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The roles of executive function and mood state in bipolar disorder are investigated in this thesis,
with exploration of their relationship with impulsive spending. The first chapterincludes a
systematic literature review and meta-analysis examining whether set-shifting ability varies
according to mood state in bipolar disorder. Twenty studies contributed to the review, with data
from 16 used in the meta-analysis. The evidence suggested a difference in set-shifting ability
according to mood state, with poorer set-shifting in affective states compared to euthymia. The
second chapter details an empirical study, with a longitudinal design, investigating the
relationship between executive functioning and impulsive spending behaviours in a bipolar
disorder population. One hundred and nineteen participants took part in the study at baseline,
and 82 completed follow-up measures four weeks later. Methods of statistical analysis,
including hierarchical regression, were used to investigate whether scores on computerised
performance-based measures of executive function were predictive of compulsive buying,
gambling or level of debt. Main findings suggested specific measures of planning and inhibition

predicted compulsive buying behaviours.

The findings of both chapters have implications for future research and intervention.
Recommendations are made for standardised approaches to mood state definitions and
measurement of set-shifting. Further research regarding the role of executive function in
expressed behaviours during mood states is heeded, in addition to determining the efficacy of
incorporating tailored cognitive rehabilitation in intervention. Methods of screening for
vulnerability to impulsive spending, with a view to implement preventative measures, require

further investigation.



Table of Contents

Table of Contents

Abstract 2
L1 1 (=000 00T 1) =1 o | £ T RN 3
Table Of TableS....ccciiiiiieiiiiiiiiiiiiiiiiiiiieiiiiiieietetertetetereressressecesesessssasesesess 6
Table Of FISUIesS .....cvivieiniiiiiiiiiiiiiiiieieiiiiiiiiiettereeseteteressssssacesesessssssesesess 7
Research Thesis: Declaration of Authorship.....cccceeeieiiiieiiiiiieciiiecienecienenns 8
P¥ed (g Lo dVVAT=Yo F= oY 1=T o 1 9
Chapter1 Systematic Literature Review and Meta-Analysis.................. 10
1 o -3 4 - Vo PN 11
P B 197 o Yo [V T o ] o TS N 12
LI =1 {5 Lo Y o PN 14
1.2.1 Search strategy and StUAY AESIGN .......cueiuriiiiiiiiiiiiiieiiieeiieeieeeeeeneeaeanns 14
1.2.2 Data collection and @NalYSiS........eueeeeeeieieieieiiieiieieeeieieeeieereeeeeeneana. 14
1.2.3 QUALIEY ASSESSIMENT ..ottt ee e e e e e e e e e aanas 16
1.2.4 Data synthesis and statistical methodsS ..........ccceviiiiiiiiiiiiiiiiiiiiieenenns 16
T T 21T ] N 16
1.3.7 S€ArCh reSUILS......ccouiiviiiiiiiiiiiiiiiiiii e 16
1.3.2 Study CRAraClEriSTICS ...cuueueeieeeiieeee ettt ee et e e e e e e eaaeanns 17
1.3.3 Participant CRAraCteriStiCS ....cciueiiuieeiiiueeiiireeiieeeeeieaeteesreenensreensassnenns 18
1.3.4 StUAY QUALTY ..ottt ettt e e e e e e e e s e e s aaaeaas 22
1.3.5 Measurement of mood State.........cccccuuvviuviiiiiiniiiiiiiiiiiiiiii e 27
T.3.6 SEE-SRUTLING «.cuneneeiie ittt ie et e e e se e e e s e easaeaaeaanaanns 34
1.3.7 (Hypo)manic vs. depreSSed GroUPS .....euiueeiuieeiineeeiiinetneiiaeenensreensasenenns 34
1.3.8 Euthymic vs. depreSSEa roUPS ...cuuueeiuiuiiiiieeiiieieeiieeeeieaeeieeeeenaaeaaenns 36
1.3.9 Euthymic vs. (RYypO)mManiC SroUPS ......cueeueenieniiieeiieieiireeeieeeeeneeneeneenaanns 39
1.3.T0Meta-analySiS FESUILS .......c.eeeeieeiiiiee ettt e e e aaans 56
I S B TET o VE=T-] [ ] o N 66
1.4.1 Clinical and research impliCations ............cuueeeeeueeuieiiiieeiieeeeeeieeeeaaanns 67



Table of Contents

L 2 I [ g1 = 11 [0 o PPN 68
T.4.3 CONCIUSION ..ottt et eas 69

1.5 RefereNCEeS..c.ccuiuiuiiiiiiiiiiiitiiiiiiitiiitieitittetetttetetetececeseseetesesscsssssnsenes 70
Chapter2 Empirical Paper....c.ccceieieiiiiiiieiiiriiieieiiririeieierercesececesescscacees 77
Y o 53 = o N 78
2.1 INTRODUCTION....ccctuiiuiitiiniiniitiiniieiieiieitettetetetieeetessesssssssessessssssssanes 79
2.1.1 The Present STUAY . ..cciiiii e r et e e e e e e s e e eaeae e sananenns 80
2.2 MATERIALS AND METHODS......ccciuiiuiiiiiiiiniinieiieieieieteretaeceesasaesansanes 81
2.2.1 Design and partiCipants ....iciiiiiiiiiiiiiieeireer e 81
2.2.2 Measurement of mood and current clinical presentation...................... 84
2.2.3 Measurement of impulsive spending behaviours ..........ccoeeeeeieiiinennnnns 84
2.2.4 Measurement of executive fuNCHiON ......cccuviiiiiiiiiiiiiiiiiii 85
2.2.5 ProCEAUIE....iiiiiiiiiii ittt ea e 86
2.2.6 StatistiCal ANAlYSiS . .ciuiuiii i 86

P T £ =] U ] N N 87
2.3.1 Demographic and clinical characteristiCS .....cccviuviviieiiniiiiniiinieenineenns 87
2.3.2 Impulsive spending measures and executive function tests.................. 90

2.3.3 Aim 1: The relationship between executive function and impulsive spending

behaviours (compulsive buying, gambling and debt) at two time-points 94

2.3.4 Aim 2: Exploring differences in executive function and mood with increased

compulsive buying, gamblingand debt .........c.cceiiiiiiiiiiiiiiiinir e, 99

2.4 DISCUSSION ..uuiuiitiiuiiuiiuiieiieiieiieiieitetieitettettesteteesesssssssssssssssssssssssssssanes 929
2.4.1 Executive function and impulsive spending .....cccceevevieviiiiiinininieeninnenenns 99
2.4.2 Impulsive spending and Mood .......cccciiiiiiiiiiiiiiii e 101
2.4.3 LimitatioNs .cceuviiuiiiiiiiiiiiiiii i e 102
DA N A o o] L Tot= ) [0 o I TP 103
2.5 CONCLUSION.....ccuiitiitiitiitiitiieiitittiteitetetatetetasstetasssssssssssasssnses 104
2.6 REFERENCES........cuiiuiiuiiiiiiiitiieiieiieiieiieiieieietetetesaesaesassassaesassassanses 105



Table of Contents

Appendix A Systematic Literature Review: Quality Assessment Tool ..... 110

Appendix B Systematic Literature Review: Journal of Affective Disorders:

Guidelines for SUbMISSION ....ccceiieiieiiiiiiiieiieiiecieceerenrcncanees 112

Appendix CEmpirical Paper: Participant Information Sheets................. 131
C.1 NON-Prolific VEersion ....cccciiieiiiieiiiieiiiieciiieciereciesecsssecsssecsssscessscsssssssaces 131
(0072 S o1 11 { [0 V=Y £ T ) o J N 139
Appendix DEmpirical Paper: Consent FOrm.......ccccccceiieiiiieiieieniecercncencnes 149

Appendix E Empirical paper: Author-Constructed Demographic
[0 TTT-X51 110 14 F- 11 £ TS 150

Appendix F Empirical paper: Author-Constructed Financial Questionnaires

F.1 Author-Constructed Financial Questionnaire Time 1.....ccccceeeieeineineennee. 155

F.2 Additional Questions on Author-Constructed Financial Questionnaire at

Appendix GEmpirical Paper: Journal of Neuropsychology: Guidelines for

10 ] o] 3 0 TET=T Lo ) o TN 159

JNP AUTHOR GUIDELINES.......c.cciciiuiuiiiiiiinininiiieiriececesecrresesesssssssesasassssesse 159
T.SUBMISSION. ...ttt et et et e et een e e e eneeneenneens 159

2. AIMS AND SCOPE.......oiiiiii et ee et et e e e te e eeeeeenannans 160

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS..........ccoiiiiiiiiinnennen, 160

4. PREPARING THE SUBMISSION ......ouiiiiiiiiii it eee e e ens 161

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS.........cccevvvennennne. 165

6. AUTHORLICENSING ...ttt ee e e ena e 168
Appendix HEmpirical Paper: Supplementary Materials......................... 169
H.1 Table S 1 Participant countries of residence .....c.cccceevvieiieiniieieiieneccenanens 169

H.2 Table S 2 Correlation matrix for executive function measures, mood

variables, impulsive spending measures and relevant demographics...170

H.2.1 Table S 3 Key for Table S 2 and population (n) for each variable ........... 174



Table of Tables

H.3 Statistics for participant drop out analysis ..c.ccccceeeieeicierieirenireccerencanens 175

Table of Tables

Table 1 Participant CharaCteriSTtICS ....uuiuiuiuieeiiiiiiiiie ittt e e e ereeeeeteeaeeeeaneneeeeneansans 19
Table 2 Quality assessment for included StUAIES ......ceuveneueeieeiiiiiiieeeiee e eeeeeeeeeane, 24
Table 3 Mood state definitions, tool used, mean scores and standard deviations........... 28
Table 4 Set-shifting results study by study, grouped by mood state comparisons ........... 41

Table 5 Results of meta-analysis: Weighted mean effect sizes, heterogeneity and publication

Table 6 Demographic and clinical characteristics of the sample at Time 1: Means (M), standard

deviations (SD) or population size (N) and corresponding percentages (%)89

Table 7 Mood and impulsive spending measures from times 1 and 2: Means (M), standard

deviations (SD) or number of participants (N) and corresponding percentages

Table 8 Means (M) and standard deviations (SD) resulting from executive function tests, and

population (N) fOr €aCh MEASUIE .......cccveueiiiiiiiieiiiiiiiiieie e eeeeea e 92

Table 9 Hierarchical linear regression models predicting Compulsive Buying Scale total at times

Table 10 Coefficients of the model predicting Level of Debt at Times 1 and 2 (95% BCa

bootstrap confidence intervals based on 1000 samples in brackets) ..... 98



Table of Figures

Table of Figures

Figure 1 PRISMA flow diagram of the paper identification ProCess .........ccccceeeeeeeeueennennn. 17
Figure 2 Euthymic vs. depressed groups, forest plot for WCST completed categories....62
Figure 3 Euthymic vs. depressed groups, forest plot for WCST perseverative errors....... 63
Figure 4 Euthymic vs. depressed groups, forest plot for TMT-B completion time............. 64
Figure 5 (Hypo)manic vs. euthymic groups, forest plot for WCST categories completed 65

Figure 6 PartiCipant flOW diG8Iam .........eueunenieieiiii et e e e e e s s e e eaaans 83



Research Thesis: Declaration of Authorship

Research Thesis: Declaration of Authorship

Print name: Hannah Coman

Title of thesis: Executive Function, Mood State and Impulsive Spending in Bipolar Disorder: An Empirical

Study, Systematic Review and Meta-Analysis

| declare that this thesis and the work presented in it are my own and has been generated by me

as the result of my own original research.
| confirm that:

1. This work was done wholly or mainly while in candidature for a research degree at this
University;

2. Where any part of this thesis has previously been submitted for a degree or any other
qualification at this University or any other institution, this has been clearly stated;

3. Where | have consulted the published work of others, this is always clearly attributed;

4. Where | have quoted from the work of others, the source is always given. With the exception
of such quotations, this thesis is entirely my own work;

5. I have acknowledged all main sources of help;

6. Where the thesis is based on work done by myself jointly with others, | have made clear
exactly what was done by others and what | have contributed myself;

7. None of this work has been published before submission

SIBNAtUIE: i e Date: 05/09/2024



Acknowledgements

Acknowledgements

I would like to thank my supervisors, Dr Thomas Richardson and Dr Warren Dunger. Tom, your
passion for the topic and your incredible knowledge has been an inspiration. Warren, your
constant calm and measured approach in addition to your vast expertise has been invaluable. |

couldn’t have asked for a better team and | am grateful for your guidance and support.

Thank you to the participants for volunteering your time and making this research possible, and
to the members of the PPI. Thank you to Bipolar UK, Crest BD and The Money and Mental Health

Policy Institute for advertising the study.

Further thanks go to Jin Zhang for teaching me how to use Qualtrics. To Alexandros Zouloumis,
thank you for screening papers and completing quality assessments. To the rest of my cohort,

thank you for your support and camaraderie; feeling ‘in it together’ has been incredibly helpful.

Finally, thank you to my wonderful family. To Jonathan, for being a pillar of support, as always.
And most of all to my three children: Leo, Ivy and Rory. Thank you for the sacrifices you have
made whilst | have been completing this work. Thank you for your patience, your understanding

and your kindness. You are the reason | kept going.



Chapter 1

Chapter1 Systematic Literature Review and Meta-

Analysis

Title: Does Performance on Set-Shifting Tasks Vary Depending on Mood
State in Bipolar Disorder? A Systematic Literature Review and Meta-

Analysis

Journal Specifications: This chapter has been prepared for submission to The Journal of
Affective Disorders, which specifies a word limit of 8000 for review articles (excluding abstract,

tables and references) and allows up to 10 tables. See Appendix B for full journal specifications.

Word Count: 7,235

10



Chapter 1

Abstract

Background: Previous reviews have investigated executive function impairment in bipolar
disorder (BD), which has been related to poor functional outcomes. Comparisons to healthy
controls are common, with minimal research comparing executive function between mood
states. Set-shifting has received little focus, with research often investigating working memory
or inhibition. The present systematic review aimed to establish whether set-shifting abilities

differ by BD mood state.

Methods: A systematic search of four databases produced 1486 titles. Studies using
standardised cognitive measures of set-shifting in at least two mood states of BD were included

for narrative synthesis and meta-analysis.

Results: Twenty studies met inclusion criteria, with 16 contributing to the meta-analysis. Two
key measures of set-shifting were compared: the Wisconsin Card Sorting Task (WCST) and Trail
Making Test Part B (TMT-B). Performance was poorer for depressed groups than euthymic, with
significant effect sizes for TMT-B and two measures of the WCST. Weaker performance on one

measure of the WCST was found for (hypo)manic groups compared to euthymic groups.

Limitations: With few studies, heterogeneity and publication bias analyses were unreliable.
Missing data increased the possibility of bias. Magnitude of mood symptoms varied between

studies. The WCST produced many variables, limiting comparability.

Conclusion: Weaker set-shifting ability in affective states of BD compared to euthymia was
evidenced. There are implications for tailored cognitive rehabilitation, alongside a need for
further research using within-subjects, longitudinal designs. Standardised definitions of mood

states and use of the WCST are recommended.

Keywords: Bipolar disorder, set-shifting, executive function, mood state
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Chapter 1

1.1 Introduction

Bipolar disorder (BD) is a mentalillness categorised into subtypes of BD | and BD II, with
estimated prevalence in UK adults of 1% and 0.4% respectively (National Institute for Health
and Care Excellence [NICE], 2014). BD is characterised by debilitating mood states of
depression, (hypo)mania or mixed states, that occur in episodes and can significantly impair
daily function; BD | is associated with mania, but may or may not include depressive episodes,
whereas BD Il consists of episodes of depression and hypomania (a milder form of mania)
(American Psychiatric Association [APA], 2013). Periods of relative stability between mood

states is referred to as euthymia (Fava & Bech, 2015).

Cognitive dysfunction in BD has been widely researched, with many studies including a
cognitive assessment with comparison to healthy controls. The findings overwhelmingly
conclude that participants with BD perform more poorly than healthy controls. The evidence
drawn together in different literature reviews and meta-analyses commonly concludes deficits
in multiple cognitive domains, including attention, processing speed, verbal learning, verbal
recall, episodic memory, and, the widely focused on domain of executive function (Robinson et

al., 2006; Stefanopoulou et al., 2009; Torres et al., 2007).

Executive function is not a unitary concept, and can be considered an umbrella term for
functions linked to the pre-frontal cortex, including three primary functions: working memory,
set-shifting and inhibition (Miyake & Friedman, 2012; Miyake et al., 2000). It has received
particular attention due to the known difficulties in controlling and regulating behaviour that go
hand-in-hand with BD (Dickinson et al., 2017). Reported risky behaviours often engaged with
during episodes of (hypo)mania include alcohol and drug use, dangerous driving, endangering
sexual activities and impulsive spending (Fletcher et al., 2013), with spending money recklessly
and loss of social inhibitions listed in ICD-10 criteria for mania in BD (World Health Organization

[WHO], 2019).

Recentresearch is of the consensus that deficits remain in remitted patients, with
evidence of poorer executive function, verbal memory, psychomotor speed and sustained
attention in euthymic groups when compared to healthy controls (Latalova et al., 2011;
Szmulewicz et al., 2015; Torres et al., 2007). Cognitive performance is influenced by different
confounding variables, such as age of onset, clinical features including presence or absence of
psychosis, number of episodes, length of time since diagnosis, number of hospitalisations,
familial risk factors, education and medication (Cardoso et al., 2015; Latalova et al., 2011;

Mann-Wrobel et al., 2011; Peters et al., 2014; Robinson & Ferrier, 2006), with no strong evidence
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of difference between BD | and Il (Dickinson et al., 2017; Tsitsipa & Fountoulakis, 2015).
Furthermore, psychiatric and medical comorbidities with BD are common, and have also been
associated with deficits in cognitive function, in particular, executive function (Peters et al.,
2014). In a meta-analysis focusing on first-episode of BD, where number of episodes and
duration of illness were therefore not confounds, widespread deficits in executive function
(including cognitive flexibility and working memory), verbal learning and verbal memory were

found (Lee et al., 2014).

Systematic reviews and meta-analyses regarding general executive functioning in BD
have been examined (Dickinson et al., 2017) and more specific attention has been given to the
domain of working memory (Soraggi-Frez et al., 2017) and inhibition (Newman & Meyer, 2014).
However, “set-shifting, (or cognitive flexibility), the third primary domain of executive function as

defined by (Miyake et al., 2000), has been little studied.

Set-shifting can be defined as switching from one mental set to another as an adaptive
response to a changing environment (Cochereau et al., 2021). Task impurity creates a particular
challenge when measuring aspects of executive function (Diamond, 2013) and therefore
consideration to task selection is important. Cochereau et al. (2021) report tests commonly
considered the most suitable to measure set-shifting are The Trail Making Test Part B (Reitan,
1955), The Wisconsin Card Sorting Test (WCST) (Grant & Berg, 1948) and the Intra-Extra
Dimensional (IED) Set Shift Test as part of the Cambridge Neuropsychological Test Automated
Battery (CANTAB) (Cambridge Cognition, 2019). Deficits in set-shifting, displayed as cognitive
inflexibility and perseveration, may be related to behaviours that are particularly associated with
affective states. For example, set-shifting is implicated in rumination (Yang et al., 2017),
engagement of risky activities (Linke et al., 2013) and in highly ambitious, reward-focused and
goal-driven behaviour (Johnson et al., 2015). Previous reviews of cognition in BD have included
set-shifting within comparisons to healthy controls, and have reported deficits ranging from
small to large effect sizes (Dickinson et al., 2017; Lee et al., 2014; Mann-Wrobel et al., 2011). In
reviews with specific interest in mood state, first-episode mania was associated with deficits in
cognitive flexibility (Daglas et al., 2015). Kurtz and Gerraty (2009) made comparisons between
euthymic vs. depressed states and manic states, also comparing each to healthy controls. For
set-shifting in particular, manic groups were reported to have a greater deficit than euthymic

groups, whilst depressed groups showed similarity to euthymic groups.

* ‘Coghnitive flexibility’ is often used interchangeably with ‘set-shifting,’; this review uses both terms in line
with individual authors’ usage.
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The overall consensus from studies to date is of nheuropsychological impairment during
euthymia, with evidence of exacerbation in some areas of deficit during different mood states.
However, comparisons between mood states within the same study are less common, resulting
in poor understanding of the interaction of cognition with mood states. As executive function
has been linked to functional outcome (Cotrena, Branco, Shansis, & Fonseca, 2016;
Drakopoulos et al., 2020; O’Donnell et al., 2017; Tabarés-Seisdedos et al., 2008; Wingo et al.,
2009), itisimportant to characterise impairments to appropriately target intervention. To the
best of the author’s knowledge, no review has specifically examined comparisons between
mood states within BD, rather than comparisons with healthy controls, to gain an understanding
of the nature of mood state dependent deficits. The present review aims to address this and
answer the research question of whether set-shifting performance differs according to mood

state in BD.

1.2 Method

1.2.1 Search strategy and study design

A systematic search was conducted on the electronic databases CINAHL, Medline,
PsycINFO and Web of Science in December 2023. Search terms, with Boolean operators were
used in each of the databases as follows: In title OR abstract “bipolar”, AND in all text "Set-
shift*” OR “set shift*” OR “Set-switch*” OR “set switch*” OR “coghnitive flexibility” OR “task
switch” OR “task-switch” OR “executive *function*” OR “mental flexibility” AND in all text
“euthym*” OR “*mani*” OR “mood state” OR “mood” OR “depress*”. For databases that did
not permit left-hand truncation, “executive function*” OR “executive dysfunction*” were

substituted, along with “mani*” or “hypomani*”. The search was not restricted by date.

1.2.2 Data collection and analysis

1.2.2.1 Selection process

Studies using any quantitative design, with original or secondary data collection were
included with the following criteria: 1) Published in English; 2) Reporting data from adults aged
18 years or over with a diagnosis of BD in any mood state or euthymia; 3) Reported outcomes
from quantitative data obtained from widely accepted ‘set-shifting’ tasks as previously defined
(Cochereau et al., 2021), or modified versions of these tests; these tasks are considered ‘set-
shifting’ as defined by the author of this review, regardless of the definition of individual study
authors; 4) Data compared between different mood states, i.e. euthymic, depressed or

(hypo)manic and 5) A standardised measure of current 'mood' designed to measure either or
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any combination of depression, (hypo)mania or euthymia, was administered as part of the
study. Studies were excluded if: 1) They were not available in English; 2) A non-human sample
was used; 3) Participants were under the age of 18 years or the age-group was restricted to an
older-age sample (because of cognitive changes that occur with age and the increased
possibility of influences to cognition secondary to BD); 4) Participants were experiencing
psychosis and 5) Participants were recruited specifically due to physical or mental health
comorbidities or neurodiversity. Intervention or longitudinal studies were included if measures
had been collected at baseline, prior to the effects of any intervention. To be included in meta-
analysis, means and standard deviations resulting from set-shifting tasks, alongside sample
size, in at least two different mood states must have been either provided in the paper or via

authorrequest.

1.2.2.2 Data collection process

The protocol was registered with PROSPERO (registration number: CRD42023489551) and
PRISMA reporting guidelines for systematic reviews and meta-analyses were followed.
Produced titles were initially exported to Endnote 21 (The Endnote Team, 2013), where the
software removed duplicates. Articles were subsequently exported to Rayyan software (Ouzzani
et al., 2016), where further duplicates were identified and manually deleted prior to screening.
Titles and abstracts were screened independently by researcher HC and were retained or
excluded according to the described criteria. HC obtained papers for retained reports, which
were read in full, resulting in further exclusions. Inter-rater reliability was ensured with 20% of
titles and abstracts screened by a collaborator to the research team, with 98% agreement
between the two raters, and 20% of articles included in full-paper screening were also examined
by the second rater, with 100% agreement. Disagreements were resolved via discussion with

the wider research team.

1.2.2.3 Data extraction and items

Extracted data was stored in Microsoft Excel and included: 1) Study details: researcher
names, year published, country, study design; 2) Participant details: first language, age, sex,
recruited from, exclusion criteria, sample sizes; 3) Clinical variables: confirmed diagnosis and
method, bipolar type; 4) Mood state details: examined mood states, definition, standardised
measures used and scores); 5) Set-shifting measures used and 6) Results of statistical analysis:
means, standard deviations of set-shifting measures, p values where published and effect sizes

(extracted where published and calculated otherwise).
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1.2.3 Quality Assessment

The ‘Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies’
(National Heart, Lung and Blood Institute, 2019) assessed 14 items to guide classification of
quality. For the present study, a score of <50% on applicable items was used to indicate a rating

of ‘poor,” 250% and < 75% to indicate a rating of ‘fair,” and = 75% to indicate ‘good.’

1.2.4 Data synthesis and statistical methods

Descriptive outcome data for all measures of set-shifting tasks were taken for each group
(according to mood state) within studies, i.e. standard deviations, means and sample sizes.
Findings from set-shifting tasks were compared between mood states ((hypo)manic vs.
depressed, euthymic vs. (hypo)manic and euthymic vs. depressed), using narrative synthesis.
Only k = 3 examined ‘mixed states’ and therefore comparisons were not made with this
grouping. Set-shifting task variables were considered individually due to the impurity of

executive function tasks, rather than combining results.

A meta-analysis was conducted including all studies with appropriate data (k = 16), with
individual set-shifting variables included, where data was available for at least k = 3, using the
software Comprehensive Meta-Analysis (CMA, version 4) (Borenstein et al., 2022). The meta-
analyses used random effects models to allow for differences in effect between studies. The
CMA software calculates values for d (the effect size of the difference between means), z (a
significance test for the effect size), Q, (which tests for heterogeneity), ¥ (a measure of
variability in effect estimates that is likely to be due to heterogeneity between studies, rather
than chance), Tau (standard deviation of true effect sizes) and Tau-squared (variance of true

effects). Egger’s test for publication bias was also computed.

1.3 Results

1.3.1 Search results

Twenty papers were included in the systematic review. This process is displayed in
Figure 1. Due to the specific type of outcome measures examined, several studies (k = 9) could
not be excluded without full paper screening, as abstracts described use of ‘measures of
cognitive or executive function’ without sufficient detail to determine whether set-shifting tasks
were used (Bernabei et al., 2020; Dixon et al., 2004; Doruk et al., 2014; Maalouf et al., 2010;
Montel et al., 2014; Nishimura et al., 2015; Sagar et al., 2018; Soczynska, 2018; van der Werf-
Eldering et al., 2010). Easter et al. (2022) and Langenecker et al. (2010), were excluded due to
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incorporation of set-shifting into composite executive function scores. Wang et al. (2023) and
Aminoff et al. (2012) were excluded as mood state referred to first-episode and not to current
presentation and Xu et al. (2014) studied temperament rather than mood state. Papers by

Benabarre (2003), loannidi et al. (2015) and Sisrova et al. (2018) were published in a language
other than English. A paper by Luo et al. (2020) was excluded as it duplicated data used from

their research team’s previous paper, which is included in this review (Lin et al., 2019).

Figure 1

PRISMA flow diagram of the paper identification process

Identification of studies via databases and registers

3060 citations identified through Records removed before
5 electronic searching: screening:
gg CINAHL = 272, ——» Duplicate records removed via
t Medline = 874, automation tools (n = 1560)
ﬁ PsycINFO = 893, Duplicate records removed via
Web of Science = 1021 human (n = 14)
4
Records screened Records excluded
—
(= 1486) (rm=1448)
> v Reports excluded (rn = 18):
‘E Study did not use set-shifting
(n=9)
g Reports assessed for eligibility Composite score of executive
6 (n=238) function (n = 2)
Current mood state not examined
(n=23)
Foreign language (n = 3)
Duplicated data published (n = 1)
S
=)
2 Studies included in review
= —
= (n=20)
=
1.3.2 Study characteristics

Studies included in the current review were published between 2004 and 2022, from a

diverse range of countries: Germany (k = 3), Spain (k = 2), Romania (k= 1), Poland (k= 1), United
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States of America (k = 2), Brazil (k = 5), Republic of Korea (k = 2), China (k =2), Taiwan (k= 1), and
Australia (k=1). Four studies compared (hypo)manic and depressed mood states only, five
studies compared depressed and euthymic mood states only, two studies compared
(hypo)manic and euthymic mood states only and nine studies compared all three mood states
(euthymic, (hypo)manic and depressed). Many of these studies made other comparisons, e.g. to
healthy controls or to a major depression group, but due to the focus of this review, these

comparisons are not described.

There were similarities between exclusion criteria, with exclusion of comorbidities of
neurological conditions (85%), previous head injury or history of brain damage (65%) and
current or previous substance abuse (85%). There was also considerable variation in exclusion
criteria, with only half excluding comorbidities of physical health conditions and 40% setting
criteria concerning learning disability. Other studies considered other factors which might
interfere with cognitive testing, excluding on the basis of sensory impairment (Oliveira et al.,
2011), severe mania or depression (Lin et al., 2019; Switalska, 2016) or educational level
(Camelo et al., 2019). Medication use of participants varied across studies; 80% stated that
participants were taking medication, whereas three studies reported participants were
medication-free (David et al., 2014; Soeiro-de-Souza et al., 2011; Soeiro-de-Souza et al., 2012)
and Fleck et al., (2012) excluded participants who had taken benzodiazepines in the past 24
hours. Malhi et al. (2004) specified no neuroleptics or antidepressants for two weeks prior to the

study and medication use was not reported in the remaining study (Huang et al., 2020).

1.3.3 Participant characteristics

The majority of participants, regardless of mood state, were female (58%). Mean age was 37.3
years old. Recruitment was consistently from medical settings (hospitals or medical centres),
with k =7 specifying inpatient participants (Table 1). All studies included use of clinical
interview to confirm diagnosis, with the exception of one, which did not provide this detail. The
variation in studies recruiting participants with BD | or Il is unknown; half (k = 10) reported on this

distinction, of which k=6 reported BD | only and none reported BD Il only.
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Participant characteristics

Chapter 1

Diagnosis
Recruitment n (Bipolar Bipolar mood Gender
Study author (year) confirmed Age M (SD)
method Type) states (n) (% female)
(tool), when
Gruber et al. (2007) Inpatients Yes (SCID for 39 (BDI), Manic (16) Manic: 76% Manic: 41.9
DSM-IV), in 69 (BDII) Depressed (84) Depressed: (13.6),
study 41% Depressed
46.9 (9.0)
Martinez-Aran et al. Barcelona Yes (clinical NR Manic/Hypoman Manic/Hypo Manic/Hypom
(2004) Bipolar state ic (34) manic: 50%, anic:42.4
Disorders determined by Depressed (30) Depressed: (11.9),
Program psychiatrist Euthymic (44) 50%, Depressed:
using DSM-1V), Euthymic: 43.4(10.7),
prior to study 59% Euthymic 39.6
(9.5)
Fleck et al. (2008) Secondary Yes (SCIDfor NR Manic First Manic first Manic first
data DSM-1V), prior Episode (21) episode: episode: 25.7
to study Manic Multiple ~ 48% (9.2)
Manic: (secondary Episodes (23) Manic Manic multiple
Inpatients data) Euthymic (25) multiple episodes: 28.2
Euthymic: episodes: (8.6)
Outpatients 53% Euthymic: 30.0
Euthymic: (7.2)
56%
Oliveira et al. (2011) Hospital Care  Yes (DSM IV- 81 (BDI) Depressed (44) Depressed: Depressed:
Program for TR), NR Euthymic (37) 86% 43.8(9.9)
Bipolar Euthymic: Euthymic: 42.0
Disorder 60% (12.0)
Henry et al. (2013) Inpatientand  Yes (SCID NR Manic/Hypoman Manic/Hypo Manic/Hypom
outpatient DSM-1V), NR ic (13/4) manic: 24%  anic: 33.8
psychiatric Current Depressed: (11.4)
clinics Depressive 57% Depressed:
episode/Depres Euthymic: 34.4 (8.7)
sed (9/5) 65% Euthymic: 39.2

Euthymic (23)

(8.7)
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Diagnosis
Recruitment n (Bipolar Bipolar mood Gender
Study author (year) confirmed Age M (SD)
method Type) states (n) (% female)
(tool), when

Switalska (2016) NR (study Yes (DSM-IV NR Manic/Hypoman Manic/Hypo Manic/Hypom
setting: criteria), in ic (30) manic: 60% anic: 48.1
Central study Depressed (30) Depressed: (11.5)

Clinical 60% Depressed:
Hospitalin 45.6 (12.6)
Lodz, Poland)

Camelo et al. (2019) Outpatients Yes (SCID NR Manic (11) Manic: 55% Manic: 46.5
from DSM-5 criteria, Depressed (20) Depressed: (11.5)
psychiatry in study Euthymic (34) 85% Depressed:
clinic Euthymic: 45.1 (12.1)

71% Euthymic: 44.5
(9.6)

Kang et al. (2022) Outpatients Yes (SCID-I, NR Depressed (30) Depressed: Depressed:
from DSM-1V), in Euthymic (46) 77% 32.3(9.98)
psychiatry study Euthymic: Euthymic: 36.4
clinic 59% (11.09)

Wolf et al. (2010) Hospital NR 33 (BDI) Manic (10) Manic: 80% Manic: 45.4
psychiatric Depressed (12) Depressed: (13.53)
department Euthymic (11) 58% Depressed:

Euthymic: 47.8 (12.67)
64% Euthymic: 49.7
(16.62)
Soeiro-de-Souza Clinical trial Yes (SCID-I/P 67 (BDI) Manic (20) Manic: 20% Depressed:
etal. (2011) for DSM-IV- Mixed (21) Depressed:  26.5(5.17)
TR), in study Depressed (26) 50% Manic: 28.9
Mixed: 24%  (5.13)
Mixed: 28.7
(5.00)
David Clinical trial Yes (SCID for 110 (BDI) Manic (41) Manic: 78% Manic: 29.3
(2014) DSM-IVTR), in Depressed (31)  pepressed: (5-3)
study Euthymic (38) 58% Depressed:
Euthymic: 26.9(5.2)
66% Euthymic: 32.9

(10.9)
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Diagnosis
Recruitment n (Bipolar Bipolar mood Gender
Study author (year) confirmed Age M (SD)
method Type) states (n) (% female)
(tool), when
Ha et al. Hospital clinic Yes (SCID-I NR Depressed (15) Depressed: Depressed:
(2014) (for DSM-IV, Euthymic (17) 67% 39.2(10.5)
Korean Euthymic: Euthymic: 31.6
version), in 59% (13.0)
study
Paunescu & Miclutia  Depressed: Yes (DMS-IV-  NR Depressed (63) 71% 48.9 (12.04)
(2015) Inpatients TR and ICD-10 Euthymic (63)
criteria), in
Euthymic: study
Outpatients
Volkert et al. (2016) Inpatients Yes, (DSM-IV  Depressed: 20 Manic [Hypo]: 15 Depressed: Depressed:
criteria), NR (BDI), 15 (BDII) [5] 48% 37.1(11.7)
(Hypo)manic:  pepressed (35) Manic:70%  Manic: 43.9
15 (BDI), 5 Euthymic: (29) (9.7)
(BDII)
Lai et al. (2018) Hospital Yes, (SCID for NR Depressed (30) Depressed: Depressed:
Psychiatric DSM-IV), in Euthymic (22) 47% 23.9(6.95)
Department study Euthymic: Euthymic: 26.8
55% (8.86)
Linetal. (2019) Inpatients Yes, (SCID-CV NR Manic/Hypoman Manic:38% Manic: 34.1
for DSM-1V), in ic (48) Depressed: (9.36)
study Depressed (42) 57% Depressed:
Euthymic (50) Euthymic: 34.9(8.16)
48% Euthymic: 34.5
(9.85)
Mora et al. (2019) Euthymic: Yes (SCID for ~ Euthymic: 34  Manic (32) Euthymic: Euthymic: 47.5
Outpatient DSM-IV-TR), in (BDI), 18 (BDIl) Euthymic (52) 50% (11.9)
Manic: study Manic: 31 Manic:44% Manic: 41.3
Inpatient (BDI), 1 (BDI) (12.9)
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Diagnosis
Recruitment n (Bipolar Bipolar mood Gender
Study author (year) confirmed Age M (SD)
method Type) states (n) (% female)
(tool), when

Huang et al. (2020) Outpatientor  Yes, (SADS-L, 56 (BDI), Manic/Hypoman Euthymic: Euthymic: 34.8
Inpatient Chinese 397 (BDII) ic (134) 57% (12.81)
settings version), in Mixed (149) Depressed: Depressed:

study Depressed (56) 7% 35.8(13.26)

Euthymic (113)  Manic/Hypo Manic/Hypom
manic: 52%  anic: 36.0

Mixed: 62%  (14.15)

Mixed: 35.9
(12.86)
Malhi et al. (2007) Hospital Yes, (SCID-P 41 (BDI) Hypomanic (12) Overall: 68% Overall: 38.6
psychiatric for DSM-1V), in Depressed (14) (11.0)
department study Euthymic (15)
Soeiro-de-Souza et al. Clinical trial Yes, (SCID-I/P 72 (BDI) Manic (22) Overall: 69% Overall: 28.2
(2012) for DSM-IV Mixed (21) (5.4)
TR), in study Depressed (29)

Note: NR = Not Reported, BDI = Bipolar Disorder Type |, BDII = Bipolar Disorder Type Il, SCID for DSM-IV = Structured
Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, SCID-1 = SCID for the
assessment of Axis | disorders, SCID-P = SCID for the assessment of psychiatric populations, CV = Clinical Version, TR =

Text Revision, SADS-L: Modified Schedule of Affective Disorder and Schizophrenia-Life Time (Endicott & Spitzer, 1978).

1.3.4 Study quality

Table 2 displays the results of quality assessment for included studies. A second rater assessed
10% of the studies with 100% agreement. Studies were cross-sectional (80%, including one
retrospective cross-sectional study using secondary data) or cohort (20%) and most received
ratings of ‘fair’ (85%), with 10% rated as ‘good’ and 5% as ‘poor’. The vast majority of studies (k=
18) satisfactorily defined their research question or objective. However, only k =4 met the
quality assessment’s criteria when defining the study population. Studies often described
participants in detail, but details on the data collection time period was commonly missing, and

details regarding the study setting were also lacking.

Due to the nature of recruitment, it was not possible to determine number of eligible
participants. Only k = 2 did not use similar populations for all participants; one recruited from
two different time periods and one from different hospital settings. Cross-sectional and cohort

studies are commonly exploratory and may not report justifications for sample size; however, it
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was found that k = 15 considered power, or the impact of their sample sizes. Cross-sectional
studies measure independent and dependent variables within the same timeframe and
therefore could not score on Item 7. Independent variables (commonly mood state) were
recorded prior to the outcome in nearly all studies (k= 19), with details not reported in k= 1. All

studies quantified the exposure (mood symptoms) using validated scales.
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Quality assessment for included studies

Chapter 1

Study author  Study 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. Quality
(Year) Design Research Study Participat Population Sample IV Sufficient Different IVs \} DVs Assessor Lossto Confounding rating

Question pop. ion rate similar - size measured timeframe levelsof clearly assessed clearly blinded followup Variables

and defined 250% recruit., justified, priorto IV/DV v defined more than defined <20% accounted for

Objective inclusion, power, outcome association examined once over

exclusion variance, time
effect

Gruber et al. Cohort Y N CD Y Y Y Y Y Y Y Y NR N N Fair
(2007) (64%)
Martinez-Aran  C-S Y N CD Y N Y N Y Y N/A Y Y N/A Y Fair
et al. (2004) (67%)
Fleck et al. Retro.C- Y N CD Y Y Y N Y N N/A Y NR N/A Y Fair
(2008) S (58%)
Oliveiraetal. C-S Y N CD Y N Y N Y Y N/A Y NR N/A Y Fair
(2011) (58%)
Henry et al. C-S Y N CD Y Y Y N Y Y N/A Y NR N/A Y Fair
(2013) (67%)
Switalska C-S Y N CD Y Y Y N Y Y N/A Y NR N/A N Fair
(2016) (58%)
Cameloetal. C-S N Y CD Y Y Y N Y Y N/A Y NR N/A Y Fair
(2019) (67%)
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Study author  Study 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. Quality
(Year) Design Research Study Participat Population Sample IV Sufficient Different Vs v DVs Assessor Lossto Confounding rating

Question pop. ionrate  similar- size measured timeframe levelsof clearly assessed clearly blinded  followup Variables

and defined 250% recruit., justified, priorto IV/DV v defined more than defined =20% accounted for

Objective inclusion, power, outcome association examined once over

exclusion variance, time
effect
Kang et al. C-S Y Y CD Y N Y N Y Y N/A Y NR N/A Y Fair
(2022) (67%)
Wolf et al. C-S Y N CDh Y Y Y N Y Y N/A Y NR N/A Y Fair
(2010) (67%)
Soeiro-de- C-S Y N CD Y Y Y N Y Y N/A Y NR N/A Y Fair
Souza et al. (67%)
(2011)
David (2014) C-S Y N CD Y Y NR N Y NR N/A Y NR N/A NR Poor
(42%)

Haetal. C-S Y N CD Y Y Y N Y Y N/A Y NR N/A Y Fair
(2014) (67%)
P&unescu & Cohort N N CD Y N Y Y Y Y Y Y NR Y N Fair
Miclutia (2015) (57%)
Volkert et al. Cohort Y N CD Y Y Y Y Y Y Y Y NR N Y Good
(2016) (83%)
Laietal. C-S Y N CD Y Y Y N Y Y N/A Y NR N/A N Fair
(2018) (58%)
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Study author  Study 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. Quality
(Year) Design Research Study Participat Population Sample IV Sufficient Different Vs v DVs Assessor Lossto Confounding rating

Question pop. ion rate similar - size measured timeframe levelsof clearly assessed clearly blinded followup Variables

and defined 250% recruit., justified, priorto IV/DV v defined more than defined =20% accounted for

Objective inclusion, power, outcome association examined once over

exclusion variance, time
effect

Lin et al. C-S Y Y CD Y N Y N Y Y N/A Y Y N/A Y Good
(2019) (75%)
Mora et al. C-S Y Y CD N Y Y N Y Y N/A Y NR N/A Y Fair
(2019) (67%)
Huang et al. C-S Y N CD N Y Y N Y Y N/A Y NR N/A N Fair
(2020) (50%)
Malhi et al. Cohort Y N CD Y Y Y Y Y Y Y Y NR N Y Fair
(2007) (71%)
Soeiro-de- C-S Y N CD Y Y Y N Y Y N/A Y NR N/A Y Fair
Souza et al. (67%)
(2012)

Note: For full version of the questions asked in this tool, see Appendix A.

Abbreviations: C-S = Cross-Sectional, Y =Yes, N = No, CD = Cannot Determine, N/A = Not Applicable, NR = Not Recorded.
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1.3.5 Measurement of mood state

Mood state definitions, tool used, mean mood scores and standard deviations can be seen
in Table 3. There was general consistency in use of validated tools measuring mood state. For
depression symptoms, the Hamilton Depression Rating Scale (Hamilton, 1960) was used by
85% of the studies (k= 11: 17-item version, k= 1: 18-item version, k= 1: 21-item version, k=1:
24-item version and k = 2: version not reported). The remaining 15% of studies reported using
the Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery & Asberg, 1979). Two
studies used the Beck Depressive Inventory (BDI) in addition (Beck et al., 1961). Manic
symptoms were measured using the Young Mania Rating Scale (YMRS) (Young et al., 1978) in
100% of studies. Gruber et al. (2007) used the Self-Report Manic Inventory (SRMI) (Shugar et al.,
1992) in addition to the YMRS. Some studies did not report using mood measures to assist in
grouping participants and used clinical interview alone (k = 3), and others used interview in

addition to measures (k = 3).

There was considerable variation in definitions of mood states, with different cut-offs on
mood measurement tools used. This is highlighted by the variation in mean mood scores. For
(hypo)manic groups, YMRS mean mania scores ranged from 11.6 - 25.7 (Volkert et al., 2016;
Henry et al., 2013) and HAMD-17 mean depression scores ranged from 2.9 -16.0 (Lin et al.,
2019; Fleck et al., 2008). For depressed groups, YMRS mean mania scores ranged from 1.0 - 9.6
(Lai etal., 2018; Soeiro-de-Souza et al., 2011) and HAMD-17 mean depression scores ranged
from 6.7 -23.7 (Henry et al., 2013; Lin et al., 2019). Finally, for euthymic groups, YMRS mean
mania scores ranged from 0.6 — 6.8 (Lai et al., 2018; Huang et al., 2022) and HAMD-17 mean
depression scores ranged from 2.4 - 6.9 (Camelo et al., 2019; Mora et al., 2019; Wolf et al.,
2010).
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Mood state definitions, tool used, mean scores and standard deviations

Study Study design (Hypo) Depressed (Hypo) Depressed Euthymic (Hypo) Depressed Euthymic (Hypo)manic Depressed Euthymic
author manic symptoms manic definition definition manic group group group mean group group
(Year) symptoms tool definition group mean mean depressed mean mean
tool mean manic manic symptoms depressed depressed
manic symptoms symptoms (SD) symptoms symptoms
symptoms (SD) (SD) (SD) (SD)
(SD)
Gruber et Cohort T1:1. T1:1. SCIDDSM  SCID bSM N/A T1:1. T1:1. N/A T1:1 T1:1. N/A
al. (2007) SRMI BDI v v 18.0(9.8) 5.8(8.8) 8.9(7.3) 23.5(10.8)
T1: 2. T1: 2. T1:2. T1:2. T1:2. T1:2.
YMRS HAMD-17 23.3(6.7) 2.7 (3.7) 7.5(5.9) 18.7 (6.7)
T2:1. T2: 1. T2: 1. T2:1. T2: 1. T1:1.
SRMI BDI 6.6 (6.1) 2.6 (3.1) 6.7 (3.9) 7.3 (6.6)
T2: 2. T2: 2. T2: 2. T2: 2. T2: 2. T2:2
YMRS HAMD-17 3.3(3.9) 1.5(2.0) 4.4 (4.5) 3.5(3.3)
Martinez- Cross- YMRS HAMD-17 YMRS>11 HAMD>16 HAMD<9, 18.7 (5.4) 1.3(1.5) 1.4(1.8) 4.9(3.5) 19.7 (3.2) 3.6 (2.6)
Aran et al. sectional (Spanish) +DMS-IV +DSM IV YMRS<7
(2004) +DSM-IV
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Study Study design (Hypo) Depressed (Hypo) Depressed Euthymic (Hypo) Depressed Euthymic (Hypo)manic Depressed Euthymic
author manic symptoms manic definition definition manic group group group mean group group
(Year) symptoms tool definition group mean mean depressed mean mean
tool mean manic manic symptoms depressed depressed
manic symptoms symptoms (SD) symptoms symptoms
symptoms (SD) (SD) (SD) (SD)
(SD)
Henry et Cross- YMRS HAMD-17 YMRS>19 HAMD>12  HAMD<12 25.7 (8.7) 6.7 (4.1) 5.8 (4.0) 9.9(5.2) 20.1(6.2) 5.8 (4.0)
al. (2013) sectional +SCIDDSM +SCIDDSM  YMRS<12
\Y, \Y, +SCID DSM
\Y,
Switalska Cross- YMRS HAMD-18 YMRS>10 HAMD>10 N/A 19.4(8.7) NR N/A NR 20.4 (8.1) N/A
(2016) sectional (Polish)
Camelo et Cross- YMRS HAMD-17 DSM-V DSM-V DSM-V 20.3(10.3) 4.3 (3.6) 1.3(2.6) 4.3 (2.8) 15.0 (5.8) 2.4 (2.3)
al. (2019) sectional
Wolf et al. Cross- YMRS HAMD-17 YMRS>11 HAMD>14  HAMD<15 18.5(4.9) 4.0 (3.7) 4.7 (2.6) 5.2 (2.6) 20.6 (2.8) 6.9 (4.3)
(2010 sectional YMRS<12
+ 4 weeks
euthymic
Soeiro- Cross- YMRS MADRS YMRS>11  MADRS>17 N/A 18.0(6.7) 9.6 (6.3) N/A 10.5(8.2) 24.3(7.2) N/A
de-Souza sectional MADRS<18 YMRS<12
etal.
(2011)
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Study Study design (Hypo) Depressed (Hypo) Depressed Euthymic (Hypo) Depressed Euthymic (Hypo)manic Depressed Euthymic
author manic symptoms manic definition definition manic group group group mean group group
(Year) symptoms tool definition group mean mean depressed mean mean
tool mean manic manic symptoms depressed depressed
manic symptoms symptoms (SD) symptoms symptoms
symptoms (SD) (SD) (SD) (SD)
(SD)
David Cross- YMRS HAMD-21 SCID DSM- SCID DSM- SCID DSM- NR NR NR NR NR NR
(2014) sectional \Y) \Y) \Y)
Volkert et Cohort YMRS 1. BDI DSM-IV DSM-IV MADRS<12  11.6(2.7) 2.5(1.5) 1.4 (2.6) 1. 5.6(4.8) 1. 22.4 1. 6.2(3.7)
al. (2016) BDI-lI<15 (10.1)
YMRS<5
+Clinical
interviews
+3 months
2. MADRS 2. 7.6(4.8) 2. 24.3 2. 4.2(2.7)
(5.8)
Lin et al. Cross- YMRS HAMD-17 YMRS>11 HAMD>16 HAMD<9, 25.3(11.4) 1.4(1.1) 2.6(2.1) 2.94 (2.36) 23.7 (5.1) 3.1(2.8)
(2019) sectional YMRS<7
Huang et Cross- YMRS HAMD Not defined Notdefined HAMD<13. 14.4(1.6) 8.0(2.0) 6.4 (2.5) 11.1(2.5) 18.5(2.2) 6.0 (3.0)
al. (2020) sectional

YMRS<11
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Study Study design (Hypo) Depressed (Hypo) Depressed Euthymic (Hypo) Depressed Euthymic (Hypo)manic Depressed Euthymic
author manic symptoms manic definition definition manic group group group mean group group
(Year) symptoms tool definition group mean mean depressed mean mean
tool mean manic manic symptoms depressed depressed
manic symptoms symptoms (SD) symptoms symptoms
symptoms (SD) (SD) (SD) (SD)
(SD)
Malhi et Cohort YMRS 1. BDI YMRS>10 HAMD>16 HAMD<10, 20.7(3.5) NT NT 1. 8.2(4.9) 1. 27.3 1. 8.2(5.8)
al. (2007) YMRS<10 + (15.0)
remission =
one month
2. HAMD-17 2. 5.5(2.9) 2. 231 2. 3.5(2.3)
(4.3)
3. MADRS 3. 4.3(2.5) 3. 28.3 3. 4.3(2.4)
(4.8)
Soeiro- Cross- YMRS MADRS Clinical Clinical N/A Mdn=20.0 Mdn=7.0 N/A Mdn=11.5 Mdn=24.0 N/A
de-Souza sectional interview interview (8.3) (6.0) (7.0) (7.0)
etal.
(2012)
Oliveira et Cross- YMRS HAMD-17 N/A HAMD>9 HAMD<10 N/A 6.0 (4.8) 1.2(1.9) N/A 15.6 (6.0) 3.3(2.5)
al. (2011) sectional YMRS<12 YMRS<12
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Study Study design (Hypo) Depressed Euthymic (Hypo) Depressed Euthymic (Hypo)manic Depressed Euthymic
author manic definition definition manic group group group mean group group
(Year) symptoms group mean mean depressed mean mean
tool mean manic manic symptoms depressed depressed
manic symptoms symptoms (SD) symptoms symptoms
symptoms (SD) (SD) (SD) (SD)
(SD)
Ha et al. Cross- YMRS HAMD>9  HAMD<10, N/A 3.6(3.2 2.7 (2.3) N/A 15.1 (4.5) 4.7 (2.8)
(2014) sectional YMRS<10 YMRS<10+
euthymic 8
weeks
preceding
study
Paunescu Cohort YMRS HAMD>8 HAMD<7, N/A NR 1.94 (1.5) N/A 21.2(4.3) 4.5(2.0)
& Miclutia YMRS<7 +6
(2015) months no
affective
symptoms
Kang et al. Cross- YMRS HAMD>7 HAMD<8, N/A 1.1 (NR) 1.3(NR) N/A 12.3 3.4
(2022) sectional +DSM IV YMRS<7
Lai et al. Cross- YMRS HAMD>21, HAMD<S, N/A 1.0(1.3) 0.6 (1.3) N/A 26.8(5.0) 2.6(1.8)
(2018) sectional YMRS<7 YMRS<8
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Study Study design (Hypo) Depressed (Hypo) Depressed

Euthymic (Hypo) Depressed Euthymic (Hypo)manic Depressed Euthymic

author manic symptoms manic definition definition manic group group group mean group group
(Year) symptoms tool definition group mean mean depressed mean mean
tool mean manic manic symptoms depressed depressed
manic symptoms symptoms (SD) symptoms symptoms
symptoms (SD) (SD) (SD) (SD)
(SD)
Fleck et Retrospective YMRS HAMD-17 NR N/A SCID DSM-  71stepisode: N/A 3.0(3.2) 15t Episode: N/A 3.1(3.0)
al. (2008) Cross- IV (full 21.7 (11.8) 16.0(5.7)
sectional remission)
Multiple: Multiple:
24.1(9.3) 14.3(8.1)
Mora et Cross- YMRS HAMD-17  YMRS>13 N/A HAMD<8, 31.3(5.9) N/A 1.4(1.7) 8.3(3.7) N/A 2.4 (2.3)
al. (2019) sectional YMRS<6
+for 3
months
preceding
study

Note: T =Time, NR = Not Reported, N/A = Not Applicable, HAMD = Hamilton Depression Rating Scale, BDI = Beck Depression Inventory, MADRS = Montgomery-Asberg Depression

Rating Scale, YMRS = Young Mania Rating Scale, SRMI = Self-Report Manic Inventory, SCID = Structured Clinical Interview for Diagnostic Criteria, DSM = Diagnostic and Statistical
Manual
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1.3.6 Set-shifting

Set-shifting was measured by three different cognitive tests, including modified versions. Each
test produced different numbers of variables. The Wisconsin Card Sorting Task (Grant & Berg,
1948) was used by k=16 (including computerised versions and the Modified Card Sorting Task
[MCST] (Nelson, 1976)) and produced 12 different variables across the studies. The Trail Making
Test Part B (Reitan, 1955) was used by k= 11 and produced four different variables across
studies. The Test Battery of Attentional Performance (TAP) Set-Shifting (Computerised)
(Zimmermann & Fimm, 2002) was used by k = 1, with one variable measured. Table 4 displays
the reported means, standard deviations, statistical significance, effect sizes and direction for

all studies included in this review, grouped by mood states examined.

1.3.7 (Hypo)manic vs. depressed groups

1.3.7.1 Wisconsin Card Sorting Task (WCST)/Modified Card Sorting Task (MCST)

1.3.7.1.1 Total errors

Only one out of the five studies measuring total errors on the WCST/MCST found a difference in
scores that reached statistical significance (p <.05) (Soeiro-de-Souza et al., 2011), with more
errors made by the (hypo)manic group with a medium-large effect size. Of the other four studies
(David et al., 2014; Gruber et al., 2007; Henry et al., 2013; Huang et al., 2020), the effect sizes
ranged from very small to medium, two in the direction of more errors made by (hypo)manic
groups and one in the opposite direction. Magnitude and direction of effect was not reported by

David et al. (2014).

1.3.7.1.2 Total correct

One study only measured this variable (Huang et al., 2020); the result did not reach statistical
significance, with a very small effect size. The mean number of correct responses was slightly

higher in the (hypo)manic group than in the depressed group.

1.3.7.1.3 Perseverative errors

Ten studies measured this variable. Three of these studies (David et al., 2014; Soeiro-de-Souza
etal., 2011; Soeiro-de-Souza et al., 2012) found significant differences between groups for the
number of perseverative errors on the WCST, with all reporting more perseverative errors made
by the (hypo)manic groups. A medium effect size was reported by Soeiro-de-Souza et al. (2011).

Data for effect size calculation was not provided by the other two studies. In six of the remaining
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seven studies, the (hypo)manic groups made more errors than the depressed groups, with
effect sizes ranging from very small to large. The opposite direction of effect was found in

Gruber et al. (2007) with a small effect size.

1.3.7.1.4 Non-perseverative errors

None of the three studies measuring this variable reached statistical significance when
comparing group scores. One reported a small effect size, with better performance from the

depressed group, and the other two did not provide further data.

1.3.7.1.5 Perseverative responses

Three studies reported this variable; two studies (Soeiro-de-Souza et al., 2011; Soeiro-de-Souza
et al., 2012) found significant differences between groups, with more perseveration made by the
(hypo)manic groups with a medium-large effect size. The third study did not report a significant

result, with no further data provided.

1.3.7.1.6 Categories completed

This variable was measured by four studies, with no significant differences between groups
reported. Three of the studies reported the depression groups to complete more categories than
the (hypo)manic groups, with effect sizes ranging from small to medium. The fourth study (Malhi

et al., 2007) did not report size or direction of effect.

1.3.7.1.7 Categories corrected

Three studies reported this variable; with no statistical significance between groups found,
although Soeiro-de-Souza et al., (2011) reported a medium effect size, with better performance

from the depressed group. The other two studies did not provide further data.

1.3.7.1.8 Conceptual level responses

None of the four studies which reported on this variable found statistically significant difference
between groups. Two of the studies reported medium-large or large effect sizes however, with
better performance by the depressed groups in both. The other two studies did not provide

group data.

1.3.7.1.9 Trials to complete 1° category

None of the three studies reporting data for this variable found statistical significance between
groups. One study did not provide further information (Malhi et al., 2007), and the other two

were opposed in findings; Switalska (2016) reported better performance from the depression
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group with a small effect size and Huang et al. (2020) reported a very small effect size with

marginally better performance from the (hypo)manic group.

1.3.7.1.10  Failure to maintain set

Four studies measured failure to maintain set (Malhi et al., 2007; Soeiro-de-Souza et al., 2011;
Soeiro-de-Souza et al., 2012; David, 2014) none reported significant difference between
(hypo)manic and depressed groups. Three studies did not provide further information, and one
(Soeiro-de-Souza et al., 2011) reported a small effect size with better performance from the

(hypo)manic group.
1.3.7.2 Trail Making Test Part B (TMT-B)
1.3.7.2.1 Completion time

Five studies measured completion time on TMT-B. No studies reported statistical significance
for the difference between (hypo)manic and depressed groups. Effect size was small or very
small for the three studies that provided data for this calculation (Martinez-Aran et al., 2004;
Switalska, 2016; Lin et al., 2019), and there was no trend for direction. Camelo et al. (2019)
produced a different variable for TMT-B, which controlled for participants’ scores on Part A of
Trail Making (a test of attention and motor speed). The difference between groups was not
reported as significant, with a small effect size and a smaller mean time (better performance)

for the depressed group.

1.3.7.3 Summary of (hypo)manic vs. depressed groups

Overall, significant differences were found between (hypo)manic and depressed groups in six
out of 40 comparisons of WCST/MCST variables, all of which reported poorer performance in
(hypo)manic groups, with more errors made and more perseveration. None of the five

comparisons made for TMT-B variables were significant.

1.3.8 Euthymic vs. depressed groups
1.3.8.1 Wisconsin Card Sorting Task (WCST)/Modified Card Sorting Task (MCST)
1.3.8.1.1 Total errors

Six of the 14 studies comparing euthymic and depressed groups measured the total number of
errors on the WCST or MCST. None reported a significant difference between groups. There was
a trend for better performance in the euthymic group, reported by three studies, one with a large

effect size (Paunescu & Miclutia, 2015) and the other three with small/small-medium effect
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sizes (Huang et al., 2020; Lai et al., 2018; Oliveira et al., 2011). Further detail was not reported by

one of the studies (David et al., 2014) and no effect was found in Henry et al. (2013).

1.3.8.1.2 Total correct

Three studies measured this variable, with no statistically significant results reported. Two
studies reported small or small-medium effect sizes with better performance by the euthymic
group (Huang et al., 2020; Oliveira et al., 2011) and the other reported the opposite direction of

effect, which was small (Paunescu & Miclutia, 2015).

1.3.8.1.3 Perseverative errors

Ten studies measured the number of perseverative errors made on the WCST/MCST. Only
Huang et al. (2020) reported statistical significance, with a better performance from the
euthymic group and a small-medium effect size. Paunescu and Miclutia (2015) reported a large
effect size in the same direction, but did not report whether results were statistically significant.
Of the other eight studies, there was a trend for better performance from the euthymic group,
with four of the studies reporting this direction with effect sizes ranging from small to medium.
Two studies reported medium or medium-large effect in the opposite direction and one study

did not provide this data.

1.3.8.1.4 Non-perseverative errors

Only two studies measured this variable when comparing these groups (David et al., 2014; Lai et

al., 2018) and neither reported statistical significance.

1.3.8.1.5 Perseverative responses

Two studies measured perseverative responses, neither reporting statistical significance

between groups (David et al., 2014; Oliveira et al., 2011).

1.3.8.1.6 Categories completed

Six studies measured this variable and none reported statistically significant group differences.
There was a trend for better performance by the euthymic group, with this direction of effect in
four of the studies. One of these reported a large effect size but did not report whether this
reached statistical significance (Paunescu & Miclutia, 2015). The others reported small or

small-medium effect, with no further data given by Malhi et al. (2007).
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1.3.8.1.7 Categories corrected

This variable was measured by one study only when comparing euthymic and depressed groups
(David et al., 2014); difference in scores did not reach statistical significance and no further data

was provided.

1.3.8.1.8 Conceptual level responses

None of the three studies measuring this variable reported statistical significance; two studies
reported a small effect size with better performance from the euthymic group (Oliveira et al.,

2011; Paunescu & Miclutia, 2015) and no further data was provided by David et al., (2014).

1.3.8.1.9 Trials to complete 1° category

Four studies measured this variable, with no statistically significant results. There was a trend
for better performance by euthymic participants, with effect sizes ranging from small to
medium-large, reported in three of the studies (Ha et al., 2014; Huang et al., 2020; Oliveira et al.,

2011). No further data was provided by Malhi et al. (2007).

1.3.8.1.10 Failure to maintain set

Three studies reported failure to maintain set, none of which reported statistically significant
group differences. Two studies (David et al., 2014; Malhi et al., 2007) did not provide further
data. The third (Oliveira et al., 2011) showed only a small effect size, with slightly poorer

performance by the euthymic group.

1.3.8.2 Trail Making Test Part B (TMT-B)

1.3.8.2.1 Completion time

Eight studies measured data from TMT-B. Kang et al. (2022) reported difference between
euthymic and depressed groups that was significant (p = .07, d = 1.07), with better performance
from the euthymic group. This study converted raw scores into z scores, which differed from the
other studies in this review. There was a trend for better performance by the euthymic groups in
the other studies; five reported this direction of effect with small effect sizes (Ha et al., 2014; Lai
etal., 2018; Lin et al., 2019; Martinez-Aran et al., 2004; Paunescu & Miclutia, 2015). One study
did not provide this information (Malhi et al., 2007). Camelo et al. (2019)’s variable accounting
for TMT-A performance (as previously described) showed no difference between the euthymic

and depressed groups (h =0).
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1.3.8.3 Summary of euthymic vs. depressed groups

Few comparisons between euthymic and depressed groups reached statistical significance
where this information was provided. Only two comparisons out of 54 reported statistically
significant differences, where depressed groups were more perseverative in errors on the WCST

and were slower on TMT-B.

1.3.9 Euthymic vs. (hypo)manic groups

1.3.9.1 Wisconsin Card Sorting Task (WCST)/Modified Card Sorting Task (MCST)

1.3.9.1.1 Total errors

Three studies reported this variable. One of these (Huang et al., 2020) reported statistical
significance between groups, with better performance from the euthymic group, p <.05, d =

0.33.

1.3.9.1.2 Total correct

Only one study reported on this variable and did not report a statistically significant difference,

with a small effect size (Huang et al., 2020).

1.3.9.1.3 Perseverative errors

Seven studies reported on the number of perseverative errors when comparing euthymic and
(hypo)manic groups. Three studies reported significant differences between groups (David et
al., 2014; Huang et al., 2020; Mora et al., 2019), with better performance from the euthymic
groups in two of these studies, but better performance from the (hypo)manic group in one. From

the remaining four studies, there was no trend for better performance from either group.

1.3.9.1.4 Non-perseverative errors and perseverative responses

These variables were measured by two studies each, neither reporting statistical significance

between groups for either variable.

1.3.9.1.5 Categories completed

Three studies reported this variable; Mora et al. (2019) reported statistical significance with
better performance from the euthymic group (p < .05, d = 0.67). The other two did not report

significance.
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1.3.9.1.6 Categories corrected and conceptual level responses

Only one study measured these variables (David et al., 2014) and did not report statistical

significance between groups for either.

1.3.9.1.7 Trials to complete 1° category

Two studies reported data from this variable (Malhi et al., 2007; Huang et al., 2020), neither

reporting statistical significance between groups.

1.3.9.1.8 Failure to maintain set

Three studies reported failure to maintain set (Malhi et al., 2007; Fleck et al., 2008; David, 2014)
with no statistical significance between groups. Two studies did not provide further information,

so itis not possible to comment on a trend for direction of effect.

1.3.9.2 Trail Making Test Part B (TMT-B)

1.3.9.2.1 Completion time

Four studies reported on TMT-B when comparing euthymic and (hypo)manic groups (Malhi et al.,
2007; Mora et al. 2019; Lin et al., 2019; Camelo et al., 2019). None of these reported statistical
significance. There was a trend for better performance from the euthymic group; this was
reported in three of the four studies with effect size ranging from very small to medium, with the

fourth study not providing this information.

1.3.9.3 Summary of euthymic vs. (hypo)manic groups

Four out of 26 total comparisons between these groups were reported as statistically significant
overall, generally with better performance from euthymic groups than (hypo)manic groups; higher

rates of perseveration and fewer completed categories were reported in (hypo)manic groups.
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Table 4

Set-shifting results study by study, grouped by mood state comparisons

(Hypo)manic vs. depressed groups

(Hypo)manic Depressed Effect sizes Effect size
Study author Study (Hypo)manic Depressed Set-shifting group set- group set- (hypo)manic vs value classification,
(Year) design group n group n variables shifting mean shifting mean yp - P group
depressed )
scores (SD) scores (SD) comparison
Gruberetal, Cohort Time 1: 16 Time 1: 84 Time 1, Time 1, Time 1, NR Time 1,
(2007)
o
Time 2: 10 Time 2: 60 Time 2 aTime 2 aTime 2 aTime 2
MCSTc: Total Errors 17.8(11.9), 17.3(9.4), g=0.047 Small, D>Ma,
219.0 (8.1) 210.8 (7.1) ag=1.05 alLarge, D>Ma
MCSTc: P ti
CSTc: Perseverative 5.2(4.9), 5.9 (4.5), g=-0.15 Small, Ma>D
Errors
6.2 (3.6) 2.1(2.5) g£=1.32 Large, D>Ma
Martinez-Aran et Cross- WCST: Categories _
al. (2004) sectional 30 completed 4.3(2.0) 4.6(1.7) d=0.162 NR Small, D>Ma
WCST: Perseverative Errors 19.8 (14.6) 18.9(10.4) d=0.071 \é‘im:ma”’
TMT-B: Completion Time 131.9(109.7) 151.2(113.9) d=0.173 Small, Ma>D
Henry et al. Cross- .
A 14 WCST: Total errors T=37.9(12.4) T=43.1(10.5) d=0.45 >.05 Medium, D>Ma
(2013) sectional
WCST: Perseverative errors T=36.5 (12.7) T=45.2(10.4) d=0.75 >.05 Large, D>Ma
WCST: Categories 2.2(1.7) 2.9(1.6) d=0.42 >05 Small-medium,

completed
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(Hypo)manic vs. depressed groups

(Hypo)manic Depressed Effect sizes Effect size
Study author Study (Hypo)manic Depressed Set-shifting group set- group set- (hypo)manic vs value classification,
(Year) design group n group n variables shifting mean shifting mean vP - P group
depressed )
scores (SD) scores (SD) comparison
$witalska (2016) CrOSS” 30 WCST: Perseverative errors  24.4 (17.5) 14.0 (11.9) d=-0.70 >.05 Medium-large,
sectional D>Ma
WCST: Categories 3.5(2.4) 4.7 (2.1) d=0.53 >.05 Medium, D>Ma
completed
WCST: tual L l
CST: Conceptuallevel g o3 4y 64.6(11.8) d=0.80 >.05 Large, D>Ma
achieved
WCST: Trials to complete o, 5 o5 ) 24.5(20.1) d=0.33 >.05 Small, D>Ma
1st category
TMT-B: Completiontime  137.7 (93.9) 152.1(122.8) d=0.13 >.05 \I\/,I‘:i'sma”’
TMT-B Completion time -
Camelo et al. Cross- TMT-A Completion
= >
(2019) sectional 30 time/TMT-A Completion 15011 1.3(1.0) h=0.193 NR Small, D>Ma
Time
Wolf etal. (2010) oSS 12 MCSTc: Perseverative 5.56 (4.45) 4.36 (6.86) d=0.21 >.05 Small, D>Ma
sectional errors
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(Hypo)manic vs. depressed groups

(Hypo)manic Depressed Effect sizes Effect size
Study author Study (Hypo)manic Depressed Set-shifting group set- group set- (hypo)manic vs value classification,
(Year) design group n group n variables shifting mean shifting mean vP - P group
depressed )
scores (SD) scores (SD) comparison
Soeiro-de-Souza Cross- 20 26 WCST: Conceptual Level 42.74 (11.54) 49.27 (6.57) d=0.7 >.05 Medium-large,
etal. (2011) sectional Responses D>Ma
WCST: Perseverative 13.58 (12.27) 6.85 (3.67) d=0.74, <05+ Medium-large,
Responses D>Ma
\é\gST: Failureto Maintain o 4 5g) 0.58 (0.98) d=0.26 >.05 Small, Ma>D
WCST: t
CST: Corrected 2.89(1.59) 3.65(1.19) d=0.54 >.05 Medium, D>Ma
Categories
Medium-large,
WCST: Total Errors 21.26 (11.54) 14.15 (6.44) d=0.76 <.05* D>Ma
WCST: Perseverative Errors  11.32 (9.45) 5.92(3.39) d=0.61 <.05* Medium, D>Ma
WCST: Non-P ti
CST: Non-Perseverative ¢ oo g 50) 8.15 (5.74) d=0.25 >.05 Small, D>Ma

Errors
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(Hypo)manic vs. depressed groups

(Hypo)manic Depressed Effect sizes Effect size
Study author Study (Hypo)manic Depressed Set-shifting group set- group set- (hypo)manic vs value classification,
(Year) design group n group n variables shifting mean shifting mean vP - P group
depressed )
scores (SD) scores (SD) comparison
David Cross- 41 31 WCST: Conceptual level NR NR NR >.05
(2014) sectional responses
WCST: Perseverative
>.05
Responses
WCST: Failure to maintain
>.05
set
WCST: Corrected
. >.05
categories
WCST: Total Errors >.05
WCST: Non-perseverative >.05
Errors
WCST: Perseverative Errors <.05* D>Ma
Volkert et al.
(2%12; eta Cohort 20 35 TAPc: Errors 4.8(7.6) 3.1(5.1) d=0.26 >.05 Small, D>Ma
Lin et al. (2019) Serz:znal 48 42 TMT-B: Completiontime  176.86 (84.09)  150.43 (74.31)  d=0.33 >.05 Small, D>Ma
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(Hypo)manic vs. depressed groups

(Hypo)manic Depressed Effect sizes Effect size
Study author Study (Hypo)manic Depressed Set-shifting group set- group set- (hypo)manic vs value classification,
(Year) design group n group n variables shifting mean shifting mean vP - P group
depressed )
scores (SD) scores (SD) comparison
Huang et al. Cross- 134 56 WCST: Total correct 89.04 (18.58) 87.05 (20.69) d=0.10 >.05 Very small,
(2020) sectional Ma>D
WCST: Total errors 38.77 (18.43) 39.48 (18.96) d=0.04 >.05 Ygi’;ma”’
WCST: Perseverative Errors  23.55 (17.24) 22.38 (12.99) d=0.08 >.05 \éi?/’l:ma“’
WCST: let
CST: Completed 5.96 (2.68) 5.36 (3.18) d=0.20 >.05 Small, Ma>D
Categories
WCST: Trials to Complete Very small,
= >
15t Category 17.70 (14.18) 18.55 (15.12) d=0.06 .05 MasD
Malhi et al. Cohort 12 14 WCSTc: Categories NR NR NR > 05 NR
(2007) completed
WCSTc: Trials to complete >05
first category ’
WCSTc: Failure to maintain
>.05
set
WCSTc: Perseverative
>.05
Errors
TMT-B: Completion time >.05
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(Hypo)manic vs. depressed groups

(Hypo)manic Depressed Effect sizes Effect size
Study author Study (Hypo)manic Depressed Set-shifting group set- group set- (hypo)manic vs value classification,
(Year) design group n group n variables shifting mean shifting mean vP - P group
depressed )
scores (SD) scores (SD) comparison
Soeiro-de-Souza Cross- 22 29 WCST: Conceptual level >.05
etal. (2012) sectional responses:
WCST: Perseverative 02* D>Ma
responses
WCST: Failure to maintain
>.05
set
WCST: Corrected
categories >.05
Errors
W : - i
CST: Non-perseverative >05
errors
WCST: Perseverative Errors .01* D>Ma
TMT-B: Completion time >.05
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Euthymic vs. (hypo)manic groups

Study Study design Euthymic (Hypo)manic Set-shifting Euthymic (Hypo)manic group Effect sizes P Effect size classification,
author group n group n variables Set-shifting mean set-shifting mean euthymic vs. value  group comparison
(Year) scores (SD) scores (SD) (hypo)manic
Fleck et Retrospective 25 First First Episode, First Episode, NR First Episode,
al. (2008) Cross- episode: 21,
sectional
Multiple Multiple Episodes: Multiple Episodes: Multiple Episodes:
episodes: 23
WCST: Perseverative 13.8(9.8) 19.2(12.2), d=0.48 Medium E>M,
Errors (%)
21.7 (12.7) d=0.65 Medium E>M
WCST: Perseverative 17.7 (17.5) 28.3(22.6), d=0.52 Medium E>M,
Responses (n)
29.7 (22.2) d=0.57 Medium E>M
WCST: Non- 13.8(14.3) 19.5(13.8), d=0.40 Small/medium, E>M
perseverative errors
(n)
22.1(12.7) d=0.60 Medium, E>M
WCST: Unique errors 2.8 (9.6) 4.9 (8.6), d=0.22 Small, E>M
(n)
5.4(7.0) d=0.31 Small, E>M
WCST: Failure to 1.0(1.2) 0.5(1.0), d=0.43 Small/Medium, M>E
maintain set (n)
0.8(1.0) d=0.19 Small, M>E
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Euthymic vs. (hypo)manic groups

Study Study design Euthymic (Hypo)manic Set-shifting Euthymic (Hypo)manic group Effect sizes P Effect size classification,
author group n group n variables Set-shifting mean set-shifting mean euthymic vs. value  group comparison
(Year) scores (SD) scores (SD) (hypo)manic
Henry et Cross- 23 17 WCST: Total errors T=43.1(12.8) T=37.9(12.4) d=0.41 >.05 Small-medium, E>M
al. (2013) sectional
WCST: Perseverative T=40.5(9.3) T=36.5(12.7) d=0.36 >.05 Small, E>M
errors
WCST: Categories 3.0(1.6) 2.2(1.7) d=0.49 >.05 Medium, E>M
completed
Camelo Cross- 34 11 TMT-B Completion
etal. sectional time - TMT-A
(2019) Completion 1.3(0.9) 1.5(1.1) h=0.21 >.05 Small, E>Ma
time/TMT-A
Completion Time
Wolfet Cross- 1 10 MCSTc: .
al. (2010) sectional Perseverative errors 12.73(15.58) 5.56 (4.45) a=063 >:05 Medium, Ma>E
Volkert  Cohort 29 20
etal. TAPc: Errors 2.4(2.6) 4.8 (7.6) d=0.42 >.05 Medium E>Ma
(2016)
Linetal. ~Cross- 50 48 TMT-B: Completion 4, 14 (65.90) 176.86 (84.09) d=0.61 >05  Medium, E>Ma
(2019) sectional time
Moraet Cross- 52 32 WCST: Categories 3.13(2) 1.94 (1.5) d=0.67 <.05* Medium, E>Ma
al. (2019) sectional completed
WCST: Perseverative 16.81 (12.7) 10.87 (6.5) d=0.59 <.05* Medium, Ma>E
errors
TMT-B: Completion 117 (72.2) 117.9 (64.3) d=0.013 >.05 Very small, E>Ma

time
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Euthymic vs. (hypo)manic groups

Study Study design Euthymic (Hypo)manic Set-shifting Euthymic (Hypo)manic group Effect sizes P Effect size classification,
author group n group n variables Set-shifting mean set-shifting mean euthymic vs. value  group comparison
(Year) scores (SD) scores (SD) (hypo)manic
Huang et Cross- 113 134 WCST: Total correct 94.68 (17.46) 89.04 (18.58) d=0.31 >.05 Small, E>Ma
al. (2020) sectional
WCST: Total errors 32.95(16.72) 38.77 (18.43) d=0.33 <.05* Small, E>Ma
WCST: Perseverative 17.54 (11.83) 23.55(17.24) d=0.41 <.005 Small-medium, E>Ma
Errors
WCST: Completed 6.81(2.83) 5.96 (2.68) d=0.31 <.05 Small, E>Ma
Categories
WCST: Trials to 17.53 (15.38) 17.70(14.18) d=0.011 >.05 Very small, E>Ma
Complete 1st
Category
Malhiet Cohort 15 12 WCSTc: Categories NR NR >.05
al. (2007) completed
WCSTc: Trials to >.05
complete first
category
WCSTc: Failure to >.05
maintain set
WCSTc: >.05
Perseverative Errors
TMT-B: Time taken to >.05
complete
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Euthymic vs. (hypo)manic groups

Study Study design Euthymic (Hypo)manic Set-shifting Euthymic (Hypo)manic group Effect sizes P Effect size classification,
author group n group n variables Set-shifting mean set-shifting mean euthymic vs. value  group comparison
(Year) scores (SD) scores (SD) (hypo)manic
David Cross- 38 41 WCST: Conceptual NR NR NR >.05
(2014) sectional level responses

WCST: Perseverative >.05

Responses

WCST: Failure to >.05

maintain set

WCST: Corrected >.05

categories

WCST: Total Errors >.05

WCST: Non- >.05

perseverative Errors

WCST: Perseverative >.05* E>Ma

Errors
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Euthymic vs. depressed groups

Study Study Euthymic Depressed Set-shifting Euthymic Depressed group Effect sizes P Effect size
author design group n group n variables set-shifting mean set-shifting mean euthymic vs. value classification,
(Year) scores (SD) scores (SD) depressed group comparison
Martinez- Cross- 44 30 WCST: Categories 4.8(1.7) 4.6(1.7) d=0.118 NR Small, E>D
Aran et sectional completed
al.
(2004)
WCST: Perseverative 16.7 (14.6) 18.9(10.4) d= 0.174 Small, E>D
Errors
TMT-B: Completion  109.6 (64.9) 151.2(113.9) d= 0.448 Medium, E>D
Time
Oliveira Cross- 37 44 WCST: No. of tests 118.7 (19.0) 121.6 (15.1) d=0.17 >.05 Small, E>D
etal. sectional administered
(2011)
WCST: Total Correct 61.6 (15.6) 58.5(18.0) d=0.19 >.05 Small, E>D
WCST: Total Errors 57.0(27.0) 63.1(25.4) d=0.23 >.05 Small, E>D
WCST: Perseverative 43.0(28.8) 52.8 (36.9) d=0.30 >.05 Small, E>D
Responses
WCST: Perseverative 35.5(21.4) 42.3(26.9) d=0.28 >.05 Small, E>D
Errors
WCST: Conceptual  47.7 (21.6) 40.9 (24.6) d=0.29 >.05 Small, E>D
Level Response
WCST: Categories 3.1(2.0) 2.7 (2.2) d=0.16 >.05 Small, E>D
Completed
WCST: Trials to 33.7 (38.2) 48.7 (49.7) d=0.34 >.05 Small, E>D
Complete 1%t
category
WCST: Failure to 1.2(1.6) 0.8(1.0) d=0.26 >.05 Small, D>E

Maintain Set
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Euthymic vs. depressed groups

Study Study Euthymic Depressed Set-shifting Euthymic Depressed group Effect sizes P Effect size
author design group n group n variables set-shifting mean set-shifting mean euthymic vs. value classification,
(Year) scores (SD) scores (SD) depressed group comparison
Henryet Cross- 23 14 WCST: Total errors T=43.1(12.8) T=43.1(10.5) d=0 >.05 No effect, E=D
al. (2013) sectional
WCST: Perseverative T=40.5(9.3) T=45.2(10.4) d=0.48 >.05 Medium, D>E
errors
WCST: Categories 3.0(1.6) 2.9(1.6) d=0.063 >.05 Very small, E>D
completed
Camelo  Cross- 34 20 TMT-B Completion
etal. sectional time - TMT-A
(2019) Completion 1.3(0.9) 1.3(1.0) h=0 NR E=D
time/TMT-A
Completion Time
Kang et Cross- 46 30 5TMT-B (Korean z=-1.27 (1.36) z=0.04(1.07) d=1.07 .07 Large, E>D
al. (2022) sectional letters)
Wolf et Cross- 11 12 MCSTc: 12.73 (15.58) 4.36 (6.86) d=0.70 >.05 Medium-large, D>E
al. (2010) sectional Perseverative errors
Haetal. Cross- 17 15 WCST: Categories 5.5(1.3) 4.7 (2.1) d=0.46 >.05 Medium, E>D
(2014) sectional achieved
WCST: Trials to 19.7 (22.2) 44.5(42.0) d=0.74 >.05 Medium-large, E>D
complete first
category
WCST: Perseverative 9.9 (8.9) 17.7 (14.8) d=0.64 >.05 Medium, E>D
errors
TMT-B: Completion  79.7 (67.1) 95.1 (54.9) d=0.27 >.05 Small, E>D

time
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Euthymic vs. depressed groups

Study Study Euthymic Depressed Set-shifting Euthymic Depressed group Effect sizes P Effect size
author design group n group n variables set-shifting mean set-shifting mean euthymic vs. value classification,
(Year) scores (SD) scores (SD) depressed group comparison
Paunescu Cohort 63 63 WCST: Total correct  73.75 (8.69) 75.33(8.91) d=-0.18 NR Small, D>E
& Miclutia
(2015)
WCST: Total errors 22.11(12.99) 37.62(16.84) d=1.03 Large, E>D
WCST: Perseverative 11.40 (7.93) 20.57 (13.10) d=-1.16 Large, E>D
errors
WCST: Conceptual 66.62 (6.02) 65.41(6.71) d= 0.19 Small, E>D
levels
WCST: Categories 5.90 (0.30) 5.40(0.81) d=0.82 Large, E>D
completed
TMT-B: Completion 105.48 (45.93) 115.02 (53.64) d=-0.19 Small, E>D
time
Volkert et Cohort 29 35 TAPC: Errors 2.4(2.6) 3.1 (5.1) d=0.17 >05  Small, E>D
al. (2016)
Laietal. Cross- 22 30 WCST: Categories 4.68 (1.73) 4.97 (1.45) d=0.18 >.05 Small, D>E
(2018) sectional completed
WCST: Total Errors 13.14 (10.04) 11.43 (7.37) d=0.19 >.05 Small, D>E
WCST: Perseverative 8.32(8.60) 6.77 (5.61) d=0.21 >.05 Small, D>E
Errors
WCST: Non- 4.77 (2.36) 3.97(1.61) d=0.40 >.05 Small-medium, D>E
perseverative Errors
TMT-B: Completion  54.57 (17.93) 59.95 (25.00) d=0.25 >.05 Small, E>D
Time
TMT-B: Errors 0.18 (0.66) 0.53(0.86) d=0.46 >.05 Medium, E>D
TMT-B: Uptake 1.36 (1.59) 0.97 (1.37) d=0.26 >.05 Small, NR
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Euthymic vs. depressed groups

Study Study Euthymic Depressed Set-shifting Euthymic Depressed group Effect sizes P Effect size
author design group n group n variables set-shifting mean set-shifting mean euthymic vs. value classification,
(Year) scores (SD) scores (SD) depressed group comparison
Huanget Cross- 113 56 WCST: Total correct  94.68 (17.46) 87.05 (20.69) d=0.4 >.05 Small-medium, E>D
al. (2020) sectional
WCST: Total errors 32.95(16.72) 39.48 (18.96) d=0.37 >.05 Small-medium, E>D
WCST: Perseverative 17.54(11.83) 22.38(12.99) d=0.39 <.05*  Small-medium, E>D
Errors
WCST: Completed 6.81(2.83) 5.36 (3.18) d=0.31 <.05*  Small, E>D
Categories
WCST: Trials to 17.53(15.38) 18.55(15.12) d=0.07 >.05 Very small, E>D
Complete 1st
Category
Linetal. Cross- 50 42 TMT-B: Completion  131.10 (65.90) 150.43 (74.31) d=0.28 >.05 Small, E>D
(2019) sectional time
Malhiet  Cohort 15 14 WCSTc: Categories  NR NR NR >.05
al. (2007) completed
WCSTc: Trials to >.05
complete first
category
WCSTc: Failure to >.05
maintain set
WCSTc: >.05
Perseverative Errors
TMT-B: Completion >.05

time
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Euthymic vs. depressed groups

Study Study Euthymic Depressed Set-shifting Euthymic Depressed group Effect sizes P Effect size
author design group n group n variables set-shifting mean set-shifting mean euthymic vs. value classification,
(Year) scores (SD) scores (SD) depressed group comparison
David Cross- 38 31 WCST: Conceptual NR NR NR >.05
(2014) sectional level responses

WCST: Perseverative >.05

Responses

WCST: Failure to >.05

maintain set

WCST: Corrected >.05

categories

WCST: Total Errors >.05

WCST: Non- >.05

perseverative Errors

WCST: Perseverative >05

Errors

Note: a>b indicates better performance by a. Ma = (Hypo)Manic, D = Depressed, E = Euthymic, MCSTc = Computerised Modified Card Sorting Test, WCST/c = Wisconsin Card Sorting
Test/computerised, TMT-B = Trail Making Test Part B, TMT-A = Trail Making Test Part A, TAPc = Computerised Test Battery of Attentional Performance. 2Gruber et al. (2007) Time 2:
Participants were followed up when symptoms had remitted and groups did not meet definitions of (hypo)manic or depressed at Time 2. ® Kang et al. (2022) Completion time was

recalculated compensating for age, and then was converted to a z score.
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1.3.10 Meta-analysis results

Sixteen studies were included in the meta-analysis. Variables included were those most
commonly used, to provide sufficient data (WCST/MCST: ‘Categories completed,’
‘Perseverative errors,’ ‘Total errors’; TMT-B: ‘Completion time’). The number of studies

contributing to analyses varies. Eleven analyses were undertaken (Table 5).

Heterogeneity analysis and consideration of publication bias (via Egger’s test) are included in
the analysis. As there were fewer than 10 comparisons made per group, it must be borne in
mind that heterogeneity analysis may be unreliable (loannidis, 2008). Egger’s test must also be
interpreted with caution, as k= 10 is recommended to ensure sufficient power (loannidis &

Trikalinos, 2007).

1.3.10.1 (Hypo)manic vs. depressed

Data from eight studies were included in analysis of (hypo)manic vs. depressed groups (Gruber
etal., 2007; Henry et al., 2014; Huang et al., 2020; Lin et al., 2019; Martinez-Aran et al., 2004;
Soeiro-de-Souza et al., 2011; Switalska, 2016; Wolf et al., 201 0). Random effects analysis
revealed non-significant effect sizes for all variables analysed for these groups. There was
significant heterogeneity between the studies for all analysed variables of the WCST, with a high
percentage of variance attributed to true heterogeneity (62%). There was no significant
heterogeneity between studies when comparing the TMT-B completion time. There was no
evidence of publication bias from Egger’s test, with non-significant p values for all variables

examined (Table 5).

Data from Malhi et al. (2007), David et al. (2014) and Soeiro-de-Souza et al. (2012) could not
be included as it was not published and could not be obtained from the authors. Data from
Camelo et al. (2019) could not be included; the TMT-B variable accounted for completion time

at TMT-A and therefore was incomparable.
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1.3.10.2 Euthymic vs. depressed

Comparisons of variables between euthymic and depressed groups were sourced from nine
studies (Ha et al., 2014; Henry et al., 2013; Huang et al., 2020; Lai et al., 2018; Lin et al., 2019;
Martinez-Aran et al., 2004; Oliveira et al., 2011; Paunescu & Miclutia, 2015; Wolf et al., 2010).
Significant differences were found between scores on WCST Completed Categories (Figure 2),
WCST Perseverative Errors (Figure 3) and TMT-B Completion Time (Figure 4) for euthymic and
depressed groups, with poorer performance from depressed groups. However, there was
significant heterogeneity between studies for WCST Completed Categories and WCST
Perseverative Errors. There was no significant heterogeneity for TMT-B Completion Time. There
was no evidence of publication bias for WCST Completed Categories or TMT-B Completion
time. Egger’s test was significant for WCST Perseverative Errors (Table 5), raising the concern of
publication bias within the studies measuring this variable. On examination of factors within the

quality assessment (Table 2), there is no evidence of undue bias within these studies.

Data from Kang et al. (2022) was incomparable due to standardization and therefore was

notincluded within the meta-analysis.

1.3.10.3 Euthymic vs. (hypo)manic

Comparisons of WCST and TMT-B variables between euthymic and (hypo)manic groups were
drawn from seven studies (Fleck et al., 2008; Henry et al., 2013; Huang et al., 2020; Lin et al.,
2019; Martinez-Aran et al., 2004; Mora et al., 2019; Wolf et al., 2010). Results from the random
effects analysis showed a significant effect size between group scores for WCST Completed
Categories (Figure 5) with a better performance (more completed categories) for the euthymic

group. There was no evidence of heterogeneity for this variable. For the other variables, there
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was significant heterogeneity between studies for WCST Perseverative errors. There was no

evidence of publication bias for any of the three variables examined for these groups (Table 5).
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Results of meta-analysis: Weighted mean effect sizes, heterogeneity and publication bias

Set-shifting Studies Participants Effect size Heterogeneity Egger’s test
measure
Number Group 1 Group 2 d 95% C.I. z p(2) aQ@n p(Q) P T? ot (@ p (t) (one-tailed)
(n) (n) (d units)
(Hypo)manic (group 1) vs. depressed (group 2)
WCST: 4 215 130 -0.02 -0.04, -0.08 .94 8.00® .05* 62% 0.10 0.33@ .39
Completed 0.38
Categories
WCST: 7 261 252 0.15 -0.18, 0.90 .37 15.99@ .01* 62% 0.12 0.02® .49
Perseverative 0.48
Errors
WCST: Total 4 187 180 0.09 -0.33,0.51 0.43 .67 7.91@ .048* 62% 0.33 0.28@ .40
Errors
TMT-B: 3 112 110 0.04 -0.30,0.38 0.23 .82 3.222 .20 38% 0.03 5.69M .055

Completion Time
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Set-shifting Studies Participants Effect size Heterogeneity Egger’s test
measure
Number Group 1 Group 2 d 95% C.I. z p(2) aQ(@n p(Q) P T? ot (@ p (t) (one-tailed)
(n) (n) (d units)
Euthymic (group 1) vs. depressed (group 2)

WCST: 7 319 252 0.32 0.06, 0.58 2.38 .02* 12.95© .04* 54% 0.06 1.59® .09
Completed
Categories
WCST: 8 330 264 -0.28 -0.59,0.00 -1.97 .049* 18.857 .01* 63% 0.10 1.43© .01*
Perseverative
Errors
WCST: Total 5 258 207 -0.33 -0.74,0.09 -1.53 .13 17.549 .00* 77% 0.17 1.26® .15
Errors
TMT-B: 5 196 196 -0.28 -0.48, -2.68 .01* 0.924 NR 0 0 0.45@ .34
Completion Time -0.07
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Set-shifting Studies Participants Effect size Heterogeneity Egger’s test
measure
Number Group 1 Group 2 d 95% C.I. z p(2) aQn p(Q) P T? cg (@) p (t) (one-tailed)
(n) (n) (d units)
(Hypo)manic (group 1) vs. euthymic (group 2)

WCST: 4 232 217 -0.38 -0.57, -3.92 <.00* 2.02% NR 0 0 0.93@ .23
Completed 0.19
Categories
WCST: 6 268 250 0.08 -0.31,0.47 0.4 .68 19.27® .00* 74% 0.16 0.85% .22
Perseverative
Errors
TMT-B: 3 146 114 0.30 -0.04,0.65 1.71 .09 3.87@ 14 48% 0.05 1.540 .18

Completion Time

Note: ®interpret with caution, tests of heterogeneity are likely to be unreliable when based on fewer than 10 studies. "Q-value is less than the degrees of freedom, observed effect was less than

expected based on sampling error alone. p value was therefore not computed and indices of heterogeneity were set to 0. Euthymic vs. (hypo)manic WCST Total Errors excluded from meta-analysis,

k<3. cinterpret with caution; reliability of Egger’s test with fewer than 10 studies is unknown and underpowering is likely.
*Significance values (p (z) criterion a =.05), p (Q) criterion a= .1, p (t) criterion a =.05.
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Euthymic vs. depressed groups, forest plot for WCST completed categories

Meta Analysis

Study name Outcome

Martinez-Aran et al. (2004) CategoriesConpleted

Cliveira et al. (2011) CategoriesConpleted
Henry etal. (2013) CategoriesConpleted
Haetal. (2014) CategoriesConpleted
Paunescu & Miclutia(2015) CategoriesComrpleted
Lai et al. (2018) CategoriesConpleted
Huang et al. (2020) CategoriesConpleted
Pooled

Prediction Interval

Std diff

Inmeans
0.118
0.189
0.063
0.465
0.818
-0.184
0.492
0.318
0.318

Standard
efror
0.237
0.224
0.339
0.358
0.185
0.281
0.166
0.134

Statistics for each study

Variance

0.056
0.050
0.115
0.128
0.034
0.078
0.027
0.018

Lower
limit
-0.347
-0.249
-0.602
-0.239
0.455
-0.736
0.167
0.056
-0.418

Upper
limit
0.582
0628
0.727
1.169
1.182
0.367
0.816
0.580
1.054

ZValue p-Value
0.496 0.620
0.848 0.307
0.184 0.854
1.295 0.185
4.413 0.000

-0.6455 0.512
2.968 0.003
2.379 0.017

-1.00

5td diff in means and 95% CI

L
L ' 1
-0.50 0.00 0.50 1.00
Favours A Favours B
Euthymic Depressed

Note: Higher number of categories completed indicates better performance
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Figure 3

Euthymic vs. depressed groups, forest plot for WCST perseverative errors

Meta Analysis

Study name QOutcome Statistics for each study Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means efror Variance  limit limit ZValue p-Value
Martinez-Aran et al. (2004) PerseverativeErrors -0.168 0.237 0.056 -0633 0297 -0.710 0.478 |
Qliveira et al. (2011) PerseverativeErrors -0.277 0224 0.050 -0716 0162 -1236 0.216 |
Henry et al. (2013) PerseverativeErrors -0.483 0.344 0.118 -1157 0190  -1.407 0.159 3 i
Woff et al. (2010) PerseverativeErrors 0707 0.430 0185 -0136  1.550 1.643 0.100 i
Ha et al. (2014) PerseverativeErrors -0.649 0.363 0132 -1361 0063 -1.786 0.074 i
Paunescu & Miclutia (2015) PerseverativeErrors -0.847 0.186 0.035 -1.211 -0482 -4553 0.000 et
Lai et al. (2018) PerseverativeErrors 0221 0282 0079 -0331 0772 0.754 0.433 )
Huang et al. (2020) PerseverativeErrors -0.396 0.165 0.027 -0719 -0.073 -2402 0.016 —_——
Pooled -0.293 0.149 0.022 -0.585 -0.002 -1.971 0.049 *
Prediction Interval -0.293 -1.162 0476 T |
-1.00 0.50 0.00 0.50 1.00
Favours A Favours B
Euthymic Depressed

Note: A higher number of perseverative errors indicates poorer performance
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Euthymic vs. depressed groups, forest plot for TMT-B completion time

Meta Analysis
Study name Qutcome Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Martinez-Aran et al. (2004) TMTB -0.473 0.240 0.058 -0943 -0003 -1971 0.049 .
Haetal (2014) TMTB -0.250 0.356 0126 -0947 0447 -0.702 0.483 =
Paunescu & Miclutia(2015) TMTB -0.191 0179 0032 -0541 0159 1070 0285 .
Laietal (2018) TMTB 0241 0.282 0079 -0793 0311 -0856 0392 i
Linetal (2019) TMTB -0.278 0.203 0.041 -0674 0122 1357 0175 L
Pooled -0.277 0.103 0.011 -0480 -0.074 -2679 0007 ‘
Prediction Interval
-1.00 -0.50 0.00 0.50
Favours A Favours B
Euthymic Depressed

1.00

Note: A higher completion time indicates poorer performance
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(Hypo)manic vs. euthymic groups, forest plot for WCST categories completed

Meta Analysis

S5tudy name

Martinez-Aran et al. {2004)
Henry et al. {2013)

Mora et al (2015)

Huang et al. {2020}
Pooled

Prediction Interval

Cutcome

CategoriesC omplete
CategoriesC omplete
CategoriesC omplete

CategoriesC omplete

Std diff

in means
-0.272
-0.487
-0.851
-0.209
-0.278

Statistics for each study

Standard Lower Upper
error Variance lirnit lirnit Z-Value
0.229 0.053 -0.722 0177 -1.187
0.324 0.105 -1.123 0.14%  -1.501
0.230 0.053 -1.103 -D.200 -2.829
0.128 0.017 -0.581 -0D.057 -2.408
0.098 0.00% -0.587 -D.189 -3.928

p-Value

0.235
0.133
0.008
0.018
0.000

5td diff in means and 95% CI

-1.00

iI -
=
+—=—
-0.50 000
Fawvours A
(Hypo)manic

0.50

Fawours B

Euthymic

1.00

Note: More categories completed indicates better performance
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1.4 Discussion

This paper aimed to determine whether performance on set-shifting tasks varies depending on
mood state in bipolar disorder and compared (hypo)manic and depressed groups, euthymic and

depressed groups, and (hypo)manic and euthymic groups.

There was no evidence of differences between set-shifting scores for (hypo)manic
compared to depressed states from meta-analysis. It must be noted that David et al. (2014) and
Soeiro-de-Souza et al. (2012) both reported significant differences between (hypo)manic and
depressed groups for the variable ‘perseverative errors,” but data was unobtainable and could
not be included in the meta-analysis. There was little evidence of a trend for difference in

performance from wider variables not included in meta-analysis.

Meta-analysis provided some evidence that set-shifting tasks vary significantly between
euthymic and depressed groups, with significant effect sizes for three of the compared variables
(WCST ‘perseverative errors’ and ‘categories completed’, and ‘TMT-B Completion Time’), all of
which were suggestive of poorer performance from the depressed groups. The general trend
when considering other variables compared, that were unable to be included within the meta-
analysis, was also suggestive of this pattern. These results differ from Kurtz & Gerraty (2009)

who reported similar set-shifting between depressed and euthymic patients.

Meta-analysis for comparisons between the (hypo)manic and euthymic groups supported
some variation in performance between groups. Significantly better performance by the
euthymic group was revealed for the variable ‘categories completed’ on the WCST, with no
evidence of heterogeneity. Evidence from Paunescu and Miclutia (2015), which could not be
included in the meta-analysis due to missing data, also reported significantly better
performance from the euthymic group for the variable ‘perseverative errors’; it must be borne in
mind that this missing data has left the analysis vulnerable to bias. Results for measures of the
WCST differ from findings by Kurtz and Gerraty (2009), who reported no difference between
(hypo)manic and euthymic groups. However, results of similar effect sizes between these

groups on the TMT-B are consistent with Kurtz & Gerraty (2009).
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1.4.1 Clinical and research implications

The evidence from the present paper indicates poorer set-shifting during affective states than
when euthymic, with a trend for weakest set-shifting ability when (hypo)manic. As set-shifting
has a known relationship with certain behaviours that are common in BD (Yang et al., 2017;
Linke et al., 2013; Johnson et al., 2015), further research is needed to characterise this role
whilst in different affective states. Understanding this role, and its interaction with affective
states as indicated in this review, would enable the integration of tailored cognitive strategies
within psychoeducation and intervention. The efficacy of an integrative approach that includes
strategies for cognitive enhancements has been evidenced in arandomised control trial (Valls
et al., 2021). Furthermore, a recent review suggested the benefit of integrating cognitive
rehabilitation training with other methods such as mindfulness and individual or group CBT
sessions (Razavi et al., 2024); it is likely that understanding interactions of cognition with

affective states would increase efficacy of such approaches, but further research is needed.

Only four studies included in this review were longitudinal; there is a need to fill this gap,
with research by Gruber et al. (2007) highlighting the importance. Their research showed that
cross-sectional comparison indicated little difference in cognitive performance between
depression and manic groups, but 6-8 weeks later, the depression group showed greater
cognitive recovery than the manic group. This gave important information regarding the
interaction of mood state, cognition and longer-term impairment. It further highlights the
difficulty in defining affective states, particularly euthymia, according to scores on measures of
mood alone. The residual mood symptoms of both groups at follow-up in Gruber et al., (2007)
were within the range classified as euthymic by most studies within this review, yet seemingly
due to the nature of recent affective states (manic or depressed 6-8 weeks previously), their
results on set-shifting tasks differed with large effect sizes. This is suggestive of a need for future
research to account for duration since and nature of previous affective episodes when
comparing between groups; this criteria was not commonly considered in definitions of
euthymia in studies within this review. It also highlights difficulty with a categorical approach to
affective states, which negate the context of presentation and varying levels of different
symptoms that may co-occur. Whilst there are evidenced distinctions between mood states in
BD, the challenge of categorisation was further indicated by the variance in cut-off scores used
on measures of mood such as the YMRS and HAMD when classifying participants, which
revealed the resulting difference in magnitude of mood-symptoms within classifications. When
making comparisons between categorical mood states in BD, a standardised definition is
needed when using cut-off scores, and consistency is required for an accepted level of residual

symptoms to classify euthymia.
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Consideration of the nature of exclusion criteria is needed. Studies within this review
excluded people with substance misuse, poor physical health and other comorbidities that are
common in BD (Amann et al., 2017; Kemp et al., 2009); it must be considered that this limits the
generalisability of study data with misrepresented BD populations. This further suggests a need
for more longitudinal studies, where variance can be minimised with the use of within-subject

designs rather than strict exclusion criteria.

The number of different variables of the WCST measured by studies within this review was
striking and impacted the amount of comparable data. Although the WCST is one of the most
used measures of set-shifting clinically and in research, there are common discrepancies in
scoring approaches and definitions of variables (Miles et al., 2021). This study therefore only
included data from variables given the same descriptor, e.g. ‘perseverative errors,’ to minimise
the risk of bias; ‘perseverative responses’ may be interchangeable with ‘perseverative errors,’
but may have an alternative meaning (Miles et al., 2021). However, it is also possible that these
variables are scored differently, with different published scoring methods produced by Grant
and Berg (1948) and Heaton and Staff (1993). In future research, to allow comparison between
studies, an agreed approach to administering and scoring the WCST is recommended;
researchers are advised to refer to Miles et al. (2021) who has made further recommendations
on this issue. This adds support to the development of an agreed standardised assessment tool

for BD, as discussed in (Rossetti et al., 2023).

1.4.2 Limitations

The risk of unreliable meta-analysis results must be acknowledged; missing data from three
studies may have biased the results. Heterogeneity was significant for many comparisons and
was likely increased by small study sizes (IntHout et al., 2015), with n <40 in most groups and n
<20in some, although poor reliability of heterogeneity analysis should be noted with inclusion
of a small number of studies (Hardy & Thompson, 1998). Egger’s tests indicated low risk of
publication bias for all variables except for the variable ‘perseverative errors’ within the
euthymic vs. depressed comparison, but reliability and power is likely to be limited with fewer
than 10 studies for comparison (loannidis & Trikalinos, 2007). Examination of quality
assessment did not indicate concern of undue bias, and further to this, published data for this
variable reached statistical significance in only one of the eight examined studies. However, it is
acknowledged that future research would benefit from including unpublished studies and grey

literature to minimise risk of publication bias.

Further sources of bias may result from inclusion of publications available in English-

language only. On the other hand, the nature of this study may have reduced risk of bias; studies
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included in the review used cognitive test batteries to investigate a broad range of research

questions, resulting in inclusion of set-shifting data when this was not the research focus.

Risk of bias from variation in the country of study must also be considered. Set-shifting
scores were expressed with raw data rather than standardised scores based on countries’ own
normative data. It is therefore likely that variation in performance occurred, based on cultural
and geographical differences in approach to such tasks, alongside educational differences
(Ardila, 2018). Furthermore, the large number of variables produced by the WCST limited the
usefulness of the data collected in this study, and introduced vulnerability to inconsistencies

and bias, despite steps previously discussed to minimise this.

1.4.3 Conclusion

This systematic review and meta-analysis has provided evidence of difference in set-shifting
ability during affective states of BD, with higher rates of perseveration during depression and
mania than euthymia. There are implications of these findings for further research regarding the
role of set-shifting in expressed symptoms during affective states. There is also a need for
further research investigating the efficacy of intervention tailored to integrate appropriate
cognitive rehabilitation. The review has highlighted a need for more research adopting within-
subjects longitudinal designs. Furthermore, this review recommends standardised definitions

of mood states and a standardised approach to the use of the WCST.
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Abstract

Impulsive spending behaviours, including compulsive buying and gambling, are known to be
elevated in bipolar disorder and contribute to increased financial hardship. This has
implications for mental health, functional ability and quality of life. Research has evidenced
impairment of executive function in bipolar disorder, but there is a lack of literature investigating
a relationship between executive function and impulsive spending behaviour. The present study
aimed to examine this relationship across two time points one month apart, after controlling for
mood symptoms. Computerised performance-based measures of executive function were
completed at baseline only (n = 119), in addition to self-reported mood symptoms and
measures of compulsive buying, gambling and debt. Follow-up questionnaires were completed
four weeks later (n = 82). Hierarchical regression models revealed compulsive buying to be
predicted by measures of inhibition and planning at both time points when controlling for
current mood and the length of time since diagnosis. Level of debt was also predicted by a
measure of inhibition. Pathological gambling could not be predicted by executive function
measures. Participants reporting worsening compulsive buying over one month had more
severe manic symptoms. The findings have implications for intervention and the possibility of
identifying vulnerability for impulsive spending, with a view to deter or prevent the behaviour.
The study was limited by a lack of verified diagnosis and bias resulting from opportunity

sampling and online methodology.

Keywords:

Bipolar disorder, executive function, impulsivity, response inhibition, planning, compulsive

buying, impulsive spending, gambling, debt, finance
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2.1 INTRODUCTION

Bipolar Disorder (BD) is characterised by disturbances of mood and energy, resulting in
episodes of mania, hypomania or depression, alongside changes in cognition (World Health
Organisation [WHQ], 2019). BD is ranked worldwide as the 18" most prevalent debilitating

health condition (National Institute for Health and Care Excellence [NICE], 2023).

In BD populations, financial instability is common. A recent survey has shown 22% of a
sample reported bankruptcy following manic impulsive spending, and a further 37% have
considered bankruptcy (Brozena et al., 2024). A large recent study (n = 46,167), showed a 50%
higher rate (12% of BD population) of bankruptcy filing compared to a general health cohort
(Nau et al., 2023). Impulsive spending behaviours can include compulsive buying, which refers
to spending an excessive or unreasonable amount of money or feeling compelled to buy things
that are not needed (Cheema et al., 2015). Compulsive buying has been reported in 8% of BD
cases (Kesebir et al., 2012), compared to 3% of the general population (Mueller et al., 2009), and
‘unrestrained buying sprees’ are associated with BD in the DSM-5 (American Psychiatric
Association [APA], 2013). Gambling is a further contributor to financial difficulty and is thought
to be a problem in approximately 10% of people with BD, four times more than in the general

population (Jones et al., 2015).

Compulsive buying and gambling can be emotionally devastating, leading to interpersonal
conflict and feelings of shame and remorse (Fletcher et al., 2013). Richardson et al. (2018)
reported that depression, anxiety and stress can predict compulsive buying, and in addition,
financial difficulties and poor mental health produce a vicious cycle, where each contributes to
maintain the other. Risky behaviours, such as impulsive spending, have been linked to mania;
71% of a bipolar sample reported spending money excessively when hypomanic (Fletcher et al.,
2013). Evidence supports a relationship between mood and problem gambling; a systematic
review reported 41% comorbidity with anxiety disorder, 23% with manic episodes and 5% with
hypomanic episodes (Varo et al., 2019). Kennedy et al. (2010) reported BD participants
classified as ‘problem gamblers’ had more depressive symptoms than non-gamblers, and a BD
group was more likely to gamble as a coping mechanism for negative affect compared to a

major depression group (Quilty et al., 2017).

Cognitive deficits in BD, relative to healthy controls, have been evidenced in numerous
cross-sectional and longitudinal studies e.g. (Fleck et al., 2008; Gruber et al., 2007; Luo et al.,
2020; Oliveira et al., 2011; Switalska, 2016), with particular attention given to executive

function. Executive function implicates the prefrontal cortex of the brain, and is an umbrella
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term for general-purpose ‘control mechanisms’ that regulate the dynamics of human cognition
and action (Miyake & Friedman, 2012). Cognitive tasks measuring executive function attempt to
capture different domains, six of which were identified by Dickinson et al. (2017) as commonly
used in the study of BD: set-shifting, working memory, inhibition, planning, attention and verbal
fluency. However, task impurity is challenging when measuring executive function and evidence
focuses importance on set-shifting (or cognitive flexibility), working memory (or updating) and

inhibition (Diamond, 2013; Miyake et al., 2000).

A systematic literature review reported poorer performance on all examined measures of
executive function in BD participants relative to controls (Dickinson et al., 2017). A general
deficit in executive function has been evidenced in different phases of BD, with worse inhibitory
control in hypomanic/mixed states compared to depressed or euthymic states (Dixon et al.,
2004; Ryan et al., 2012). Poor executive function in BD has been associated with worse everyday
functional ability (Cotrena, Branco, Kochhann, et al., 2016; Henry et al., 2013), an increased
probability of occupational dysfunction (Drakopoulos et al., 2020; O'Donnell et al., 2017;
Tabares-Seisdedos et al., 2008), poorer quality of life (Cotrena, Branco, Kochhann, et al., 2016;
Mackala et al., 2014) and has been found to predict disability in social relationships (Wingo et

al., 2009).

Despite the high prevalence of impulsive spending behaviours in BD, a relationship with
executive function has been little studied. In one study, Cheema et al. (2015) reported a
relationship between increased levels of impulsivity on an emotional go/no-go task and poorer
management of finances in a BD population. Comparisons of compulsive buyers and controls
within the general population have shown inconsistent results. There is support from several
studies for a relationship between poorer executive function and compulsive buying,
specifically for decision-making (Derbyshire et al., 2014; Trotzke et al., 2015), inhibitory control
(Arican & Kafadar, 2022; Derbyshire et al., 2014; Vogt et al., 2015), working memory (Adams,
2019) and planning (Arican & Kafadar, 2022). However, Vogt et al. (2015) reported no difference
between groups for a decision-making task and Trotzke et al. (2015) did not support a
relationship between inhibition or planning and compulsive buying. Relationships with
pathological gambling and poorer executive function have been supported in the general
population, in particular weaker set-shifting ability, difficulty with problem-solving, poorer

working memory and higher impulsivity (Marazziti et al., 2008; Zhou et al., 2016).

211 The present study

The relationship between impulsive spending behaviours and executive function has

received little attention in BD, yet impulsive spending behaviours are known to be prevalent and
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problematic, and executive function is known to be impaired. This informs the two main aims of

this study.

2111 Aims and hypotheses

1. The first aim of this study is to investigate whether there is a relationship between
executive function and indicators of impulsive spending (compulsive buying, gambling
and debt) in BD, and if so, whether any domains of executive function characterise this
relationship. The relationship will be examined cross-sectionally and longitudinally.
Hypothesis 1: Based on previous literature, a relationship between measures of
executive function with compulsive buying, gambling or debt was hypothesised at both
time points.

Hypothesis 2: The role of inhibitory control was hypothesised to be of importance to the
relationship between executive function and impulsive spending, based on findings by
Cheemaetal. (2015).

2. The second aim focuses on the longitudinal design of the study, and is to investigate
whether executive function or mood differ between people who report an increase in
compulsive buying, gambling or debt over a four-week follow-up.

Hypothesis 3: Due to the reported relationship between mood and anxiety with
impulsive spending behaviours, in studies by Richardson et al. (2018) and Varo et al.
(2019), it was hypothesised that there would be a difference in mood in people who
experience an increase in compulsive buying, gambling or debt, in the month following
initial testing.

Hypothesis 4: It was further hypothesised that there would be a difference in executive
function between people with and without increased compulsive buying, gambling or

debt during this month.

To the author’s knowledge, this is the first study investigating these relationships.

2.2 MATERIALS AND METHODS

2.21 Design and participants

In this longitudinal online study, a sample of 243 participants were recruited internationally (UK:
77% (Appendix H.1: Table S 1); White British 74%, (Table 6)) via social media (Twitter,
Instagram, LinkedIn, TikTok and Facebook), advertising from Bipolar UK, Crest BD, the Money

and Mental Health Policy Institute newsletter and Prolific between July 22" 2023 and November
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22" 2023. Five participants (non-Prolific) were randomly selected to receive an Amazon

voucher. Participants recruited via Prolific (n = 33) were paid at both time-points.

Inclusion criteria were: 1) self-reported diagnosis of BD by a mental health professional; 2) aged
18+; 3) English as first language (due to the cognitive tests used) and 4) capacity to give
informed consent (assumed in the absence of conditions outlined in the exclusion criteria that
affect the functioning of the brain). Exclusion criteria were: 1) diagnosis of cyclothymia; 2)
diagnosis of or current investigation for a neurodegenerative disease of the brain; 3)
uncorrected visual impairments likely to affect test results, or 4) intellectual or cognitive
disability. Financial difficulty was not a requirement of participation. Participants were excluded
as follows: four without English as a first language; two with significant uncorrected visual
impairment; one with a brain injury affecting cognition and one due to self-diagnosis of BD.
Participants were included in analysis if they completed at least one cognitive test at Time 1.
Participants who completed questionnaires only were subsequently excluded from the study

(Figure 6). A final sample of 119 remained at Time 1, and 82 at Time 2.
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Figure 6

Participant flow diagram
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accessed the study Time 1: Data not of 82 remained
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A sample size of at least 112 was targeted, from a G*Power version 3.1 (Faul et al., 2009)
calculation based on the assumption of a medium effect size (from similar studies in the general
population, e.g. (Arican & Kafadar, 2022)) of R? = 0.13 and power at 0.8 (Cohen, 1988) to test a
two-tailed hypothesis with an estimated eight predictors (with expectations of confounding

demographic/clinical characteristics, mood variables and measures of executive function).

The study was approved by the University of Southampton ethics committee (ERGO-
ID:79095) prior to commencement. Participants read a detailed study description and gave

informed consent (via an online form) prior to participating (Appendices C and D).
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Patient Public Involvement (PPI) aided the study design. A focus group, advertised on
social media (Twitter and Facebook), was held for one hour, with eight people with a diagnosis of
BD, to discuss the measures and procedure. Changes to the study design and author-
constructed financial questionnaire were made accordingly. The final study procedure was

piloted on four acquaintances of the author, resulting in slight amendments.

2.2.2 Measurement of mood and current clinical presentation

Author-constructed demographic and screening questionnaire

An author-constructed questionnaire was used to gather demographic and eligibility information

and to allow the consideration of clinical and confounding variables (Appendix E).
The Patient Health Questionnaire (PHQ-9) (Kroenke et al., 2001)

A self-rated, widely used 9-item clinical measurement of depression. It scores each of the nine
DSM-IV criteria on a 4-point Likert scale, ranging from 0 (Not at all) to 3 (Nearly every day).
Sensitivity and specificity are both reported at 88% when using a cut-off score of 210 (Kroenke et

al., 2001). Internal consistency in the current sample at baseline was excellent, a =.93.
The Patient Mania Questionnaire (PMQ-9) (Cerimele et al., 2022)

A self-rated, 9-item questionnaire designed to assess mania symptoms. It is recently developed
and designed to be used alongside the PHQ-9, with the same Likert scale, in the clinical
assessment and monitoring of mood symptoms in patients with BD. High manic symptom burden
is considered to be a score of 210, although more research is required to determine construct

and criterion validity. In the current sample at baseline, a =.91.
The Generalized Anxiety Disorder (GAD-7) (Spitzer et al., 2006)

A 7-item anxiety scale, developed as a brief, self-reported clinical measure to assess
Generalised Anxiety Disorder (Spitzer et al., 2006). It uses the same Likert scale as the PHQ-9
and PMQ-9. A score of 210 indicates GAD, with 89% sensitivity and 82% specificity. In the

current sample at baseline, a =.93.

2.2.3 Measurement of impulsive spending behaviours

The Compulsive Buying Scale (CBS) (Valance et al., 1988)

An 11-item measure with a 5-point Likert scale to assess compulsive buying habits, with a cut-
off total of 236 indicating problematic compulsive buying. In the current sample at baseline, a

=.93.
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The South Oaks Gambling Scale (SOGS) (Lesieur & Blume, 1993)

20 problem items are identified on the SOGS, with a sum of =25 from these items indicating

probable pathological gambling. In the current sample at baseline, a = .93 for problem items.
Author-constructed financial, compulsive buying and gambling questions

A questionnaire regarding participant finances and debt (developed with PPI), including loan
details and amount of debt from different sources (excluding mortgage and student loan). Five-
point Likert scales measured whether participants felt they lived within their means generally
and over the past month. Six-point Likert scales were used to measure occurrence and
frequency of, and amount of money spent on compulsive buying and gambling habits over the

past month (Appendix F).

2.2.4 Measurement of executive function

The Stroop Task (Stroop, 1935) by Millisecond Software (2022)

The task presents a colour name (e.g. blue) printed in different colour ink. Participants indicate
the ink colour and not its meaning; presentations are either congruent or incongruent. Accurate
performance results from successful selective inhibition, which has a dampening effect on the
automatic activation produced by word-reading (Khng & Lee, 2014). The variables used for this
task were total errors, mean response latency (ms) and the difference between incongruent and

congruent errors.

Corsi Block Tapping Task Forwards and Backwards (Kessels et al., 2000) by Millisecond
Software (2022)

Corsi-Forwards measures simple item span by recall of sequences of illuminated squares.
Corsi-Backwards measures working memory capacity, requiring manipulation of the sequence
by recalling it in reverse. Variables produced for the forwards and backwards tasks individually
are block span (the number of illuminated squares correctly recalled), total score (summary
score as proposed by Kessels et al. (2000): block span*number of correctly recalled sequences)

and mean response latency (ms).
Trail Making Test (A and B) (Armitage, 1946; Reitan, 1955) by Millisecond Software (2022)

This test is in two parts; Part A requires sequencing of numbered circles, measuring motor
speed and information processing speed. Part B requires alternation between numbered and
lettered circles, adding a measurement of set-shifting. Variables used were the difference

between completion times (Part B - Part A) and the difference between errors (errors made on
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Part B — errors made on Part A); use of these variables is recommended to measure central

executive functioning (McMorris, 2016).
lowa Gambling Task (Bechara et al., 1994) by Millisecond Software (2022)

This task is considered to be a measure of decision-making and risk-taking processes, although
some research has suggested higher involvement from attentional systems (Gansler et al.,
2011). Participants are presented with four decks of cards and are required to make 100 choices
from these decks, which result in gaining or losing fictional money. Two decks are generally
advantageous and two are generally disadvantageous (unbeknownst to the participant).
Variables used were ‘number of advantageous picks — number of disadvantageous picks’
(Bechara et al., 1994), mean response latency (ms), mean gain, mean loss, mean total and final

total.

Tower of London Task (Anderson et al., 1996; Krikorian et al., 1994; Shallice et al., 1982) by
Millisecond Software (2022)

This task measures different levels of planning (Georgiou et al., 2017). Participants are required
to rearrange displays of coloured balls on poles, according to rules, to copy a ‘target
arrangement’ in as few moves as possible. Variables used were total score, mean initiation
time (the time it took for participants to take their first move) (ms), mean number of problem

attempts and mean solution time (time elapsed between starting and ending a problem) (ms).

2.2.5 Procedure

Participants completed the online questionnaires and rating scales (using Qualtrics,
Provo, UT) in arandomised order, followed by computerised tests of executive function (Inquisit
Web 6.6.1, 2022). Time 2 follow-up included the PHQ-9, PMQ-9, GAD-7, CBS, SOGS and author-

constructed questionnaire.

2.2.6 Statistical Analysis

Data was analysed using Statistical Package for Social Sciences (SPSS) software, version
28.1.1.0 (IBMCorp., 2021). Missing data was not substituted; this was deemed inappropriate

due to measurement of different facets of executive function.

Measures were assessed for normal distribution, (defined by kurtosis and skewness
within the -2 to +2 range). Univariate and bivariate outliers were identified and deleted where
values were >3 SDs from the mean, and were deemed implausible (likely due to poor effort or

technical difficulties with the computer software). Corsi-Backwards results were ‘0’ in 23 cases,
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where participants did not follow reverse sequencing rules. This data was excluded from

analysis.

Relationships between executive function, mood, compulsive buying and demographic
variables were analysed with bivariate Pearson’s or Spearman’s correlation (as appropriate).
The South Oaks Gambling Scale Problem Total was unsuitable for correlation analysis due to
floor effects. Dichotomous classification of ‘Pathological Gambler (total problem items =5)
/Not’ was therefore used. Relationships between pairs of dichotomous variables were analysed
using Chi-Square. MANOVAs were used to examine differences in mood scores (anxiety,
depression and mania) grouped by primary dichotomous variables of interest (SOGS
Pathological Gambler/Not and Total Debt High/Low [split by median; Time 1: Low < $3236.50 <
High, Time 2: Low < $2687.00 < High]). Further MANOVAs were planned to examine differences
in executive function scores between these groups, but due to multiple violations of
assumptions (multicollinearity, missing data, a high number of variables) independent samples
t-tests were used for normally distributed variables. For non-parametric data, bootstrapping
was used when examining Level of Debt, and Mann Whitney U tests when examining differences
between Pathological/Non Pathological Gamblers (due to small sample size). The significance

level was p < .05.

Relevant predictors, assessed by statistical significance (as in Aminoff et al. (2013)),
were entered into multiple hierarchical regression models (linear or binary logistic as
appropriate) to predict impulsive spending measures. The difference in reported debt was
calculated between Times 1 and 2, and participants were classified dichotomously as Debt
Increase or Debt Decrease/Stable. Participants reported compulsive buying or gambling to be
more or less frequent at Time 2, and were classified dichotomously as Better/Stable or Worse.
The difference in executive function (from Time 1) and mood at Time 2 was subsequently
examined using independent t-tests or Mann Whitney U tests, using Bonferroni correction.
MANOVAs were used to examine difference in mood variables at Time 2 between: 1)
participants reporting worse compulsive buying and better/stable compulsive buying over the
past month 2) worse gambling and better/stable gambling and 3) an increase in debtand a

decrease in/stable level of debt. All analyses were two-tailed.

2.3 RESULTS

2.3.1 Demographic and clinical characteristics

Demographic and clinical characteristics are displayed in Table 6. Of the 119 participants at

Time 1, over three-quarters were female, with BD diagnosis most commonly given by a
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Psychiatrist. Nearly half of the sample had a comorbid mental health or personality disorder
diagnosis and over half were under the care of a mental health team. Over a quarter of the
sample previously used recreational drugs and over 1 in 10 reported current use of recreational

drugs. One hundred percent of the sample were currently taking psychiatric medication.
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Table 6

Demographic and clinical characteristics of the sample at Time 1: Means (M), standard

deviations (SD) or population size (N) and corresponding percentages (%)

Continuous variable M SD
Age (n=119) 38.29 10.92
Number of years diagnosed (h=117) 9.45 8.31

Categorical variable N %
Gender (male/female/non-binary) 22/94/3 18.5/79/2.5
Ethnicity:
Asian (British/Indian/Other) 5 4.2
Black (British/African/Caribbean/Other) 4 3.3
Mixed or Multiple Ethnic Groups 8 6.7
White British 88 73.9
White: Any other White Background 9 7.5
Other Ethnic Group 4 3.3
Undisclosed 1 0.8
Bipolar Type (i/ii/unknown) 30/58/31 25.2/48.7/26.1
Diagnosed by
(Psychiatrist/Psychologist/GP/Other Mental
Health Professional) 103/11/15/12 86.6/9.2/12.6/12
Current recreational drug use (yes) 14 11.8
Previous recreational drug use (yes) 39 32.8
Currently taking medication (yes) 119 100.0
Under care of Mental Health team (yes) 78 65.5
Other Mental Health/Personality Disorder (yes) 53 44.5
Sleep Disorder 10 8.4
ADHD/ASC/Tics 13/10/1 10.9/8.4/0.8
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2.3.2 Impulsive spending measures and executive function tests

Table 7 displays information regarding mood and impulsive spending measures. Mean scores

and standard deviations of executive function measures are presented in Table 8.

Table 7

Mood and impulsive spending measures from times 1 and 2: Means (M), standard deviations

(SD) or number of participants (N) and corresponding percentages (%)

Mood or Impulsive Spending Measure  Time 1 Time 1 Time 2 Time 2
M/n SD/% M/n SD/%

Mood:

PMQ-9 Score (M, SD) 8.13 6.53 8.29 5.95

GAD-7 Score (M, SD) 10.31 6.12 9.16 6.07

PHQ-9 Score (M, SD) 12.47 7.85 11.97 7.24

Compulsive Buying:

CBS Total Score (M, SD) 42.34 10.56 41.00 10.88

CBS Criteria Met (Yes/No, n, %) 95/23 80.5/19.5 61/20 75.3/24.7

tCompulsive Spending Irresistible Past 68/39 57.6/33.1 46/29 57.5/36.3

Month (Yes/No n, %)

tCompulsive Spending 68/40 57.1/33.6 46/31 38.7/26.1

Emotional/Mentally Unwell Past Month

(Yes/No, n, %)

tCompulsive Spending: Amount Spent 889.70 1126.43 744.75 1463.90

Past Month ($) (M, SD)

Gambling:

SOGS Problem Total (M, SD) 2.29 3.92 2.96 4.17

SOGS Pathological Gambler Criteria 24/95 20.2/79.8 17/63 21.8/78.8

Met (Yes/No, n, %)
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tGambled in the past month (Yes/No,

n, %)

tGambling: Amount Spent Past Month
($) (M, SD)

Debt:
tTotal Debt ($)
tNo debt (n, %)

tDebt < $1000 (n, %)

34/83 28.6/69.7

185.59 357.00

13,651.15 25,456.97

27 23

42 36

27152

187.59

12,386.86

20

29

33.8/65.0

390.75

27,296.31

25

36

Note: PMQ: Time 1: n=118, Time 2: n =80, GAD-7: Time 1: n =82, PHQ-9: Time 1: n =118, Time 2: n = 80,

Compulsive Buying Scale (CBS) Time 1: n =118, Time 2: n =81, ‘CBS Total Score’ = Compulsive Buying

Scale Total Score, ‘CBS Criteria Met’ = Criteria for problematic compulsive buying met (score = 36/55),

South Oaks Gambling Scale (SOGS) Time 1: n =119, Time 2: n = 80, ‘SOGS Pathological Gambler Criteria

Met’ = total score on problem items = 5. ‘Total Debt’: Time 1: n =118, Time 2: n =81, debt includes total

amount owed on loans, credit cards and overdraft (excluding mortgage and student loan). Compulsive

Buying Amount Spent Past Month (Time 1: n =81, Time 2: n = 56), Gambling Amount Spent Over Past

Month: (Time 1: n =34, Time 2: n=27). Unaccounted for nin ‘yes/no’ questions are due to responses of

‘unsure’.

tInformation obtained from author-constructed Financial Questionnaire
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Table 8

Means (M) and standard deviations (SD) resulting from executive function tests, and population

(N) for each measure

Executive Function Measure M SD N
Stroop Total Errors 3.58 4.46 110
Stroop Mean Response Latency (ms) 1484.86 518.11 109
Stroop Correct Congruent 27.66 0.62 110
Stroop Correct Incongruent 25.35 3.30 109
Stroop Difference Between Congruent and 2.32 3.16 109
Incongruent Responses
Corsi-Forwards Block Span 5.81 1.02 107
Corsi-Forwards Total Score 48.84 17.40 107
Corsi-Forwards Mean Response Latency 855.80 304.83 105
(ms)

Corsi-Backwards Block Span 5.66 1.04 87
Corsi-Backwards Total Score 46.70 18.45 87
Corsi-Backwards Mean Response Latency 710.72 254.42 87
(ms)

lowa Gambling Mean Response Latency 769.29 263.62 108
(ms)

lowa Gambling Mean Gain 77.17 9.05 110
lowa Gambling Mean Loss 81.04 17.83 110
lowa Gambling Mean Total 1631.53 441.01 110
lowa Gambling Final Total 1614.83 951.37 110
lowa Gambling Advantageous Deck -8.63 36.54 110
Choices-Disadvantageous Deck Choices

Trails A Number of Errors 1.17 1.41 100
Trails ATotal Time (ms) 54699.28 25758.82 100
Trails B Number of Errors 2.45 2.51 100
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Executive Function Measure M SD N

Trails B Total Time (ms) 72698.86 32880.92 100
Trails Errors Difference (B-A) 1.27 2.49 97
Trails Time Difference (B-A) (ms) 17381.82 12984.00 97
Tower of London Mean No. of Problem 1.33 0.17 105
Attempts

Tower of London Total Score 29.1 5.06 105
Tower of London Initiation Time (ms) 8061.49 3835.84 106
Tower of London Mean Solution Time (ms) 15321.29 5421.17 106
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2.3.3 Aim 1: The relationship between executive function and impulsive
spending behaviours (compulsive buying, gambling and debt) at two

time-points

Hypotheses 1 and 2: Compulsive buying at time 1

Significant negative correlations were revealed at Time 1 between executive function measures
Corsi-Backwards (Corsi B) Mean Latency Time (r (84) = -.24, p = .03, 95% C.I. [ -0.44, -0.03]),
Tower of London (Tol): Initiation Time (r (104) =-.31, p=.001, 95% C.I. [-0.47, -0.12]) and ToL
Total Solution Time (r (104) =-.24, p = .01, 95% C.I. [ -0.42, -0.06]) and the total score on the
Compulsive Buying Scale (CBS score) (Appendix H.2: Table S 2), indicating that those with
higher CBS scores took less time to respond to or complete these measures. CBS score
significantly positively correlated with all three measures of mood (PMQ: r(116) =.36, p <.001,
95% C.I.[0.19, 0.51]; GAD-7:r(116) = .34, p <.001, 95% C.1. [0.17, 0.49]; PHQ-9: r (116) =.37,p
<.001,95% C.I.[0.21, 0.52]), indicating greater anxiety, depression and mania alongside higher
CBS scores. There was a significant negative correlation between CBS score and the number of
years since diagnosis and therefore, a shorter time since diagnosis was related to greater

impulsive spending scores (r(114) =-.22,p=.017,95% C.l. [ -1.0, -0.07]).

Table 9 displays results of hierarchical multiple linear regression using blockwise
methods to enter significant variables to predict CBS score, controlling for ‘years since
diagnosis’ and PMQ-9, GAD-7 and PHQ-9 scores, to finally examine the contribution of
significant executive function measures. Due to high correlation between ToL: Initiation Time
and ToL: Total Solution Time, r (104) = .80, p =< .001, 95% C.I.[0.72, 0.86], and therefore
violation of the assumption of no multicollinearity, the most significant correlation with CBS
score (ToL: Initiation Time) was used for further analysis. Assumptions of linear regression were
met. The two executive function measures predicted CBS score, explaining a significant
proportion of variance (13%) over and above mood variables and the number of years since

diagnosis, with 34% of the variance in CBS score accounted for by the model.
Hypotheses 1 and 2: Compulsive buying at time 2

Variables found to predict compulsive buying at Time 1 were entered into a hierarchical linear
regression model to predict compulsive buying at Time 2, controlling for mood scores from Time
2 (Table 9), with assumptions of regression met. The same executive function variables
significantly correlated with CBS Time 2 score. Executive function at Time 1 was found to predict

CBS score one month later, when current mood was controlled for, explaining 15% of the
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variance over and above other variables, with 33% of the variance in CBS score accounted for by

the model.

Table 9

Hierarchical linear regression models predicting Compulsive Buying Scale total at times 1 and 2

Final Model Summary Model

Variables B B SE B t sr? Coeff.p R? AR? SE p
DV: CBS Score
Time1(n=281)
Block 1: .02 .02 10.88 .19
No. Yrs. 0.02 0.14 0.02 0.16 0.00 .87
Diagnosed
Block 2: .21 .19 9.97 <.001
T1 PMQ-9 0.26 0.21 0.16 1.20 0.01 .23
T1 GAD-7 0.28 0.28 0.16 1.01 0.01 .32
T1 PHQ-9 0.16 0.23 0.11 0.68 0.00 .50
Block 3: .34 .13 9.22 .001
Corsi B: Mean -0.01 0.01 -0.13 -1.15 -0.01 .25
Latency Time
TolL: Initiation -0.00 0.00 -0.32 -3.10 -0.09 .003
Time
Time 2 (n=62)
Block 1: 12 12 10.64 .005
No. of Yrs. -0.30 0.19 -0.20 -1.60 -0.03 .16
Diagnosed
Block 2: .18 .06 10.53 .24
T2 PMQ-9 0.03 0.26 0.02 0.10 0.00 .92
T2 GAD-7 0.59 0.35 0.27 1.42 0.02 .16
T2 PHQ-9 -0.23 0.30 -0.15 -0.78 -0.01 .44
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Final Model Summary Model
Variables B B SE B t sr? Coeff.p R? AR? SE P
Block 3: .33 .15 9.72 .005
Corsi B Mean -0.01 0.01 -0.23 -1.73 -0.04 .09
Latency Time:
ToL: Initiation -0.00 0.00 -0.27 -2.13 -0.06 .04

Time

Note: Corsi B = Corsi-Backwards, ToL = Tower of London

Hypotheses 1 and 2: Gambling

Mann Whitney U tests revealed a significant difference between pathological gamblers (PG) and
non-pathological gamblers (NPG) for Trail Making Difference in Errors (B-A) (PG: n =22, Mdn =
0.00, NPG: n=75, Mdn =1.00, U (68) =590.50, p =.040), with a smaller difference in errors for
pathological gamblers. T-tests and Mann Whitney U tests did not reveal significant differences
on any other measures of executive function between PG (n = 17-23) and NPG (n = 70-87),

p >.05. MANOVA did not reveal significant main effects of mood (mania, anxiety or depression)
on classification as a pathological gambler (PG: n = 24. NPG: n = 94), using Hotelling’s Trace

statistic, T=0.43, F(3,114) =1.64, p = .18, n,2 = .041.

Binary logistic regression was used to explore whether categorisation as a pathological
gambler or not on the SOGS was predicted by Trail Making Difference in Errors. The model was
not significant: x>(df=1, n=97) = 3.53, p = .06, Nagelkerke R? = .05, Hosmer and Lemeshow x>
(df=5)=4.96, p = .42, and therefore executive functioning measures were not found to predict

SOGS Pathological Gambling.
Hypotheses 1 and 2: Debt at Time 1

Independent samples t-tests revealed significant differences between high debt (HD) and low
debt (LD) for: Corsi-Forwards Mean Response Latency (HD: M =751.09, LD: M =903.45, t (50.10)
=2.42,p=.03,d=0.57), Corsi-Backwards Mean Response Latency, (HD: M=612.24, LD: M =
780.10, t(48.16) =3.20, p =.008,d =0.76 ), Tower of London Initiation Time (HD: M =6848.72,
LD: M=8751.33,t(60.16) =2.45, p =.017, d = 0.56) and Tower of London Mean Solution Time
(HD: M =13886.65, LD: M =16755.93, t (89.40) =2.81, p = .006, d = 0.58). Those with HD were
faster to respond, with smaller mean response latencies for each of these variables. There were

no other significant differences in executive function between HD and LD (p > .05). MANOVA did
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not reveal significant main effects of mood on level of debt (HD: n =59, LD: n =59), using

Hotelling’s Trace statistic, T=0.18, F (3,114) = 0.70, p = .56, n,>= .018.

Blockwise methods were used to enter variables one-by-one in a binary logistic
regression model to predict Level of Debt. Again, due to the high correlation between ToL
Initiation Time and Mean Solution Time, the variable with the most significant difference
between level of debt was selected for further analysis (Mean Solution Time). The overall model
was significant (p = .01), accounting for 17% of the variance in level of debt (Cox & Snell R?= .13,
Nagelkerke R? = .17), with non-significant contributions from each variable in the overall model.
Blockwise contributions showed 16% of the variance was accounted for by Corsi-Backwards
Mean Response Latency. The model was refit with this variable alone (Table 10) and was
significant: x?(1,86) = 11.88, p <.001, Cox & Snell R?=.13, Nagelkerke R?= .17, accounting for
17% of the variation. This indicates that level of debt could be predicted from mean latency on
the Corsi-Backwards task in this population. The population value of the odds ratio lies between
0.994 and 0.999 and therefore as Corsi-Backwards Mean Latency Time increases, the odds of

high debt decrease.
Hypotheses 1 and 2: Debt at Time 2

Corsi-Backwards Mean Response Latency was entered into a binary logistic regression model to
examine whether it could continue to predict Debt at Time 2. The model was not significant (p

=.08), with 6% of the variance in level of debt accounted for.
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Table 10
Coefficients of the model predicting Level of Debt at Times 1 and 2 (95% BCa bootstrap

confidence intervals based on 1000 samples in brackets)

95% CI for Odds

Ratio
Predictor b SE Wald Odds p value Lower Upper
Ratio
Exp (b)
Time 1
(n =86):
Constant 2.61 0.89 8.56 13.58 .003
(1.05, 4.79)
CorsiB: -0.004 0.001 8.34 .996 .004 .994 .999
Mean Response (-0.007, -0.002)
Latency
Time 2
(n =66):
Constant 1.20 0.83 2.11 3.33 .15
(-0.37,4.30)
CorsiB: -0.002 0.001 2.70 .998 .10 .996 1.000

Mean Response (-0.006, 0.00)

Latency

Note: Time 1: Assumptions of logistic regression were met; the model was a good fit with no evidence of overdispersion:
Hosmer and Lemeshow (x? (8,86) = 2.28, p = .97). The interaction of Corsi B: Mean Response Latency with its logit was
non-significant (p >.05)). Inspection of residuals, including Cook’s distance, leverage, normalized residuals and DFBeta

values indicated no influential cases.

Drop out

No significant differences were found between participants lost to drop out and those who
completed Time 2 tests on measures of mood, impulsive buying or executive function measures

(Appendix H.3).
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2.3.4 Aim 2: Exploring differences in executive function and mood with

increased compulsive buying, gambling and debt

Hypothesis 3: MANOVA revealed a significant effect of mood on the difference in self-reported
compulsive buying severity between Times 1 and 2, using Hotelling’s trace statistic, T=0.16,
F(3,75) =4.06, p =.01, n,> =.14. Univariate tests on GAD-7, PHQ-9 and PMQ-9 showed
significant effects of mania (PMQ-9 score) F(1,77) =9.29, p =.003, n,>=.11. Participants
reporting better or equivalent compulsive spending over the past month had a lower mania
score at Time 2 (M =7.23, n = 60) than participants reporting worse compulsive spending over
the past month (M =11.79, n=19). Effects of depression (PHQ-9 score) and anxiety (GAD-7
score) on self-reported change in severity of compulsive buying were non-significant, (PHQ-9: F

(1,77) = 0.43, p = .052, n,%= .005, GAD-7: F(1,77) = 3.73, p = .08, n,2 = .05).

When examining change in levels of debt (Debt Increase n = 35, Debt Decrease/Stable: n
= 44) and change in self-reported gambling frequency (More Frequent Gambling: n =7, Less
Frequent/Equivalent Gambling: n = 64), MANOVAs did not reveal significant effects of mood
variables, (Levels of Debt: T=.01, F(3, 75) = 0.27, p = .85, n,* = .01, Gambling frequency: T
=.006, F(3,67)=0.13, p = .94, n,*> = .006).

Hypothesis 4: Independent t-tests revealed no significant differences between executive
function measures for debt change between the two groups (Debt Increase: n = 25-35, Debt
Decrease/Stable: n = 38-46), p > .05, or for self-reported change in compulsive buying severity
(Compulsive Buying Worse: n = 15-20, Compulsive Buying Better or Stable: n =41-59), p >.05. T-
tests and Mann Whitney U tests did not reveal significant differences in executive function
scores between participants who reported an increase in gambling frequency over the past
month (n =5-7) and those who reported a decrease in or equivalent gambling frequency (n =54 -
65). The range in n in these comparisons is due to differences in the number of cognitive tests
completed between participants. Comparisons are underpowered with only a small number of

participants reporting an increase in gambling frequency.

2.4 DISCUSSION

2.41 Executive function and impulsive spending

This is the first study to investigate the relationship between measures of executive functioning,
mood and impulsive spending in a BD population. The main finding was that quicker response

on a working memory task (Corsi-Backwards Block Tapping Task) and spending less time before
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initiating the first move on a planning task (Tower of London) predicted higher compulsive
buying behaviours at two different time points, one month apart, when controlling for mania,
depression, anxiety and number of years since diagnosis. Faster response on a working memory
task also predicted level of debt cross-sectionally, supporting a relationship between this
measure and impulsive financial behaviours. These findings support a relationship between
executive function and measures of impulsive spending (hypothesis 1). The analysis was under-
powered longitudinally and the mean level of debt decreased in the four-week follow-up; it was
not possible to examine predictors of an increase in spending. Furthermore, against hypotheses
(hypothesis 4), no difference was found in executive function scores between people who
experienced an increase in compulsive buying, gambling or debt compared to those who did
not; these analyses were also underpowered, with a particularly small sample size for
participants experiencing an increase in gambling behaviours. Research with a longer follow-up

would aid investigation, in addition to recruitment of a larger sample.

As hypothesised, and consistent with Cheema et al. (2015), the executive function
measures predictive of impulsive spending were related to inhibitory control (hypothesis 2).
‘Initiation time’ on the Tower of London task is a specific measure of action planning (Georgiou
etal.,, 2017) and is likely to be heavily influenced by inhibition (Miyake et al., 2000). It follows
that response latency on Corsi-Backwards may relate to underlying inhibition. Findings
supported a relationship with these measures of inhibition only (and not others, e.g. the Stroop
task), contradicting hypotheses of a general relationship with inhibitory control. The tasks which
produced problematic inhibitory control in people with higher compulsive buying were those
with a higher cognitive load (Sweller, 1988), i.e. Corsi-Backwards but not forwards, and a
complex measure of planning on the Tower of London. This pattern may therefore result from an
interaction of inhibitory control with working memory processes or high attentional demands.
Similar findings, of an association between poorer working memory and poorer self-regulatory
behaviours on simulated purchasing tasks were reported in Adams (2019), in the general

population.

Other studies examining impulsive buying and executive function in the general
population report both contradictory and similar results to this study. Arican and Kafadar (2022)
also found significant relationships with Tower of London variables (solution time and total time)
and an Impulsive Buying Scale (IBS) (Youn & Faber, 2002); however, participants with higher
impulsive buying took longer to complete the Tower of London task and not less time, as this
study found. This may suggest differences in the underlying cognitive processes in BD
compared to the general population, although both populations require further research. Arican
and Kafadar (2022) found a relationship between Stroop scores and IBS scores, which was not

found in this study, or in other studies of the general population (Adams, 2019; Black et al.,
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2012; Voth et al., 2014). Similar to this study, research examining set-shifting variables (such as
Trail Making) has not reported a relationship with compulsive buying (Arican & Kafadar, 2022;
Trotzke et al., 2015). This study found no relationship between the lowa Gambling Task (a
measure of decision-making) and measures of impulsive spending. Reports from research in the
general population differ; poorer performance from compulsive buyers on the lowa and
Cambridge Gambling Tasks were found in Trotzke et al. (2015) and (Derbyshire et al., 2014). This

again suggests a need for further research.

This study did not support a relationship between executive function measures and
pathological gambling, which differs from hypotheses (hypothesis 1), and findings in the general
population (Marazziti et al., 2008; Zhou et al., 2016). Only 20% of participants were classified as
‘pathological gamblers’ according to the SOGS, and it was therefore likely that analyses were
underpowered. Itis also possible that the mechanisms underlying compulsive buying and

gambling differ, discussed further below.

2.4.2 Impulsive spending and mood

As hypothesized, it was found that higher levels of depression, anxiety and mania,
occurred alongside higher compulsive buying scores (hypothesis 3). This is consistent with
Richardson et al. (2018) and suggests that mood plays an important role in compulsive buying.
The role of mania was highlighted in this study, with significantly higher mania in participants
who reported worse compulsive buying over a one month follow-up compared to those who did
not, consistent with Fletcher et al. (2013) and Brozena et al. (2024), who found participants

reported frequently over-spending when hypomanic.

Contradicting hypotheses (hypothesis 3), aspects of mood were not found to
characterise pathological gambling or level of debt at Time 1. Varo et al. (2019) reported
comorbidities of anxiety, (hypo)mania and depression with problem gambling in BD. Findings in
the present BD sample do not necessarily contradict comorbid mood symptoms, but suggest
that mood symptoms cannot differentiate between pathological and non-pathological
gamblers. At follow-up, comparisons could not be made due to few participants reporting a
gambling increase. Mood was not found to differentiate participants with ‘high debt’ from those
with ‘low debt’. However, different values of debt are potentially significant for different
individuals, and most participants were in debt (77% at Time 1). Mood therefore may have
exacerbated debt (Richardson et al., 2018) for too many participants in ‘low debt’ to create

distinct mood profiles.

Findings differed for compulsive buying and pathological gambling, suggesting different

underlying mechanisms. The profiles of pathological gamblers and compulsive buyers have
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been defined as distinct (Granero et al., 2016). Pathological gambling has been reclassified
within the ‘substance-related and addictive disorders’ group in the DSM-5 (APA, 2013).
Currently, ‘compulsive buying-shopping disorder’ features within the coding tool of the ICD-11
for ‘other specified impulse control disorders’ (Thomas et al., 2023). A review by Fauth-Buhler et
al. (2017) reports impulse control disorders to be strongly related to impairment in motor
response inhibition, which has an ambiguous relationship with pathological gambling.
Conversely, both pathological gambling and compulsive buying have been reported to involve
the ventral striatum (Fauth-Buhler et al., 2017; Raab et al., 2011). However, these studies have
largely concerned the general population; the interaction of cognition in BD with these

behaviours is unknown.

2.4.3 Limitations

This study was exploratory, with a large number of variables. This limited the analysis; when
conducting regression models, it is preferable to select variables based on theoretical
knowledge or to investigate all variables. However, in the absence of theory, and without a
sample size large enough to provide statistical power to investigate all variables, a funnel down
approach was used to identify variables of interest. Due to the exploratory nature of the study,
the level of significance was not adjusted in accordance with multiple comparisons. The risk of
Type 1 errors is therefore acknowledged and this highlights the importance of validating these

findings with further research.

The CBS classified 81% of participants in this study as ‘Compulsive Buyers’. This is 10 times the
number reported by (Kesebir et al., 2012). The number of pathological gamblers was twice as
high (20%) as reported in other BD populations (Jones et al., 2015). Although this study
requested participants with or without financial difficulties, this presentation may result from
opportunistic sampling, which likely attracted participants with a vested interest in this
research. Participants in this study were from a range of countries, each of which with its own
differing financial context at the time of the study. The wider financial context at the specific
time of the study must be borne in mind in the interpretation of these results. These factors, in
addition to an absence of verified bipolar disorder diagnosis, are limitations likely to bias the
results and limit generalisability. Completing cognitive tests online, rather than face-to-face
with a qualified professional, produced limitations; some participants reported software
difficulties, others did not follow instructions (resulting in a large number of invalid Corsi-
Backwards cases) and participants were relied on to complete the tests alone, in a suitable
environment, and make their best effort. It limited the sample to participants who had access to

a computer and could navigate the technology, introducing further bias. Nonetheless, online
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testing enabled a viable sample size and access to international participants, with further

benefits discussed below.

2.4.4 Implications

This study has treatment and intervention implications for people with BD with
problematic impulsive spending behaviours, in particular, compulsive buying, and adds to the
evidence base that a large number of people with BD experience this problem (Fletcher et al.,
2013; Kesebir et al., 2012). Following replicated and more widely generalised findings, screening
for the cognitive profile found to predict impulsive spending behaviours (i.e. inhibitory control
difficulties on tasks with high cognitive load) may provide useful information early in diagnosis.
Cognitive remediation therapy, which has been suggested to be effective in BD (Strawbridge et
al., 2021), may be able to target inhibitory control. The importance of tailored intervention for BD
patients, rather than generalising from the general population, was highlighted by the qualitative
difference in findings from the Tower of London task between Arican and Kafadar (2022) and this

study.

Awareness of risk of compulsive spending could result in safeguards such as financial
literacy training, tailored psychoeducational family or individual intervention (e.g. (Marone et al.,
2022)), or the use of technology as a preventative measure (e.g. (Evans et al., 2020)). This
research also found an association of higher levels of anxiety, depression and mania with
compulsive buying, supporting the importance of addressing poor mental health in the
treatment of compulsive buying, for example with CBT based interventions such as ‘Space from

Money Worries’ (Richardson et al., 2022).

There are further implications for methods of data collection in BD. Paper and pencil
cognitive tests would not have produced the variables predictive of compulsive buying in this
study, nor would most neurocognitive assessment batteries for BD, e.g. the International
Society for Bipolar Disorders Battery for Assessment of Neurocognition (ISBD-BANC) (Yatham et
al., 2010). This supports the use of digitalized cognitive testing to allow more sensitive
measurement (Bjorngrim et al., 2019; Brunetti et al., 2014), with added weight given by the
relationship of compulsive buying with similar digital variables in Arican and Kafadar (2022). In
future studies, it is recommended that cognitive load and digitalized measures are considered

in test selection, to ensure sensitivity to the impairments potentially revealed in this study.
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2.5 CONCLUSION

This study suggests that faster response on inhibition tasks with high cognitive load predicts
greater compulsive buying behaviours at two time points. There is some evidence for a similar
relationship with levels of debt. Executive function did not predict pathological gambling, which
may indicate differences in underlying mechanisms between gambling and compulsive buying;
further research is needed. There is evidence of a relationship between mood and compulsive
buying, with particular implication of mania. Further research is needed to confirm findings and

investigate differences between cognitive profiles of compulsive buyers with and without BD.
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Appendix A Systematic Literature Review: Quality

Assessment Tool

Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies (National Lung,

Heart and Blood Institute, 2019, retrieved from https://www.nhlbi.nih.gov/health-topics/study-

quality-assessment-tools.

Other
(CD,
NR,
NA)*

Criteria Yes No

1. Was the research question or objective in this paper clearly stated?

2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least 50%?

4. Were all the subjects selected or recruited from the same or similar
populations (including the same time period)? Were inclusion and exclusion
criteria for being in the study prespecified and applied uniformly to all
participants?

5. Was a sample size justification, power description, or variance and effect
estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest measured
prior to the outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an
association between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine
different levels of the exposure as related to the outcome (e.g., categories of
exposure, or exposure measured as continuous variable)?

110



Appendix A

Other
(CD,
NR,
NA)*

Criteria Yes No

9. Were the exposure measures (independent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of
participants?

13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted
statistically for theirimpact on the relationship between exposure(s) and
outcome(s)?
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Appendix B Systematic Literature Review: Journal of
Affective Disorders: Guidelines for

Submission

This paper is prepared for submission to the Journal of Affective Disorders. Below are
submission guidelines for authors. See: https://www.sciencedirect.com/journal/journal-of-

affective-disorders/publish/guide-for-authors

Journal of Affective Disorders

Supports open access

Description

The Journal of Affective Disorders publishes papers concerned with affective disorders in the widest
sense: depression, mania, anxiety and panic. It is interdisciplinary and aims to bring together
different approaches for a diverse readership. High quality papers will be accepted dealing with any
aspect of affective disorders, including biochemistry, pharmacology, endocrinology, genetics,
statistics, epidemiology, psychodynamics, classification, clinical studies and studies of all types of

treatment.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

« All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
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* Indicate clearly if color should be used for any figures in print

Author Statement Contributors, Role of the Funding Source and Acknowledgements are mandatory
and must be retained in the Author Statement (submission file type) under their respective headings.
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

» A competing interests statement is provided, even if the authors have no competing interests to
declare

* Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.
Before you begin

Ethics in publishing

Please see our information on Ethics in publishing.

Ethical Considerations

Authors of reports on human studies, especially those involving placebo, symptom provocation, drug
discontinuation, or patients with disorders that may impair decision-making capability, should consider
the ethical issues related to the work presented and include (in the Methods and Materials section of
their manuscript) detailed information on the informed consent process, including the method or
methods used to assess the subject's capacity to give informed consent, and safeguards included in
the study design for protection of human subjects. Specifically, authors should consider all ethical
issues relevant to their research, and briefly address each of these in their reports. When relevant
patient follow-up data are available, this should also be reported. Specifically, investigators reporting
on research involving human subjects or animals must have prior approval from an institutional review
board. This approval should be mentioned in the methods section of the manuscript. In countries
where institutional review boards are not available; the authors must include a statement that research
was conducted in accordance with the Helsinki Declaration as revised 1989. All studies involving
animals must state that the authors followed the guidelines for the use and care of laboratory animals
of the author's institution or the National Research Council or any national law pertaining to animal

research care.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations

that could inappropriately influence (bias) their work. Examples of potential competing interests
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include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be

declared in both places and that the information matches. More information.

Declaration of generative Al in scientific writing

The below guidance only refers to the writing process, and not to the use of Al tools to analyse and
draw insights from data as part of the research process.

Where authors use generative artificial intelligence (Al) and Al-assisted technologies in the writing
process, authors should only use these technologies to improve readability and language. Applying
the technology should be done with human oversight and control, and authors should carefully review
and edit the result, as Al can generate authoritative-sounding output that can be incorrect, incomplete
or biased. Al and Al-assisted technologies should not be listed as an author or co-author, or be cited
as an author. Authorship implies responsibilities and tasks that can only be attributed to and

performed by humans, as outlined in Elsevier’s Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please
note that authors are ultimately responsible and accountable for the contents of the work.
Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by
adding a statement at the end of their manuscript in the core manuscript file, before the References
list. The statement should be placed in a new section entitled ‘Declaration of Generative Al and Al-
assisted technologies in the writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order
to [REASON]. After using this tool/service, the author(s) reviewed and edited the content as needed

and take(s) full responsibility for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling, references

etc. If there is nothing to disclose, there is no need to add a statement.

Submission Declaration

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in

English or in any other language, including electronically without the written consent of the copyright-
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holder. To verify originality, your article may be checked by the originality detection service Crossref

Similarity Check.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,

redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible to
avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. When coding terminology is used, we recommend to

avoid offensive or exclusionary terms such as "master”, "slave", "blacklist" and "whitelist". We suggest
using alternatives that are more appropriate and (self-) explanatory such as "primary", "secondary",
"blocklist" and "allowlist". These guidelines are meant as a point of reference to help identify

appropriate language but are by no means exhaustive or definitive.

Reporting sex- and gender-based analyses

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to
funder/sponsor requirements and best practices within a field. Authors should address the sex and/or
gender dimensions of their research in their article. In cases where they cannot, they should discuss
this as a limitation to their research's generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and reproducibility of
their research and to avoid ambiguity or conflation of terms and the constructs to which they refer (see
Definitions section below). Authors can refer to the Sex and Gender Equity in Research (SAGER)
guidelines and the SAGER guidelines checklist. These offer systematic approaches to the use and
editorial review of sex and gender information in study design, data analysis, outcome reporting and
research interpretation - however, please note there is no single, universally agreed-upon set of
guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological
features (e.g., chromosomal genotype, hormonal levels, internal and external anatomy). A binary sex

categorisation (male/female) is usually designated at birth (""sex assigned at birth""), most often based
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solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed
roles, behaviors, and identities of women, men and gender-diverse people that occur in a historical
and cultural context and may vary across societies and over time. Gender influences how people view
themselves and each other, how they behave and interact and how power is distributed in society. Sex
and gender are often incorrectly portrayed as binary (female/male or woman/man) and unchanging
whereas these constructs actually exist along a spectrum and include additional sex categorisations

and gender identities such as people who are intersex/have differences of sex development (DSD) or

identify as non-binary. Moreover, the terms "sex™ and ""gender™ can be ambiguous—thus it is
important for authors to define the manner in which they are used. In addition to this definition
guidance and the SAGER guidelines, the resources on this page offer further insight around sex and

gender in research studies.

Author contributions

For transparency, we require corresponding authors to provide co-author contributions to the
manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14 different roles
describing each contributor’s specific contribution to the scholarly output. The roles are:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology;
Project administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; and Writing - review & editing. Note that not all roles may apply to every manuscript, and

authors may have contributed through multiple roles. More details and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made

only before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they agree
with the addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication of
the manuscript will be suspended. If the manuscript has already been published in an online issue,

any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This
means that if an editor feels your manuscript is more suitable for an alternative journal, you might be
asked to consider transferring the manuscript to such a journal. The recommendation might be
provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted recommendation,

or a combination. If you agree, your manuscript will be transferred, though you will have the
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opportunity to make changes to the manuscript before the submission is complete. Please note that

your manuscript will be independently reviewed by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement'
(see more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement’ form or a link to the online version of
this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission from
the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement’ (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More

information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Open access

Please visit our Open Access page for more information about open access publishing in this journal.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you
through the process of writing for research and going through peer review. Feel free to use these free

resources to improve your submission and navigate the publication process with ease.
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Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use

the Language Editing service available from Elsevier's Language Services.

Submission

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for revision,

is sent by e-mail.

Manuscript Submission

The Journal of Affective Disorders now proceeds totally online via an electronic submission system.
Mail submissions will no longer be accepted. By accessing the online submission

system, https://www.editorialmanager.com/JAFD/default.aspx, you will be guided stepwise through the
creation and uploading of the various files. When submitting a manuscript online, authors need to

provide an electronic version of their manuscript and any accompanying figures and tables.

The author should select from a list of scientific classifications, which will be used to help the editors
select reviewers with appropriate expertise, and an article type for their manuscript. Once the
uploading is done, the system automatically generates an electronic (PDF) proof, which is then used
for reviewing. All correspondence, including the Editor's decision and request for revisions, will be

processed through the system and will reach the corresponding author by e-mail.

Once a manuscript has successfully been submitted via the online submission system authors may
track the status of their manuscript using the online submission system (details will be provided by e-
mail). If your manuscript is accepted by the journal, subsequent tracking facilities are available on
Elsevier's Author Gateway, using the unique reference number provided by Elsevier and

corresponding author name (details will be provided by e-mail).

Authors may send queries concerning the submission process or journal procedures to our Editors-in-
Chief
Paolo Brambilla: paolo.brambillal@unimi.it or Jair Soares: Jair.C.Soares@uth.tmc.edu.

Please submit your article via https://www.editorialmanager.com/JAFD/default.aspx.

Types of Papers

The Journal primarily publishes:
Full-Length Research Papers (up to 5000 words, excluding references and up to 6 tables/figures)

Review Articles and Meta-analyses (up to 8000 words, excluding references and up to 10

tables/figures)

118


https://webshop.elsevier.com/language-editing/
https://www.editorialmanager.com/JAFD/default.aspx
https://www.editorialmanager.com/JAFD/default.aspx

Appendix B

Short Communications (up to 2000 words, 20 references, 2 tables/figures)
Correspondence (up to 1000 words, 10 references, 1 table/figure).

At the discretion of the accepting Editor-in-Chief, and/or based on reviewer feedback, authors may be

allowed fewer or more than these guidelines.

Retraction Policy

It is a general principle of scholarly communication that the editor of a learned journal is solely and
independently responsible for deciding which articles submitted to the journal shall be published. In
making this decision the editor is guided by policies of the journal's editorial board and constrained by
such legal requirements in force regarding libel, copyright infringement and plagiarism. Although
electronic methods are available to detect plagiarism and duplicate publications, editors nonetheless
rely in large part on the integrity of authors to fulfil their responsibilities within the requirements of
publication ethics and only submit work to which the can rightfully claim authorship and which has not
previously been published.

An outcome of this principle is the importance of the scholarly archive as a permanent, historic record
of the transactions of scholarship. Articles that have been published shall remain extant, exact and
unaltered as far as is possible. However, very occasionally circumstances may arise where an article
is published that must later be retracted or even removed. Such actions must not be undertaken lightly
and can only occur under exceptional circumstances, such as: * Article Withdrawal: Only used for
Articles in Press which represent early versions of articles and sometimes contain errors, or may have
been accidentally submitted twice. Occasionally, but less frequently, the articles may represent
infringements of professional ethical codes, such as multiple submission, bogus claims of authorship,
plagiarism, fraudulent use of data or the like. « Article Retraction: Infringements of professional ethical
codes, such as multiple submission, bogus claims of authorship, plagiarism, fraudulent use of data or
the like. Occasionally a retraction will be used to correct errors in submission or publication. * Article
Removal: Legal limitations upon the publisher, copyright holder or author(s). ¢ Article Replacement:
Identification of false or inaccurate data that, if acted upon, would pose a serious health risk. For the
full policy and further details, please refer https://www.elsevier.com/about/publishing-

guidelines/policies/article-withdrawal

Suggesting reviewers

Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with
you during the last three years. Editors do not invite reviewers who have potential competing interests
with the authors. Further, in order to provide a broad and balanced assessment of the work, and
ensure scientific rigor, please suggest diverse candidate reviewers who are located in different
countries/regions from the author group. Also consider other diversity attributes e.g. gender, race and
ethnicity, career stage, etc. Finally, you should not include existing members of the journal's editorial

team, of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.
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Preparation of Manuscripts

Articles should be in English. The title page should appear as a separate sheet bearing title (without
article type), author names and affiliations, and a footnote with the corresponding author's full contact
information, including address, telephone and fax numbers, and e-mail address (failure to include an
e-mail address can delay processing of the manuscript).

Papers should be divided into sections headed by a caption (e.g., Introduction, Methods, Results,
Discussion). A structured abstract of no more than 250 words should appear on a separate page with
the following headings and order: Background, Methods, Results, Limitations, Conclusions (which
should contain a statement about the clinical relevance of the research). A list of three to six key
words should appear under the abstract. Authors should note that the 'limitations’ section both in
the discussion of the paper AND IN A STRUCTURED ABSTRACT are essential. Failure to
include it may delay in processing the paper, decision making and final publication.

Figures and Photographs

Figures and Photographs of good quality should be submitted online as a separate file. Please use a
lettering that remains clearly readable even after reduction to about 66%. For every figure or
photograph, a legend should be provided. All authors wishing to use illustrations already published
must first obtain the permission of the author and publisher and/or copyright holders and give precise
reference to the original work. This permission must include the right to publish in electronic media.
Tables

Tables should be numbered consecutively with Arabic numerals and must be cited in the text in
sequence. Each table, with an appropriate brief legend, comprehensible without reference to the text,
should be typed on a separate page and uploaded online. Tables should be kept as simple as
possible and wherever possible a graphical representation used instead. Table titles should be
complete but brief. Information other than that defining the data should be presented as footnotes.

Please refer to the generic Elsevier artwork instructions: http://authors.elsevier.com/artwork/jad.

Preparation of supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, movies,
animation sequences, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your article in
Elsevier web products, including ScienceDirect: https://www.sciencedirect.com. In order to ensure that
your submitted material is directly usable, please ensure that data is provided in one of our
recommended file formats. Authors should submit the material in electronic format together with the
article and supply a concise and descriptive caption for each file. For more detailed instructions please
visit our Author Gateway at: https://www.elsevier.com/authors.

Colour reproduction
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The Journal of Affective Disorders is now also included in a new initiative from Elsevier: 'Colourful e-
Products'. Through this initiative, figures that appear in black & white in print can appear in colour,

online, in ScienceDirect at https://www.sciencedirect.com.

There is no extra charge for authors who participate.

For colour reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for colour in print or on the Web only.
Because of technical complications which can arise by converting colour figures to "grey scale" (for the
printed version should you not opt for colour in print) please submit in addition usable black and white
versions of all the colour illustrations. For further information on the preparation of electronic artwork,

please see http://authors.elsevier.com/artwork/jad.

Queries

For questions about the editorial process (including the status of manuscripts under review) or for

technical support on submissions, please visit our Support Center.

Peer review

This journal operates a single anonymized review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum
of two independent expert reviewers to assess the scientific quality of the paper. The Editor is
responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision is
final. Editors are not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services in which the
editor has an interest. Any such submission is subject to all of the journal's usual procedures, with
peer review handled independently of the relevant editor and their research groups. More information

on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’

functions of your word processor.

Highlights
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Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of your
research as well as new methods that were used during the study (if any). Please have a look at

the example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,

per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should

be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum of
531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13 cm
using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files.

You can view Example Graphical Abstracts on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords

will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first

mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or

proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the
Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of

Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research

institution, submit the name of the institute or organization that provided the funding.
If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.

Nomenclature and units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in Sl. You are urged to consult [UPAC:

Nomenclature of Organic Chemistry for further information.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with
normal text where possible and use the solidus (/) instead of a horizontal line for small fractional terms,
e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more conveniently
denoted by exp. Number consecutively any equations that have to be displayed separately from the

text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the

article. Do not include footnotes in the Reference list.
Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

 Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use
fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.
» Submit each illustration as a separate file.

» Ensure that color images are accessible to all, including those with impaired color vision.

123


https://www.acdlabs.com/iupac/nomenclature/
https://www.acdlabs.com/iupac/nomenclature/

Appendix B

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500
dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of

electronic artwork.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results

described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these

references are included in the reference list they should follow the standard reference style of the
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journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted

for publication.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so we can properly identify

it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name of

the preprint server, as part of the reference. The preprint DOI should also be provided.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies will
be automatically formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference management

software.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:
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Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).
Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt
disease and surrounding forest compositions. Mendeley Data, v1.
https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E.,
Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 2020.
Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo.
https://doi.org/10.5281/zenodo.3727209.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body text
where it should be placed. All submitted files should be properly labeled so that they directly relate to
the video file's content. In order to ensure that your video or animation material is directly usable,
please provide the file in one of our recommended file formats with a preferred maximum size of

150 MB per file, 1 GB in total. Video and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
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more closely with your research. Follow the instructions here to find out about available data

visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option in

Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to
the results of observations or experimentation that validate research findings, which may also include
software, code, models, algorithms, protocols, methods and other useful materials related to the
project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,

sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link your
dataset to your article by providing the relevant information in the submission system. For more

information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published

article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Co-submission

This journal enables you to co-submit a data, methods or protocol article alongside your original
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research article. The Co-submission article describes either research data, methods or protocols
related to your original research article and will be considered for publication in either Data in Brief or
in MethodsX after peer review. When submitting your original research article, you may attach your
Co-submission article by selecting the Item type: Data in Brief or MethodsX. In case both your
original research article and your Co-submission article get accepted for publication, they will be linked
together on ScienceDirect.

Please note that Co-submission articles will only be considered for review if they follow the

below submission templates:

e Data article template (Data in Brief)

e Methods article template (MethodsX)

e Protocol article template (MethodsX)
Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access or
unsuitable to post, you will have the opportunity to indicate why during the submission process, for
example by stating that the research data is confidential. The statement will appear with your

published article on ScienceDirect. For more information, visit the Data Statement page.
After acceptance

Author disclosure

Funding body agreements and policies Elsevier has established agreements and developed policies
to allow authors whose articles appear in journals published by Elsevier, to comply with potential
manuscript archiving requirements as specified as conditions of their grant awards. To learn more

about existing agreements and policies please visit https://www.elsevier.com/fundingbodies

The second aspect of the Journal's new policy concerns the Conflict of Interest. ALL authors are
requested to disclose any actual or potential conflict of interest including any financial, personal or
other relationships with other people or organizations within three (3) years of beginning the work

submitted that could inappropriately influence, or be perceived to influence, their work.

Examples of potential conflicts of interest which should be disclosed include employment,
consultancies, stock ownership (except for personal investment purposes equal to the lesser of one
percent (1%) or USD 5000), honoraria, paid expert testimony, patent applications, registrations, and

grants. If there are no conflicts of interest, authors should state that there are none.

eg, Author Y owns shares in pharma company A. Author X and Z have consulted for pharma company

B. All other authors declare that they have no conflicts of interest.

Finally, before the references, the Journal will publish Acknowledgements, in a separate section, and

not as a footnote on the title page.

eg, We thank Mr A, who kindly provided the data necessary for our analysis, and Miss B, who assisted

with the preparation and proof-reading of the manuscript.
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The submitting author is also required to make a brief statement concerning each named author's
contributions to the paper under the heading Contributors. This statement is for editorial purposes only

and will not be published with the article.

eg, Author X designed the study and wrote the protocol. Author Y managed the literature searches
and analyses. Authors X and Z undertook the statistical analysis, and author W wrote the first draft of

the manuscript. All authors contributed to and have approved the final manuscript.

NB. During the online submission process the author will be prompted to upload these four mandatory
author disclosures as separate items. They will be automatically incorporated in the PDF builder of the

online submission system. Please do not include in the main manuscripts.

Copyright Transfer

Upon acceptance of an article, you will be asked to transfer copyright (for more information on
copyright see http://wwww.elsevier.com/copyright). This transfer will ensure the widest possible
dissemination of information. If excerpts from other copyrighted works are included in the submission,
the author(s) must obtain written permission from the copyright owners and credit the source(s) in the
article. Elsevier has preprinted forms for use by authors in these cases: contact Elsevier's Rights
Department, Philadelphia, PA, USA: phone (+1) 215 238 7869, fax (+1) 215 238 2239, e-mail:
healthpermissions@elsevier.com.

Requests for materials from other Elsevier publications may also be completed on-line via the Elsevier

homepage https://www.elsevier.com/permissions

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing you
to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back to us
in one communication. Please check carefully before replying, as inclusion of any subsequent

corrections cannot be guaranteed. Proofreading is solely your responsibility.

Reprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail. The PDF
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file is a watermarked version of the published article and includes a cover sheet with the journal cover
image and a disclaimer outlining the terms and conditions of use. There are no page charges.

Author enquiries: For enquiries relating to the submission of articles please visit Elsevier's Author
Gateway at http://authors.elsevier.com/journal/jad. The Author Gateway also provides the facility to
track accepted articles and set up e-mail alerts to inform you of when an article's status has changed,
as well as detailed artwork guidelines, copyright information, frequently asked questions and more.
Contact details for questions arising after acceptance of an article, especially those relating to proofs,

are provided after registration of an article for publication.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Author inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will be

published.
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Appendix C Empirical Paper: Participant Information

Sheets

C.1 Non-Prolific Version

Participant Information Sheet

Study Title: Does Executive Function Predict Impulsive Financial Behaviours in Bipolar
Disorder?
Researcher: Hannah Coman h.k.coman@soton.ac.uk

ERGO number: 79095

You are being invited to take part in the above research study. To help you decide whether you
would like to take part or not, it is important that you understand why the research is being done
and what it willinvolve. Please read the information below carefully and ask questions if anything
is not clear or you would like more information before you decide to take part in this research.
You may like to discuss it with others but it is up to you to decide whether or not to take part. If

you are happy to participate you will be asked to sign a consent form.

What is the research about?

This is a doctoral project as part of the Doctorate in Clinical Psychology (DClinPsy). | am
interested in conducting research that combines mental health conditions with knowledge about

the brain and how it works, to contribute towards developing practical interventions.

This research is examining impulsive spending behaviour in people diagnosed with bipolar
disorder and how this relates to a certain aspect of brain function, called executive function.
Executive function involves the front part of your brain and is an umbrella term for a collection of

abilities including working memory (being able to hold information in mind and do something with
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it), monitoring (keeping track of what you are doing) and being able to inhibit (stop yourself doing

something). It can also involve planning, organisation and decision-making.

Looking at adults who have been diagnosed with bipolar disorder only, the study aims to find out
if there is a relationship between a person’s score on tasks that measure different parts of
executive function and the likelihood that someone will spend money impulsively. Spending
money impulsively can cause lots of problems, such as bankruptcy or relationship break downs
and can impact your mental health. If scores on executive function tests can help to tell us who
is most likely to end up spending money impulsively, then something could be done to prevent
this from happening. This could include doing some psychological work with someone and raising

their awareness of the problem, or it could include practical intervention involving their bank.

To add to the understanding of this issue, the study also aims to find out whether executive
function differs between mood states (i.e. euthymic, manic/hypo, mixed or depressed) and if so,
whether this has an effect on any relationship between executive function and impulsive
spending. Lastly, the study aims to find whether there is a difference on tests of executive function
between individuals who have an increase in compulsive buying, gambling or debt a month after

being tested compared to those who do not.

The study is funded by the University of Southampton.

Why have | been asked to participate?

You have been approached to take part in the study as you are an adult who has a diagnosis of

bipolar disorder. At least 140 adults with a diagnosis of bipolar disorder are needed for the study.

Who is eligible to take part?

To be eligible for the study:

e Have adiagnosis of bipolar disorder
o Be 18 years of age orolder
e Speak English as a first language
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You would not be eligible for the study if you:

e Have a diagnosis of Cyclothymia

e Have a diagnosis of or are under investigation for a neurodegenerative disease of the
brain (due to the effects on tests of cognitive function).

e Have an acquired brain injury (including stroke or brain tumour) that you believe to affect
your cognitive function (e.g. your attention, concentration, speed of processing
information, or memory).

e Have significant visual or hearing difficulties that cannot be corrected, for example with
glasses or hearing aids (due to the effects on tests of cognitive function).

Please do not proceed with the study if you are not eligible. If you have any doubts or
questions and would like to discuss these, please email the researcher (details at the top of

this page).

What will happen to me if | take part?

The studyis all online and asks for you to participate at two different time points, one month apart.

At time point one:

1. You will be asked to complete three short questionnaires regarding demographic and
health information, the amount of alcohol you drink, and traits of bipolar disorder. These
questionnaires will take around 10 minutes to complete and are to enable data
comparison within subsets of the population and are to confirm eligibility for the study.

The eligibility criteria are detailed above. If you are deemed ineligible from the results of

these questionnaires, your data will be excluded from the study.

2. Main Study Questionnaires: These are scales and questions regarding your mood,
spending habits and finances. These will take around 15 minutes to complete.

3. Executive Function tests: You will also be sent a link to complete online tests of Executive
Function. It’s really important to complete these on your own with no disturbances. There
are five of these to complete, ranging from two minutes to ten minutes in duration.
Overall, this section will take around 50 minutes to complete (allowing for reading time).
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You may be asked to complete Main Study Questionnaires and Executive Function tests in either
order, but you do not have to complete them in one sitting. You may have a break of up to 24

hours between completing the Main Study Questionnaires and Executive Function tests.

At time point two (one month later)

1. Main Study Questionnaires: You will be asked to repeat the four short questionnaires
again (regarding mood, spending habits and finances), but not the tests of Executive
Function.

Questionnaires at time point two are likely to take around 15 minutes to complete.

Are there any benefits in my taking part?

Five people will be randomly selected to receive £50 in Amazon vouchers as a thank you for taking
part in the study. Taking part has no other direct benefits to you, but the research findings will
contribute to our understanding of bipolar disorder and it is possible that interventions to prevent

or reduce risky spending behaviour will be developed as a result of the study.

Are there any risks involved?

There are no physical risks during this research. It is possible that you may feel some level of
psychological discomfort or distress when answering personal questions about topics that can
be understandably sensitive for some people, such as your substance use, medical history or
finances. If you become concerned as a result of taking part in this study, you may wish to seek

help from the following charities:

Mind: www.mind.org.uk

Gamblers Anonymous: www.gamblersanonymous.org.uk

Alcoholics Anonymous: www.alcoholics-anonymous.org.uk

134


http://www.mind.org.uk/
http://www.gamblersanonymous.org.uk/
http://www.alcoholics-anonymous.org.uk/

Appendix C

It is also possible that you may experience some level of psychological discomfort when
completing tests of Executive Function; the tests are not designed to be distressing, but it is

possible to feel anxiety regarding your performance.

This study is for research purposes only and no clinical interpretation of test results will be made.
No feedback regarding performance will be provided to any individual. If you are concerned about
your performance on these tests, itis recommended that you seek advice from your GP. Itis worth

noting however, that such tests are designed to challenge you in order to measure performance.

What data will be collected?

All data will be collected online and will consist of your responses to questionnaire items or
scores assigned by computer software, based on your performance on tests of Executive
Function. Demographic information collected will include some special category data under
Article 9 of GDPR, as information regarding a health diagnosis and information regarding ethnicity
is asked for. This information is required as it is essential for the purpose of the research that
participants have a diagnosis of bipolar disorder. Ethnicity provides important contextual
information for performance on tests of executive function and may be controlled for as part of

data analysis.

Research data will be digital and stored on the University’s networked storage, in accordance
with University of Southampton regulations. Data will be encrypted/password protected when
being stored or transferred. It will be kept on University networks only and will not be stored
locally. Should any data require transferring, this will not be done via email, rather the University’s
secure system ‘SafeSend’ will be used. Data will be stored and used in accordance with GDPR
law. At the end of the research project, data will be stored in a discipline specialist data

repository.

ID numbers will be used in place of participant names on databases containing test scores and
survey results; names and email addresses (needed for one month follow up contact of

participants) will be stored separately.
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Will my participation be confidential?

Your participation and the information we collect about you during the course of the research will

be kept strictly confidential.

Only members of the research team and responsible members of the University of Southampton
may be given access to data about you for monitoring purposes and/or to carry out an audit of the
study to ensure that the research is complying with applicable regulations. Individuals from
regulatory authorities (people who check that we are carrying out the study correctly) may require
access to your data. All of these people have a duty to keep your information, as a research

participant, strictly confidential.

Do | have to take part?

No, it is entirely up to you to decide whether or not to take part. If you decide you want to take
part, you will need to sign a consent form to show you have agreed to take part. Consent will be
requested online prior to the collection of eligibility information and will be asked for again, prior

to completing online questionnaires and tests of executive function.

What happens if | change my mind?

You have the right to change your mind and withdraw at any time without giving a reason and

without your participant rights being affected.

If you wish to withdraw from the study at any time, please contact the researcher and provide your
participant number, stating whether you wish to discontinue participation only or whether you

would like all information already obtained from you to be removed from the study.

What will happen to the results of the research?

The project will be written up as part of the qualification requirements for the DClinPsy at the

University of Southampton. It is also likely to be submitted with the aim of publication in an
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academic journal. Participants will be not routinely receive a copy of the results as email
addresses will not be stored once data is collected and Amazon vouchers have been distributed.
However, participants may indicate on the Debriefing Form following completion of the study if

they would like to receive a copy of the thesis.

Your personal details will remain strictly confidential. Research findings made available in any
reports or publications will not include information that can directly identify you without your

specific consent.

At the end of the research project, all data with the exception of names and email addresses will
be stored in a discipline specialist data repository, and therefore anonymized data is publicly
available. Under the University of Southampton Research Data Management Policy, this is for a

minimum of 10 years.

If you have any concerns about the storage of your data, please contact the researcher (Hannah

Coman).

Where can | get more information?

If you have any questions after reading this information sheet, please contact the researcher

(Hannah Coman).

What happens if there is a problem?

If you have a concern about any aspect of this study, you should speak to the researchers who

will do their best to answer your questions.

If you remain unhappy or have a complaint about any aspect of this study, please contact the
University of Southampton Head of Ethics and Clinical Governance. (023 8059 5058,

rgoinfo@soton.ac.uk).

Data Protection Privacy Notice
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The University of Southampton conducts research to the highest standards of research integrity.
As a publicly-funded organisation, the University has to ensure thatitis in the public interestwhen
we use personally-identifiable information about people who have agreed to take part in
research. This meansthatwhenyou agree totake partin aresearch study, we will use information
about you in the ways needed, and for the purposes specified, to conduct and complete the
research project. Under data protection law, ‘Personal data’ means any information that relates
toandis capable of identifying a living individual. The University’s data protection policy governing
the use of personal data by the University can be found on its website

(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page).

This Participant Information Sheet tells you what data will be collected for this project and
whether this includes any personal data. Please ask the research team if you have any questions

or are unclear what data is being collected about you.

Our privacy notice for research participants provides more information on how the University of
Southampton collects and uses your personal data when you take part in one of our research

projects and can be found at

http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%20Int

egrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pdf

Any personal data we collect in this study will be used only for the purposes of carrying out our
research and will be handled according to the University’s policies in line with data protection
law. If any personal data is used from which you can be identified directly, it will not be disclosed
to anyone else without your consent unless the University of Southampton is required by law to

disclose it.

Data protection law requires us to have a valid legal reason (‘lawful basis’) to process and use
your Personal data. The lawful basis for processing personal information in this research study is
for the performance of a task carried out in the public interest. Personal data collected for

research will not be used for any other purpose.
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For the purposes of data protection law, the University of Southampton is the ‘Data Controller’
for this study, which means that we are responsible for looking after your information and using it
properly. The University of Southampton will keep identifiable information about you for 10 years
after the study has finished after which time any link between you and your information will be

removed.

To safeguard your rights, we will use the minimum personal data necessary to achieve our
research study objectives. Your data protection rights — such as to access, change, or transfer
such information - may be limited, however, in order for the research output to be reliable and
accurate. The University will not do anything with your personal data that you would not

reasonably expect.

If you have any questions about how your personal data is used, or wish to exercise any of your
rights, please consult the University’s data protection webpage
(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page)

where you can make a request using our online form. If you need further assistance, please

contact the University’s Data Protection Officer (data.protection@soton.ac.uk).

Thank you for taking the time to read this information sheet and for considering taking part

in the research.

C.2 Prolific Version

Participant Information Sheet (Prolific Version)

Study Title: Does Executive Function Predict Impulsive Financial Behaviours in Bipolar
Disorder?
Researchers: Hannah Coman h.k.coman@soton.ac.uk

Thomas Richardson t.h.richardson@soton.ac.uk
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Warren Dunger w.n.dunger@soton.ac.uk

ERGO Number: 79095

You are being invited to take part in the above research study. To help you decide whether you
would like to take part or not, it is important that you understand why the research is being done
and what it willinvolve. Please read the information below carefully and ask questions if anything
is not clear or you would like more information before you decide to take part in this research.
You may like to discuss it with others but it is up to you to decide whether or not to take part. If

you are happy to participate you will be asked to sign a consent form.

What is the research about?

This is a doctoral project as part of the Doctorate in Clinical Psychology (DClinPsy). | am
interested in conducting research that combines mental health conditions with knowledge about

the brain and how it works, to contribute towards developing practical interventions.

This research is examining impulsive spending behaviour in people diagnosed with bipolar
disorder and how this relates to a certain aspect of brain function, called executive function.
Executive function involves the front part of your brain and is an umbrella term for a collection of
abilities including working memory (being able to hold information in mind and do something with
it), monitoring (keeping track of what you are doing) and being able to inhibit (stop yourself doing

something). It can also involve planning, organisation and decision-making.

Looking at adults who have been diagnosed with bipolar disorder only, the study aims to find out
if there is a relationship between a person’s score on tasks that measure different parts of
executive function and the likelihood that someone will spend money impulsively. Spending
money impulsively can cause lots of problems, such as bankruptcy or relationship break downs
and can impact your mental health. If scores on executive function tests can help to tell us who
is most likely to end up spending money impulsively, then something could be done to prevent
this from happening. This could include doing some psychological work with someone and raising

their awareness of the problem, or it could include practical intervention involving their bank.
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To add to the understanding of this issue, the study also aims to find out whether executive
function has a relationship with mood state or anxiety in a bipolar disorder population, and if so,
whether this has an effect on any relationship between executive function and impulsive
spending. Lastly, the study aims to find whether there is a difference on tests of executive function
between individuals who have an increase in compulsive buying, gambling or debt a month after

being tested compared to those who do not.

The study is funded by the University of Southampton.

Why have | been asked to participate?

You have been approached to take part in the study as you are an adult who has a diagnosis of

bipolar disorder. At least 140 adults with a diagnosis of bipolar disorder are needed for the study.

Who is eligible to take part?

To be eligible for the study:

e Have a diagnosis of bipolar disorder
e Be 18 years of age or older
e Speak English as afirst language

You would not be eligible for the study if you:

e Have a diagnosis of Cyclothymia

e Have a diagnosis of or are under investigation for a neurodegenerative disease of the
brain (due to the effects on tests of cognitive function).

e Have an acquired brain injury (including stroke or brain tumour) that you believe to affect
your cognitive function (e.g. your attention, concentration, speed of processing
information, or memory).

e Have significant visual or hearing difficulties that cannot be corrected, for example with
glasses or hearing aids (due to the effects on tests of cognitive function).
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Please do not proceed with the study if you are not eligible. If you have any doubts or

questions and would like to discuss these, please email the researcher (details at the top of

this page).

What will happen to me if | take part?

The studyis all online and asks for you to participate at two different time points, one month apart.

At time point one:

4. You will be asked to complete three short questionnaires regarding demographic and

health information, the amount of alcohol you drink, and traits of bipolar disorder. These
questionnaires will take around 10 minutes to complete and are to enable data
comparison within subsets of the population and are to confirm eligibility for the study.

The eligibility criteria are detailed above. If you are deemed ineligible from the results of

these questionnaires, your data will be excluded from the study.

Main Study Questionnaires: These are scales and questions regarding your mood,
spending habits and finances. These will take around 15 minutes to complete.

Executive Function tests: You will also be sent a link to complete online tests of Executive
Function. It’s really important to complete these on your own with no disturbances. There
are five of these to complete, ranging from two minutes to ten minutes in duration.
Overall, this section will take around 40 minutes to complete (allowing for reading time).

You may be asked to complete Main Study Questionnaires and Executive Function tests in either

order, but you do not have to complete them in one sitting. You may have a break of up to 24

hours between completing the Main Study Questionnaires and Executive Function tests.

At time point two (one month later)

2. Main Study Questionnaires: You will be asked to repeat the short questionnaires again

(regarding mood, spending habits and finances), but not the tests of Executive Function.
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Questionnaires at time point two are likely to take around 15 minutes to complete.

Are there any benefits in my taking part?

The research findings will contribute to our understanding of bipolar disorder and it is possible
that interventions to prevent or reduce risky spending behaviour will be developed as a result of

the study.

In line with Prolific’s policies you will be paid for your time.

How will | be paid?
All payments will be made through Prolific.

Payment requirements

Session What | need to do to get paid? Pay per | Estimated
hour (£) | timeto

complete

Pre- Complete pre-screening questions regarding 9 5 minutes

Screening eligibility

Part 1 Complete the survey and the cognitive tasks 9 65
minutes

Part 2 Complete the survey 9 15
minutes

Are there any risks involved?

There are no physical risks during this research. It is possible that you may feel some level of
psychological discomfort or distress when answering personal questions about topics that can
be understandably sensitive for some people, such as your substance use, medical history or
finances. If you become concerned as a result of taking part in this study, you may wish to seek

help from the following charities:
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Mind: www.mind.org.uk

Gamblers Anonymous: www.gamblersanonymous.org.uk

Alcoholics Anonymous: www.alcoholics-anonymous.org.uk

It is also possible that you may experience some level of psychological discomfort when
completing tests of Executive Function; the tests are not designed to be distressing, but it is

possible to feel anxiety regarding your performance.

This study is for research purposes only and no clinical interpretation of test results will be made.
No feedback regarding performance will be provided to any individual. If you are concerned about
your performance on these tests, itis recommended thatyou seek advice from your GP. Itis worth

noting however, that such tests are designed to challenge you in order to measure performance.

What data will be collected?

All data will be collected online and will consist of your responses to questionnaire items or
scores assigned by computer software, based on your performance on tests of Executive
Function. Demographic information collected will include some special category data under
Article 9 of GDPR, as information regarding a health diagnosis and information regarding ethnicity
is asked for. This information is required as it is essential for the purpose of the research that
participants have a diagnosis of bipolar disorder. Ethnicity provides important contextual
information for performance on tests of executive function and may be controlled for as part of

data analysis.

Research data will be digital and stored on the University’s networked storage, in accordance
with University of Southampton regulations. Data will be encrypted/password protected when
being stored or transferred. It will be kept on University networks only and will not be stored
locally. Should any data require transferring, this will not be done via email, rather the University’s

secure system ‘SafeSend’ will be used. Data will be stored and used in accordance with GDPR
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law. At the end of the research project, data will be stored in a discipline specialist data

repository.

ID numbers will be used in place of participant names on databases containing test scores and
survey results; names and email addresses (needed for one month follow up contact of

participants) will be stored separately.

Will my participation be confidential?

Your participation and the information we collect about you during the course of the research will

be kept strictly confidential.

Only members of the research team and responsible members of the University of Southampton
may be given access to data about you for monitoring purposes and/or to carry out an audit of the
study to ensure that the research is complying with applicable regulations. Individuals from
regulatory authorities (people who check that we are carrying out the study correctly) may require
access to your data. All of these people have a duty to keep your information, as a research

participant, strictly confidential.

Do | have to take part?

No, it is entirely up to you to decide whether or not to take part. If you decide you want to take
part, you will need to indicate your consent to show you have agreed to take part. Consent will be

requested online, further below, prior to the collection of any information.

What happens if | change my mind?

You have the right to change your mind and withdraw at any time without giving a reason and

without your participant rights being affected.
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If you wish to withdraw from the study at any time, please contactthe researcher and provide your
participant number, stating whether you wish to discontinue participation only or whether you

would like all information already obtained from you to be removed from the study.

What will happen to the results of the research?

The project will be written up as part of the qualification requirements for the DClinPsy at the
University of Southampton. It is also likely to be submitted with the aim of publication in an
academic journal. Participants will be not routinely receive a copy of the results as email
addresses will not be stored once data is collected and Amazon vouchers have been distributed.
However, participants may indicate on the Debriefing Form following completion of the study if

they would like to receive a copy of the thesis.

Your personal details will remain strictly confidential. Research findings made available in any
reports or publications will not include information that can directly identify you without your

specific consent.

At the end of the research project, all data with the exception of names and email addresses will
be stored in a discipline specialist data repository, and therefore anonymized data is publicly
available. Under the University of Southampton Research Data Management Policy, this is for a

minimum of 10 years.

If you have any concerns about the storage of your data, please contact the researcher (Hannah

Coman).

Where can | get more information?

If you have any questions after reading this information sheet, please contact the researcher

(Hannah Coman).
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What happens if there is a problem?

If you have a concern about any aspect of this study, you should speak to the researchers who

will do their best to answer your questions.

If you remain unhappy or have a complaint about any aspect of this study, please contact the
University of Southampton Head of Ethics and Clinical Governance. (023 8059 5058,

rgoinfo@soton.ac.uk).

Data Protection Privacy Notice

The University of Southampton conducts research to the highest standards of research integrity.
As a publicly-funded organisation, the University hasto ensure thatitis in the public interest when
we use personally-identifiable information about people who have agreed to take part in
research. This meansthat whenyou agree to take partin aresearch study, we willuse information
about you in the ways needed, and for the purposes specified, to conduct and complete the
research project. Under data protection law, ‘Personal data’ means any information that relates
toandis capable of identifying a living individual. The University’s data protection policy governing
the use of personal data by the University can be found on its website

(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page).

This Participant Information Sheet tells you what data will be collected for this project and
whether this includes any personal data. Please ask the research team if you have any questions

or are unclear what data is being collected about you.

Our privacy notice for research participants provides more information on how the University of
Southampton collects and uses your personal data when you take part in one of our research

projects and can be found at

http://www.southampton.ac.uk/assets/sharepoint/intranet/ls/Public/Research%20and%20Int

egrity%20Privacy%20Notice/Privacy%20Notice%20for%20Research%20Participants.pdf
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Any personal data we collect in this study will be used only for the purposes of carrying out our
research and will be handled according to the University’s policies in line with data protection
law. If any personal data is used from which you can be identified directly, it will not be disclosed
to anyone else without your consent unless the University of Southampton is required by law to

disclose it.

Data protection law requires us to have a valid legal reason (‘lawful basis’) to process and use
your Personal data. The lawful basis for processing personal information in this research study is
for the performance of a task carried out in the public interest. Personal data collected for

research will not be used for any other purpose.

For the purposes of data protection law, the University of Southampton is the ‘Data Controller’
for this study, which means that we are responsible for looking after your information and using it
properly. The University of Southampton will keep identifiable information about you for 10 years
after the study has finished after which time any link between you and your information will be

removed.

To safeguard your rights, we will use the minimum personal data necessary to achieve our
research study objectives. Your data protection rights — such as to access, change, or transfer
such information - may be limited, however, in order for the research output to be reliable and
accurate. The University will not do anything with your personal data that you would not

reasonably expect.

If you have any questions about how your personal data is used, or wish to exercise any of your
rights, please consult the University’s data protection webpage
(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page)

where you can make a request using our online form. If you need further assistance, please

contact the University’s Data Protection Officer (data.protection@soton.ac.uk).

Thank you for taking the time to read this information sheet and for considering taking part

in the research.
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Appendix D Empirical Paper: Consent Form

Study title: Does Executive Function Predict Impulsive Financial Behaviours in Bipolar

Disorder?

Researcher name: Hannah Coman
ERGO number: 79095

Please tick the box(es) if you agree with the statement(s):

| have read and understood the information sheet (21.04.2023 /version no. 4
of participant information sheet) and have had the opportunity to ask

questions about the study.

| agree to take part in this research project and agree for my data to be used

for the purpose of this study.

| understand if | should only take part in this study if | believe | am eligible. If |
am not deemed eligible based on my responses to questions regarding my

demographic information and health, my data will be excluded.

| understand my participation is voluntary and | may withdraw at any time for

any reasonh without my participation rights being affected.

| understand that my data will be confidential and will not identify me

personally.

| understand that my data may be looked at for other research questions and

that anonymized data will be publicly available.
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Appendix E Empirical paper: Author-Constructed

Demographic Questionnaire

1) Please enter your email address (free text)

2) Which gender do you identify with? [drop down]

Male
Female
Non-binary/third gender

| use another term to describe my gender (please specify).
3) Whatis your age? You must be 18 or over to take partin this study. [drop down 18-100]

4) Which best describes your ethnicity? [Drop down]

Asian or Asian British
- Indian

- Pakistani

- Bangladeshi

- Chinese

- Anyother Asian background

Black or Black British
- African
- Caribbean

- Any other Black background

Mixed or multiple ethnic groups
- White and Black Caribbean
- White and Black African

- White and Asian

- Any other mixed background
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White

- British/English/Welsh/Scottish/Northern Irish
- lrish

- Gypsy/Traveller (including Roma)

- Any other White background

Other Ethnic Groups
- Arab

- Hispanic

- Latino

- Native American
- Pacific Islander

- Any other ethnic group

What country do you live in? [free text]

What is your first language? [free text]

What is your diagnosis? [drop down]

Bipolarl
Bipolar i

Bipolar (not specified/ not sure)

Who were you diagnosed by? [drop down]

General Practitioner/ Family Doctor
Psychiatrist

Psychologist

Other Mental Health Service Practitioner
Myself

Other (please state —free text for inputting)

What year did you receive your diagnosis? [free text]

151



Appendix E

Yes

No

11) Are you currently taking any medication for either mental or physical health? [drop down]

Regularly
As needed

None

If so, please list your current medication including dosage [free text].

12) Have there been any recent changes to your medication? [drop down and free text]

Yes (please specify nature of change and date of change)

No

13) Do you have a diagnosis of any other mental health difficulty or personality disorder?

[drop down]

Yes (please specify)
No

Currently under investigation (please give details)

14) Have you been diagnosed with a traumatic brain injury (TBI) or acquired brain injury (ABI),

including stroke? (drop down)

Yes
No

Currently under investigation (please specify)

If yes, do you believe or have you been told that your cognitive function has been affected by

your brain injury? [drop down]

Yes

No

15) Have you been diagnosed with any of the following [tick box]
Alzheimer’s Disease

Frontotemporal Dementia
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Vascular Dementia

Posterior Cortical Atrophy

Other dementia (please specify)

Parkinson’s Disease

Huntington’s Disease

Multiple Sclerosis

Encephalitis

Epilepsy

Brain tumour

Other disease known to affect the functioning of the brain (please specify)
Currently under investigation (please give details of what is being investigated)

None

16) Have you been diagnosed with any of the following? [tick box]
ADHD
Autistic Spectrum Condition
Tics
Tourette’s Syndrome
Other Neurodiversity (please specify)
Currently under investigation (please give details of what is being investigated)

None

17) Have you been diagnosed with an Intellectual Disability? [drop down]

Yes
No

Currently under investigation (please give details)

18) Have you been diagnosed with a Sleep Disorder? [drop down]

Yes (please specify)

No

Currently under investigation (please give details)

19) How many hours of sleep do you have per night, on average? [drop down 1-20]
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20) Have you previously undergone ‘Neuropsychological testing,” ‘Cognitive testing’ or

‘Psychometric testing’? [drop down]
Yes (please give details - free text)

No

21) Do you have any sensory impairments, such as visual impairment or hearing loss? [drop

down and free text option]

Visual impairment - corrected with glasses or contact lenses as required

Visual impairment —uncorrected

Hearing loss - corrected with hearing aids

Hearing loss — uncorrected (please give details regarding severity)

Other sensory impairment (please give details regarding nature and severity)
22) Do you currently take recreational drugs? [drop down]

Yes (please specify drug type and amount taken — free text)

No

23) Have you previously taken recreational drugs? [drop down]

Yes (please specify drug type and amount taken — free text)

No
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Appendix F Empirical paper: Author-Constructed

Financial Questionnaires

F.1 Author-Constructed Financial Questionnaire Time 1

The information obtained by asking the following questions will be used solely to help us meet our
research aims; this is to work out whether there is a relationship between executive function and
the way that money is spent in a population of people diaghosed with bipolar disorder. We
understand these questions may feel very personal to answer and are very appreciative of your
help. Itis really important for our study that you answer the questions as honestly as you are able

to and that you respond to every question.

1. Loans: Do you currently have any of the following? (Please tick all that apply)

e |donothave anyloans

e Loan from bank and/or building society (excluding mortgage and overdrafts)
e Loan from company that collects payments from home (e.g. Provident)
e Loanfrom afinance company (e.g. Ocean Finance)

e (Goods boughtininstalments from mail order catalogue

e (Goods bought on ‘hire purchase’ (HP) or on credit (including

e Goods bought on a'buy now, pay later' service (e.g. Klarna)

e Social Fund or Crisis Loan

e Loan from a payday lender (e.g. Wonga, cash converters)

e Loanfrom a credit union

e Loan from friends and family

e Loanfrom anindividual (not friends or family)

e Studentloan

e Other type of loan

e Unsure

2. With the exception of a mortgage, overdraft and student loan, please indicate on the sliding
scale how much you owe altogether in loans? (It is fine to estimate if you are unsure).
Please visit Xe Currency Converter - Live Exchange Rates Today to convert your currency into
uUsD.

$0 $100,000+
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3. Credit Cards and Store Cards: Approximately how much do you owe on credit cards or
store cards in total? (It is fine to estimate if you are unsure)

Please visit Xe Currency Converter - Live Exchange Rates Today to convert your currency into
UsSD.

$0 $100,000+

4. Areyou currently using an overdraft on your bank/building society account?

e Yes
e No
e Unsure

If yes, what amount are you overdrawn?

$0 $10,000+

5. Doyou feel as though you are living within your means?
5= always earn more than | spend
4= earn more than | spend most of the time
3=1spend what | earn
2=1spend more than | earn most of the time
1=1always spend more than | earn

6. Have you lived within your means over the past month?
5=| earned much more than | spent
4= earned a little more than | spent
3=I|spentwhat | earned
2=| spent a little more than | earned
1= I spent much more than | earned

7. Over the past month, have you spent money compulsively, where spending money felt
irresistible?

e Yes
e No
e Unsure

8. Overthe past month, have you spent money compulsively, where you spent more than you
wanted to due to feeling emotional or mentally unwell?
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e Yes
e No
e Unsure

If yes to either of these, how often have you compulsively spent money?
6= More than once a day
5= Most or all days
4= A couple or a few times a week
3= 0Once a week
2= A couple or a few times a month

1=0Once a month

If yes, how much did you compulsively spend in total over the past month?

$0 $10,000+

9. Over the past month, have you gambled? This includes playing the lottery, buying lottery
scratch cards and all gambling, whether online or any form of physical gambling, i.e. betting
shops, casinos, racetracks, sport events etc.?

e Yes
e No
e Unsure

If yes, how often have you gambled?
6= More than once a day
5= Most or all days
4= A couple or a few times a week
3= 0Once a week
2= A couple or a few times a month

1=0nce a month
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If yes, how much did you spend in total over the month (not taking account of winnings)?

$0 $10,000+

F.2 Additional Questions on Author-Constructed Financial

Questionnaire at Time 2

How has your compulsive spending been compared to one month ago, when you completed
Stage 1 of this study?

5= It has been much better
4 =It has been better

3= It has stayed the same
2= |t has been worse

1=It has been much worse

How has your gambling been compared to one month ago, when you completed Stage 1 of this
study?

5=| have gambled much less frequently

4 =] have gambled a bit less frequently

3= It have gambled about the same amount as last month
2=| have gambled a bit more frequently

1=1have gambled much more frequently
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Appendix G Empirical Paper: Journal of
Neuropsychology: Guidelines for

Submission

Requirements for submission of a manuscript to the Journal of Neuropsychology

https://bpspsychub.onlinelibrary.wiley.com/hub/journal/17486653/homepage/forauthors.html

# 3. MANUSCRIPT_CATEGORIES

JNP AUTHOR GUIDELINES
Sections
1. Submission
2. Aims and Scope
3. Manuscript Categories and Requirements
4. Preparing the Submission
5. Editorial Policies and Ethical Considerations
6. Author Licensing
7. Publication Process After Acceptance
8. PostPublication
9. Editorial Office Contact Details

1. SUBMISSION

Authors should kindly note that submission implies that the content has not been published or
submitted for publication elsewhere except as a brief abstract in the proceedings of a scientific
meeting or symposium.

New submissions should be made via the Research Exchange submission portal. You may
check the status of your submission at any time by logging on to submission.wiley.com and
clicking the “My Submissions” button. For technical help with the submission system, please
review our FAQs or contact submissionhelp@wiley.com.

All papers published in the Journal of Neuropsychology are eligible for Panel A: Psychology,
Psychiatry and Neuroscience in the Research Excellence Framework (REF).

Data protection:
By submitting a manuscript to or reviewing for this publication, your name, email address, and
affiliation, and other contact details the publication might require, will be used for the regular

operations of the publication, including, when necessary, sharing with the publisher (Wiley) and
partners for production and publication. The publication and the publisher recognize the
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importance of protecting the personal information collected from users in the operation of
these services, and have practices in place to ensure that steps are taken to maintain the
security, integrity, and privacy of the personal data collected and processed. You can learn
more at https://authorservices.wiley.com/statements/data-protection-policy.html.

Preprint policy:

This journal will consider for review articles previously available as preprints. Authors may also
post the submitted version of a manuscript to a preprint server at any time. Authors are
requested to update any pre-publication versions with a link to the final published article.

2. AIMS AND SCOPE

The Journal of Neuropsychology publishes original contributions to scientific knowledge in
neuropsychology including:

e clinical and research studies with neurological, psychiatric and psychological patient
populations in all age groups

e behavioural or pharmacological treatment regimes

e cognitive experimentation and neuroimaging

e multidisciplinary approach embracing areas such as developmental psychology,
neurology, psychiatry, physiology, endocrinology, pharmacology and imaging science

The following types of paper are invited:

e papers reporting original empirical investigations

e theoretical papers; provided that these are sufficiently related to empirical data

e review articles, which need not be exhaustive, but which should give an interpretation of
the state of research in a given field and, where appropriate, identify its clinical
implications

e briefreports and comments

e casereports

o fast-track papers (included in the issue following acceptation) reaction and rebuttals
(short reactions to publications in JNP followed by an invited rebuttal of the original
authors)

e specialissues.

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS

e Research papers should be no more than 6000 words (excluding the abstract, reference
list, tables and figures). Multiple citations for a single point are usually duplicative and
authors are urged to cite the best reference. In exceptional cases the Editor retains
discretion to publish papers beyond this length where the clear and concise expression
of the scientific content requires greater length (e.g., explanation of a new theory ora
substantially new method). Authors must contact the Editor prior to submission in such
a case.

e Brief communications are short reports of original research or case reports. They are
limited to a maximum of 1500 words (excluding the abstract, reference list, tables and
figures) and have a total of up to three tables or figures, and no more than 10 references.

e Theoretical or review articles are full-length reviews of, or opinion statements regarding,
the literature in a specific scientific area. They should be no more than 4000 words
(excluding the abstract, reference list, tables and figures) and have no more than 45
references. Multiple citations for a single point are usually duplicative and authors are
urged to cite the best reference. In exceptional cases the Editor retains discretion to
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publish papers beyond this length where the clear and concise expression of the
scientific content requires greater length (e.g., explanation of a new theory or a
substantially new method). Authors must contact the Editor prior to submission in such
a case.

e Please refer to the separate guidelines for Registered Reports.

e All systematic reviews must be pre-registered and an anonymous link to the pre-
registration must be provided in the main document, so that it is available to reviewers.
Systematic reviews without pre-registration details will be returned to the authors at
submission.

4. PREPARING THE SUBMISSION
Free Format Submission

Journal of Neuropsychology now offers free format submission for a simplified and streamlined
submission process.

Before you submit, you will need:

e Your manuscript: this can be a single file including text, figures, and tables, or separate
files —whichever you prefer. All required sections should be contained in your
manuscript, including abstract, introduction, methods, results, and conclusions.
Figures and tables should have legends. References may be submitted in any style or
format, as long as it is consistent throughout the manuscript. If the manuscript, figures
or tables are difficult for you to read, they will also be difficult for the editors and
reviewers. If your manuscript is difficult to read, the editorial office may send it back to
you for revision.

¢ Thetitle page of the manuscript, including a data availability statement and your co-
author details with affiliations. (Why is this important? We need to keep all co-authors
informed of the outcome of the peer review process.) You may like to use this
template for your title page.

Important: the journal operates a double-anonymous peer review policy. Please
anonymise your manuscript and prepare a separate title page containing author

details. (Why is this important? We need to uphold rigorous ethical standards for the research
we consider for publication.)

e An ORCID ID, freely available at https://orcid.org. (Why is this important? Your article, if
accepted and published, will be attached to your ORCID profile. Institutions and funders
are increasingly requiring authors to have ORCID IDs.)

To submit, login at https://wiley.atyponrex.com/journal/JNP and create a new submission.
Follow the submission steps as required and submit the manuscript.

If you are invited to revise your manuscript after peer review, the journal will also request the
revised manuscript to be formatted according to journal requirements as described below.

Revised Manuscript Submission
Contributions must be typed in double spacing. All sheets must be numbered.

Cover letters are not mandatory; however, they may be supplied at the author’s discretion. They
should be pasted into the ‘Comments’ box in Editorial Manager.
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Parts of the Manuscript

The manuscript should be submitted in separate files: title page; main text file; figures/tables;
supporting information.

Title Page
You may like to use this template for your title page. The title page should contain:

e Ashortinformative title containing the major key words. The title should not contain
abbreviations (see Wiley's best practice SEO tips);

e Ashort running title of less than 40 characters;

e The full names of the authors;

e The author's institutional affiliations where the work was conducted, with a footnote for
the author’s present address if different from where the work was conducted;

e Abstract;

e Keywords;

e Data availability statement (see Data Sharing and Data Accessibility Policy);

e Acknowledgments.

Author Contributions

For all articles, the journal mandates the CRediT (Contribution Roles Taxonomy)—more
information is available on our Author Services site.

Abstract

Please provide an abstract which gives a concise statement of the intention, results or
conclusions of the article. The abstract should not include any sub-headings.

e Abstracts for Research Papers should not exceed 250 words.

e Abstracts for theoretical or review articles should not exceed 250 words.

e Abstracts for brief communications should not exceed 80 words.
Keywords
Please provide appropriate keywords.
Acknowledgments
Contributions from anyone who does not meet the criteria for authorship should be listed, with
permission from the contributor, in an Acknowledgments section. Financial and material
support should also be mentioned. Thanks to anonymous reviewers are not appropriate.

Main Text File

As papers are double-anonymous peer reviewed, the main text file should not include any
information that might identify the authors.

Manuscripts can be uploaded either as a single document (containing the main text, tables and
figures), or with figures and tables provided as separate files. Should your manuscript reach
revision stage, figures and tables must be provided as separate files. The main manuscript file
can be submitted in Microsoft Word (.doc or .docx) or LaTex (.tex) format.
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If submitting your manuscript file in LaTex format via Research Exchange, select the file
designation “Main Document — LaTeX .tex File” on upload. When submitting a LaTex Main
Document, you must also provide a PDF version of the manuscript for Peer Review. Please
upload this file as “Main Document - LaTeX PDF.” All supporting files that are referred to in the
LaTex Main Document should be uploaded as a “LaTeX Supplementary File.”

LaTex Guidelines for Post-Acceptance:
Please check that you have supplied the following files for typesetting post-acceptance:
e PDF of the finalized source manuscript files compiled without any errors.

e TheLaTeX source code files (text, figure captions, and tables, preferably in a single file),
BibTex files (if used), any associated packages/files along with all other files needed for
compiling without any errors. This is particularly important if authors have used any
LaTeX style or class files, bibliography files (.bbl, .bst. .blg) or packages apart from those
used in the NJD LaTex Template class file.

e Electronic graphics files for the illustrations in Encapsulated PostScript (EPS), PDF or
TIFF format. Authors are requested not to create figures using LaTeX codes.

Your main document file should include:

e Ashortinformative title containing the major key words. The title should not contain
abbreviations;

e Abstract without any subheadings;

e Up to seven keywords;

e Main body: formatted as introduction, materials & methods, results, discussion,
conclusion;

e References;

e Tables (each table complete with title and footnotes);

e Figure legends: Legends should be supplied as a complete list in the text. Figures should
be uploaded as separate files (see below)

e Statement of Contribution.

Supporting information should be supplied as separate files. Tables and figures can be included
at the end of the main document or attached as separate files but they must be mentioned in
the text.

e As papers are double-anonymous peer reviewed, the main text file should not include
any information that might identify the authors. Please do not mention the authors’
names or affiliations and always refer to any previous work in the third person.

e The journal uses British/US spelling; however, authors may submit using either option,
as spelling of accepted papers is converted during the production process.

References
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This journal uses APA reference style; as the journal offers Free Format submission, however,
this is for information only and you do not need to format the references in your article. This will
instead be taken care of by the typesetter.

Tables

Tables should be self-contained and complement, not duplicate, information contained in the
text. They should be supplied as editable files, not pasted as images. Legends should be
concise but comprehensive — the table, legend, and footnotes must be understandable without
reference to the text. All abbreviations must be defined in footnotes. Footnote symbols: 1, 1, §,
1, should be used (in that order) and *, **, *** should be reserved for P-values. Statistical
measures such as SD or SEM should be identified in the headings.

Figures

Although authors are encouraged to send the highest-quality figures possible, for peer-review
purposes, a wide variety of formats, sizes, and resolutions are accepted.

Click here for the basic figure requirements for figures submitted with manuscripts for initial
peer review, as well as the more detailed post-acceptance figure requirements.

Legends should be concise but comprehensive — the figure and its legend must be
understandable without reference to the text. Include definitions of any symbols used and
define/explain all abbreviations and units of measurement.

Supporting Information

Supporting information is information that is not essential to the article, but provides greater
depth and background. It is hosted online and appears without editing or typesetting. It may
include tables, figures, videos, datasets, etc.

Click here for Wiley’s FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper
are available via a publicly available data repository, authors should include a reference to the
location of the material within their paper.

General Style Points

For guidelines on editorial style, please consult the APA Publication Manual published by the

American Psychological Association. The following points provide general advice on formatting
and style.

e Language: Authors must avoid the use of sexist or any other discriminatory language.

e Abbreviations: In general, terms should not be abbreviated unless they are used
repeatedly and the abbreviation is helpful to the reader. Initially, use the word in full,
followed by the abbreviation in parentheses. Thereafter use the abbreviation only.

e Units of measurement: Measurements should be given in Sl or Sl-derived units. Visit
the Bureau International des Poids et Mesures (BIPM) website for more information
about Sl units.

e Effect size: In normal circumstances, effect size should be incorporated.

e Numbers: numbers under 10 are spelt out, except for: measurements with a unit
(8mmol/l); age (6 weeks old), or lists with other numbers (11 dogs, 9 cats, 4 gerbils).
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Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing
manuscripts for submission available here. In particular, we encourage authors to consult
Wiley’s best practice tips on Writing for Search Engine Optimization.

Article Preparation Support: Wiley Editing Services offers expert help with English Language
Editing, as well as translation, manuscript formatting, figure illustration, figure formatting, and
graphical abstract design — so you can submit your manuscript with confidence.

Also, check out our resources for Preparing Your Article for general guidance and the BPS
Publish with Impact infographic for advice on optimizing your article for search engines.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
Peer Review and Acceptance

Except where otherwise stated, the journal operates a policy of anonymous (double-
anonymous) peer review. Please ensure that any information which may reveal author identity is
anonymized in your submission, such as institutional affiliations, geographical location or
references to unpublished research. We also operate a triage process in which submissions
that are out of scope or otherwise inappropriate will be rejected by the editors without external
peer review. Before submitting, please read the terms and conditions of submission and

the declaration of competing interests.

The Journal receives a large volume of papers to review each year, and in order to make the
process as efficient as possible for authors and editors alike, all papers are initially examined by
the Editors to ascertain whether the article is suitable for full peer review. In order to qualify for
full review, papers must meet the following criteria:

- the content of the paper falls within the scope of the Journal

- the methods and/or sample size are appropriate for the questions being addressed

- research with patient populations is appropriately defined

- the word count is within the stated limit for the Journal (i.e. 6000 words)

The Journal of Neuropsychology is committed to a fast and efficient turnaround of papers,
aiming to complete the review process in under two months.

Further information about the process of peer review and production can be found in ‘What
happens to my paper?’ Read Wiley's policy on the confidentiality of the review process.

Appeals Procedure

Authors may appeal an editorial decision if they feel that the decision to reject was based on
either a significant misunderstanding of a core aspect of the manuscript, a failure to understand
how the manuscript advances the literature or concerns regarding the manuscript-handling
process. Differences in opinion regarding the novelty or significance of the reported findings are
not considered as grounds for appeal.

To raise an appeal against an editorial decision, please contact the Editor who made the
decision in the firstinstance using the journal inbox, quoting your manuscript ID number and
explaining your rationale for the appeal. Appeals are handled according to the procedure
recommended by COPE. If you are not satisfied with the Editor(s) response, you can appeal
further by writing to the BPS Knowledge & Insight Team by email
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at Academic.Publications@bps.org.uk. Appeals must be received within two calendar months
of the date of the letter from the Editor communicating the decision. The BPS Knowledge and
Insight Team’s decision following an appeal consideration is final.

If you believe further support outside the journal’s management is necessary, please refer
to Wiley’s Best Practice Guidelines on Research Integrity and Publishing Ethics or
contact Academic.Publications@bps.org.uk.

Research Reporting Guidelines

Accurate and complete reporting enables readers to fully appraise research, replicate it, and
use it. Authors are encouraged to adhere to recognised research reporting standards. The
EQUATOR Network collects more than 370 reporting guidelines for many study types, including
for:

e Randomised trials: CONSORT
e Systematic reviews: PRISMA
e Interventions: TIDieR

e Clinical case reports: CARE

We encourage authors to adhere to the APA Style Journal Article Reporting Standards for:

e Manuscripts that report primary qualitative research

e Manuscripts that report the collection and integration of qualitative and quantitative
data

e Manuscripts that report new data collections regardless of research design

We also encourage authors to refer to and follow guidelines from the FAIRsharing website.

Conflict of Interest

The journal requires that all authors disclose any potential sources of conflict of interest. Any
interest or relationship, financial or otherwise that might be perceived as influencing an author's
objectivity is considered a potential source of conflict of interest. These must be disclosed
when directly relevant or directly related to the work that the authors describe in their
manuscript. Potential sources of conflict of interest include, but are not limited to: patent or
stock ownership, membership of a company board of directors, membership of an advisory
board or committee for a company, and consultancy for or receipt of speaker's fees from a
company. The existence of a conflict of interest does not preclude publication. If the authors
have no conflict of interest to declare, they must also state this at submission. Itis the
responsibility of the corresponding author to review this policy with all authors and collectively
to disclose with the submission ALL pertinent commercial and other relationships.

Funding

Authors should list all funding sources in the Acknowledgments section. Authors are
responsible for the accuracy of their funder designation. If in doubt, please check the Open
Funder Registry for the correct nomenclature: https://www.crossref.org/services/funder-

registry/

Authorship
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Appendix H Empirical Paper: Supplementary

Materials

H.1 Table S 1 Participant countries of residence

Table S 1

Participant countries of residence

N %
Country of Residence:
United Kingdom 92 77.3
United States of America 14 11.8
Canada 4 3.4
Guernsey 1 0.8
Germany 1 0.8
Italy 1 0.8
Sweden 1 0.8
Kenya 1 0.8
India 1 0.8
Malaysia 1 0.8
Hong Kong 1 0.8
Australia 1 0.8
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H.2 Table S 2 Correlation matrix for executive function measures, mood variables, impulsive spending measures and

relevant demographics

Table S 2

Correlation matrix for executive function measures, mood variables, impulsive spending measures and relevant demographics
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Note: *p < .05, **p <. 01, ***p < .001 two tailed. Correlation coefficients resulting from bivariate Pearson’s correlation for parametric variables, ?Bivariate Spearman’s correlation

coefficients for nonparametric variables. See Table S2b below for key
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H.2.1 Table S 3 Key for Table S 2 and population (n) for each variable

Table S 3

Key for Table S 2 and population (n) for each variable

Variables: Key for Table S 2 n
1. Compulsive Buying Scale Total Score 118
2. Patient Mania Questionnaire-9 118
3. Generalized Anxiety Disorder-7 118
4. Patient Health Questionnaire-9 118
5. Age (years) 118
6.Years since diagnhosis 116
7.Gender 118
8. Sleep (mean hours) 118
9. Trail Making Error Difference (B-A) 97
10. Trail Making Completion Time Difference (B-A) 97
11. lowa Gambling Task: Mean Response Latency 109
12. lowa Gambling Task: Mean Gain 109
13. lowa Gambling Task: Mean Loss 109
14. lowa Gambling Task: Mean Total 109
15. lowa Gambling Task: Final Total 109
16. lowa Gambling Task: Advantageous- 109

Disadvantageous Deck Choices

17. Corsi-Forwards: Block Span 107
18. Corsi-Forwards: Total Score 107
19. Corsi-Forwards: Mean Response Latency 105
20. Corsi-Backwards: Block Span 86
21. Corsi-Backwards: Total Score 86
22.Corsi-Backwards: Mean Response Latency 86
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23.Stroop: Total Errors 109

24.Stroop: Mean Response Latency 108
25. Stroop: Errors Difference 108
26. Tower of London: Mean no. of Problem 105
Attempts

27. Tower of London: Total Score 105
28. Tower of London: Time to Take First Move 106
29. Tower of London: Mean Solution Time 106

H.3 Statistics for participant drop out analysis

MANOVA did not reveal significant main effects of mood (mania, anxiety or depression) on
whether participants dropped out between Times 1 and 2 (No drop out: n =81, Drop out: n =37),
using Hotelling’s Trace statistic, T=0.02, F (3,114) =0.57, p = .63, n,>=.015. Independent
samples t-tests showed no significant difference in CBS score for drop out status (t (116) = -
0.97, p=.34,d =-0.19) and Chi-squared analyses did not reveal significant differences for SOGS
classification as a pathological gambler/not (x* (1, N=119) = 1.70, p = .19) or Level of Debt (x* (1,
N=118)=3.12, p =.07). Independent samples t-tests did not show significant differences in
scores on any of the 21 executive function measures, with Bonferroni correction applied

(p >.0024).
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