The accuracy Objective: Objective deficits in EF were Poor agreement between
et al. (2016) | of PD-MCI WCST, SWCT, TMT | observed in more than half of PD-MCI | PD-MCI subjective reports
- participant and B participants (67% 28/42). and objective deficits in EF K
Cross- informant =-.00P =ns.
sectional subjective EF Subjective: EF was the domain least likely to be
study reports compared | Opinion on changes endorsed as impaired PD-MCI Poor agreement between
- to objective in EF. Responses participant (14% 6/42) consistent with | informants and objective
PwPD PD- deficits across all | recorded yes/no. informant report (5/42). deficits in EF K= .05 P =ns.
MCI and cognitive domains | Specific examples
informants 2) Agreement given. — measure There was agreement between PD-

between developed for the MCI and informants K = .48, P < .01.

participant and study

informant reports
2) Koerts et | 1) Whether Objective: PwPD showed worse scores on the The DEX-self total score was
al. (2011a) objective FAB FAB (t= -5.6; p=<.001, d=1.19) and not explained by the scores
- measures of EF on the DEX-self (t=2.2, p=.03, d=.47). | on the subtests of the FAB
Observation | reflect difficulties | Subjective: (F=0.96;p=045;R2=
al, Cross- in daily life and DEX PwPD did not differ from informants 0.13). The total score on the
sectional vice versa on EF deficits in daily life (t=1.3; p = FAB was not explained by
study 0.20; d = 0.19) the subscales of the DEX-
- self(F=1.23;p=0.31;R2 =
PD patients 0.06).
vs HCs
3) Koerts et | 1) Whether Objective: PwPD showed higher scores on the No significant correlations
al. (2012) people with mild- | SCWT, TMT B, OMO, | DEX-self compared to HC's (t= 2.1; p | were found between the
- moderate PD Odd Man Out test, =0.04; d= 0.5) but no differences DEX-self, DEX-other and EF
Cross- display EF deficits | Zoo Maps BADS, test performance for PD
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sectional in daily life 2) The | Semantic Verbal were found between groups for the patients (correlations ranging
study association Fluency, Phonemic DEX-other (t= 1.9; p=ns; d= 0.4). from -0.13 to 0.18 and -0.17
- between Verbal Fluency, Digit to 0.13).
PwPD vs subjective EF Span (WMS-R) PwPD and HCs reported on average
HCs reports with the same number of problems as
informants and Subjective: their relatives (respectively, t=-1.6; p=
objective EF DEX-self & other ns; d= 0.2 and t= -1.6; p= ns; d= 0.5).
measurement The DEX-self scores differed from the
DEX-other within PwPD in H&Y stage
2.5-3 (t= -3.6; p= .002; d= 0.6).
PwPD also showed lower scores on
some tests of EF than HC's (TMT z=-
2.5 p=.01; OMO z=-3.5 p =<.001;
Word fluency professions z=2.2 p=
.03).
4) Kudlicka 1) The accuracy Objective: No differences between groups on PwPD with EF deficits
etal. (2013) | of PD patients in | DKEFS: TMT, BRIEF-A self (H[2] = 3.33, p=.189) or | BRIEF-A self-ratings were
- assessing overall | DKEFS: CWI BRIEF-A informant (H[2]=3.87, negatively related to
Cross- EF and p=144). performance on CWI 3, with
sectional performance on Subjective: poorer performance on CWI
study EF tasks BRIEF-A Self- and informant BRIEF-A ratings | 3 related to fewer difficulties
- compared to HCs. | (discrepancy scores), | (compared within each study group) reported (rs= -.439, p<.05,
PwPD (with | 2) The correlates | self-ratings of were similar for controls and PwPD n=21).
& without EF | of decreased performances on with EF deficits. PwPD without EF
deficits) vs awareness Likert scale deficits reported higher BRIEF-A In PD without EF deficits
HCs ratings than did their informants both self- and informant

(t=66.50, p=.001).

PwPD with EF deficits were less
accurate than those without deficits
and HC, overestimating their

BRIEF-A ratings were
positively related to
performance on CWI 4, with
poorer performance
associated with more

19



performance on rating of performance
(TMT: F[2,68]= 12.03, p<.000; CWI
t[32]=4.02, p<.000)

difficulties reported Self:
rs=.390, p<.05, n=40; inf:
rs=.423, p<.05, n=30).

TMT showed no significant
correlations to subjective
tests.

5) Lanni et
al. (2014)
Cross-
sectional
study

PwPD,
informants
vs HC

The relationship
between self and
informant reports
of EF in daily life
and the
contribution of
specific factors

Objective:

DKEFS: CWI, D-
KEFS Verbal Fluency
Test, D-KEFS
Category Fluency
subtest, D-KEFS
Category Switching
subtest, Digit Span
(WAIS 111), Symbol
Digit Modalities Test

TIADL (not specific to
EF)

Subjective:
BRIEF-A: BRI, Ml
subsets

There was a difference between
PwPD and HCs on the Ml domain
(t(83)=2.00, p=.048).

Comparisons between self and
informants also found higher self
scores than informant reports on the
MI domain (t(83)=2.34, p=.020).
Higher scores indicate more
impairment. No difference was found
between raters on the BRI domain
(t(83)=0.25, p=.565).

On objective measures, PwPD
showed poorer scores on the DKEFS
CWI (f(1,82)=5.11, P=.026) and the
SDMT (F(1, 82) = 13.58, p < .001) but
no differences on Category Fluency,
Category Switching, or Digit Span.

PwPD showed slower completion
time on the TIADL (F(1, 82) = 5.08, p
=.027)

The CWI and Category
Switching subtests did not
predict EF in daily life.

The SDMT was associated
with Ml in PwPD (B = -.33,
t(10) = -2.44, p = .019),
explaining a significant
portion of the variance( R? =
.15,F(1,44)=8.03,p =
.007) suggesting decreased
processing speed is
associated with subjective
EF reports.

Processing speed was also
associated with informant
report with (8 = -.60, t(9) = -
3.36, p = .002) explaining a
significant portion of the
variance, (R? = .11, F(1, 44)
= 4.55, p =.040). With
Category Fluency and
Semantic Fluency also
associated with informant
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report (B = —.45, t(7) = 2.77,
p = .009; R? change= .14,
F(1, 43) = 6.65, p = .014)

6) Lovstad et

1) The effect of

Objective:

The PwPD did not differ from the HCs

There was a positive

al. (2016) EF on daily living | DKEFS: CWI, Letter- | on the BRIEF-A GEC and BRI but did | correlation between CWIT1
- in neurological Number Sequencing | on the Ml (1(83)=2.00, p=.048; p- and BRI in the PD group (r =
Cross- and (WAIS-II), EF index | values<.001-.02) .39; p <.01; R?=.15).
sectional neuropsychiatric | calculated.

study samples. 2) The No significant differences found No significant associations

- association Subjective: between self and informant on were found between

PwPD with between BRIEF-A | BRIEF-A self & BRIEF-A. informant BRIEF-A and the
severe motor | and self-reported | informant, GEC, BRI EF index.

problems vs | psychological MI subdomains

HCs problems

7) Mills et al. | 1) Association Objective: No group level deficits in EF reported | There was no correlation
(2020). between MoCa MoCA - by PwPD on Neuro-QoL-EF (t-scores | between Neuro-Qol EF and
- domains and visuospatial/executive | M 53.6 SD = 6.43) MoCA EF scores.
Longitudinal | subjective domain score

cohort study | cognitive Average EF scores suggest no group | None of the baseline MoCA
- impairment 2) Subjective: level deficits on testing by MoCA: domain scores predicted the
Early-stage | whether Neuro- Neuro-QoL -“Applied | visuo-spatial - executive domain: raw | degree of Neuro-QoL

PwPD QoL domains are | Cognition - Executive | scores M = 4.6, SD = 0.63 change when adjusted for

predictive of
future PD-MCI

Function” domain

demographic and clinical
variables.

8) Puente et
al. (2016)
Cross-
sectional
study

Whether
informant ratings
of EF and EF test
scores predict
performance on
activities of daily
living in PD

Objective:

TMT B, DKEFS The
Tower subtest,
Brixton Spatial
Anticipation Test,
Letter—word fluency

Subjective:

PwPD MCI compared to PwPD had
worse TMT B-A (96s vs. 43s; p <
.001) and greater reported EF
difficulties on the FrSBe (T-score, 68
vs. 55; p =.015)

The TMT B-A was positively
correlated to all FrSBe
scales except Disinhibition
scale. (Total: r= .268, p<.01;
Apathy: r=.273, p<.01.; EF:
r=.251, p<.05; disinhibition:
r=.124, p=ns)
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PwPD, FrSBe total In the PD MCI sample, the EF tests Letter—word fluency was only
Informants (informant): current accounted for a significant amount of | related to the FrSBe
functioning - variance in IADLs (adjusted R? = Disinhibition scale (r=.180,
subdomains: Apathy, |.371), F(4, 23) = 4.974, p = .005). The | p<.05).
disinhibition, significant predictors were TMT B-A
Executive dysfunction | (B = .404, p <.05) and Brixton SAT (B | Neither the Brixton nor the
=.364, p <.05). D-KEFS Tower Test was
related to any FrSBe scale.
Lawton IADLs and
Physical Self- IADLS were positively
Maintenance Scales- correlated with TMT-b-A (
rater form (not r=.324, p<.01), Brixton
specific to EF) (r=.252, p<.05) and the
FrSBE (total: r= .512, p<.01,
apathy: r=.532, p<.01;
disinhibition r=.467, p<.01.;
EF r=.441, p<.01).
9) Siquer & | The extent that Objective: PwPD displayed more reported The Hayling Test positively
Andres inhibition and The Trails Test difficulties in EF on the BREIF-A on correlated with BREIF-A and
(2021) cognitive flexibility | Hayling Test total score and subdomains ([GEC, QUIP-RS (GEC: r=0.572, p
- are affected in Mann-Whitney U = 181, p = 0.004], <0.001; BRI: r=0.546, p <
Cross- cognitively intact | Subjective: [BRI index, Mann— Whitney U = 164, | 0.01; MI: r = 0.580, p < 0.01;
sectional PD and its effect | BRIEF-A p = 0.033] [MI index, Mann—-Whitney | QUIP-RS; r=0.360, p <
study on daily life (discrepancy scores | U =189, p = 0.001]) and higher 0.05).
- through between self and scores on the QUIP-RS compared to
PwPD vs performance and | other), subdomains. controls ([t(27) = 2.26, p =< 0.05,d =
HCs subjective QUIP-RS. 0.839]).
measures

No differences between self- and
informant-report for either group or
index.
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On objective measures there was a
difference between groups on both
tests, with PwPD performing worse
than controls. (Hayling: [F(1, 28) =
43.32, p < 0.001, np2 = 0.607]. Trails
Test: [F(1, 28) = 10.56, p < 0.01, np2
= 0.273)).

10) Sobreira
et al. (2008)

Cross-
sectional
study

PwPD

Performance of
tests of EF in PD
and explore the
relationships
between simple
and complex
bedside tests

Objective:

WCST, FAB,
Semantic Verbal
Fluency, Digit Span -
inverse order (WAIS

10

Subjective:

MDRS
Attention,MDRS
Initiation/reservation,
MDRS
conceptualisation,SC
OPA-COG - attention
and EF subscale

Low mean scores on objective and
subjective measures

The FAB was positively
correlated with MDRS C
(rs=.814, p=.001), MDRS I/P
(rs=.601, p=.001), MDRS A
(rs=.814, p=.002) and the
Scopa-cog-ef (rs=.541,
p=.002).

The WCST (preservative
errors) was negatively
correlated with MDRS C (rs=
-.445, p=.01) MDRS I/P (rs=-
407, p=.019) but not with
MDRS A or the SCOPA-
COG-EF.

The WCST (categories
completed) was positively
correlated with MDRS |I/P
(rs=.382, p=.028) but no
other subjective measure.

Verbal Fluency was
positively correlated with
MDRS C (rs=.501, p=.003),
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MDRS I/P (rs=.529, p=.002)
and the scopa-cog-ef
(rs=.371, p=.04), but not
MDRS A.

Digit Span was positively
correlated to MDRS /P
(rs=.358, p.044) and
SCOPA-COF-EF (rs=.507,
p=.004) but not MDRS C or
MDRS A.

11) Vlagsma
et al. (2017)

Cross-
sectional
study

PwPD vs
HCs

Whether level of
participation and
QoL is predicted
by impairments in
EF, measured by
subjective and
objective
measures

Objective:

SCWT, TMT B, Zoo
Maps (BADS),
Phonemic Verbal
Fluency, Visual
Elevator Test subtest
(Test of Everyday
Attention)

Subjective:
DEX-self/other,
BAFQ, BDEFS

PwPD scored worse on TMT-B (y?
=7.61, P=.006), Visual Elevator Test
(x2 =4.09, p=.043) and the BADS Zoo
Map subtest (y? =6.33, p=.012).

PwPD reported more problems with
EF in daily life on all subjective
measures than controls (DEX,
F=9.57, p=.002, d=1.20; BAFQ,
F=7.34, p=.008, d=1.18; BDEFS-TM,
F=22.52, p=<.001, d=1.54).

No significant differences between
self and informants on subjective
ratings other than BDEF-TM, where
PwPD reported more problems with
time management than informants
(t=2.82, p=.008, d=36).

No significant relationship
was found between objective
test performance and self-
reported EF deficits

Key: WCST: Wisconsin Card Sorting Test; SCWT: Stroop Colour-Word Interference test; TMT B: The Trail Making Test part B-part
A; FAB: Frontal Assessment Battery; DEX: Dysexecutive questionnaire; OMO: Odd Man Out test; BADS: Behavioural Assessment
of the Dysexecutive Syndrome; WMS-R: Wechsler Memory Scale-Revised; DKEFS: Trail Making Test (TMT4/TMT2); DKEFS CWI:

24



Color-Word Interference Test; BRIEF-A: Behavior Rating Inventory of Executive Function for Adults (GEC: Global Executive
Composite, subdomains BRI: Behavioural Regulation Index, MI: Metacognition index); WAIS Ill: Wechsler Adult Intelligence Scale
— third edition; TIADL: Timed Instrumental Activities of Daily Living; MoCA: Montreal Cognitive Assessment, FrSBe: Frontal
Systems Behavior Scale; IADL: Instrumental Activities of daily living QUIP-RS: The Spanish version of the Questionnaire for
Impulsive- Compulsive Disorders in Parkinson’s Disease-Rating Scale; MDRS: Mattis Dementia Rating Scale, SCOPA-COG: The
SCales for Outcomes in PArkinson's disease-COGnition; BAFQ brock adaptive functioning questionnaire; BDEFS-TM “time
management” scale of the Barkley Deficits in Executive Functioning Scale

25



Table 1.2 Participant characteristics

Study Recruitment | Participants | Mean | Sex Education | Cognitive | Disease | Medication | H&Y, | UPDRS
site N age (M/F) | (years) screen duration | (LEDD) part 1l
(SD) Mean (SD) (years)
Copeland | Outpatient DRS: n =41
o PD 42 67.31 15.19
et al. clinics, USA (IN 42) (5.88) 28/14 (2.59) 134.67 8.36
(2016) (4.90) (5.71)
Koerts et | MDCs, The 63.5 *
al. Netherlands PD 39 (8.5) 2217 52(0.9) | 27.5(14) 562.7 2.2
(2011a) 63.0 4637) | (4466 | (06) | 24384
HC 24 (11 '7) 10/14 | *4.8(0.8) | 27.5(1.1) ' '
Koerts et | MDCs, The 63.7 *5.2 (1.1) MMSE
al. (2012) | Netherlands PD 43 (IN) (8.6) 24119 27.5(1.4) 561.7 2.2
628 5.1(4.1) (435.3) (0.6) 24.6 (8.8)
HC 25 (In) (11 :5) 11/14 | *4.8(0.7) | 27.6 (1.2) ' '
Kudlicka | MDCs, NHS 70.11 MMSE:
?2t§1lé) eles, B &) | s0ms @ 19%3')9 £ | 2048 (55 11'5)7 (8.2;1)
PD 65 (EF- 72 91 EF- '12 41 (0.92) EF- E-F- ’ 579.19 E'F_
23, EF+42) ' 10/13 : 29.30 (556.35)
(7.25) (2.78) 81.93 1.53
(IN) EF+ (0.88) EF+ EF- 685.84
EF+ EF+ 13.27 (61.60) (0.55)
20/22 29.57 (690.38)
68.57 (3.07) (0.41) EF+ EF+ 523 32 EF+
(9.44) ' 66.51 ' 1.33
72.02 13.98 28.63 (42.96) (0.57)
43IN) 1 g05) | 82 | (2.15) (1.02)
Lanni et MDCs, MMSE:
al. (2014) | senior PD 51 (IN) 66.6 25/ 16.0(2.8) 28.6 (1.7)
(5.6) 26 589.10 2.2 22.2
gﬁgggft PD == 6930 54(42) | (40220) | (06) | (148)
groups, HC 38 (IN) 6.3) 19/19 28.6 (1.3)
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veteran's

orgs, USA

Lovstad et | data from pre | PD 45 (IN 59.8

al. (2016) | DBS surgery, 21) (6.5 | M0 | 185G | DRS 12.1 2 (0to
Norway HC 115(IN | 31.3 ' (3.8) 3) e

46) (11.2) 49/66 | 13.2 (2.6) (3.3)

Mills etal. | 57 17

(2020) Parkinson 61.8 223/ MoCA: Not on '
Study Group 323 ©.11) | 100 28.1 (1.4) medication (0859) 17.2(7.0)
sites, USA '

Puente et | John- . -

al. (2016) | Hopkins . 651 | g | 153(30) | Daos “ 4 | levodopa % 17.6
Hospital, (7.7) (5 7 35) 96.4 (10.1)
USA "

Siquer & | Neurology 67.3 MoCA: **6.87

Andres | department, PD1S | 97) | M1 | 134(48) | 565004y | (461) | 72053 | 177 | 17.13

(2021) Spain HC 15 (276411) 13/2 | 141 (3.08) | 27.6 (1.2) (298.23) | (0.37) | (10.20)

Sobreira MDC, Brazil .

etal. 35 631 1 21114 | 55(.1) | MMSE 125 43 2(06) | 1.7 (6.6)

(12.4) 24.8 (3.0)

(2008)

Vlagsma |3 PD 42 (IN 60.8 | 27/15 5.6 (1.1)

et al. departments 39) (9.9) ) ) 718.3 2.1 20.3

(2017) of neurology, 58.5 43/51 | *5.3(0.9) (622.3),0- | (0.6), | (9.5), 8-
The 94 (6.8) 3020 1-3 59

Netherlands

Key: N: sample size, PD: Parkinson’s disease, IN: Informant, HC: Healthy control, SD: standard deviation, MDC: Movement
Disorder Clinic LEDD: Levodopa daily equivalent, H&Y:Hoehn and Yahr stage, UPDRS part lll: Unified Parkinson;s Disease Rating
Scale motor examination, DRS: Dementia rating scale, MMSE: Mini Mental State examination, EF-: deficits in EF, EF+: No deficits
in EF, MoCA: Montreal cognitive assessment, * Education rated on scale 1 (elementary school not finished) to 7 (university degree)
** Years with symptoms *** Months **** inclusion more than 20 scoring
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Table 1.3 — Table of objective and subjective measures used in included studies

Copeland
et al.
(2016)

Koerts
et al.
(2011

a)

Koerts
et al.
(2012)

Kudlicka
et al.
(2013)

Lanni
et al.
(2014)

Lovstad
et al.
(2016)

Mills
et al.
(2020)

Puente
et al
(2016

Siquier
&

Andres
(2021)

Sobreira
et al.
(2008)

Vlagsma
et al.
(2017)

Objective measures

WCST

SCWT

DKEFS: TMT

TMT B

The Trails Test

FAB

OMO

BADS Zoo maps

DKEFS: CWI

D-KEFS Verbal Fluency
Test

D-KEFS Category fluency
subtest
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D-KEFS category
Switching subtest,

DKEFS The Tower subtest

Hayling test

Brixton Test

Semantic verbal fluency

Phonemic verbal fluency

Letter—word fluency

Letter-Number
Sequencing (WAIS-III)

MOCA -
visuospatial/executive
domain score

Digit span (WMS-R)

Digit span (WAIS III)

Digit span - inverse order
(WAIS 11I)

Symbol digit modalities
test
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Visual Elevator Test
subtest (Test of Everyday
Attention)

Subjective measures

DEX-self

DEX-other

DEX-Discrepancy score

BRIEF-A (discrepancy
scores)

BRIEF-A-GEC

BRIEF-A-BRI

BRIEF-A-MI

Informant GEC

Informant BRI

Informant M|

FrSBe total (informant)

FrSBe Apathy

FrSBe disinhibition
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FrSBe Executive
dysfunction

MDRS Attention

MDRS Initiation/
preservation

MDRS conceptualisation

SCOPA-COG-EF

QUIP-RS

BAFQ

BDEFS-TM

Neuro-QolL- EF

Performance on Likert
scale

Subijective opinion on EF
changes: Yes/no.

See Key for table 1.1
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Table 1.4 Summary quality appraisal for each study

Koerts Siquier
Copeland | gt g, | Koerts | Kudlicka | Lanni | Lovstad | Mills | Puente & Sobreira | Vlagsma
AXIS Domains etal. (2011 | etal. etal. et al. etal. etal. et al. Andres etal. etal.
(2016) (2012) | (2013) | (2014) | (2016) | (2020) | (2016) (2021) (2008) (2017)
a)
Quality of reporting L L L L L L L L L H L
Study design quality L U U L L H L L L U L
Introduction of bias H U U L U H U L U U u

L = Low risk of bias (good quality), U = Unclear risk of bias, H = High risk of bias (poor quality)
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Objective measures of EF

Overall, deficits in EF on objective measures were reported for PwPD on at least one
test in nine studies (Copeland et al., 2016; Koerts et al., 2011a; Koerts et al., 2012;
Kudlicka et al., 2013; Lanni et al., 2014; Puente et al., 2016; Siquier & Andres, 2021;
Sobreira et al., 2008, Vlagsma et al., 2017). Two studies did not report on the scores
of objective measures (Lovstad et al., 2016, Mills et al., 2020).

There was a large variation in neuropsychological tests of EF used, with 24
completed in total (see Table 1.3). Versions of the CWI and the TMT were most
commonly used across studies, both being utilised in six studies (SCWT: Copeland et
al., 2016, Koerts et al., 2011a, Vlagsma et al., 2017, DKEFS CWI: Kudlicka et al.,
2013, Lanni et al., 2014., Lovestad et al., 2016; DKEFS TMT: Kudlick et al., 2013,
TMT-B/A: Copeland et al., 2016, Koerts et al., 2012 Puente et al., 2016, Vlagsma et
al., 2017, TESen: Siquier & Andrews, 2021). Studies found an objective deficit in EF
on TMT tests, whereas objective deficits based on CWI were less clear. Lanni et al.
(2014) found a significant objective deficit compared to controls when using the CWI.
Whilst Koerts et al. (2012) and Vlagsma et al. (2017) found no significant difference
between PwWPD and controls on CWI tests, Copeland et al. (2016), and Lovestad et al.
(2016) did not conduct specific analysis on the CWI to be able to report this. Kudlicka
et al. (2013) used the CWI (and TMT) to group participants into those with and without
EF deficits, suggesting some PwPD did display objective deficits on the CWI. All other

tests are listed in Table 1.3 and objective deficits reported on Table 1.1.

Subjective measures of EF

Overall, subjective deficits in EF were reported in seven studies, suggesting a
significant impact of EF on daily life (Koerts et al., 2011a; Koerts et al., 2012; Lanni et
al., 2014; Lovstad et al., 2016; Puente et al., 2016; Siquier & Andres, 2021; Vlagsma
et al., 2017). Three studies found no deficits in EF (Copeland et al, 2016; Kudlicka et
al., 2013; Mills et al., 2020). However, Copeland et al. (2016) was found to be high
risk from the introduction of bias due to a lack of a standardised measure of subjective
EF, only asking dichotomous yes/no questions during clinical interview. Additionally,
these questions were asked of participants and informants in the presence of each

other, raising further issues of bias. Mills et al. (2020) reported T scores for subjective
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measures which suggest EF was in the average range, however, there was no
discussion of this result. Finally, with poor quality of reporting, Sobreira et al.’s (2008)
findings of subjective EF were also unclear, noting low mean scores but no discussion
of whether this implies a subjective EF deficit. Of note, all three studies which reported
no or unclear subjective deficit did not include control groups, further reducing the
reliability of their findings as direct comparison could not be made.

Only two subjective measures were used across multiple studies, the BRIEF-A
and the DEX. The BRIEF-A was the most used subjective measure of EF utilised by
four papers (Kudlicka et al., 2013; Lanni et al., 2014, Lovstad et al., 2016; Siquier &
Andres, 2021). Siquier & Andres (2021) used discrepancy scores between self and
informant ratings, finding a significant difference between PwPD and controls. Lanni
et al. (2014) and Lovstad et al. (2016) also found a significant difference on the BREIF-
A between PwPD and controls, however, only in the Ml subdomain. Whereas Kudlica

et al. (2013) found no significant differences between groups.

The DEX was used as the subjective measure in three studies, all reporting a
significant deficit in subjective EF compared to controls on the DEX-self (Koerts et al.,
2011a; Koerts et al., 2012; Vlagsma et al., 2017). All other subjective measures used
are listed in Table 1.3. Notably, the remaining studies were those noted to have found

no deficits or have unclear results. Additionally, they did not utilise HCs in their design.

Relationship between informant and self-report on subjective measures

Eight studies investigated the association between informant and self-report on
subjective measures of EF (Copeland et al., 2016; Koerts et al., 2011a; Koerts et al.,
2012; Kudlicka et al ., 2013; Lanni et al., 2014; Lovstad et al., 2016; Siquier & Andres,
2021; Vlagsma et al., 2017). Seven studies found no significant differences between
self and informant report, suggesting high levels of agreement and indicating that
PwPD have good insight into the impact of EF on daily life. Kudlicka et al. (2013) also
found no significant differences between self and informants in those with EF deficits,
however, in those without objective EF deficits PwPD reported significantly more EF
difficulties daily life than informants. This finding may suggest that PwPD without
objective EF deficits may identify subtle internal changes that are not yet observable

to informants or objective measures.
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Association between objective and subjective measures

All included studies investigated the association between objective and subjective
measures for PwWPD. Five studies found no significant association between objective
and subjective measures (Copeland et al., 2016; Koerts et al., 2011a; Koerts et al.,
2012; Mills et al., 2020; Vlagsma et al., 2017).

Within a sample of PD-MCI, Copeland et al. (2016) found very little agreement
between objective and subjective measures of EF for both participants and informants.
However, the study was found to be high risk from the introduction of bias, relating to
use of a non-validated measure of subjective EF. Mills et al. (2020) also found no
associations between MoCA subdomain EF scores and Neuro-Qol EF domain scores.
This was the only study to use a cognitive screening measure (MoCA) rather than
neuropsychological tests of EF when investigating the association between subjective
and objective measures. However, as it is designed as a global measure, the MoCA
may not be sufficient for domain specificity. Additionally, the sample was taken from a
medical trial with strict inclusion criteria around newly diagnosed PD and thus lacks
generalisability.

In comparison, Koerts et al. (2011a) examined whether objective measures of
EF reflect difficulties in daily life using a standardised subjective measure (DEX).
Analysis between objective and subjective measures showed that the DEX-self could
not be explained by subtest scores on the FAB, alternately, the FAB total score could
not be explained by the DEX-self subscales. Taken together with significantly worse
scores on both the FAB and DEX and good agreement with informants, this suggests
that not all PwPD who show objective deficits in EF report subjective decline and not
all those who report difficulties with EF show objective deficits. Additionally, due to the
global nature of the FAB it may not be the most appropriate neuropsychological test
for detecting EF in PwPD.

In further research, Koerts et al. (2012) addressed the limitations of the previous
study by utilising a larger sample and including multiple neuropsychological
assessment measures of EF (TMT, CWI, OMO, BADS zoo maps). However, no
significant correlations were found between DEX-self, DEX-other and EF objective test

performance. Therefore, they argue the low ecological validity of neuropsychological
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tests for detecting everyday EF difficulties may explain the lack of association between

objective and subjective measures.

Vlagsma et al. (2017) went one step further, investigating the relationship
between multiple measures of objective EF (SCWT, TMT B-A, BADS Zoo Maps,
Phonemic Verbal Fluency, Visual Elevator Test subtest) and multiple subjective EF
measures (DEX-self/other, BAFQ; BDEFS-TM) in PwPD and controls. However,
despite PwWPD displaying significantly worse performance on objective measures
(TMT-B, visual elevator test, BADs Zoo Map) and reporting more subjective problems
in daily life (DEX, BAFQ, BDEFS-TM), no significant relationship was found between
objective test performance and self-reported EF deficits. Vlagsma et al. (2017)
evidenced good quality of reporting and study design with a low risk of bias overall,
recruiting from multiple sites, using HCs and multiple measures of EF. Koerts et al.
(2012) and Vlagsma et al. (2017) were the only two studies with overlap on both
objective measures (CWI, TMT) and subjective measures (DEX), giving more weight
to their findings.

Only one study found a clear association between objective and subjective
measures (Siquier & Andres, 2021), finding that the Hayling test positively correlated
with BREIF-A and QUIP-RS. This was the only study to use the Hayling test as a
measure of objective deficit, though with small sample sizes results may lack
generalisability. Despite small sample sizes, the use of controls, quality of reporting
and study design mean that the study was deemed low risk of bias overall.

All other studies describe a varied picture with some tests being associated and
others not (Kudlicka et al., 2013; Lanni et al., 2014; Lovstad et al., 2016; Puente et al.,
2016; Sobreira et al., 2008, see Table 1.1). The inconsistency between studies
highlights that more commonly used tests of objective EF may not correspond with
subjective everyday reports and overall, there does not appear to be an association

between objective and subjective measure
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Discussion
The aim of this review was to understand the relationship between objective deficits in
EF, as measured by performance on neuropsychological tests and everyday executive

functioning, as measured by subjective (self and other) reports.

Most studies reported an objective deficit on tests of EF in PwPD, in line with
previous research (Kudlicka et al., 2011). Similar to Kudlicka et al. (2011), many
different neuropsychological tests were used across studies, which is likely due to the
overarching nature of EF as a higher-order cognitive process (Sira & Mateer, 2014).

What is the impact of PD on executive functioning in everyday life when
measured by subjective measures?

The majority of studies reported a subjective deficit in EF in PwPD. Those which did
not report a clear subjective deficit were found to be methodologically weaker. This
suggests that there is likely a significant impact of EF on daily life in PwPD. Overall,
there were fewer subjective tests compared to the number of objective tests used,
though this may be because the questionnaire measures covered a wide range of
aspects of executive functioning in everyday life (Puente et al., 2016). Despite the
BRIEF-A being utilised most often, the DEX appears to be the subjective measure
most consistently detecting a deficit in PwPD, with the studies utilising it finding a
significant deficit compared to controls. Within subjective measures, all studies which
investigated the discrepancy between self and informant report found good
agreement. This indicates that PwWPD have good insight into their own difficulties and
accurately report the impact of EF in their daily lives. However, reviewing self and
informant reported deficits on subjective measures alone does not necessarily mean

these measures are effective at detecting EF impairment in everyday life.

What is the association between subjective and objective assessment of EF in
PD?

Overall, the results suggest that there is no clear association between objective and
subjective measures of EF, as measured by neuropsychological tests and self-report

questionnaires. Five studies found no relationship, even when multiple objective and
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subjective measures were utilised across different areas of EF. A further five studies
showed a mixed picture, with no clear association between objective and subjective
measures, but found associations between some specific subtests of
neuropsychological tests and subdomains of self-report measures. Only one study
found a clear association between an objective and subjective measure, finding that
the Hayling test positively correlated with BREIF-A and QUIP-RS (Siquier & Andres,
2021). This was the only study to use the Hayling test as a measure of objective deficit
and with small sample sizes, results may not be representative for all PwPD and
cannot be generalised to all objective measures. Therefore, this indicates that there is
no obvious relationship between commonly used neuropsychological tests of EF and
the impact of EF on daily life through self-report measures for PwPD.

There are a few possible explanations for this finding. Firstly, the ecological
validity of neuropsychological tests of EF is highly debated, with traditional tests often
displaying poor ecological validity (Manchester, Priestley & Jackson, 2004). Ecological
validity can be defined as the degree to which these tests within a controlled
environment relate to performance in everyday life (Domensino et al., 2022). The
neuropsychological tests used in most of the included studies are highly structured
and often testing specific components of EF, whereas self-report measures typically
cover a broad range of behavioural and emotional scenarios. This may explain why
some studies found association between subsections of objective and subjective
measures. Additionally, unlike the format of objective measures, the situations that
make demands on EF difficulties in daily life will be unstructured and rely on other
cognitive domains as well as EF (Koerts et al., 2011a).

Two key areas of focus when considering the ecological validity of
neuropsychological tests is verisimilitude and veridicality (Domensino et al., 2022).
Verisimilitude refers to the extent to which tests resemble tasks in everyday life,
resulting in high face validity. Whereas veridicality refers to the extent to which a test
predicts performances in everyday life. The EF deficits captured on
neuropsychological tests within an artificial environment may have low veridicality and
thus may not be useful in predicting difficulties in daily functioning (Chaytor &
Schmitter-Edgecombe, 2003). This may account for the lack of agreement between
types of measurement found in this review. With a primary aim of neuropsychological
tests being the prediction of the impact of cognitive deficits on everyday functioning,
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this raises questions over the utility of these measures for PwPD. It may be more
helpful to consider tests which aim to reflect EF within daily life (verisimilitude), such
as planning, problem solving and task management. For example, Koerts et al.
(2011b) found that PD patients used compensatory strategies on the Cognitive Effort
Test, which measures initiation, planning and task management, performing differently
but not worse than controls, adjusting for their impairments. Compensatory strategies
may be another factor which can potentially explain the lack of association between
types of test, with traditional neuropsychological tests of EF not allowing for the use of
compensatory strategies, whereas, these may be considered within self-reported
views of daily functioning (Chaytor & Schmitter-Edgecombe, 2003).

However, Vlagsma et al. (2017) and Koerts et al. (2012) utilised the BADS Zoo
Maps as an objective measure which resembles tasks of everyday life and is noted to
have good ecological validity (Norris & Tate, 2000), but still found no association with
a subjective measure. Therefore, as most studies evidenced both an objective and
subjective deficit in EF in PwPD but no association between them, it is likely that
objective and subjective measures are examining different aspects of EF. Specifically,
neuropsychological tests measure deficit at the bodily functions level, whereas self-
report questionnaires aim to measure the impact of deficits on performance in daily
life, which is open to the influence of emotional, behavioural and environmental factors
(Domensino et al., 2022). This would suggest that using both types of measure, as
part of a multidimensional assessment of EF, would be most beneficial for
understanding EF in PwWPD in daily life (Domensino et al., 2022). This is supported by
Puente et al. (2016) who found that neuropsychological tests were a significant
predictor of IADLS in PD-MCI but the subjective self-report measure added
incremental validity to neuropsychological tests for both PD-MCI and cognitively intact
PwPD in explaining IADL performance. This raises implications for clinical practise as
using both types of measure will assist clinicians to provide a more detailed
neuropsychological assessment and clinical opinion to predict functioning (Vlagsma
et al). Furthermore, as part of a multidimensional assessment, it may allow for more
person-centred cognitive rehabilitation and support (Kudlicka, 2011; Domensino et al.,
2022).
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What is the methodological quality of the available evidence?

There are a few key limitations that should be kept in mind when considering these
findings. Firstly, no included study justified its sample size, with none reporting a
power calculation. Therefore, some studies may be underpowered, impairing their
ability to detect an effect. Secondly, with the many different measures and analyses
used it was not possible for meta-analysis to be conducted. As previously noted, this
likely relates to the overarching nature of EF. A key issue for research within EF and
investigation into the ecological validity of testing is the lack of agreement around the
construct of EF, which is reflected in the broad range of tests used within included
studies (Chaytor & Schmitter-Edgecombe, 2003). Bearing this in mind, future
research may consider using a specific battery of tests recommended for use in PD,
for example the MDS level Il suggested tests (Dubois et al., 2007). Additionally,
nearly all studies failed to use self-report measures specific to PD. With a distinctive
cognitive profile characterised by dysexecutive features (Dubois et al., 2007) and
with the unique interplay between motor and non-motor symptoms in PwPD, the

development or use of measures specific to this population would be valuable.

Furthermore, the heterogeneity of the sample makes it difficult to draw strong
conclusions and may have a significant impact on results. For example, many studies
had inclusion criteria around mild to moderate disease severity, excluding those at
H&Y stages 4+. Whereas, because of recruiting from a database for DBS one study
had inclusion criteria of at least five years disease duration and severe motor
difficulties. Koerts et al. (2012) found that those at moderate disease severity reported
more problems on subjective EF measures than relatives, compared to mild PD where
good agreement was found. Additionally, whilst many studies excluded patients based
on global cognitive impairment scores, one study specifically focused on those with
PD-MCI. Future studies should consider investigating differences in the association
between objective and subjective measures and awareness of EF difficulties at both
different H&Y stages and across a range of cognitive difficulties. This would allow for
greater understanding of the mechanisms behind this relationship and inform clinical
practise.

A limitation of this review was that only 10% of abstracts were screened by a
second reviewer. With full text screening and data extraction only completed by the
first reviewer. Therefore, there is the potential that studies or data were excluded in
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error. Along these lines, intervention study designs were excluded, so intervention
studies which reported an association between neuropsychological test scores and
subjective reports may have been missed. Additionally, only five of the included
studies were appraised for methodological quality by both reviewers. However, inter-
rater reliability was high.

Conclusions

This review aimed to investigate the relationship between objective
neuropsychological tests of EF and subjective report measures of EF difficulties
experienced in everyday life in PwPD. Despite deficits evidenced on both objective
and subjective measures, no clear association was found between types of tests
suggesting that these may be measuring different aspects of EF in PwPD. However,
with heterogeneity in both the sample and measures used, it is difficult to draw strong
conclusions. Future research into subjective reports of EF across disease severity and
its association to neuropsychological tests is necessary to further clarify the nature of
this relationship and inform clinical practise. Findings still have important clinical
implications highlighting the need for clinicians to use multiple types of measure, with
real-world applicability in mind, for a more comprehensive assessment of EF

difficulties. Doing so would ensure appropriate support is provided.
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Plain Language summary
Title

A single case experimental design study of a reminder app for supporting adherence
to personalised treatment goals in Parkinson’s disease

Background

Parkinson’s disease (PD) is a progressive condition which affects the nervous system
causing tremors and slowed movement. Other symptoms include problems with
balance, sleep, memory and anxiety. Treatment aims to improve symptoms and
quality of life. Poor memory in PD has been shown to reduce a person’s ability to
manage activities of daily living and treatments, such a taking medications. However,
patients with PD have been shown to benefit greatly from external reminders.

Aims and Questions

The aim of this research project was to investigate whether the use of a reminder app
improves adherence to treatment goals in people with PD.

Methods

Patients seen by the movement disorder clinic with a diagnosis of PD and a partner
who was able to monitor progress were invited to take part in the study. Written
consent to take part was acquired from each participant. Measures of memory,
emotional wellbeing and quality of life were completed to build a profile of each
participant. Participants had a ‘baseline’ phase at the start where they carried on as
usual, but their partner recorded completion of daily goal-related tasks. The baseline
phase varied in length for each person. Participants created specific and personalised
treatment goals at the beginning of the baseline phase. Goals were relevant to the
management and treatment of PD. Then, an intervention phase was completed with
the ApplTree app (Jamieson et al., 2020) introduced to remind participants of
treatment goals. This design is known as a single case experimental design. Partners
monitored their goal adherence, via a weekly monitoring form in both phases.
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Results

Visual analysis of graphs revealed that most but not all participants showed
improvement from baseline to intervention phase, though only two participants showed

statistically significant change between phases using statistical analysis.

Conclusions

This research provided evidence that a smartphone reminder app can improve
adherence to goal-related tasks for some people with PD but not all, enabling patients
to take a more active role in self-management of PD. Some participants showed high
task completion in the baseline phase. It may be that the goal setting session and
interaction with the researcher motivated participants to completed daily goal-related
tasks before introduction of the reminder app. Included participants measures of
memory showed they had no difficulties; future research could look at the effect of the

reminder app in people with PD who have memory difficulties.

References

Jamieson, M., Cullen, B., Lennon, M., Brewster, S., & Evans, J. (2020). Designing
ApplTree: Usable scheduling software for people with cognitive
impairments. Disability and Rehabilitation: Assistive Technology, 1-11.

48



Abstract

Parkinson’s Disease (PD) is a progressive neurological condition with a specific profile
of cognitive deficits, including executive function and episodic memory. Treatment
management is often complex and challenging for individuals with PD. Deficits in
prospective memory (the ability to recall intended actions after a delay) in PD are
associated with poorer functioning and reduced autonomy, including self-management
of treatments. PD patients have more difficulty with internally cued behaviour and
benefit significantly from external cues. The aim of this research was to investigate
whether the use of a reminder app, providing external cues, improves completion of
goal-related tasks in PD patients. A single-case experimental design was utilised with
a randomised multiple baseline phase prior to an intervention phase (AB). Seven
participants were recruited from a movement disorder service, six completing the
study. Measures of cognitive impairment, apathy, prospective memory, PD-related
quality of life and mental wellbeing were completed to characterise participants. Task
adherence was recorded via a weekly monitoring form by a nominated person. Visual
analysis of graphs revealed that most, but not all, participants showed improvement
from baseline to intervention phase, though only two participants showed statistically
significant change between phases using Tau-U analysis. This research provided
evidence that a smartphone reminder app can improve treatment-related goal
adherence for some people with PD, enabling patients to take a more active role in
self-management of PD. Future research should consider investigating the impact of
a reminder app in those with specific deficits, considering the most objective ways to
record this data.

Keywords: Parkinson’s disease, prospective memory, apathy, self-management,
reminder app, smartphone, adherence
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Introduction

Parkinson’s disease (PD) is a progressive neurological condition affecting around one
in every 500 people, with most people developing symptoms after 50 years of age
(NHS, 2019). PD affects people differently, but three main motor symptoms include
tremors, slowed movement and stiff muscles (NHS, 2019). Other symptoms can
include balance and gait disturbance and non-motor symptoms such as anxiety,
insomnia and cognitive impairment. There is no cure for PD, but treatments aim to
help reduce the main symptoms and improve quality of life. Often non-motor
symptoms can have the greatest impact on day-to-day functioning, with depression,
psychosis, cognitive impairment, apathy and sleep disorders being found to be the
most common independent determinants of health-related quality of life and increased
disability (Raggi et al., 2012).

Apathy, characterised by a reduction in goal-orientated thoughts and
behaviour, is a common symptom in PD, with a meta-analysis stating a prevalence
rate of 40% (den Brok et al., 2015). Analysis revealed that apathy was highly
associated with cognitive impairment, comorbid depression, disease severity and
disability in PD. This is likely due to the overlap in symptoms between depression,
apathy and cognitive impairment in PD (den Brok et al., 2015). When comorbid
depression and cognitive impairment were controlled for, apathy was still present in
50% of patients, confirming ideas that it is a separate clinical symptom present in PD.

Evidence suggests that people with PD may develop a specific profile of
cognitive deficits, particularly in executive function (EF), episodic memory and visual-
spatial abilities, in the early stages of the disease and are at greater risk than the
general population of developing dementia (Aarsland et al., 2017). In a review of the
cognitive profile of PD and PD-related dementia, Emre (2003) notes that impairment
in EF, which can be defined as an ability to plan, organise and regulate goal-directed
behaviour, is a common clinical feature in patients with PD. As a result of this
dysexecutive syndrome, PD patients have considerable problems with internally cued
behaviour, due to difficulties shifting attention, and benefit significantly from external
cues (Emre, 2003). A number of studies have now evidenced the effectiveness of
visual, auditory and cutaneous external cues to aid initiation of behaviour in PD
(Butterfield et al., 2017).
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Prospective memory (PM) relates to the ability to carry out intended actions
after a delay, at a particular time (e.g. attending an appointment at 10am) or in
association with a particular event (e.g. posting a letter on the way to work). A
systematic review of literature investigating PM functioning in PD revealed that both
EF and episodic memory difficulties are associated with PM performance in PD
(Costa, Caltagirone & Carlesimo, 2018). Costa et al. (2018) also report that cognitive
interventions may be effective in improving PM function in PD patients. Additionally,
studies have shown that patients with Parkinson’s related dementia have impaired free
recall but benefit greatly from semantic cueing, suggesting new information is stored
but not easily accessed (Emre, 2003). Deficits in PM in PD have been shown to be
significantly associated with poorer functional ability and reduced autonomy, including
the self-management of treatments and activities of daily living, such as medication
management (Pirogovsky, Woods, Vincent Filoteo, & Gilbert, 2012).

Medication is often used to improve symptoms of PD, such as tremors and
movement problems, as well as manage side effects of treatment and comorbidities
(Parkinson’s UK, 2019). The number of medications and the frequency with which they
are taken typically increases with disease progression (Schapira et al., 2009). As a
result, self-management and treatment adherence is often complex and challenging
(Lakshminarayana et al., 2017). It has been demonstrated that withdrawal of
dopamine medical treatments (e.g. Levodopa) in PD, leading to characteristic ‘off
states’, results in significantly poorer PM performance (Costa et al., 2008). Therefore,
it is likely poor medication adherence could be both a contributor to and consequence
of deficits in PM and could lead to reduction in adherence to other goals and tasks. To
add to this challenge, clinicians often have limited time available for face-to-face
consultations, making it difficult to fully assess and address issues with self-

management and non-adherence (Lakshminarayana et al., 2017).

Non-adherence to prescribed therapy in PD ranges between 10-67% (Malek &
Grosset, 2015). Difficulty with adherence to treatment in PD is significantly associated
with poorer motor scores, more daily ‘off’ time where PD symptoms increase between
medication doses and worse mobility compared to patients with satisfactory
compliance (Grosset et al., 2009). Additionally, non-compliance in PD is associated
with higher rates of depression and reduced quality of life (Grosset, Bone & Grosset,
2005). A range of non-pharmacological treatments for management of PD are
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recommended in the NICE guidelines (2017) alongside medication including
physiotherapy, speech and language therapy, occupational therapy, psychological
interventions and nutrition. However, most studies to date have focused solely on

medication adherence and its consequences.

Providing patient-centred care has been shown to increase treatment
adherence in patients with PD, with self-management support identified as a key way
to support and empower these individuals (van der Eijk et al., 2011). Self-management
relates to increasing patients’ participation in goal setting, treatment planning, and
independent management of a range of aspects of their treatment/care, increasing the
experience of control over their lives (Kralik, Koch, Price & Howard, 2004).

A recent systematic review into mobile apps for medication adherence found
that people who use reminder apps are significantly more likely to adhere to
medication regimes than those who do not (Armitage, Kassayou & Sutton, 2020).
However, findings for six of the nine studies included in the meta-analysis were based
on self-reported measures of adherence, so they state results should be interpreted
with caution. Grosset et al. (2006) found that, due to significant under-reporting by
patients, self-report measures are insensitive in detecting sub-optimal PD medication
intake; therefore, objective methods should be used. Additionally, Armitage et al.
(2020) found that studies with interventions matched to patients’ specific needs,
beyond simple medication regime reminders, such as interventions focused on wider
treatment goals, mood, cognitive impairment, or symptom control, had the largest
effect sizes. This is in line with Cabrera-Martos et al. (2018) who found that people
with PD show greater improvement in goal attainment if treatment is focused on a

specified tailored set of goals.

The formulation of goals helps to initiate goal-directed thoughts and behaviour
through motivation, planning and intention development (Locke & Latham, 2002), all
of which have been evidenced as impaired in PD. Research into retrospective and
prospective memory suggests that PD patients are unable to internally initiate
encoding strategies related to intention formation (Foster, Rose, McDaniel & Rendell,
2013). A RCT found that strategies supporting encoding of PM cues and associated
behaviour, such as creating implementation intentions, improved performance in PD

patients within a laboratory setting (Foster, McDaniel & Rendell, 2017). However, they
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state that future research should investigate implementing strategies into patients’
everyday lives to improve patients’ clinical care, daily functioning and quality of life.

Deficits in initiation (internal self-generation) are a well-documented feature of
PD which affects multiple domains, including motor and cognitive (Butterfield et al.,
2017). These deficits have shown to be improved by external cues, for example, visual
cues have been shown to improve stride length and auditory cues improve gait, length
and rhythm of strides in PD patients (Butterfield et al., 2017). Pagni et al. (2011) found
that even PD patients in the early stages who have not yet received dopamine
medication performed worse on the prospective component of event-based tasks
compared to controls but not the retrospective component. This suggests that it is the
initiation phase of tasks that is most impaired and, as evidenced, external cues as aids
would be helpful.

A recent review of mobile apps for self-management in PD highlights the use
smartphone apps as a relatively new area for PD interventions and notes that most
research has focused on self-monitoring of symptoms rather than management (Lee
et al., 2022). Despite the push for person-centred self-management, no study so far
has investigated the use of a reminder app for personalised treatment goals in PD,
with the aim of aiding self-management. Lee et al. (2022) highlight that the relatively
older age of those with PD and the impact of motor symptoms may impact on
smartphone use for treatment management. Additionally, research into health apps
suggests people prefer those which are simple and straightforward to use (Peng,
Kanthawala & Yuan, 2016). ApplTree is a reminding app designed to be used by
people with cognitive impairments related to acquired brain injury and as a result has
been developed with simplicity in mind (Jamieson et al., 2020). ApplTree has a
narrow/deep user interface design which presents a small amount of information at a
time to minimise the cognitive burden on people when setting reminders (Jamieson et
al., 2020). Therefore, as people with PD (PwPD) often display a specific cognitive
profile, with deficits resulting in difficulties with initiation and internally cued behaviour,
a reminder app which is simple to use may be most effective at improving adherence
to personalised treatment goals.
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Aims

The aim of this study was to investigate whether the use of a recently developed
reminder app, ApplTree (Jamieson et al., 2020), improved adherence to personalised
treatment goals in people with PD. It was hoped that the formulation of specific,
measurable, achievable, relevant and time-limited (SMART; Bovend’Eerdt, Botell, &
Wade, 2009) treatment goals in collaboration with the person with PD would increase
the encoding of goals, whilst the associated external visual and auditory reminders
would both cue participants to PM tasks and increase initiation of goal-directed

behaviours.

Hypothesis
The introduction of the reminder app will significantly improve completion of goal-
related tasks.
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Methods
Research has been reported in accordance with Single-Case Reporting Guidelines in
Behavioural Interventions (SCIBE, Tate et al., 2016). The protocol for this study was

registered on ClinicalTrials.gov (NCT05106985) prior to recruitment.

Design

The study design was developed with reference to the methodological quality criteria
for single-case experimental designs and n-of-1 trials (Risk of Bias in N of 1 trials —
RoBIN-T, Tate et al., 2013) A single case experimental design (SCED) was utilised
with multiple baselines across participants with randomisation of the onset of the

intervention phase for each participant.

A two phase (AB) design was used with participants randomised to different
lengths of baseline. Blinding of participants and researcher was not possible and a
withdrawal design (e.g. ABA) was not deemed ethical due to the nature of the study.
Quantifying datapoints required at least one reminder per day and hence a two-day
period represented one datapoint. The data collection phase for each participant was
based on completing at least five data points within both the baseline and intervention
phase. Participants were randomly assigned to a baseline period of 10, 16 or 22 days
using an online randomiser programme (http://randomiszer.org). All participants then
completed an intervention period of 22 days where the ApplTree app was introduced.
Study length was therefore due to range from 31-43 days for each participant,
however, due to extraneous circumstances study length ranged from 22-53. Variations
in planned design are discussed within individual participant results. The study was
run in batches of three participants, with replication of the design across the second
set of three to ensure at least three demonstrations of the treatment effect in each
participant set (Tate et al., 2013). However, baseline phases were not concurrent due

to recruitment challenges.

Participants
Participants with a clinical diagnosis of PD were recruited via NHS Greater Glasgow
and Clyde’s Movement Disorders Team, through the Neurology Service’s Movement
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Disorder Clinics or by the Older People’s Psychology Service. Patients who clinicians
felt would benefit from the reminder app to assist with treatment goals were invited to
participate. Participants were required to own a smart phone and have a partner or
significant other who was able to, and consented to, monitor and support the
participant’s goal attainment as the nominated person. Potential participants and their
carers/partners (nominated person) were sent study invitation and participant
information sheets by post or were given them by a member of their clinical team
during a clinic appointment (Appendix 2.1, 2.2). Potential participants were able to
indicate their willingness to discuss participation in the research by returning a consent
for contact form (Appendix 2.3) or informing the clinical team member at their clinic
appointment of their agreement for contact. Participants and nominated persons who
consented to contact received a phone call to discuss the study in more detail and, if
ready, decide on whether they would like to participate.

Exclusion criteria
e A diagnosis of dementia
e Pre-existing neurological or severe and enduring psychiatric disorder
e Sensory deficits preventing the use of a smart device
e Did not own a smart phone capable of downloading apps
e Were involved in any other research study

e Lack capacity to consent

Seven participants were recruited initially. One participant (P04) withdrew prior to
commencement of the intervention phase, noting difficulties keeping up with life
demands. A second participant (P07) stopped recording data partway through the
intervention phase due to going on holiday. Both participants’ data collected prior to
withdrawal has been included. One participant (P01) was unavailable to commence
the intervention phase on the agreed date, and as a result an extended baseline was
continued until they were available to commence intervention. This data has also been
included. Participant characteristics, including pre-intervention measures, are reported
in Tables 2.1, 2.2.
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The following measures were used to characterise each participant. The below
measures are validated for PD and recommended by the Movement Disorder Society
(MDS, 2021) unless specified:

- The Montreal Cognitive Assessment (MoCA, Nasreddine et al., 2005).

- Parkinson’s Disease Quality of Life Questionnaire (PDQ-39 Peto, Jenkinson &
Fitzpatrick, 1998)

- Prospective and Retrospective Memory Questionnaire (PRMQ, Smith et al.,
2000)

- Apathy Scale (AS, Starkstein et al., 1992) self-report version, 14-item

questionnaire.

Currently, no measure of anxiety is recommended by the MDS, therefore, the
Generalised Anxiety Disorder Severity Index(GAD-7; Spitzer et al., 2006) and the
Patient Health Questionnaire (PHQ-9; Spitzer, Kroenke & Williams, 1999) were used
to assess emotional wellbeing. In an internal systematic review and audit by NHS
Greater Glasgow and Clyde Older People’s Psychology Service, results indicated that
the PHQ-9 and GAD-7 were the most suitable outcome measures due to strong
psychometric properties in their use with older people (NHS GG&C, 2019). These
measures are the routine outcomes measures for NHS Greater Glasgow and Clyde
Older People’s Psychology Service.

The following measures were completed by the nominated person:

- PDQ-39-Carer (Peto, Jenkinson & Fitzpatrick, 1998)
- PRMQ-Proxy (Crawford, Henry, Ward & Blake, 2006).
- Apathy Scale — proxy version (Adapted from Starkstein et al., 1992)

Ethics

Ethical approval was obtained from the West of Scotland Research Ethics Committee
3 (Appendix 2.4, 2.5) and management approval obtained from NHS Greater Glasgow
and Clyde (Appendix 2.6, 2.7). Informed consent was obtained from all participants
and their nominated persons (Appendix 2.8, 2.9).
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Procedure

Participants met with the researcher initially to read through and sign the consent
forms and complete pre intervention measures. All meetings were held in the
participants’ own homes or remotely via MS Teams. Random allocation to baseline
phase (10, 16 or 22 days) was completed following the first meeting. Participants met
with the researcher a second time to formulate specific and personalised treatment
goals, prior to starting the baseline phase. Discussion around goals was informed by
the Smart goal worksheet (Appendix 2.10), information from involved clinicians, pre-
interventions measures, partners and carers but focused primarily on participants’
views. Goals were relevant to the management and treatment of PD and associated
symptoms and had a PM and/or motivational component. See Appendix 2.11 for goals

for each participant.

The baseline phase then commenced with the nominated person completing a
monitoring form to record completion of intended goals (Appendix 2.12). The
nominated person received a reminder SMS text message daily to prompt completion
of the monitoring record. At the end of the baseline phase a further meeting with the
researcher was held to set up the app with specific goals and provide guidance on its
use. Nominated persons continued to monitor goal adherence through the intervention
phase (22 days) with reminder texts continuing. Following completion of the
intervention phase, a final debrief meeting was completed. Those wishing to continue

using a reminder app were assisted to do this at the end of the study.

Measures and Materials

A weekly/daily monitoring form was used by the nominated person during both
baseline and intervention phase to record completion of intended goal-related tasks
(e.g. taking medication on time, completing prescribed exercises, nutritional snack,

attending support group).

A smart goal worksheet was developed to ensure goals were relevant to the
management and treatment of PD and associated symptoms and had a PM or
motivational component such as reminders for medication regime or physical

exercises.
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ApplTree is a reminding app designed to be used by people with cognitive
impairments as a result of acquired brain injury (Jamieson et al., 2020). Each
participant downloaded the ApplTree app onto their own smart device. The app is free
to use. ApplTree is owned by the University of Glasgow and is maintained by Glasgow
University Software Services (GUSS).

Data analysis

The primary outcome measure was calculated as the percentage of goal-related tasks
carried out independently (i.e. without prompting from the nominated person) per two-
day period. The primary outcome is measured via the daily monitoring form, completed
by each participant’s nominated person. Some participants provided additional data
outwith the specified baseline and intervention phases, and this has been included in

analysis.

In line with recommendations for analysis of SCED data (Tate et al., 2013), the
data was analysed through visual analysis of graphs with reference to visual inspection
guidelines described by Lane and Gast (2014). Tau-U analysis was also conducted to
determine whether a significant improvement was found between baseline and

intervention phase (Parker, Vannest, Davis, & Sauber, 2011).
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Results

Participant characteristics and cognitive measures are described in Table 2.1 and
measure of emotional wellbeing in Table 2.2. The Apathy Proxy Rating Scale is not
reported for two participants, one participant withdrew prior to return of the measure
and the other nominated person was unavailable to complete the measure. All
participants were recruited through their consultant neurologist at the movement
disorders clinic. All participants decided to use the app for goals around increasing
activity and exercise and nearly all used the app to assist with taking regular
medications. For example, taking medications at the same time each day, every four
hours at specified times or completing exercises once day. See appendix 2.11 for
goal-related tasks for each participant.
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Table 2.1 Participant characteristics and cognitive measures

P01 P02 P03 P04 P05 P06 P07
Age 60 63 63 46 72 65 49
Sex M M M F M F M
Nominated person Partner Partner Partner Partner Partner Partner Partner
Time since diagnosis 14 years 4 years 3 years 4 years 7 years 3 years 5 years
Levodopa treatment Yes Yes Yes No Yes Yes Yes
MoCa 27 28 26 28 29 28 Blind

Normal Normal Normal Normal Normal Normal 20/22

Normal
PRMQ 66 (58-70) 47 (41-53) 62 38 59 (52-63) 49 (43-55) 66
T score Superior Average (55-66) (33-45) High Average (58-70)
(Cl 95%) High average | Low average average Superior
PRMQ Prospective 62 (54-67) 42 (37-50) 56 32 60 (52-65) 50 (44-57) 70
T score High Low average | (49-62) (29-42) High Average (61-74) V.
(Cl 95%) average Average Borderline average superior
PRMQ Retrospective 65 (55-69) 51 (44-58) 65 45 55 (47-61) 47 (41-55) 57
T score Superior Average (55-69) (39-53) Average Average (49-63)
(Cl 95%) Superior Average Average
PRMQ - Proxy 61 (55-65) 58 61 47 61 50 65
T score High (563-63) (55-65) (42-52) (55-65) (45-55) (59-69)
(Cl 95%) Average High High Average High Average Superior
Average Average Average
PRMQ P -prospective | 58 (51-63) 58 60 40 62 49 67
T score High (51-63) (563-65) (35-48) (55-67) (43-55) (59-71)
(Cl 95%) average High High Low average High Average Superior
Average Average Average

PRMQ p-Retrospective | 62 (53-67) 57 60 55 57 51 62
T score High (49-63) (51-65) High | (47-61) (49-63) (44-57) (53-67)
(Cl 95%) Average Average Average Average Average Average High

Average

61




Table 2.2 Participant emotional wellbeing measures

P01 P02 P03 P04 P05 P06 P07
GAD-7 1 5 8 10 7 8 3
(Anxiety) Minima | Mild Mild Modera | Mild Mild Minima
I te I
PHQ-9 2 2 15 9 6 3 2
(Depressio | None None Moderat | Mild Mild None None
n) ely
severe
Apathy 14 17 32 21 10 10 8
scale Apathe | Apathe | Apatheti | Apathet | Not Not Not
tic tic C ic Apathe | Apathe | Apathe
tic tic tic
Apathy - 26 23 - 7 10 10
scale proxy Apathe | Apatheti Not Not Not
tic C Apathe | Apathe | Apathe
tic tic tic
PDQ- SI 23 16 45 19 22 36 29
Mobility 40 8 70 15 10 45 8
ADLS 71 17 88 38 21 17 25
Emotional 21 21 46 33 42 42 42
wellbeing
Stigma 0 13 69 13 25 25 25
Social 0 0 0 0 17 25 33
support
Cognitions 19 25 44 31 19 38 25
Communicat | 0 17 33 17 8 50 58
ion
Bodily 33 25 8 8 33 52 17
Discomfort
PDQ-C-SI 22 9 68 3 6 23 9
Social & 35 6 65 2 8 15 13
Personal
Anxiety & 25 17 75 4 8 33 4
Depression
Self-care 15 5 70 0 5 20 5
Stress 13 4 63 4 4 25 13
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The below graph displays the overall percentage of completed goal-related tasks with
the baseline (Phase A) and intervention phase (Phase B).

Completed tasks for each phase

100
3 90
2 %
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€
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& 40
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o
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Participant

mPhase A mPhaseB

Figure 2.1 — Percentage of completed tasks per phase for each participant

Visual analysis

To investigate the effect of introducing the ApplTree app on goal related tasks, visual
analysis of the percentage of completed tasks across both phases was completed.
Visual inspection included the stability, level and trend of data within and between
conditions as described by Lane and Gast (2014) The below graphs (Figure 2.2 &
Figure 2.3) display the percentage of completed tasks per two-day datapoint within the
baseline and intervention phases, with varying lengths of baseline phase.
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Figure 2.2 Participants percentage of completed goal-related tasks per two-day period,
presented in order of baseline length (16, 21 & 33 days)

Participant 1

Participant 1 completed an extended baseline beyond the randomised 10 days he was
allocated to, due to personal circumstances meaning he was unable to meet to
download the app. Participant 1’s final datapoint of the intervention phase was missing
(point 28).

Participant 1's performance completing goal-related tasks showed an
improvement from 74% (147/198) during baseline to 91% (109/120) during the
intervention phase, with data being stable in both conditions. Split-middle method of

trend estimation was completed, suggesting there was an accelerating therapeutic
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trend within both phases, with data considered stable following the application of a
stability envelope to trend lines (see appendix 2.13).

Between-condition analysis showed that mean, median and absolute level
change measures suggested an improvement across conditions. However, Tau-U
analysis into performance change between phases found that changes were not
significant, suggesting no significant improvement with the introduction of the reminder
app (Tau-U A vs B =0.09, 90% CI [-0.30-0.47], p = 0.71).

Participant 2

Participant 2 was randomly allocated a baseline period of 22 days. Participant 2 had
missing data within datapoint 11, so the datapoint was calculated with the remaining
recorded data. Participant 2 also recorded additional datapoints at the end of the

intervention phase, which were included in analysis.

Participant 2's goal performance showed an overall improvement completing
36% (13/36) during baseline and 57% (28/49) during intervention, however, data was
variable during baseline and intervention phases. Evaluation of level change within
conditions indicated performance was deteriorating during baseline and improving
during intervention. Split-middle method of trend analysis was utilised and indicated
that there was a zero-celerating trend during baseline and an accelerating therapeutic
trend during intervention. However, data was considered variable following the
application of a stability envelope to trend lines. Evaluation of trend between
conditions, suggests a change in performance from a zero-celerating trend in baseline
to accelerating improving trend during intervention. All level change measures suggest

a positive change across conditions.

Tau-U analysis was conducted, indicating that behaviour change between
phases was significant (Tau-U A vs B =0.51, 90% CI1[0.12-0.90], p = 0.03). Therefore,

introduction of the reminder app had a significant positive effect on goal performance.
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Participant 3

Participant 3 was allocated to a baseline period of 16 days. Participant 3 had datapoint
16 removed from analysis during intervention phase, due to being unwell and therefore
unable to complete goal-related tasks. Participant 3 also recorded an additional
datapoint at the end of the intervention phase, which was included in analysis.

Participant 3 showed an overall increase in goal-related tasks with introduction
of the app, completing 73% (35/48) during baseline and 89% (59/66) during
intervention. Evaluation of each phase suggested data was variable within the
baseline and stable within the intervention phase. Evaluation of level change within-
conditions indicated performance was improving during baseline and intervention
phases. Split-middle method of trend estimation indicated there was an accelerating
therapeutic trend during baseline and a zero-celerating trend during intervention, with
data considered stable in both phases with application of the stability envelope.
However, level change measures suggested a mixed picture, with absolute level
change indicating a deteriorating performance, likely because of the initial drop at the
start of the intervention phase. Whereas, mean and median level change both suggest
a positive (improving) performance across phases. Tau-U analysis suggested that
behaviour change between phases was not significant (Tau-U A vs B = 0.36, 90% CI
[0.09-0.82], p = 0.19).
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Figure 2.3 Participants’ percentage of completed goal-related tasks per two-day

period, presented in order of baseline length (12, 16, 22 days)

Participant 5

Participant 5 was randomly allocated to a baseline period of 16 days. Participant 5
showed an overall improvement in performance on goal related tasks from 51%
(37/73) during baseline to 80% (81/101) during intervention, however data was
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variable in both phases. Within-condition analysis of level change suggested an
improving performance during baseline and a deteriorating performance during
intervention. Split-middle method of trend estimation also indicated an accelerating
therapeutic trend during baseline and decelerating contra-therapeutic trend during
intervention. However, data was considered variable following application of the
envelope of stability to trend lines. Whereas, between-condition of level change
indicated a positive (improving) performance across conditions. Tau-U analysis
indicated that behaviour change between phases was significant (Tau-U A vs B =0.65,
90% CI [0.20-1], p = 0.02), indicating there was a significant positive improvement in
goal-related tasks with introduction of the reminder app.

Participant 6

Participant 6 was allocated to a baseline period of 22 days. Participant 6’s
performance on goal-related tasks was relatively high during both baseline and
intervention phases but displayed an overall decrease from 76% during baseline
(81/107) to 72% (77/107) during intervention. Evaluation of each phase suggests data
was stable across both phases. Within-condition analysis of level change indicated an
improving performance within baseline and intervention phases. Split-middle method
of trend analysis was utilised and indicated that there was a slightly accelerating
therapeutic trend within the baseline phase and an accelerating therapeutic trend in
the intervention phase, with data deemed stable following application of a stability
envelope to trend lines. However the mean, median and relative level change
measures suggested a deterioration between phases. Tau-U analysis suggested that
behaviour change between phases was not significant (Tau-U A vs B =-0.2, CI [-0.62-
0.2], p = 0.41, 90%).

Participant 7

Participant 7 was allocated to a baseline period of 10 days. However, he recorded an
additional datapoint at the start of the baseline phase, which was included in analysis.
Participant 7 discontinued data collection 10 days into the intervention phase,
providing only 5 datapoints within phase B.
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Participant 7 performance was also relatively high during both phases,
displaying an overall increase from 83% (80/96) to 89% (71/80) with introduction of
the app. Within-condition analysis showed that data was stable during baseline and
intervention phases. Evaluation of level change within-conditions was unclear but
indicated no change in performance during either phase. Split-middle method of trend
estimation suggested that there was an accelerating therapeutic trend during baseline
to a zero-celerating trend during intervention, with data considered stable following
application of the envelope of stability to trend lines. Between-condition analysis
suggested a change in trend across phases from accelerating to zero-celerating,
however all level change measures suggest a positive (improving) change from
baseline to intervention. Tau-U analysis suggested that behaviour change between
phases was not significant (Tau-U A vs B = 0.27, p = 0.47, 90% CI [-0.33-0.87]).
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Discussion
Analysis suggest that the introduction of the reminder app led to a significant
improvement in goal-related tasks for two participants (P02, P05). Nearly all
participants, except P06, displayed an improvement between baseline and
interventions phases with the introduction of the reminder app, however this

improvement was only significant for two participants.

Four participants had high levels of completed task (above 70%) within
baselines which limited the ability to detect a significant result in the intervention
phase. There are a few possible explanations for this. Firstly, a goal-setting session
was provided prior to the baseline phase to ensure goals were person-centred and
ensure daily tasks were within a SMART format (Bovend’Eerdt et al., 2009). To add to
this most participants introduced at least one new activity/goal to their daily tasks at
the start of the baseline phase, following the goal setting session. Therefore, it could
be argued that this was a distinct intervention within itself that would have influenced
participant motivation and goal attainment. This would be in line with Cabrera-Martos
et al. (2018) who found that people with PD show greater improvement in goal

attainment if treatment is focused on a specified tailored set of goals.

Secondly, in an attempt to resolve reporting limitations of previous research into
the ApplTree reminder app, the monitoring form was developed to give the option for
the nominated person to tick whether they had prompted the participant, should the
task not be completed spontaneously (Wilson, 2021). To this end, a mixture of the
goal-setting session and prompts from the nominated person may have assisted the
participant to establish new routines within the baseline phase. This is supported by
findings that both development of implementation intentions and repetition together
were most helpful for increasing PM performance (Foster et al., 2017). However, within
Foster et al’s. (2017) RCT, this effect was largest for non-repeated event-related PM
tasks compared to time-related PM tasks, such as taking medications at specific times.
Research suggests that PwPD have more difficulty with time-related PM tasks (Raskin
etal., 2011). Therefore, encoding strategies alone are likely not sufficient for improving
time-related PM task performance, which is in line with findings of this study showing

overall improvement with the use of a reminder app.
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Thirdly, another possible contributing factor may be the interaction between
participants, nominated person and the researcher during the baseline phase and the
novelty of taking part in a study, which has been raised in previous reminder studies
(Jamieson et al., 2019). Daily reminder texts were sent to the nominated person to
complete the monitoring form and participants were aware of further meetings with the
researcher to download the app ahead of the intervention phase, both of which may
have impacted behaviour.

The study is the first of its kind to investigate the use of reminder apps for
person-centred tailored treatment goals above and beyond medication reminders in
PwPD and is the only study to monitor effectiveness through use of a nominated
person (Lee et al., 2022). Using the nominated person rather than participants to
record completion of daily tasks alleviates some of the difficulties found with self-report
in PWPD, with Grosset et al. (2006) finding that self-report measures are insensitive at
detecting sub-optimal adherence due to significant under-reporting of medication
intake. However, daily monitoring by the nominated person is still classed as a
subjective self-report measurement and is therefore more open to risk of bias than
more objective measures. This a key limitation of the study. The monitoring form
required the nominated person to note "yes or no” to the question of whether goals
were completed and the same for whether they prompted the participant. Therefore,
this is open in interpretation and value judgements. For example, a goal to take
medication at 8am may be marked "yes” by the nominated person despite participant
taking medication at 8.30am. It would therefore be helpful to ensure monitoring forms
require more objective descriptions, such as the time medication was taken to reduce
subjective judgements required. Future research using monitoring forms may benefit
from further operationalising measures prior to baseline use, as well as assessing

inter-rater reliability for nominated persons beforehand.

Despite measures taken to ensure informant report was suitable within each
phase (e.g. no extended periods away from the participants), three participants
reported periods where the nominated person was not with them for multiple days. As
a result, these periods were less objective as they relied on participant self-report. Two
participants anecdotally noted that it would be helpful if the app had a function to report
when they had completed the task, as well as simply turning off the alarm. This may

be a more effective way to monitor goal adherence than separate self-report or
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informant report measures. Future studies should consider whether there are more
objective ways of monitoring goal adherence, though this is clearly challenging in
relation to everyday tasks.

A core strength of the research was the study design, with both the
development and write up guided by RoBiNT recommendations for improving external
and internal validity in SCED studies (Tate et al., 2013). In accordance with best
practise for increasing interval validity, the study design allowed for three
demonstrations of the intervention effect in each participant set; there was
randomisation of the onset of phases and the assessor was independent of the
researcher. Additionally, despite one participant discontinuing midway through the
intervention phase, there were at least five datapoints within each phase for each
participant. Additionally, a replication of the full design was completed with the second

set of three participants, increasing the external validity and ability to interpret the data.

The key rationale behind the study hypothesis, that introduction of the reminder
app would improve goal adherence, arose from research suggesting that PwPD
display a specific cognitive profile with deficits in EF and episodic memory (Aarsland
et al., 2017), resulting in difficulties with initiation and internally cued behaviour
(Emre,2003). Related to this, PwWPD have been shown to have increased prevalence
of apathy and prospective memory deficits, both of which impact on everyday life and
the management of their disease (den Brok et al., 2015; Pirogovsky et al., 2012).
However, despite clinicians recruiting participants they felt would benefit from the use
of the reminder app, baseline characteristics suggested no participants had global
cognitive impairment or difficulties with PM, which may explain the non-significance of
results. However, apathy was reported in half of participants and may explain their
difficulties with adherence. To this end, the study provides tentative evidence that a
reminder app may be beneficial for those with apathy. Despite no self-reported PM
difficulties, results indicate an improvement with the introduction of the reminder app.
Previous SCED research into a reminder app for those with dementia found significant
benefit of this as a memory aid (McGoldrick, Crawford, & Evans, 2021). Additionally,
previous research has found external cues helpful in those with dysexecutive
syndrome in PD (Emre, 2003). Therefore, future research may consider using deficits
in PM, EF and/or apathy specifically, whether measured by neuropsychological test or
self-report, as inclusion criteria for participants.
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Most participants expressed positive feedback and all participants except one
continued to utilise a reminder app for treatment related goals past the end of the
study. However, the study did not investigate the acceptability and usability of the
ApplTree app for this population. Future research may wish to investigate the
acceptability of reminder apps in PwWPD and consider long-term follow-up to investigate
whether use of these apps is maintained.

In conclusion, the aim of this study was to investigate whether the use of a
recently developed reminder app improved adherence to personalised treatment goals
in PwWPD. Most, but not all, participants showed improvement from baseline to
intervention phase, with two participants showing statistically significant change
between phases. Although this suggests that the formulation of treatment goals
increased the encoding of goals and that the associated external visual and auditory
reminders increased initiation of goal-directed behaviours, the hypothesis that the
introduction of a reminder app would significantly improve adherence to goal-related
tasks could not be confirmed for all participants. Future research should consider
investigating the impact of a reminder app in those more severe deficits, consider the
most objective ways to record this data and consider the acceptability and long-term
maintenance of app use in PD.
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Appendix 1.1 Search Strategy

Appendices

Ebscohost: Psychinfo (Search strategy for APA PsychArticles is the same)

DE "Parkinson's Disease"

Tl Parkinson* OR AB Parkinson*

WIN|—

Tl "Parkinson's disease" OR AB
"Parkinson's disease"

Tl "parkinsons disease" OR AB
"parkinsons disease"

TI "ldiopathic Parkinson*" OR AB
"Idiopathic Parkinson™"

1OR20R30R40R5

~N (O

DE "Executive Function" OR DE
"Cognitive Control" OR DE "Set
Shifting" OR DE "Task Switching" OR
DE "Dysexecutive Syndrome" OR DE
"Executive Functioning Measures"

Tl "executive function*" OR AB
"executive function™"

Tl "executive dysfunction*™ OR AB
"executive dysfunction™

10

Tl dysexecutive OR AB dysexecutive

11

70OR80OR90R 10

12

DE "Neuropsychological Assessment"
OR DE "Cognitive Assessment" OR DE
"Test Standardization" OR DE "Test
Administration" OR DE "Test Scores"
OR DE "Testing"

13

DE "Self-Report" OR DE "Self-
Perception" OR DE "Questionnaires"
OR DE "Surveys" OR DE "Functional
Status" OR DE "Life Experiences" OR
DE "Daily Activities" OR DE "Activities
of Daily Living"

14

Tl "neuropsychological assessment" OR
AB "neuropsychological assessment"

15

Tl "neuropsychological test*" OR AB
"neuropsychological test*"

16

Tl test* OR AB test*
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17 Tl measure* OR AB measure*

18 Tl "cognitive test*™ OR AB "cognitive
test™

19 Tl "cognitive assessment™ OR AB
"cognitive assessment™

20 Tl scor* OR AB scor*

21 Tl instrument OR AB instrument

22 Tl measurement OR AB measurement

23 TI subjective OR AB subjective

24 TI ( "self report" OR Self-report ) OR AB
("self report" OR Self-report )

25 Tl behav* OR AB behav*

26 T1 objective OR AB objective

27 Tl informant OR AB informant

28 Tl everyday OR AB everyday

29 Tl function* OR AB function*

30 Tl daily OR AB daily

31 Tl activit* OR AB activit*

32 Tl experience* OR AB experience*

33 TI perception* OR AB perception*

34 Tl impact OR AB impact

35 S12 OR S13 OR S14 OR S15 OR S16
OR S17 OR S18 OR S19 OR S20 OR
S21 OR S22 OR S23 OR S24 OR S25
OR S26 OR S27 OR S28 OR S29 OR
S30 OR S31 OR S32 OR S33 OR S34

36 S6 AND S11 AND S35
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Appendix 1.2 Screening tool
Stage 1: Citation, title and abstract screening

Include:
Articles looking at executive function in Parkinson’s Disease (PD). Studies that reporf]
measures of executive function in people with PD, both subjective and objective.

If unclear, use inclusion checklist below

Title contains:

Parkinson’s disease / Parkinson / Idiopathic Parkinsons / parkinsons / Parkinsonism
AND

Executive Function / Executive Functioning Measures / executive dysfunction

AND

Neuropsychological Assessment / Neuropsychological test / Cognitivre assessment
Cognitive test / Test Standardization / Test Administration / Test Scores / Testing
Test / Self-Report / Daily Activities / Activities of Daily Living / Life Experiences
Functional Status / Surveys / Questionnaires / scores / instrument / everydayj
functioning / activities / perception / Impact

Exclude:

Title contains: Qualitative, Intervention, Systematic review / review / meta — analysis

Inclusion checklist

Y =Yes N =No U = Unclear E = Exclude.

If a box with E is ticked/marked stop screening.
Please add any notes onto Rayyan.

Criteria Y N [U |Notes
Article characteristics

1. Is the study published in English?

2. Is the study published in a peer-reviewed

journal?

3. Is the study one of the following?
Editorials, literature reviews, systematic reviews, meta-
analyses, protocols, conference abstracts, posters, theses
and dissertations, methodological and epidemiological
studies and letters.

4. |s the study a quantative or mixed methods

design?
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Participants

5. Does it involve humans?

6. Does it involve children (under 16 years of age)?

7. Does it include participants with a diagnosis of
Parkinson’s Disease?

Intervention/Exposure

8. Does the study include an objective measure of
executive function?
Neuropsychological test examples include:
Trail Making Test (TMT);Verbal Fluency Test (VFT) - F, A and
S; VFT Animals category; Clock Drawing Test (CDT); Digits
Forward and Backward subtests (WAIS-R or WAIS-Il); Stroop
Test; Wisconsin Card Sorting Test (WCST)
* If executive function is not mentioned explicitly or it is unclear
but a measure of cognition is included, then include in full text
screening

Comparator

9. Does it include a subjective measure of
executive function?
Examples include:
Questionnaires, Behavior Rating Inventory of Executive
Function-Adult (BRIEF-A), BADS-DEX, subjective complaints,
clinical interview
* If executive function is not mentioned explicitly or it is
unclear but a measure of subjective/self reported cognition is
included, then include in full text screening

Additional informantion: Does it include a comparator
population?

Healthy controls, people with Parkinson’s disease without
executive dysfunction, informant measures

*Please add a label if no comparator population.

Outcome Characteristics

10.Does it include analysis (correlation/ association/
regression) looking at the association between
objective assessments and subjective reports of
executive function?

Decision

Action

Include: if above criteria is either met (there is no E ticked) or
unclear

Mark as included
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Exclude: if an

is ticked

Mark as excluded
*Please provide the
reason for exclusion
on rayyan
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Appendix 1.3 AXIS Quality appraisal

population clearly
defined? (Is it clear who
the research was about?)

AXIS Questions Copelan | Koert | Koert | Kudlick | Lanni | Lovsta | Mills | Puent | Siquie | Sobreir | Vlagsm
d et al. s et s et aetal. |etal. |detal. |etal. |eetal |r& aetal. |aetal
(2016) al. al. (2013) | (2014 | (2016) | (2020 | (2016 | Andre | (2008) | (2017)
(2011 | (2012 ) ) s
a) (2021)
Introduction
1) Were the Y Y Y Y Y Y Y y Y Y Y
aims/objectives of the
study clear?
Methods
2) Was the study design | Y Y y Y Y Y Y y Y Y Y
appropriate for the stated
aim(s)?
3)Was the sample size N N N N N N N N N N N
justified?
4) Was the Y Y y Y Y Y Y Y Y Y Y
target/reference
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5) Was the sample frame
taken from an appropriate
population base so that it
closely represented the
target/reference
population under
investigation?

DK

6) Was the selection
process likely to select
subjects/participants that
were representative of the
target/reference
population under
investigation?

7) Were measures
undertaken to address
and categorise non-
responders?

DK

DK

DK

DK

DK

DK

DK

DK

8) Were the risk factor
and outcome variables
measured appropriate to
the aims of the study?

85



9) Were the risk factor
and outcome variables
measured correctly using
instruments/measurement
s that had been trialled,
piloted or published
previously?

DK

10) Is it clear what was
used to determined
statistical significance
and/or precision
estimates? (e.g. p-values,
confidence intervals)

11) Were the methods
(including statistical
methods) sufficiently
described to enable them
to be repeated?

Results

12) Were the basic data
adequately described?

13) Does the response
rate raise concerns about

DK

DK

DK

DK

DK

DK

DK

DK

DK
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non-response bias?
(reverse)*

14) If appropriate, was
information about non-
responders described?

N/A

N/A

N/A

N/A

N/A

NA

NA

NA

NA

15) Were the results
internally consistent?

16) Were the results
presented for all the

analyses described in the

methods?

Discussion

17) Were the authors'
discussions and
conclusions justified by
the results?

DK

18) Were the limitations
of the study discussed?

Other

19) Were there any
funding sources or
conflicts of interest that
may affect the authors’

DK

DK

DK
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interpretation of the
results? (reverse)

20) Was ethical approval |Y Y Y Y Y Y Y Y Y Y Y
or consent of participants
attained?
Koerts . . . Siquier .
Copeland Koerts | Kudlicka | Lanni | Lovstad | Mills | Puente Sobreira | Vlagsma
. et al. &
AXIS Domains et al. (2011 et al. etal. et al. et al. et al. et al Andres et al. et al.
(2016) a) (2012) | (2013) | (2014) | (2016) | (2020) | (2016) (2021) (2008) (2017)

Quality of reporting L7/7 Le/7 | L7/7 L7/7 L 6/7 L 6/7 L7/7 L7/7 L7/7 H 5/7 L7/7
Study design quality L 6/7 us/7 | Ubs/7 L 6/7 L 6/7 H 5/7 L 6/7 L 6/7 L 6/7 u 3/7 L 6/7
Introduction of bias H 2/5 uamns | U3/b L 4/5 U 3/5 H 3/5 uamns | L7/7 U 3/5 U 2/5 U 3/5
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Appendix 2.1 Participant Information sheet

https://osf.io/b2ny9/files/osfstorage/62e287e6¢c79a4c67679e6485

89



Appendix 2.2 Nominated Person Information sheet

https://osf.io/b2ny9/files/osfstorage/62e289¢c2588bb96c01b875e9
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Appendix 2.3 Consent for contact form

https://osf.io/b2ny9/files/osfstorage/62e28aec588bb96c05b87e13
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Appendix 2.7 Non-substantial amendment R&I approval

Sunday, June 19, 2022 at 16:27:47 British Summer Time

Subject: R&I Ref GN21NE440 Protocol V12 15/03/2022 NSAO1 18/03/2022 — Cat A
Date:  Friday, 18 March 2022 at 10:12:13 Greenwich Mean Time

From: Graham, Brittany

To: Jon Evans, Georgina Rayment (PGR)

CC: Colette Montgomery Sardar, Ross, Barbara, Surtees, Pamela

Dear Professor Evans and Georgie,

R&I Ref: GN21NE440 Ethics Ref: 21/WS/0154

Investigator and site(s): Professor Jonathan Evans (CI), Ms Georgina Rayment (PI, QEUH)
Project Title: A single case experimental design study of a reminder app for improving
adherence to personalised treatment goals in Parkinson’s Disease

Protocol Number: V12 15/03/2022

Amendment: Non-substantial Amendment 01 — Cat A

Sponsor: NHS GG&C

I am pleased to inform you that R&I have reviewed the above study's Amendment 01
(18/03/2022 - Cat A) and can confirm that Management Approval is still valid for this study.

Brief summary of documents reviewed by

sponsor for submission: Version Dated
Protocol V12 15/03/2022
Study Recruitment Information V5 15/03/2022
Study Invitation Letter V4 15/03/2022
Screening Tool V3 15/03/2022
Information Sheet V8 15/03/2022
OPPS HoD Email Agreement N/A 14/03/2022

I wish you every success with this research project.

Yours sincerely,
Brittany

Brittany Graham

Senior Research Administrator

NHS Greater Glasgow & Clyde

Research & Innovation Department (R&l)

Ward 11 | Dykebar Hospital | Grahamston Road | Paisley | PA2 7DE

D4: Brittany.Graham@ggc.scot.nhs.uk
E: Who Provides R&I Approval | Contact Us
O: NHSGGC : Research & Development

| am currently working remotely and | am contactable by e-mail. My working hours are 8-4 Mon-Fri.

Page 1 of 2
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Appendix 2.8 Consent form

https://osf.io/b2ny9/files/osfstorage/62e28c8fc79a4c67779e5a22
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Appendix 2.9 Nominated Person Consent form

https://osf.io/b2ny9/files/osfstorage/62e28ce21bb7a577d61f375a
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Appendix 2.10 SMART goal worksheet

Universit NHS
of Glasgovg e

Greater Glasgow
and Clyde

SMART Goal Worksheet

Today’s Date:

Thinking about goals

Is there any aspect of your Parkinson’s disease treatment that you’re struggling to
manage?

What, specifically, would you like to be different?

Do you ever forget to complete tasks that affect your Parkinson’s disease?

Are there actions or tasks you should be completing for managing your Parkinson’s
disease that you struggle to motivate yourself to do?

Have you identified any areas/ goals that you would like to work on? Have you
thought of events and tasks where the reminder app might help?
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Goal 1:

Verify that your goal is SMART (Specific, Measurable, Achievable, Relevant, Timely)

Specific: What exactly do you want to accomplish? What are you going to do? How
are you going to do it? Where are you going to do it? When are you going to do it?
With whom are you going to do it?

Measurable: How will you know when you have reached this goal?

Achievable: Is achieving this goal realistic with effort and commitment? Have you
got the resources to achieve this goal? If not, how will you get them?

Relevant: Why is this goal significant to your life? How will it help with the
management of Parkinson’s disease?
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Timely: When will you achieve this goal? How many times will you complete it in a
week?

This goal is important because:

The benefits of achieving this goal might be:

Potential Obstacles

Potential Solutions
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Goal 2:

Verify that your goal is SMART (Specific, Measurable, Achievable, Relevant, Timely)

Specific: What exactly do you want to accomplish? What are you going to do? How
are you going to do it? Where are you going to do it? When are you going to do it?
With whom are you going to do it?

Measurable: How will you know when you have reached this goal?

Achievable: Is achieving this goal realistic with effort and commitment? Have you
got the resources to achieve this goal? If not, how will you get them?

Relevant: Why is this goal significant to your life? How will it help with the
management of Parkinson’s disease?

Timely: When will you achieve this goal? How many times will you complete it in a
week?
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This goal is important because:

The benefits of achieving this goal might be:

Potential Obstacles

Potential Solutions
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Goal 3:

Verify that your goal is SMART (Specific, Measurable, Achievable, Relevant, Timely)

Specific: What exactly do you want to accomplish? What are you going to do? How
are you going to do it? Where are you going to do it? When are you going to do it?
With whom are you going to do it?

Measurable: How will you know when you have reached this goal?

Achievable: Is achieving this goal realistic with effort and commitment? Have you
got the resources to achieve this goal? If not, how will you get them?

Relevant: Why is this goal significant to your life? How will it help with the
management of Parkinson’s disease?

Timely: When will you achieve this goal? How many times will you complete it in a
week?
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This goal is important because:

The benefits of achieving this goal might be:

Potential Obstacles

Potential Solutions

109



Appendix 2.11 Participant goal information

Participant | Goal 1 Goal 2 Goal 3

PO1 Take medication at | Exercise twice a day
specified time —4 | at specific times
times daily (walking or exercise

bike)

P02 Exercise Morning | Exercise Afternoon
(Physio stretches | (Physio stretches or
or walk) walk)

P03 Take medication Exercise twice a day
on time each at specified times
morning (walk, physio

exercise, golf)

P04 Take medication Exercise & Start sleep wind-down
on time each Relaxation on routine at specified time
morning specific days

(walk, yoga or
meditation)

P05 Take medication at | Exercise once a day
specified time —4 | (circuit training)
times daily

P06 Take medication at | Exercise on specific
specified time —4 | days
times daily (Walk, dance or

yoga)

PO7 Take medication at | Exercise once a day | Hydration — Drink water
specified time — 4 | at specified time 3 times a day between
times daily (Gym or walk) medications — specified

times
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Appendix 2.12 Weekly monitoring form

University NHS
of Glasgow -

Greater Glasgow
and Clyde

Weekly Monitoring Form

Week Beginning Monday: / /2021
Please enter week commencing date above.
Please complete the form daily between DATE and DATE

Please keep this form somewhere private where it cannot be used as a memory
prompt for the participant.

Activity Was task | With a
completed | prompt?
?
Yes/No? Yes/No
Monday
Tuesday
Wednesday
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Activity Was it With a
completed | prompt?
l?
Yes/No? Yes/No

Thursday
Friday
Saturday
Sunday
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Appendix 2.13 Visual analysis of participants — Stability envelopes applied to

data
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Appendix 2.14 MRP Proposal

https://osf.io/b2ny9/files/osfstorage/62e2868227b74636f00ace05






