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Thesis Abstract

Background: Mental health difficulties are highly prevalent across adolescence and can change
overthe course of adolescent dem@inent. Left untreated, such difficulties can significantly

i mpact an i n dhcomeandirgerpérsonahrelaidnships later inlded create an
enormous burden on sociikalthcareand economic systems. The factors implicated in the
onsetand maintenance of mental health problems include cognitive factors due to their
importance in regulating emotions and behaviour.

Method: A systematic review and megmalyses were conducted investigating the relationship
between anxiety and attention amémory in children and young people. A ddtaven

approach with a large secondary data set was then used to explore changes in mental health
profiles between midand late adolescence and their association with cognitive factors.

Results: The metaanalysis identified a significant bias towards threat when using an affective
Stroop task, but not the dot probe taBlke empirical paper found distinct profiles of mental

health are identifiable and largely stable between amd late adolescence. An impairability

to adjust risktaking behaviours in response to contextual information was linked to profiles of
persistent externalising symptoms and social difficulties. Poor spatial working memory was
associated with persisting externalising problems.

Conclusions: Aspects of cognitive function are related to youth mental health difficulties.
Childhood and adolescent anxiety are associated with attentional biases both towards and away
from threat, and greater symptomologypassiblylinked with biases towardgcalling negative
information over the longerm but not the shoterm. These data suggest that mental health and

cognition interact across development; anxiety can impact on the cognitive processing of
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information, and cognitive control in mi@dolescace contributes to persistent patterns of mental

health difficulties.
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Introduction to the Thesis Portfolio

Overview

The broad aim of this thesigas to explore links between cognitive function and mental ill
health in children and adolescents. The thesis contains aamadigis investigating memory and
attention biases ianxious youth, and an empirical project using secondary data analysis to explore
changes in mental health between naidd late adolescence and their links to cognitive abilities.
In this introductory chapterd provide a broad overview of the prevalendentental health
problems among children and adolescents, the developmental trajectories of mental health
difficulties from childhood to adulthood, and the potential role of cognition in the causes of these

difficulties.

Mental health: prevalence rates

Mental health difficulties are more prevalent in late childhood and adolescence compared
to any other stage of life (Gulliver et al., 2010; Kessler et al., 2005), with roughly 25% of young
people experiencing psychological distress (Oksanen 804l7), ad 17.4% of 6 to 16-yearolds
in the UK having a probable mental health disorder (Neweglkgado et al., 2021). The first onset
of mental health problems typically occurs in adolescence (Kessler et al., 2005), with more than
half of all mental ill healthtarting by the age of 14 (Murphy & Fonagy, 2012). It is estimated that
approximately 14% of Xo 19yearolds experience mental health conditions globally (Global
Health Data Exchange, 2019), with anxiety disorders being most prevalent and occuridg in 3
of 10- to 14yearolds and 4.6% of 15to 19yearolds (World Health Organization, 2021). In
England, one in six children aged six to 16 had a probable mental health condition in 2021, an

increase from one in nine in 2017 (Peytrignet et al., 2022)inArease of 44% more patients
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coming into contact with services in 2021 than in 2019 equates to an additional half a million
children and young people in England with a probable mental health condition (Peytrignet et al.,
2022). The reasons for these rises complex and many. Increased recognition of mental health
problems has certainly contributed, as has the social isolation, uncertainty and disruption caused
by the global COVIDB19 pandemicd.g., Thorisdottir et al., 2021).

Left untreated, mental haah di f fi cul ti es can have a signi
health,ijncome,and relationships in later life (Goodman et al., 2011; Green 20865; Kowalenko
& Culjak, 2018). The persistence of mental health problems and their economsocialdurden
drives the need to understand the development and progression of mental health difficulties. A
better understanding of what predicts the development and maintenance of mental health
difficulties, and how they change over time, is of paramoupbrtance to aid the development of
tailored interventions to reduce both individual distress and demands on health and social care

systems.

Mental health: developmental trajectories

A wealth of literature covers the developmental trajectories of meedith problems from
childhood through to adulthood. A few key trends and studies are presented below.
Diagnoses

Focussing first on the prevalence of diagnosed psychiatric disorders, Costello and
colleagues (2011) observed that rates of depression, panic disorder, agoraphobia and substance use
disorders increased from childhood to adolescence, while separatiory amdedttentiordeficit
hyperactivity disorder (ADHD) decreased. Exploring changes into adulthood, they reported that

panic disorder, agoraphobia and substance use disorders continue to increase, while the prevalence
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of social anxiety, ADHD, othgshobiasand disruptive behaviours decrease. While rates of ADHD
were noted to decrease, Moffitt and colleagues (2015) reported that the course of ADHD symptoms
is variable, sometimes developing in adulthood, despite a prevailing belief that it is-angstd
neurodevelopmental disorder. Similarly, Copeland et al. (2014) reported the picture was more
complex for anxiety, noting that longitudinal studies show diagriessa Ushaped prevalence,

often presenting in late childhood, decreasing in eatblescenceand appearing again from mid
adolescence onwards. In an earlier magtalysis of longitudinal studies, Copeland and colleagues
(2013) found that behavioural disorders tended to precede anxiety in adulthood, with Oppositional
Defiance Disorder (ODD) moderdy predicting later depression and anxiety. Together, these

studies show that the presentation of mental health problems changes across development.

Symptoms

Traditional approaches to understanding mental health difficulties typically use eriteria
baseddiagnostic categories such as those outlined in the Diagnostic Statistical Manual of Mental
Disorders (5th ed.; American Psychiatric Association [APA], 2013) to define mental ill health.
While these approaches have many pragmatic benefits, they faitaardador high levels of
symptom heterogeneity within a disorder category, similarities between disorders and high rates
of comorbidity (Anttila et al., 2018; Constantino & Charman, 2016; Fried, 2015; Regier, 2013;
Smoller, 2013; Wang et al., 2017; seeddaikh et al., 2020 for a full review of these issues). In
terms of capturing developmental change, diagnostic categories describe lists of behaviours that
do not adequately account for variance due to developmental stage, beyond broad statements about

ageappropriate behaviours.
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To overcome these issues, transdiagnostic approaches are being increasingly adopted.
These focus on symptoms of mental health and emphasise the importance of continuous factors
that span the full range of functioning, from adegtio maladaptive, that can cut across traditional
categories of mental ill healte.g.,Caspi et al., 2014; Caspi & Moffitt, 2018; Lahey et al., 2017;
Martel et al., 2017; Pataley et al.,, 2013 increasing number o$tudies are using these
approachego capture how mental health symptoms change across development. Some recent
examples are summarised here.

In 2019, Dugre et al. used a dimensional model of psychopathology to identify
developmental trajectories, focussing on two wesliablished dimensisn an externalising
dimension conveying risk for disorders characterised by disinhibition, and an internalising
dimension conveying risk for mood and anxiety disorderg. (Achenbach & Edelbrock, 1981,
Kendler et al., 2003; Krueger, 1999). Dugre et 2D10) used longitudinal data from the
Longitudinal Studies of Child Abuse and Neglect Consortium (LONGSCAN), which included four
assessment points between the ages of 10 and 18 years:-basaaptrajectory modelling was
used to identify individual trajecties of anxiouslepressive traits (ADT)pr internalising
symptomsandtrait aggression (TA)r externalising symptomscross the §ear period. Using
this method, they identified four clusters of children, each following different trajectories for ADT:

1) consistently I0wADT (42.2% of the sample); 2) consistently moderate ADT (42.8%); 3)
increasing ADT (11.9%); 4) corstently high ADT (3.1%). Two separate trajectories were
identified for TA: consistently low TA (69.9%) and consistently high TA (30.1%). A joint model
was then estimated to calculate the probabilities for each trajectory of one varigh®(T) to

be n each trajectory of the second modelg(, TA). This allowed the proportion of youth

belonging simultaneously to ADT and TA trajectories to be estimated. Five trajectories were
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identified: 51.8% of the total sample were charasteriwith low ADT and lowTA; 13.3% with
moderate ADT and low TA; 21.2% with moderate ADT and high TA; 10.5% with increasing ADT
and high TA; and 3.2% with high ADT and high TA. None of the children had increasing levels
of ADT and low TA, or low ADT and high TA. In the final stejogistic regression was used to
predict which trajectory a child followed based on their ratings of different problems in childhood
(e.g.,childhood delinquency, symptoms of ADHD). The group with low ADT and low iTé, (
those with no mental health sytomps) were used as a comparison group. The symptomatic groups
were significantly more likely to display higher levels of childhood delinquency, swolblems,
and ADHD symptoms than the comparison group. Those in the low ADT and high TA and in the
high ADT and high TA groups were significantly more likely to have reported more severe and
frequent childhood abuse (both psychological and physieatal abuse) suggesting that those
with high levels of externalising problems were likely to have experiertdthood adversity.
Recently, Bathelt et al. (2021) used a populatepresentative sample of7@4 children
drawn from the 1970 British Cohort Study (Butler & Bynner, 2016; Elliot & Shepherd, 2006) to
identify common transitions in patterns of mentahltte symptoms as children move from
childhood into adolescence. The young people were followed acrosyeasiperiod, from age
10 to age 16. They observed that problems with hyperactivity/impulsivity and conduct were
prominent in childhood, while probites related to emotional control, anxiety and inattention were
more common in adolescence. Overall, parent rating of behavioural problems decreased from
childhood into adolescence, with the largest reduction observed in ratings of hyperactivity. A
proportian of the population transitioned from no behavioural problems in childhood to exhibiting
emotion problems in adolescence transition that was more common than transitioning to a

profile of elevated inattention and hyperactivity. A large proportion dbdn with anxiety
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problems showed emotional problems in adolescence, and children with problems related to
emotion, motor control and hyperactivity mostly transitioned to difficulties related to inattention
in adolescence. Finally, many of those withadact problems in childhood experienced difficulties
with anxiety,emotion,and inattention in adolescence. Bathelt et al. (2021) found that those who
overcame behavioural problems by age 16 had better cognitive abilities in childhood.
Collectively, thesetwo recent examples of transdiagnostic approaches to tracking
developmental changes in mental health symptoms show that individual presentations can follow
very different trajectories, which might be linked to both early childhood experiences and

cognitivecontrol.

Causes of mental health difficulties

Mental health difficulties have been associated with environmental factors, such as early
deprivation and early adverse childhood experieneas,Sheridan et al., 2020), social factors
such as changes in soe@hotional relationships(g.,Foulkes & Blakemore, 2016), biological
factors, including genetic factors, hormonal changes and neural development, and cognitive factors
related to self and emotionairegulation. A short overview of the socianvironmental,and
biological explanations for mental health problems is provided before a more detailed discussion

of the cognitive theories, which are more central to this thesis.

Environmental
Adversity early in life is associated with increased risk of mental health problems.
Explanations for these effects differ. While some suggest that each adverse exposure affects

development through a specific pathwagig(, Kessler et al., 1997), others suggtsit the
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accumulation of stress caused by multiple adversities leads to later mental health prelgems (
Evans et al., 2013). A popular theory that attempts to reconcile these ideas and account for the
timing of childhood adversity is the Dimensionalotel of Adversity and Psychopathology
(DMAP), which identifies two core domains of early experiences of adversity: tiergaapuse)

and deprivation€.g., poverty, McLaughlin et al., 2014). According to this model, threat alters
socioemotional functiang, while deprivation constrains learning and cognitive control (Lambert

et al., 2017). Children who experience deprivation are more likely to show later cognitive
difficulties (Rosen et al., 2019), while those who experience early threat are mor&ligelyggle

with emotional reactivity (Dvir et al., 2014). Supporting this model, studies have found
associations between threat and fear learning, and between deprivation and deficits in cognitive
control (Lambert et al., 2017; Machlin et al., 2019; Mik¢ al., 2018; Sumner et al., 2019). More
recently Sheridan et al., (2020) found that cognition clustered with socioecomonic status (a marker
of deprivation), while emotional reactivity clustered with neglabtjseand trauma (markers of

threat) in chitlhood.

Social

Social influences on mental health have their biggest impact during adolescence (the stage
between 10 and 24 years). This is a period of life characterised by heightened sensitivity to social
stimuli, changes in personal relationships, ariotne when people are expected to embrace more
adult societal roles in most cultures (Dahl, 2004; Orben et al., 2020). It has been proposed that the
impact of puberty on the brain makes adolescents particularly sensitive to their social environments
(Crore & Dahl, 2012), and that during this time they go through a period of social reorienting

where the opinions of peers become more important than those of family members (Larson et al.,
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1996) and where same sex peers become a more significant source tanamsupport than
parents (Furman & Buhrmester, 1992). This increased desire to be accepted by peers and avoid
social rejection has been cited as a driver of adolescent behaviour (Sebastig20&0al with

studies showing that the rewarding natur@eér relationships during adolescence affects social
decisionmaking processes (Dumontheil et al., 2010). These changes, which can be adaptive and
positive, can also be aversive and stressful and confer increased risk for mental health problems

(Blakemore& Mills, 2014).

Biological

Twin and family studies have shown that genetic factors contribute to risks of developing
mental health difficulties (Boomsma dt,&2002; Polderman et al., 2015; Sullivan et al., 2012),
with twin studies indicating significargenetic correlations across disorders (Derks et al., 2014;
Kendler et al., 2003; Middeldrop et al., 2005; Ystrom et al., 2014). Moreover, genome wide
association studies have identified a limited set of shared genetic risk factors that are associated
with multiple mental health disorders (Malhotra & Sebat, 2012; Smoller et al., 2013).

Beyond genetic contributions, the increased vulnerability to mental health problems in
adolescence is associated with hormonal surges (Pfeifer & Allen, 2021) and chabgais in
development (Mills, 2016; Somerville et al., 2010; Tamnes et al., 2017) that disrupt mood stability
(Maciejewski et al., 2015). Puberty is characterised by rapid increases in oestrogen in girls and
testosterone in boys, marking a time when sex diffees in mental health problems start to
emerge. For example, rates of depression are similar in boys and girls before the onset of puberty,
but twice as likely in girls than boys in adolescence. Boys are at greater risk than girls for substance

abuse prolems (Blakemore, 2019).
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During adolescencethe brain undergoes continued development of both intracranial
volume and whole brain volume and shows prolonged structural maturation of grey matter and
white tracts supporting higher cognitive function (Dumontheil et al., 2016; Mills, 2016). These
changes follow earlier pubertgriven maturation of subortical regions supporting emotional and
reward processing, and they are associated with increased cognitive control and better social
cognition. This mismatch between early development of emotion arardgwocessing brain
systems, and later development of systems supportingeggifation and social cognition has been
linked to increased sensation seeking and risk taking during adolescence, and greater sensitivity to
sociataffective contexts brain delopment. This is associated with increased vulnerabilities to

mental health problems (Dumontheil, 2016).

Cognitive

Cognitive impairments are implicated in the onset and maintenance of mental health
difficulties (e.g., Carlson & Wang, 2007; Huargollock et al., 2017; McTeague et ,aR016;
Ochsner & Gross, 2005), and cognition and mental health interact across development (
Furhmann et al., 2020). The cognitive reserve hypothesis suggests poor cognitive function impairs
the downregulation of negativamotional responses, such as worry, fear or sadness, leading to
poor mental health (LeMoult & Gotlib, 2019; Millan et al., 2012). Conversely, the interference
hypothesis suggests psychological distress disrupts cognitive processing by shifting cognitive
resources away from tasklevant information and onto negative thoughts (Llewellyn et al., 2008;
Stawski et al., 2006), resulting in both shamd longterm cognitive difficulties (Dolcos et al.,

2020). Finally, the dynamic mutualism hypothesis integrdtese two opposing theories, arguing
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that mental health and cognitive function intenaetiprocallyover time, leading to a dynamic
cycle of exacerbation across the lifespan (Fuhrmann et al., 2020).

Adolescence is characterised by a maturation in tiwgrabilities (Crone & Dahl, 2012;
Dahl, 2004), in particular by rapid changes in skills related to emotionaélfregulation
which are captured by executive functions (Best & Miller, 2010; Dumontheil et al., 2010;
Rosenblum & Lewis, 2003; Silvers et al., 2012; van der Aar et al., 2018). These changes cause
restructuring of emotion regulation strategies and their use (Zimmermannn&kiya014),
increasing adolescentsd vulnerability to mood
2003).

These changes, which are also linked to dramatic changes in brain developraent,
thought to be responsible for the increased risk takimg @eward seeking behaviours in
adolescence, especially when among peers (Steinberg, 2017). As stated in the section on biological
causesthe development of the limbic system, which is associated with emotional processing and
links the conscious functioref the cerebral cortex to the more automatic, unconscious functions
of the brain stem, otjiaces the development of the cortical circuitry associated with iig\er
cognitive functions, resulting in increased reactivity to emotional stirauli © g €042).iAs a
result, emotional reactivity is not downregulated by slet@etevelop cognitive control areas,
increasing the likelihood of risky and impulsive behaviours in adolescence (Powers & Casey,
2015).

There are various theories about the role fiégnt cognitive functions in the onset and
maintenance of mental health problems. Reviewing all of these theories is beyond the scope of

the current thesis. Instead, a short overview of the role of the different cognitive skills explored
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in the metaanaysis and empirical project is presented here and discussed more fully in the
following chapters.

Attentional biases.Biased information processing has been linked to mental health
difficulties. Cognitive models of anxiety highlight the link between aieiad bias regarding
threat and clinical and stddinical levels of anxietyd.g.,Beck et al., 1985, Beck & Clark, 1997;
Eysenck et al., 2007, MacLoed & Mathews, 2012). Research has suggested that attention can be
biased towards threat in the form of hgpgilance (Freeman et al., 2000), or away from threat,
as in avoidancéeck & Clark, 1997; Heuer, Rinck & Becker, 2Q0This is explored further in
Chapter Two of this thesis.

Working memory. Working memory refers to the ability to retain and manipulate
information over a short period of time. It is used in many everyday activities as it enables
people to hold goals in mind and reprioritise actions based orogeatated information.

Working memory deficits have been linked with a range of mentalhaesitted disorders,
includingADHD (Martinussen et al2005; Willcutt et al., 2005), anxiety disorders (Bishop,

2009; Eysenck & Derakshan, 2011), depression (Paeléakermann et al., 2005; Rogers et al.,
2004), bipolar disorder (Quraishi & Frangou, 2p@nd schizophrenia (Nieuwenstein et al.,

2001), as well as autism (Hill, 2004; Hugletsal., 1994) and learning disabilities (McLean &

Hitch, 1999; Willcutt et al., 2001§5iven theprevalence of working memory deficits among
individuals with mental hdtln problems, it is not surprising that they have been referred to as a
transdiagnostic risk factor for childhood psychopathology (HtRwmitpck et al., 2017).

Associations between working memory and mental health in adolescence are considered in the

empilical project presented in Chapter 4.



Cognition and mental health in children and young people
23

Inhibition. The ability to seHregulate, suppress automatic responses, control impulses,
and inhibit distracting information to focus attention to make constructive choices is associated
with success in many areasliéé (Dillon & Pizzagalli, 2007). Deficits in inhibition are
associated with increased anxiety in both adults (Reatiaek, 2008) and children (Henderson
et al., 2015), and problems both inhibiting impulsive responses and delaying gratification are
asseiated with elevated externalising symptoms across the lifespan (e.g. Barkley, 1997;
Chaarani et al., 2017; Nigg et al., 2006; Pollak et al., 2019) and with increased impulsive and
risky-decision making in adolescence (Crone et al., 2016; Dekkers é32;, Rosenbaum &
Hartley, 2019). The relationship between inhibition and mental health is discussed further in

Chapter 4.

Thesis aims and clinical relevance
Clinical relevance

The current model for treating child and adolescent mental he#dttyedy reactionary
and difficulties are only identified and treated once they escalate. This contributes to both long
waiting lists faced by young people trying to access services for mental health difficulties and to
healthcare systems being overwhelr{@tark, 2018, Crenndennings & Hutchinson, 2020). To
overcome some of these issues, healthcare systems are seeking to move towards more proactive
models of prevention (FenwieBmith et al.2018) and researchers have started to explore
whether preventate&vinterventions are casffective and easily and widely accessible through
communities and schools (e.&uyken et al., 2017). To design effective preventative
interventionsit is vital to identify targets for intervention by understanding the fachats t

predispose individuals to mental health problems.
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Aims

The overarching aim of this thesmgas to explore the relationship between cognitive
function and mental health in children and adolescents. | have chosen to focus specifically on
cognition becausecognitive models are heavily drawn upon for interventions for many
psychopathologies, including anxietye.g., Wells, 1999), obsessiveompulsive disorder
(Ob6Leary, -trauddid stress disordet (Elhers & Clark, 2000) and depression (Beck,
2002).Cognitive therapies focus on thought processes and their impact on emotions and behaviour.
Indeed, the most widely used therapy by the National Health Service (NHS) is cegalis@our
therapy (CBT), which has been shown to be efficacious in treatich gsychological
presentations in both adults and children (for a review see Hofmann et al., 2012).

The first piece of empirical work presented in this thesis is a-arettysisand systematic
reviewthat reviews evidence for information processing biasehildren and adolescents with

anxiety. The second piece is an empirical project using secondary data analysis that adopts

o]

transdiagnostic approach to explore how mental health profiles change betweeandnlidte

adolescence, and how these changkse to cognitive function.



Cognition and mental health in children and young people

CHAPTER TWO

Systematic Review and Mefnalysis

Prepared for submission Byitish Journal of Developmental Psychology

(Author guidelines in Appendix A)

Word count: 5,000

(5,23 including abstract, tables and figures)

25



Cognition and mental health in children and young people
26

Memory and attention biases in youth anxiety: A metaanalysis and systematic review.

Jenna ParkérMaria Vedechking Richard MeiseiStedmah Laura Passand Joni Holmes

! Department otlinical Psychology & Psychological Therapies, Norwich Medical School,
University of East Anglia, Norwich, UK
2MRC Cognition & Brain Sciences Unit, University of Cambridge, Cambridge, UK

3School of Psychology, University of East Anglia, Norwich, UK

Coespondence for this article should be addr ¢
Psychology & Psychological Therapies, Nor wi ch

E-maijl. . parker2@uea. ac. uk

Keywords: Anxiety, adolescents, children, cognitive bias, attention, memory


mailto:j.parker2@uea.ac.uk

Cognition and mental health in children and young people
27

Abstract

Despite extensive research, conclusions regarding cognitive biases in youth anxiety remain
unclear.Building on previous metanalyses, this study conducted separate analyses for tasks
exploringattentionbiases in young people with anxiety. Twehtyo papers, reporting data from

877 children and adolescents with anxiety af3d 7 controls, aged 5 to 2ere included.

Results found no significant bias towards threat in anxious children and adolescents as measured
by dot probe tasks (congruent triadss 0.02 p = 0.89; incongruent trialg = 0.10,p = 0.57;

other:g =-0.05,p = 0.74). This is discussed terms of vigilance and avoidance of threat. A
significant bias towards threat in anxious compared teamxmous children and adolescents was
found when measured by the emotional Stroop t@skd.50,p = 0.02).Only two studies

exploring memory biasewere found; aarrative reviewof theseoffered insufficient data to

draw concrete conclusions. Clinical implications and future directions are suggested.
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Introduction

Anxiety is highly prevalent in young people. A recent rreatalysis of 29tsidies,
including 80,879 youth, reported thifbom January 2020 to February 2025,2% of children
and 20.5% of adolescents experienced clinically elevated symptoms of anxiety (Racine et al.
2021). Racine et a{2021) highlighted that prevalence estiesahave increased during the
COVID-19 pandemic, bueven prior to this, rates were as high as 11.6% (Tiirikaninen, et al.
2018), with up to 23.5% experiencing clinically significant levels before the age of 21 (Copeland
et al. 2011).

Cognitive models ofraxiety suggest that biased patterns of information processing could
be instrumental in the aetiology (Beck & Clark, 1997; Eysenck et al., 2007, MacLeod &
Mathews, 2012) and maintenance (Beck, 1976; Mogg & Bradley, 1998, Williams et al., 1997) of
problematt anxiety. Such models propose that a hypervigilance for thseath as increased
attention towards perceived danger in the environment or selectively remembering threatening
stimulii causes anxiety (Muir & Field, 2008). These biases lead to avoidant behaviour that
precludes opportunities to disconfirm threatening beliefs, resulting in the maintenance of anxiety

(Beck & Clark, 1997; Heuer, Rinck & Becker, 2007).

Attention bias

Attentional biases towards threat have been reported extensively in anxiety disorders
(Dalgleish & Watts, 1990; Williams et al., 1997), and several taptdyses have been
published. The consensus is that individuals with anxiety have-t&astd biased athtion
(Bar-Haim et al, 2007; Dudeney et al., 2015), although with varying effect sizes. Most meta

analyses have been conducted with adults. The seminabmaligsis that involved children
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(Bar-Haim et al, 2007), included data from 172 studies with &lahd children. Attentional bias

for threatrelated content was reliably demonstrated across different experimental paradigms (dot
probe and emotional Stroop tasks), with an effect sizk=08.45 in participants with anxiety.
However, child studies madg only 10% of the total studies.

More recently, Dudeney et al. (2015) conducted a 1ae#dysis that included 28 articles
concerned with attentional bias towards threat in children. They found that children with anxiety,
as defined by either a clinicdlagnosis or scoring abowaut-off point on a selparentreport
validated measure of anxiety, showed a signifitaas$ towardshreat compared to controld £
0.21) and a significant bias towards threglaited over neutral stimuld & 0.15). Theidata
revealed that differences between anxious andamxious youth were only reliably observed
when attentional bias was measured by the emotional Stroop paradigdy@d), not when
measured by the dot probe tadk=0.18). This was true for both pictal and linguistic stimuli,
and differed to BaHaim and colleague@007) results that reported significant biases in
attention towards threatening stimuli in anxious participants over controls in both emotional

Stroop @ = 0.48) and deprobe ¢l = 0.34)studies.

Memory bias

There is comparativelyttle research into the biased recall of threatening information in
anxiety relative to that on attention bias. Evidence for memory biases in adults with anxiety is
mixed. Dalgleish et al. (1994) reported eddence for memory biases in people with anxiety
using a homophone spelling task or an anagram solution task. Similar results were reported by
Barfios et al. (2001), Harrison and Turpin (20@8)3d Wenzel and Holt (2002), who also found no

anxietyrelated nemory biases. In contrast, Coles et al. (2007) reported a memory bias for
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ideographically selected threat words in people with generalised anxiety disorder (GAD). A
metaanalysis by Mitte (2008) attempted to resolve inconsistent findings by integratanfyaat
165 adult studies. They reported a memory bias in adults with anxiety for recallingr &ased
stimuli, though this finding did not reach significance. In a more recentanetgsis, Herra et
al. (2017) compiled data from 171 studies and foamenxietyrelated memory bias in free
recall tasks, but not in cued recaélcognition,or lexical decision tasks. These results suggest
that memory biases might be tasbecific, like that reported by Dudeney et al. (2015) for
attention biases.

Very few studies have investigated memory biases in children and adolescents, and again,
the findings are mixed. For example, \iiBetra et al. (2012) found that anxious children
recalled more angry than happy or neutral faces, whereaarigiwus children shoad the
opposite pattern. In contrast, Daleiden (1998) found that whilst anxiety predicated a memory bias
towards negative relative to neutral information during conceptual taskgpesented with a
semantic cue and asked to recall a word with a siimaning which they had previously seen
in the task), none was found in perceptual tasks (vord fragment completion task). Meta
analyses investigating general memory performance in specific populations, such as those with
specific types of anxietye(@., mathematics anxiety, Namkung et al., 2019) or attention deficit
hyperactivity disorderg.g.,Martinussen et al., 2005) have been conducted, but to date no meta
analyses have explored biased recall for threlated information in children and adoleats

with and without anxiety.
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The present study

The aim of this review was to conduct matzalyses exploring memory and attention
biases in anxious youth. The first set of rrati@alyses investigated whether there was an
attentional bias toward thret anxiousvs nortanxious children and adolescents; an updated
ver sion of DudenanylysstA limitatiordohsghlighd by Bydenayet ah
(2015) of their metanalysis was the high level of heterogeneity of study variables. This review
addressed this by conducting separate raetayses for studies with samples and variables as
homogenous as possibéeg.,separating different tasks. The emotional Stroop and dot probe
tasks are most commonly used to measure attentional bias. The ehftioop task measures
attentional bias as an interference effect by examining the difference between colour naming
speed with affective vs neutral stimuli; colour naming latencies are typically longer for
emotional stimuli. In the dot probe task particifsaare presented visually with stimulus pairs
(words or pictures) that disappear and are replaced by a probe in the location of one of the
stimuli. Participants are required to press a button indicating the location of the probe. Shorter
reaction tims when the probe appears in the same location as the emotional stimuli (congruent)
compared to when it replaces the neutral stimuli (incongruent) reveal attentional biases towards
threat, under the assumption participants were already attending to thisndettdwin et al.,
2006) . Il n an extension to Dudeney et al . o6s (2
threat was present in both congruent and incongruent trials of the dot probe paradigm. Previous
researchd.g.,Strauss et g12005) has suggexd that there is low tesétest reliability among
interference scores calculated by subtracting performance in one condition from performance in
another Thus this review will complete metanalyses using only latencjeghere available, for

the separattrials. We hypothesised that young people with anxiety would show an attentional
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bias towards threat, as measured by the dot probe and emotional Stroop tasks, greater than that of
controls. The aim of the second review was to investigate whether anwigiinsshow biased

recall for threatelated information compared to controls. We predicted that they would. Across

both reviews, anxiety was measured by clinical diagnosis and/gpae#intreports of elevated

levels of anxiety. Given the high rates ohuarbidity between anxiety and depression (Kalin,

2020), and the reported prevalence of information processing biases in people with comorbid
anxiety and depression (Mogg et al., 1995), we included studies with participants with

comorbidities.

Method

Study Protocol and Search strategy

A systematic review was conducted following the Preferred Reporting Items for
Systematic Reviews and Mefmalyses (PRISMA) guidelingdMoher et al., 2009)Thestudy
protocol was preegistered on PROSPERO (CRD42021262394) dhiahe 2021. Three
electronic databaseS¢opus, PsycINFO, and PubMeugre searched, fronf*Danuary 1980 up
to 30" June 2021. The search terms are included in Tabld@ @tfins were sarched in titles and
abstracts in pearviewed articles. Opinion articles, reviews and other faptdyses were
excluded. Other filters included human studies with participants aged 5 to 24, featuring a control
and an anxious group, and those publisinethé English language.

A greater number of search terms was usmdparative toite Dudeney (2015) paper to
ensure the highest possible number of papers engified An earlier cut off date than used by

Dudeney and colleagué®015)was used to be merinline with when such computerised tasks
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werefirst employed A wider agerange was also used capture the full neurological
developmentaperiod rather than the typical coff of 18 years.

Two of the electronic databasased were different thahose used bpudeneyand
colleague42015).These were chosen due to their large mutidisciplifirgriesand their

relevance to the field of interest.

Table2.1
Search terms
Category Search Terms
Information processing _ _
bias cog*bias*, cog* process*, cog* process* bias*, cog*

factor*, information process* bias*, emotion process* hias*,
cog* model*, information process* model*, attention*
bias*, interpret* bias*, memory bias*

Executive Function attention* control, executive function*, cog* control,

inhibit* control, executive control, emotion* control,
working memory, inhibition, updating

Anxiety anxiety*, generalised anxiety disorder*, GAD, separation
anxiety, social anxiety, panic, panic disorder, obsessive
compulsive disorder, OCD

Age youth*, child*, adolescen*, young people, young adults,
youth

Note: * Indicates where truncation was used to find singular and plural forms of words
and variant endings.

Study selection
Papers retrieved through the initial search veiveled equally between authors J.P. and
M. V. for title and abstract screening. Each r

articles to provide additional checking in line with the inclusion criteria. One discrepasc
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resolved by the seniouthor. A full text screening was conducted by J.P. and M.V. of their
remaining articles, for inclusion.

Studies were included if they met the following criteria: (a) included human participants
aged five to 24, (b) administered a standardised measuraiefyarfc) included a nonpsychiatric
control group or a comparison group of participants with low levels of anxiety, (d) featured a
measure of attention or memory using emotional stimuli, (e) reported quantitative data that could
be transformed into an efft size to quantify differences in performance between anxious and
nonranxious individuals, and (f) were published in English in yegiewed journals between
January 1980 and June 2021.

Studies featuring only populations with specific phobég.(arachnophobia,
agoraphobia, etc.), Pesaumaticstress disordgfPTSD) and social anxiety were excluded due
to the specific focus of the participantso6 an
mix of anxiety diagnoses reported togethegrevincluded. Studies focussing on anxiety in a
specific group €.g.,asthmatics or individuals with learning disabilities) were also excldded
to the narrow population focuéssociation studies(g.,those reporting correlations between
cognitive peformance and anxiety, or predicting anxiety from cognitive task performance) were
excluded as they did not meet the study aims (to compare cognitive bias between anxious and
nonranxious youth). Finally, studies reporting only accuracy data for the diffevaditions of
the attention bias tasks were excluded. Accuracy is generally very high on interference tasks,
pointing to ceiling effectse(g.,Penner et al., 2014; Strauss et al., 2005). For this reason, only

studies reporting reaction times (RTs), @sbscores calculated from RTs, were included.

Data extraction
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Data was extracted for all studies meeting the inclusion criteria by the principal
investigator and second author. Sample characteristics (n, age range, mean age, standard
deviation) and theneasures of anxiety and cognition were extracted. The cognitive tasks were
categorised according to: i) type of cognitive bias investigated (attention or memory), ii) type of
task (dot probe or emotional Strobppplicable to attention bias only), ang type of trial for
dot probe (congruent and incongruent, or other, where other referred to the difference between
two conditions). The sample size of the anxio
performance on the cognitive tasks (mean RT and stawgaiation, or standard error where
standard deviation was not provided) and the effect size of the difference between groups (where

provided) was extracted (tables 2.2, 2.3 and 2.4).

Risk of bias

The quality of the included studies was assessed using a risk of bias tool (Appendix B)
that was developed from The Critical Appraisal Skills Programme (2018), The Scottish
Intercollegiate Guidelines Network (SIGN) Methodology checklist (2012) and The&wxh
Coll aborationds tool for assessing compaskd of bi
15 questions assessing the design, measurearaadi;sisand participant details of each study.
Based on these questions, each study was allocatekl @ bias rating by the first or second

author (04 = high risk, 59 = medium risk, 1015 = low risk; see Table 2.2).

Data synthesis
Where studies reported group comparisons for multiple condit@ogsdonditions with

different stimuli exposure timgsthe data most consistent with the other studies were extracted.
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For example, if a study reported group performance for stimuli exposures of both 1000ms and
750ms on a dot probe task, the data for the 750ms condition was extracted as this exposure time
was closer to the 500ms exposure time used in all other studies. Where studieshaianted

trials, average mean RTs and standard deviations were calculated. RTs were converted to
milliseconds for all studies. Where bias scores were calculated fonbg#tive vs neutral and
negative vs positive stimuli, the data from the negative vs neutral trials were included, consistent
with most studies in the field. Where multiple timepoints were repoetgdiq an intervention

study), data from the first ass@sent point (baseline data) was used.

Statistical analysis

All analyses were performed in R using the metafor package, version 4.1.2 (R Core
Team, 2021). A series of randegffects metaanalyses were conducted, with the |2 statissied
to assess thheterogeneity of effect sizes. Random effects (RE) models were run because the
studies included investigated cognitive biases in youth with anxiety with different comorbidities,
meaning the variability across studies was anticipated to be at least taoOeesstandard
errors of study effect estimates are adjusted in a random effects model to incorporate this
heterogeneity (Borenstein et al., 2011).

Of the papers included regarding attentional biases, only two tasks wefiethsetbt
probe and emotioh&troop. Four metanalyses were conducted: three for dot probe (congruent,
incongruentand other) and one for emotional Stroop. The d ggeefebt sizes of the
difference in performance on the task between the anxious ar@hnayus group was
calculda e d . Headg asn® nded v e d adapsreffect sizeiar bnallerdsamples,

making it more appropriate to use in this study. Effect sizes were converted to the same
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direction: a positive value indicated that the attentional bias towards threat was larger in the
anxious than the controtgup, and a negativgvalue indicated an attentional bias away from
threat in the anxious group, greater than that of the control group. It was not possible to run

metaanalyses on memory studies due to a lack of appropriate studies.

Results

Included studies

Figure 2.1 presents a PRISMA flowchart (Moher et al., 2009) of the study selection and
exclusion process. Electronic data searches identified 2020 citations. After removal of duplicates,
1,593 articles were screened by title and abstract. A tote2@full-text articles were assessed
for eligibility, resulting in 2 studies being selected for inclusion in the review. Of theke, 2
compared attention biases between anxious and control groups and only two compared memory
biases. Due to the sparsitypdpers meeting inclusion criteria for memory biases, these results

are described as a narrative synthesis.
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Figure 2.1

Prisma flowchart

Identification

Recordsidentified through
database sear ching

(k = 2,020)
Scopus = 478

PsychINFO = 1,084
PubMed = 458

Screening

Eligibility

i

Records after duplicates
removed

Records excluded in title
screen

(k = 1,593)
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Did not include control group (20)
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Eye-tracking data only (2)
Protocol paper (1)
Participants did not meet age criteria
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Attentional bias as measured by Dot probé& congruent and incongruent

There were 10 articles in the metaalyses for the dot probe congruent and dot probe
incongruent trials. Susa et al. (2008) reported data separately for two age groups, meaning data
for eleven independent groups are included. The characteristics o€linenh studies and the
effect size differences between the anxious and control groups for both trial types are presented
in Table 2.2. The overall age range for participants was five to 18 years. Across the studies there
were 346 anxious participants ari7Zontrols. Diagnoses included OCD (Wang et al., 2021)
and GAD; comorbidities included separation anxiety, phobia, saciaéty,and depression. The
majority (k = 9) used emotive faces as stimuli, and two used other pictorial images. Exposure
time was BOms in all studies, except in Price et al. (2013) who used a stimuli exposure time of
750ms.

Across the studies, the combined effect sizes weresigmificant, meaning there was no
significant difference between anxious and-aoxious groups (congruent trials= 11,n =
633,9=0.02,p = 0.89; incongruent trial&k= 11,n = 633,g = 0.10,p = 0.57). Forest plots

summarising these results are presented in Figures 2.2 and 2.3.
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Table 2.2
Study chlracteristics and effect sizes for dot pratmngruent and incongruent trials
Author, year Country Anxiety measure(s) TotalN Agerange Mean age (D) Simuli Riskof bias(/15) AnxiousGroup Control Group Cohen'sd
N Mean age (D) N Meanage(SD)  Congruent  Incongruent
Blicher et al., 2019 Denmark ADCISDz 54 713 9.5(1.6) Faces Low (12) 27 10.1(1.6) 27 9.0(L5) 1.16 1.22
PARS
Britton et al., 2012 UsA K-SADS 42 8-18 13.85 (2.62) Faces Low (11) 17 13.3(2.9) 25 14.4(2.3) -0.06 0
SCARED-C
Kallen et al., 2007 Netherlands MASC 44 1013 116(ONR  tEMS a’;ggllz SCENes, Low (10) 23 DNR 21 DNR 0.89 0.9
Monket al., 2006 UsA K-SADS 33 917 12.91 (2.24) Faces Med (9) 18 13.53 (2.41) 15 12.28 (2.05) 0.52 0.29
Priceet al., 2013 UsA K-SADS 94 9-13 10.55 (1.3) Faces Low (10) 74 10.6 (1.4) 20 10.5(1.2) 0.04 0.02
Susaet ., 2008 () Romania AS 89 5-9 7.5(1.85) Faces Med (9) 46 DNR 43 DNR 0.09 0.05
Susaet al., 2008 (b) Romania AS 84 10-11 10.6 (0.71) Faces Low (10) 44 DNR 40 DNR 0.22 0.2
Wanget al., 2021 China BOCS 46 13-19 15.93 (1.61) Faces Med (9) 22 16.36 (1.59) 24 15.5 (1.64) -0.19 0.2
ge e Hamilton Anxiety Scale Rl 36(L. 5(1L. . .
Waterset ., 2004 Augtrdia ADISC 46 9-12 DNR Items, a;ggllz Scenes Low (10) 23 DNR 23 DNR 051 0.25
) ADISC
Waterset al., 2008 Austrdia 48 712 9.85 (DNR) Faces Low (10) 23 10.2 (ONR) 25 9.5 (DNR) 0.22 0.38
Waterset al., 2010 Austrdia ADISC 53 812 10.12 (1.61) Faces Low (11) 29 10.02 (1.33) 24 10.21(1.2) 0.73 1.07

Note:N = number; SD = standard deviatio®DNR = did not repoitRC AD S

Revi s ed afdDefredsior Scdles

ADIS-C = Anxiety Disordergnterview Schedulé child version;PARS = Personal Adjustment and Role SKHISSADS = Kiddie

Schedule for Affgive Disorders and Schizophren@CAREDC = Screen for Child Anxiety Related Disordérshild version;

MASC = Multidimensional Anxiety Scale for ChildréhC A S =

Compulsive Scale.

Spence

An Xxi

e

Ch i; VYBOCS n\YakBroAmObsessivey Scal e
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Figure 2.2

Forest plot of effect sizes for dot probe task, congruent trials

Study SMD [95% Cl]
Blicher, et al. 2019 —a— -1.16 [-1.74, -0.59]
Britton, et al. 2012 I—l—l -0.06 [-0.67, 0.56]
Kallen, et al. 2007 —— 0.89[0.27, 1.51]
Monk, et al. 2006 s 0.52[-0.18, 1.21]
Price, et al. 2013 — 0.04 [-0.46, 0.53]
Susa, et al. 2008 (a) |—-—| 0.09 [-0.33, 0.50]
Susa, et al. 2008 (b) |—-——| -0.22 [-0.65, 0.21]
Wang, et al. 2021 |—-—-—| -0.19 [-0.77, 0.39]
Waters, et al. 2004 »—-—a -0.51[-1.09, 0.08]
Waters, et al. 2008 »——-—4 0.22 [-0.35, 0.79]
Waters, et al. 2010 —— 0.73[0.17, 1.28]
RE Model N ‘ ,,,,,,, 0.02 [-0.31, 0.35]

[ I I I |
-200 -1.00 0.00 1.00 2.00

Bias away from threat Bias towards threat

The Q statistic was significant for congruent and incongruent trials (congruent trials: Q = 37.15,
df = 10,p <0.0001; incongruent trials: Q = 42.13, df = #3;0.0001) indicating considerable
heterogeneity between effect sizes across the studies (congruent |12 = 75.21%; incongruent

12=78.149%).
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Figure2.3

Forest plot of effect sizes for dot probe task, incongruent trials

Study SMD [95% Cl]
Blicher, et al. 2019 —a— -1.22 [-1.80, -0.64]
Britton, et al. 2012 |—-—| 0.00 [-0.62, 0.62]
Kallen, et al. 2007 — 0.90[0.28, 1.52]
Monk, et al. 2006 .——-—| 0.29 [-0.40, 0.97]
Price, et al. 2013 »—.—4 -0.02 [-0.52, 0.47]
Susa, et al. 2008 (a) I—I—i 0.05[-0.36, 0.47]
Susa, et al. 2008 (b) l—I-—i -0.20 [-0.63, 0.23]
Wang, et al. 2021 »——-—4 0.20 [-0.38, 0.78]
Waters, et al. 2004 . -0.25 [-0.83, 0.33]
Waters, et al. 2008 I—‘—I—I 0.38 [-0.19, 0.96]
Waters, et al. 2010 — 1.07 [0.50, 1.65]
RE Model - 0.10 [-0.25, 0.45]

-200 -1.00 0.00 1.00 2.00

Bias away from threat Bias towards threat

Attentional bias as measured by Dot probé& other

Eight studies used the dot probe task to measure attentidoubidsl not report data
separately for congruent and incongruent trials. Both Gamble et al. (2009) and Reinihroiét
et al. (2012) reported data separately for two age groups, resulting in 10 independent groups. The
characteristics of the included stadliand the effect size differences between the anxious and
control groups are presented in Table 2.3. The overall age range for participants was seven to 18

years. Across the studies there were 371 anxious participants and 863 controls. All studies used
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enotive faces as stimuli. Exposure time was 500ms in most studies, with Brown et al. (2013)
using a stimulus exposure time of 1000ms. A sensitivity analysis was run, excluding data from
the Brown et al. (2003) study to reduce heterogeneity across the siudsedid not

significantly change the overall effect size, thus only the full raatdysis including data from

Brown et al. (2013) is reported.
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Table 2.3
Study characteristics and effect sizes for dot probe other
Author, year Country Anxiety measure(s) Total N Agerange Mean age (SD) Stimuli Risk of bias ( /15) Anxious Group Control Group Hedges g
N Mean age (SD) N Mean age (SD)

Brown et al., 2013 UK DAWBA 600 8.2471 8.92 DNR Faces Low (11) 47 DNR 553 DNR -0.38
Gamble et al., 2009 (a) Australia AsE<):IASsC 39 7-11 10.23 (1.04) Faces Low (10) 19 9.82(1.1) 20 10.64 (0.98) -0.28
Gamble et al., 2009 (b) Austraia Astz:fsc 53 12-7 13.82 (1.31) Faces Low (10) 24 13.99 (1.5) 29 13.65 (1.08) -0.46

Hankin et al., 2010 USA ADIS 118 9-17 12.68 (2.16) Faces Med (9) 21 12.97 (2.55) 97 12.93 (2.06) 0.64

Reinholdt-Dunneet a., 2012 (8)  Denmark RCADS 34 7-10 9.35 (0.71) Faces Med (8) 17 9.6 (0.6) 17 9.1(0.8) 0.34

Reinholdt-Dunneet al., 2012 (b)  Denmark RCADS 33 11-14 11.8 (0.77) Faces Med (8) 14 11.7 (0.6) 19 11.9 (0.9) -0.99

Reinholdt-Dunneet al., 2015  Denmark ADIS 42 7-12 9.8 (1.75) Faces Low (10) 22 9.6 (1.7) 20 10 (1.8) 0.33

Rickettset al., 2018 USA PARS 90 9-14 11.28 (1.49) Faces Low (10) 66 DNR 24 DNR 0.13

SCARED
Roy et al., 2008 USA PARS 152 9-18 12.55 (2.75) Faces Med (9) 101 11.5(2.8) 51 13.6 (2.7) 0.51
MASC
Sylvester et al., 2016 USA SCARED 73 11-14 12.9 (1.16) Faces Low (10) 40 13.2 (1) 33 12.6 (1.3) -0.57
Note: N = number; SD =standard deviationDNR = did not report DAWBA = Development and W-8king AssessmempIS-C =

Anxiety Disorders Interview Schediilehild versionSCAS = Spence Chi ADIS =eAmdes Disgondzrs letdrwew Scheaglulee ;

RCADS=Revi sed Chil drenb6s AnPARS=tPgrsomahAdjusinent and Roke ISIBGARE:=aScreen for Child Anxiety

Related DisordersMASC = Multidimensional Anxiety Scale for Children
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The combined effect size wasn-significant across the dot probe other studkes 10,n =
1234,9=-0.05,p = 0.74). Figure 2.4 shows the forest plot of the effect sizes across these tasks.
Figure 2.4

Forest plot of effect sizes for dot probe, other

Study SMD [95% Cl]
Brown, at el. 2013 . -0.38 [-0.67, -0.08]
Gamble, et al. 2009 (a) »—-——4 -0.28 [-0.91, 0.35]
Gamble, et al. 2009 (a) — -0.46 [-1.00, 0.09]
Hankin, et al. 2010 —— 0.64[0.16, 1.12]
Reinholdt-Dunne, et al. 2012 (a) »——-—4 0.34[-0.33, 1.02]
Reinholdt-Dunne, et al. 2012 B}————— -0.99 [-1.72, -0.26]
Reinholdt-Dunne, et al. 2015 »——-—4 0.33[-0.28, 0.94]
Ricketts, et al. 2018 .—.—« 0.13 [-0.34, 0.60]
Roy, et al. 2008 —a— 0.51[0.17, 0.85]
Sylvester, et a. 2016 —— -0.57 [-1.04, -0.10]
RE Model S ‘ rrrrrrr -0.05 [-0.38, 0.27]

[ I I I |
-2.00 -1.00 0.00 1.00 2.00

Bias away from threat Bias towards threat

The Q test result was significant (Q = 39.94, df § 20.0001), again indicating considerable

heterogeneity between the results of the studies (12 = 77.29%).
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Table 2.4
Study characteristics and effect sizes for emati&troop
Author, year Country Anxiety measure(s) Total N Agerange Mean age (SD) Stimuli Risk of bias ( /15) Anxious Group Control Group Hedges g
N Mean age (SD) N Mean age (SD)
Bashford-Largo et al., 2021 USA SCARED 69 13-17 15.61 (1.62) ms, animals, scenes, peoj Low (11) 35 15.32 (1.75) 34 15.9 (1.47) 0.35
Reinholdt-Dunneet a., 2012(a)  Denmark RCADS 34 7-10 9.35(0.71) Faces Med (8) 17 9.6 (0.6) 17 9.1(0.8) 0.48
Reinholdt-Dunneet al., 2012(b)  Denmark RCADS 33 11-14 11.8 (0.77) Faces Med (8) 14 11.7 (0.6) 19 11.9 (0.9) -0.2
Richardset al., 2007 UK STAIC 50 10-11 11 (3.71) Written words Med (7) 24 10.11 (3.68) 26 11 (3.82) 0.72
Taghavi et al., 2003 UK ADIS 38 10-16 13.99 (2.39) Written words Med (9) 19 13.47 (3.23) 19 14.5 (1.01) 1.18
Note: N = number; SD = standard deviatip8CARED = Screen for Child Anxiety Related DisordfR €« ADS = Revi sed

and Depression Scal§TAIC = StateTrait Anxiety InventoryADIS = Anxiety Disorders Interview Schedule

Chi

dr e
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Attentional bias as measured by Emotional Stroop
Four separate studies assessed attention bias using an emotional Stroop task.-Reinholdt
Dunne et al. (2012) reported data for two independent age groups, resulting in five sets of data.
Three datasets involved emotionally valanced images (Bashé&gb et al, 2021 and both
ReinholdtDunne, 2012 datasets). The remaining two studies used visually presentedthreat
anxietyrelated words. Across these studies there were 109 anxiouggaantscand 115 controls.
The age range of participants was seven to 17 years. The characteristics of the included studies
and effect size differences between the anxious and control groups are shown in Table 2.4.
The difference between the combined dffazesshowed significantly higher threat bias
in anxious participantsompared to that of controfk = 5,n = 224,g = 0.50,p = 0.02). Figure
2.5 shows the forest plot of these effect sizes. The Q test was not significant (Q = 8.7pdf = 4,
0.07), siggesting there was not significant heterogeneity in the effect sizes across studies (12 =

54.85%).
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Figure 2.5

Forest plot of effect sizes for emotional Stroop

Study SMD [95% ClI]
Bashford-Largo, et al. 2021 l—I—i 0.35[-0.13, 0.82]
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Reinholdt-Dunne, et al. 2012(g)————— -0.20 [-0.89, 0.49]
Richards, et al. 2007 —a 0.72[0.15, 1.30]
Taghavi, et al. 2003 S 1.180.49, 1.87]
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Attentional bias summary

Table 2.5 presents a summary of the outcomes dbtitemetaanalyses exploring attention

biases among anxious youth relative to controls. Overall, there was no evidence for an effect of
attentional bias among anxious youth on dot probe tasks, but there was a significant attention

bias on emotional Strodpsks.
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Table 2.5
Metaanalytic results of threatelated biases in attention, summarised by task
Task k N 95% CI Q 12 Hedges' g
Dot probe Congruent 11 633 -0.31t0 0.35 37.15 75.21% 0.02
Dot Probe Incongruent 11 633 -0.251 0.45 42.13 78.14% 0.1
Dot probe other 10 1234 -0.381 0.27 39.94 77.29% -0.05
EmoStroop 5 224 0.091t00.91 8.7 54.85% 0.5

Publication Bias
Funnel plots were created for each rratalysis (Appendix C). Inspection of these

suggested no evidence of publication bias.

Memory bias

Only two studies investigating memory bias in anxious youth vs controls met inclusion
criteria. The characteristicd these studies are summarised in Table 2.6. As there were
insufficient studies to conduct a megnalysis, a narrative synthesis is provided.

Ladoucer et al. (2005) explored the mechanisms underlying emotion regulation in
affective disorders in youthmpéluding measures of anxiety and working memory @@ack task
with distracting emotional information). Participants were 17 children with anxiety, 16 children
with depression, 24 children with comorbid anxiety and depression and 18 controls, all aged
betveen eight and 16 years old. No significant differences were found between RTs for emotive
and neutral backgrounds for the anxious group, though the anxious group were slower to respond
on trials with negative compared to neutral backgrounds, suggesangdgbrocessing of

emotional information among youth with anxiety.
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Toffalini et al. (2015) used pictorial scripted material to explore the relationship between
affective disorders, including anxiety and memory in 17 to 24 year olds. ‘foutyanxious ad
34 control participants were recruited and asked to look at nine scripted episodes, each consisting
of 14 pictures depicting an everyday event. Each episode depicted setfauspattern with a
single picture depicting a causal antecedent followethi®econsequencesne positive, one
negative and one neutral. The memory test consisted of a recognition task in which participants
had to state whether they had seen the image in the encoding phase. Results showed an increase
in negative, but not posite, false memories in anxious individuafs(g, 130) = 5.91p < 0.01),
even after controlling for depression. They concluded that high trait anxiety enhances the
elaboration of negative emotional material, leading to false memories of causal anteaedents
negative events.

The results of these two studies contrast one another, with an effect found on a scripted
recall task but not on an emotionaback taskThere may be an effect of anxiety on memory,
though the findings presented here are not conawsid, given the differing nature of the tasks,

are difficult to synthesise.
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Table 2.6

Characteristics of memory bias studies

Author, year Country  Anxiety measure(s) Memory Task Total N Agerange Mean age (SD) Stimuli Risk of bias ( /15) Anxious Group Control Group
N Mean age (SD) N Mean age (SD)
Ladoucer et a., 2005 USA g(jggg n back 75 8-16 12.69 (2.53) Items, animals, scenes, people Med (9) 17 11.68 (2.71) 18 11.94 (2.43)
Toffalini et al., 2015 Italy QPAD recognition 68 7-24 19.37 (-1.99) Pictorially presented scripts Med (6) 34 19.34 (2) 34 19.39 (1.99)

Note: N = number; SD = standard deviatipR-SADS = Kiddie Schedule for Affective Disorders 8atizophreniaSCARED = Screen for

Child Anxiety Related DisorderQPAD = Questionnaire on Palliative Care for Advanced Dementia.
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Discussion

This review sought to explore whether children and adolescents with anxiety show
attentional and/or memory biases towards threkted information. The first aim was to
investigate whether an attentional bias towards threatening stimuli, as measunsatibpa
Stroop and dot probe tasks, was observed in anxious youth relative to controls. Building on an
earlier metaanalytic review (Dudeney et al., 2015) by including more recent studies and
reducing the heterogeneity of variables, our results indibateahxious children and adolescents
show a bias towards threat when measured by the emotional Stroop task, but not when measured
by dot probe. The second aim was to explore whether anxious youth show biased recall for
threatrelated information compared tontrols. Only two studies met the inclusion criteria,

meaning a narrative review was conducted revealing conflicting results.

Attentional bias
Four metaanalyses were conducted, three for studies using dot probe tasks and one for
those using emotiondtroop. The dot probe mesmalyses explored differences in RTs between
young people with anxiety for congruent trials and incongruent trials separately. A third meta
analysis was conducted for studies that did not report RTs for the separate contigsms;
reported bias scores.
For studies using the dot probe tasiere was no evidence for an attentional bias towards
threat in anxious young people compared to controls across congruent or incongruent trials, nor
in studiesreportingbias cores. Thi s i s consistent with Dud:
attentional bias in anxious youth. Symptoms of depression may prevent the manifestation of

anxietyrelated attentional biases in comorbid populations (Mogd},€t993; Bradlewt 4.,
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1995). As the current review included children and adolescents with comorbid presentations,
attentional biases may therefore have been masked.

This review explored biaséswardthreat (.e., faster RTs to threatening stimuli in
anxious youth). Studigacluded in these metanalyses were highly heterogeneous; some
studies showing a strong effect in the direction of threlatted material for the anxious group
(e.g.,Kallen et al. 2007; Hankiret al., 2010; Roy et al., 2008; Waters et al., 2010) rethe
showing a strong effect in the opposite directiemy (,Blicher et al., 2019; Brown et al., 2013;
Sylvester et al., 2016). It is possible that these slow RTs reflect an attentional bias away from
threati an avoidance.

Consistent with this idea, onlegoretical account of anxiety suggests that a logical
response to threat is to take action to prevent a perceived negative outcome, which leads to a
cognitive bias towards avoidant and escape behaviour (Salkovskis, 1991). Correspondingly, the
time course battentional allocation towards threatening stimuli is important in the maintenance
of anxiety disorders, with a pattern of initial vigilance towards threat being followed by
avoidance (Mogg & Bradley, 1998). Thus, while the current review found no eedéan
attentional bias toward threat, it is possible that pooling effects towards and away from threat to
compare absolute differences between anxious children and adolescents, and controls meant that
the effects balanced each other out, resulting isigraficant group effect. It could be that
anxious youth do show attentional biases, both towards and away from threat, reflecting both
vigilance and avoidance. Alternatively, it could be that some anxious youth display avoidance of
threat whilst othersdve a tendency for vigilance for threatated material. Future meta
analyses could explore this by considering the direction of the group differences between

anxious and nofanxious young people.
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Research suggests that the varied effects of attenb@sateported across studies might
be agerelated, with younger children showing stronger biases towards threat as they lack the
cognitive ability to inhibit the processing of threatated material (Kindt, 1997). No such
pattern was easily observable@as the studies included in the current review and subgroup
analyses of different age groups was not posdilie to insufficient data

While there was no evidence of attentional bias toward threat in the dot probe meta
analyses, there was a signifitamediumsized effect in the metanalysis conducted on studies
using the emotional Stroop task. Unlike the dot probe 1aetdyses, many individual studies
showed an effect in the same direction for the Stroop task, with anxious youth performing more
pootly than controls when the task contained thre&ted stimuli. In other words, they were
less able to inhibit irrelevant information if it contained thneddted information, indicating an
attentional bias toward threat.

Finding an effect foremotioha St r oop but not dot probe al:
(2015) results. They too found that attentional biases were only evident on the Stroop task in
children, contrasting findings from adults that show differences between anxious and non
anxious peopleaoss both tasks (Bataim et al., 2007). What does this mean for the presence
of attentional bias in anxious youth? It is likely that anxious young people are biased toward and
away from threat, and that the Stroop meatalysis is detecting the formertbese, while the
dot probe is not able to differentiate between attentional biases towards or away from threat
(Clarke et al., 2013), meaning it shows what looks like a null difference between anxious and
control groups. Alternatively, the dot probe miglbt be sensitive enough to detect bias in

children and adolescents, as it was developed for use with adults (McLeod et al., 1986).
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Memory bias

There were not enough papers to complete a-aredéysis of memory bias in anxious
youth. The two that met ingsion criteria were instead described in a narrative synthesis.
Ladoucer et al.od6s (2005) findings that anxi ou
negative background than on trials with a neutral background did not reach significance.
Toffalini et al., (2015) did find a significant difference, with anxious participants recalling
significantly more negative false memories, suggesting they have a memory bias for negative
information. This difference might reflect differences in the memory systeeasured by the
two tasks while n-back taps into working memory, scripted recall tasks measure episodic/long
term memory. Thus, anxious youth might have memory biases for legrgememory system,
but not in shorterm or working memory. Further stagiare needed to test this speculative idea.

Another consideration is the ages of the participants in the two studies, with those in the
Ladoucer et al. (2005) study being younger than those in in the To#adihi(2015) study. As
discussed above, agay play a role in the processing of threglated material in anxious youth
and further research is needed in this area.

A key finding of the systematic review of the literature in this field was a paucity of
studies. Whilst there is extensive reseantb memory biases in depression (for a review, see

Platt et al., 2017), there is comparatively litdsearclavailable exploring the same in anxiety.

Strengths andlimitations
A strength of this report was the robust methodology and strict inclastena which
resulted in a reduction of heterogeneity compared to previous reviews. This enabled greater

confidence in the findingsf each metanalysis but resulted in a comparatively small number of
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studies. Prior metanalyses of attentional biasesthreat (BaHaim et al., 2007; Dudeney et al.,
2015) includeda far greater numbe@f studies as they had less strict inclusion criteria, which
resultedn more heterogeneity in the study characteristcg. (samples and experimental
variables). Whilsthis methodological rigour enabled the exploration of biases in subgroups of
tasks, it resulted in too small a pool to explore other areas of interest, such as devalopment
differences in biases.

Second, only searching for published papers in the Englgjuage may have restricted
the search scope and missed the grey literature. However, this did result in a level of quality
control and no publication bias was fourdso, most papers included in the metaalyses
reported only significant findings. Whiexamination of the funnel plots for each matalysis
suggested there was no publication bias, future studies may seek to include such data reporting
nonsignificant effects, including in the grey literature.

Finally, it is important to note thanly two tasks were examined in the mataly®s:
the dot probe and the emotional Strodhilst both arerobust and simple to administéingydo
not provide information regarding underlying attentional proce$&egctiortime measures
have also beeniticised for only providing a snapshot of attentional processes in the moment
participants respondifferent tasks may tap into different attentional processss it should be
highlighted that only examining the dot probe and emotional Stroop mayrhpaeted the
results A small number of articles in the initial search did utilise other tasks, such as a Go/No Go
task that asks participants to respond by pressin
s e e -g o 6 n sHogvaver| thestasks were very rarely used and studies including them were

excluded due to other reasons, as outlined in figure 2.1.
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Clinical implications

An attentional bias towards threat was most reliably indicated by the emotional Stroop
task, which requires volitional control over attention. This is one element targeted in clinical
interventions, such as cognitive behavioural therapy (CBT), which esguidividuals, in part,
to identify and work with attention. CBT has been shown to be effective for both preventing and
treating childhood anxiety (Schwartz et al., 2019). A better understanding of the different roles
attentional bias can play may helpbietter tailor the delivery and impact of such interventions

for young people.

Future directions

The current study highlights the importance of investigating attentional biases towards
andaway from threat in young people. It suggests the dot probenigsik not be sensitive to
these differences, and therefore that future research should explore attentional bias with
alternative paradigms, ideally with increased clinical relevance. The lack of studies on memory
bias in anxious youth points to a gap ie therature that needs to be filled moving forward,
especially as information processing theories regarding anxiety are highly prevalent. Finally,
with a move towards transdiagnostic approaches to understanding mental ill health (Dalgleish et
al., 2020),t would be interesting to explore attention and memory biases across groups with
comorbid conditions, or to explore whether these information processing biases are

transdiagnostic risk factors for specific symptoms.

Conclusion
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This review suggests thgbung people with anxiety show an attentional bias towards
threatening stimuli as measured by emotional Stroop tasksiot when measured by the dot
probe taskAttention bias is complicated though and may be better understood in terms of bias
towards (vgilance) and bias away (avoidance) from threat. Future research should focus on

better understanding this distinction to account for this heterogeneity.
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Bridging Chapter

The broad aim of this thesis is to explore the relationship between cognition and mental
health in children anddolescents. The meé&malysis presented in the previous chapter
investigated whether young children and adolescents have biased information processing in two
aspects of cognition, attention, and memory. The results revealed no significant evidence for an
attentional bias towards threat in young people, although as previously discussed, it is important
for future studies to disentangle biases both towards (vigilance) and away (avoidance) from
threat. In terms of memory, there were too few studies to ruetaanalysis or conclude
whether anxious young people show memory biases for affective information.

The aim ofthe empirical project presented in the next chapter is to extend the
investigation into cognition and mental health in young people, with aplartfocus on
changes in mental health profiles from natid lateadolescence and their relationship to a range

of cognitive abilities associated with sadind emotionategulation.
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Abstract
Background: Our current understanding of developmental changes in mental health largely
focusses on changes between childhood and adolescence and symptom presentations at single
time points. Here we focus on changes in mental heatthd®n mid and late adolescence. We
aimed to identify mental health profiles at both time points, map transitions across these profiles
across development, and explore how changes in profile relate to cognitive function in mid
adolescence.
Method: We usel data from 1304 participants from the IMAGEN cohort, following them from
mid- (age 14) to late (age 22) adolescence. We usaddans clustering on data from those with
elevated mental health symptoms at both time points to identify common profilestaf men
health symptoms. Those with no mental health symptoms formed their own cluster. We mapped
transitions between the groups across time and explored how cognitive function at age 14 related
to these changes.
Results: We identified three distinct menta¢alth profiles, each with different levels of
difficulties in externalising problems, internalising problems, or difficulties with social
relationships. These profiles were similar in fradd late adolescence. Externalising problems
were more common in mh than late adolescence. Persistent externalising and social problems
were related to cognitive function in madiolescence but persisting internalising problems and
problems that emerged or resolved in late adolescence were not.
Conclusion: Profiles ofmental health change between sradd late adolescence, and persistent
externalising and socigkoblems are related to earlier cognitive abilities. These data highlight
the importance of understanding the developmental context in which mental healémsrobl

occur, and the factors linked to their persistence.
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Introduction

Adolescence is a period of heightened biological, cognitive, and social change associated
with increased risk for mental health difficulties (Blakemore & Mills 2014; Kesslal,62005;
Tamnes et al., 2017). Worldwide, the prevalence of mental health disorders increases from
childhood to adolescence, peaking during late adolescence as young people develop a sense of
identity and transition into adulthood (Beauchamp et al., 20®8tello et al., 2011; Dahl, 2004;
Murphy & Fonagy, 2012). Despite this, approaches to understanding developmental changes in
mental health typically focus on symptom presentations at a single time point or developmental
stage, not accounting for the déapmental course of psychopathology or the potentially
adaptive nature of such presentations (Lewis & Rudolph, 2014; Willner et al., 2017).
Alternatively, they focus on transitions from either childhood into adolescence or adulthood,
from early to mid-adolescence, or from madolescence to adulthood, with little reference to
late adolescence (Bartels et al., 2018; Bathelt, Vignoles & A&l ; Benhamou & Astle,
2022; Copeland et al., 2014; Vaillancourt et al., 2013). This period, spanning the late teenage
years into the midwenties is associated with an increased level of unmet mental health service
need, increased vulnerability to sulvsta abuse and reduced access to mental health services
provided through schools (Blanco et al., 2008; Compton et al., 2007; Copeland et al., 2015;
Kessler et al., 2005). To reduce the long term economic and social burden of maethll
(Knapp & Wong,2020; Rehm & Shelf, 2016) and move towards a proactive model of
intervention (FenwickSmith et al., 2018), it is necessary to understand how symptoms change in
late adolescence, and what predicts these changes. This study adopted a transdiagnostic approac
to mapping changes in mental health symptoms from toithte adolescence and explored their

associations with cognition, concurrently and longitudinally.
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The traditional approach to mapping developmental trajectories of meihiahith relies
on diagnostic systems to document prevalence at different ages (Copeland et al., 2014; Moffitt et
al., 2015; Stringaris et al., 2018). Costello et al. (2011) documented rates of depression, panic
disorder, agoraphobia and substance use disorders increaséiiditoad to adolescence, while
separation anxiety and attentideficit hyperactivity disorder (ADHD) decrease. Rates of panic
disorder, agoraphobia and substance use disorders continue to increase into adulthood while
social anxiety and other phobias, ADHand disruptive behaviours drop. The categorical
diagnostic approach adopted by such studies, and endorsed by international classification
systems such as the Diagnostic Statistical Manual (BBSMmerican Psychiatric Association,
2013), runs counter t® wealth of clinical and research evidence showing that mental health and
neurodevelopmental disorders are highly comorbid, heterogeneous, variable across time,
explained by multiple causes and not captured by a cardinal set of synip@aigisish et al.,
2020; Astle et al., 2021 An alternative transdiagnostic approach emphasises the use-of data
driven approaches to delineate more refined phenotypes along dimensions of interest (Astle et
al., 2019; Caspi & Moffit 2018; Cuthbert & Insel, 2013; Holmes et al., 2021). These approaches
allow tailoring of interventions to individual needs rather than single, potentiafiitinlg
diagnostic labels (Newby, MKinnon, Kuyken, Gilbody, & Dalgleish, 2018yeisz et al.2012)
Cluster analysis is an increasingly popular method for identifyingdfatan subgroups
with similar profiles of mental health, cognition, or behavipArchibald et al., 2013; Astle et
al., 2019; Bathelt et al., 2018, 2021; Kushki et al., 2019; Mareva et al., 2019, Z628¢
subgroups typically crosscut diagnostic boundaries and align bettenvaénlying
neurobiology than diagnostic groupings (Bathelt et al., 2018; Mareva et al., 2022). Few studies

have used these approaches to track the developmental course of mental health. The exceptions
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are Bathelt et al. (2021) who used a hierarchical etingy approach to identify profiles of
behavioural problems associated with mental health disorelgrshfyperactivity, emotional
problems) from childhood (1¢earg to adolescence (Jarg, and Benhamou et al. (in
preparatior) who used Kmeans clusténg to identify profiles across similar measures at 5, 11
and 17years K-means clustering aims to partition a set of observations into clusters (k). In both
studies, participantsd transitions across the
Bathelt et al. (2021) showed that while externalising symptoms such as hyperactivity and
conduct problems were common in childhood, decreasing into adolescence, internalising
symptoms such as emotional problems and anxiety were more prominent in adolescence
compared to externalising behaviours. Similarly, Benhamou et al. (ianatep) showed
behavioural problems reduced between childhood and adolescence, with more differentiated
patterns of internalising and externalising symptoms emerging over tifethrstudies, factors
associated with better family resources and wellbeing (higher family income, education, better
caregiver mental health) predicted improvements in mental health problems across development.
Bathelt et al. (2021) additionally showedtth&ggher cognitive performance in childhood was
associated with a reduction in behavioural problems in adolescence.
The current study

This study used a datiiven clustering approach to identify subgroups of mental health
profiles in a sample of,204 participants taken from the IMAGEBtudy Schumann et al.,
2014),1 a large scale study examining factors that influence brain development and mental
health in adolescence. We focussed on the transition betweeanmdithte adolescence, (ages 14
and 22 yees), as this is an understudied period associated with heightened risk for mental health

problems (Beauchamp et al., 2018). We identified clusters of mental health symptoms at each
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timepoint using seffeport measures from the wetlidated Strengths & Eficulties

Questionnaire (Goodman, 1997), capturing externalising and internalising symptoms. Transitions
across these clusters were tracked fromtoidate adolescence, and associations between these
changes and cognitive function were explored.

The developmental transition in late adolescence towards adulthood is marked by
changes in social roles and responsibilities and adjustments to personal goals and motivations
that require effortful cognitive control to attenuate and regulate behaviour andresn@rone
& Dahl, 2012). We included measures of delay aversion andaksikg because impulsive and
risky decisioamaking increases in adolescence (Crone et al., 2016; Dekkers et al., 2022;
Rosenbaum & Hartley, 2019), and problems both inhibiting inyilesponses and delaying
gratification are associated with elevated externalising symptoms (Barkley, 1997; Chaarani et al.,
2017; Nigg et al., 2006; Pollak et al., 2019; Schachar et al., 2011; Wright et al., 2014). The
Cambridge Gambling Task was usedrteasure riskaking because it provides a measure of
delay aversiofi a preference for smaller immediate rewards over ladlgiayed rewards
alongside measures of the ability to tolerate risk and adjustelated behaviours. Dual
processing models pit that affective states have a greater impact on cognitive function in
adolescence than in childhood or adulthood (Casey et al., 2016; Crone & Dahl, 2012; Schulman
et al., 2016). Thus, an affective go/no go tasls usedo measure response inhibitiontép into
the interaction between affective and cognitive processes. A spatial working memory task, with
no affective component, was also included to explore whether cognitive function in the absence
of emotional content predicted changes in mental healtveen midand late adolescence.

This was a datdriven, exploratory study so we did not formulate a hypothesis about the

mental health profiles that would emerge, the concurrent cognitive features differentiating them,
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the ways in which they would chga over time, or the cognitive factors that would predict these
changes. Instead, we designed the study as an exploratory investigation aiming to address four
broad questions: (1) can we identify robust subgroups of adolescents presenting with distinct
profiles of mental health at micand late adolescence within a large community sample; (2) do
the subgroups differ in terms of cognitive function; (3) how do individuals transition across
clusters over developmental time, and; (4) does baseline cognitstiofudiffer between those

with persisting, resolving or emerging mental health problems fromtmidte adolescence?

Method

Participants

A sample of n = B04 participants (males&l1, females = 693) was drawn from the
IMAGEN cohort (Time pointl: Mage= 13.95 years, SD = 0.45; females, n = 683ge=
13.95, SD = 0.47; males, n = 6Mage= 13.95, SD = 0.43;ilmepoint2: Mage= 22.1 years,
SD = 0.71; femalesvage= 22.08, SD = 0.67; maleslage= 22.11, SD = 0.75) at T2.
Materials and procedure

Authorisation to access the data was granted by the IMAGEN board (AppeBdices
andG). Data were drawn from the IMAGEN cohort (Schumann et al., 2014), a longitudinal
study exploring the biological, psychological, and environ@aleiactors that influence brain
development and mental health during adolescence. Data were collected from eight sites across
four European countries: London and Nottingham in the UK, Berlin, Hamburg, Mannheim and
Dresden in Germany, Paris in France, andli in Ireland. Ethical approval was obtained from

the local research ethics committee at each site, and written consent from parents/carers or the
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participants, or verbal assent from the participants, was obtained prior to testing. Participants
receivedcompensation of up to £100, depending on participation in fellp\assessments. Data
were collected at four time points, when participants were aged 13 to 15, 16, 19 and 22.

Data fromtimepointl (referred to hereafter d4), when participants were a3 to 15
years, and the final assessment point, when participants were 22 years old (referred to hereafter
as T2), were analysed in the current study. The data analysed inclutpeetfmeasures of
mental health at T1 and T2, and performance on ttogeitive tasks at T1 and two at T2.

Mental health

Selfreport versions of the Strengths and Difficulties Questionnaire (SDQ; Appendix
Goodman, 1997) were administered at T1 and T2. At T1 the children and young people version
was administered, with ajsarate version, S18+, administered at T2. The SDQ is comprised of

25 items measuring social and emotional functioning. Items are organised into five subscales:

Emotional Problems, Hyperactivity, Conduct Problems, Peer Problems, and Prosocial behaviour.

Age-uncorrected raw subscale scores were used in all analyses to allow for easier comparisons
with other studies using the SDQ. Higher scores indicated more severe difficulties for Emotional
Problems, Hyperactivity, Conduct Problems and Peer Problems. Herabecial subscale, high
scores reflected more prosocial behaviour, indicative of fewer difficulties. The SDQ has been
widely validated across countries and populations (Capron et al., 2007; Foeskero et al.,

2011; Goodman, 1997; Klasen et al., 200@ufioSierra et al., 2015), and has good internal
consistency, with Cronbachés alpha values r
Haywood et al., 2014).

Cognition

an
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Cognitive measures from the Cambridge Neuropsychological Test Automated Batter
(CANTAB https://www.cambridgecognition.com/cantab; Sandberg, 2011) were administered. At
T1, three tasks wemmpletedthe Cambridge Gambling Task (CGT), the Affective Go/Blo
task (AGN) and the Spatial Working Memory task (SWM). The CGT and SWM vesies
repeated at T2.

Cambridge Gambling Task (CGT).The CGT was used to measure risk taking and
delay aversion outside of a learning context (all relevant information was presented within each
trial). On each trial, participants were presented with aabten boxes across the top of the
screen, some red and some blue. The ratio of red to blue boxes could range from 1 red: 9 blue,
through to 1 blue: 9 red. Participants were first required to guess whether a yellow token was
hidden in one of the boxes bijoking on a blue or red rectangle presented on screen. They
started with a set number of points and were required to bet a proportion of these on the
confidence of their judgement. The bet proportions were fixed across trials at 5%, 25%, 50%,
75%, or 95%and presented on screen sequentially with a fixed delay between each proportion,
requiring participants to delay their responses to select their preferred bet. The presentation order
(ascending or descending) of the bet proportions was varied acrassPadlcipants gained
additional points for correct guesses, and lost points for incorrect guesses. Multiple indices
captured different aspects of ritkking. In this study we used the measures of delay
aversion/impulsivity, risk taking, and risk adjustnt as they reflect most closely the aspects of
cognitive function linked to risky behaviour and mental health problems in adolescence (Crone
et al., 2016; Chaarani et al., 2017; Nigg et al., 2006; Pollak et al., 2019). Impulsivity/delay
aversion was caltated as the difference in average betting ratios chosen across ascending and

descending conditions for optimal trials (those where the participant chose the colour with the
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most boxes). Larger negative values (lower values) correspond to impulsive (eting
choosing the bets that appear on screen sooner). Risk taking was measured as an average of the
proportion of points participants were willing to bet on optimal trials. Higher values
corresponded to betting a higher proportion of points, indicangeone was better able to
tolerate risks€.g.,they were less risk averse/more willing to take risks). Risk adjustment was
included to capture participanfiendencies to bet more when the odds were in their favour, with
lower scores representing poorsk adjustmentd.g.,being less likely to switch the choice of
coloured box when the rules or ratio of blue: red boxes changed).

Spatial Working Memory (SWM). The SWM task was a satirdered, serial search
task, in which participants were presented aithet of boxes on screen and told to search for a
token that was hidden beneath one of them. Participants searched the boxes by clicking on them
one at a time. When the token had been found, participants were shown the same set of boxes
and instructed téind the next token. They were told that once a token had been found under a
particular box, it would not appear under the same box again within that block of trials. Thus, to
perform the task well, participants had to remember which boxes the tokemdeatyddeen
hidden under in any block of trials. The number of boxes on screen increased within a set of
trials from 4 to 6 to 8, to increase the memory load. A new block of trials began once a
participant had found the token under each box. The chandeckwas marked by a change in
position and colour of the boxes. A higher score indicated more errors, suggesting poorer
working memory. Each memory load conditiae.( number of boxes on the screen) was
presented four times resulting in 72 tokens ialtttat had to be located across 12 search sets.

Between trial errors were recorded, representing the number of times a participant searched a
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box in which a token had been found in an earlier trial within a block. The higher the score, the
greater the nubver of errors, indicating poorer working memory.

Affective Go/No-Go (AGN). The AGN task indexed response inhibition for affective
words. Participants were presented with single words on screen that were affectively valanced
(happy or sad). Eight blocks tfals, each containing 18 words (nine positeg.,6 happy 6, and
nine negativee.g.,.0 us el ess66) were presented. Each word
with a 900ms inter stimulus interval. Participants were instructed to press the space bar in
response to positive words but not negative words in the first two blocks, but to ®witch
pressing the space bar in response to negative and not positive words in the next two blocks. The
instructions (conditions) continued to alter every two blocks: positive, positive, negative,
negative, positive, positive, etc. A measure of responsddriaggative words was calculated as
the mean difference between the response times (latency) for pusitiggative target words.
Higher values indicated faster response times to negative than positive words (affective bias
towards negative stimuli).
Analysis Plan

A datadriven K-means clustering algorithm was applied to the pelseperson
associations across the SDQ subscales at T1 and T2 for children with elevated mental health
problems to identify subgroups with similar profiles of mental healdmgths and difficulties.
SDQ ratings and cognitive performance were then compared between each of the derived
subgroups and a group of adolescents with no mental health diffiqaitieslinical group)at
T1 and T2. The number of participants who movewgbss the derived clusters from T1 to T2 was
then calculated, and the cognitive function of individuals with persistimgrging or resolving

mental health problems, and stable no difficul{res-clinical) was explored. All analyses were
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completed in Rversion 4.2.0, using the individual packages described and psych_2.2.3 (Revelle,
in preparation).
Data screening
Participants assessed during the first wave of IMAGEN testing, when they were aged 13
15 years, who had SDQ data at both timepoints were included in the current analyses. T1 SDQ
profiles were compared between participants who had SDQ data at T2 and those who did not.
There were significant group differences in T1 ratings of prosocial balvawonduct problems,
and hyperactivity/inattention (ghs<.05, see Table S1 in supplementary materials). Those
without follow-up data had elevated conduct problems and hyperactivity/inattention, and lower
levels of prosocial behaviour at T1, buttheeetft si zes were small (Cohen
respectively).
Clustering
SDQ subscale scores were used to identify subgroups of adolescents with similar profiles
of mental health at T1 and at T2. The same procedure was followed at both times pthets. In
first step,nonclinicalpar t i ci pants without mental health p
difficultiesd (ND) group on the basis that th
according to the SDQ scoring protocol (see Supplementary Maté&iiglgse S2). At T1, 520
(40%) participants were assigned to the ND group, leaving 784 participants with elevated
difficulties who were included in the next step of clustering. At T2,(@996%)were identified
as having ND, leaving 655 with elevated ditfities for further clustering. To optimise clustering
performance (Dalmijer et al., 2020), the data for those with elevated difficulties, was reduced
using uniform manifold approximation and projection (UMAP; Mclnnes et al., 2018). UMAP

initially builds atopological representation of the original data, before minimising the-cross
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entropy between the new lowdimensional space and the original highdenensional space to
optimise the lowedimensional embedding. This method was favoured due its abilieserve

the local and global structure of the original data, its flexibility regarding choice of distance
metrics, and its computational efficiency. UMAP parameters number of neighbours was set at 20
and a minimum distance at 0.0001 to allow for denksisters and cleaner separationsmi€ans
clustering (k=215) was then applied to the UMARduced space usingpaickage NbClust 3.0
(Charrad, et al., 2014). The optimal number of clusters was chosen based on silhouette scores
above 0.5 (Dalmaijer et al.020; Bathelt et al., 2021).

Cluster characterisation. The clusters derived at T1 and T2 were characterised in the
same way. First, cksquare tests were used to compare the proportion of males and females in
each cluster to the proportion of males and fesa the whole sample. Planned comparison,
pairwise ttests were used to compare the SDQ ratings and cognitive test performance between
each cluster and then-clinical ND group.

Cluster transitions. The number of participants whose cluster membersgnged
across time was quantified by counting the number of adolescents who moved between any of
the derived clusters and the ND group between T1 and T2. A series of planned comparison
pairwise ttests were used to characterise the T1 cognitive funotjasfithree types of
transitions. These were: 1) persisting individuals who had difficulties across T1 and T2; 2)
resolvingi those who had difficulties at T1 but who transitioned to the ND group at T2; 3)
emerging those who were in the ND group at Tt bad difficulties at T2. The classification of
persisting, resolving and emerging difficulties was completed for simple transitions and for
clusterspecific transitions. For simple transitions, cluster membership was not used to

differentiate the specifitype of mental health difficulties. For clustgpecific transitions
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changes in the type of mental health profile were considered. The planned comparisons
conducted are detailed in Table 4.1 for transparency. Femy# the results, a three cluster
soluion was optimal at both time points, so for ease of interpretation, we report the planned

comparisons based on aister solution at both T1 and T2 in Table 4.1.



Cognition and mental health in children and young people
88

Table 4.1
Planned comparisons to explore cognitive functiorelation to persisting, resolving, or emerging

mental health problems

Cluster-specific

transitions Transition Compared to

Emerging T1 ND to cluster 1 ND at T1 and T2
T1 ND to cluster 2 ND at T1 and T2
T1 ND to cluster 3 ND at T1 and T2

Persisting Stays in cluster 1 T1to T2 ND at T1 and T2
Stays in cluster 2 T1to T2 ND at Tl and T2
Stays in cluster 3 T1to T2 ND at T1 and T2

Resolving T1 cluster 1 to T2 ND Stays in cluster 1 (soc) T1to T2
T1 cluster 2to T2 ND Stays incluster 2 (int) T1 to T2
T1 cluster 3 to T2 ND Stays in cluster 2 (ext) T1 to T2

Simple transitions
Emerging TLNDto T2 clusters1,20or3 NDatT1land T2
Persisting Stays in cluster 1,2 or 3 T1to T: ND at T1 and T2

Resolving Tlcluster 1,2 or 3to T2 ND ND at T1 and T2
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Results

Clustering

UMAP data reduction combined with-ikeans clustering was applied to the SDQ data at
T1, and separately to the SDQ data at T2, for all participants with scores outside the average
range. Those with scores in the average range formed a no difficulties ahdteere used as a
comparison group.
T1 clusteridentification

The results of Kmeans (k = 25) clustering applied to the dimensionalgduced
dataset at T1 are presented in Figures 4.1 and 4.2.
Figure 4.1

Silhouette scores of K=25 clustersolutions at T1.
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Figure 4.1 shows the average silhouette for different numbers of cluster solutions.
Inspection of the silhouette coefficients indicated that a tblester solution was optimal
(Figure 4.1). The reduced 2D UMAP spaceonwleichc h par ti ci pant 6s SDQ d
was projected is presented in Figure 4.2, with clusters coded in different colours.
Figure 4.2

UMAP space showing a 2D projection of each pa
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T1 Clustercharacterisation
The SDQ priiles of the three clusters derived at T1 are shown as radar plots in Figure

4.3. SDQ scores are compared to the no difficulties (ND) group in each case and represented as
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effect sizes for ease of interpretation (see Supplementary Table S3 for the fdirisam of
SDQ scores across clusters). Examination of these plots revealed significant difficulties across
most subscales of the SDQ for each cluster relatittee ND group, with specific areas of more
severe problems distinguishing them from one amothe

Relative to the ND group, the first cluster had significantly more difficulties across all
SDQ subscales but showed the most pronounced problems with hyperagtivity 8),
behavioural conduct(= 1.41), and prosocial behaviour=£ -1.34). As thesproblems represent
overt behavioural/mental health problems, and because the Hyperactivity and Conduct Problems
subscales from the SDQ form an index of externalising problems (Goodman et al., 2010), this

profile was labelled Externalising (abbreviatedEtd. in subsequent Tables and Figures).
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Figure4.3

DQ profiles of each cluster relative to the no difficulties group at T1.
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5
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—— ext nd int nd social nd

Note. Group differences are shown as effect sizes (* = small (>0.2 and <0.5), ** = medium (>.05
and <0.8), *** =large (>0.8)). Note. ext=externalising profile; int=internalising profile; soc=social

profile; nd= no difficulties group.

The second cluster also had significantly more severe problems across all subscales of the
SDQ compared to the ND group, with relatively more severe emotional problems (d = 3.10) and
difficulties with peer relatioships (d = 1.12). The sum of these two scales is widely used to
index internalising problems (Goodman et al., 2010), so this cluster was labelled Internalising
(abbreviated to Int. in Tables and Figures).

The third cluster had significantly more diffitigls than the ND group on all SDQ

subscales, except for Hyperactivity. The most pronounced difficulties for this cluster were in
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making and sustaining friendships (Peer Relationships; d = 2.66) so it was labelled Social
(abbreviated to Soc. on Tables angures).

The total number of participants and the numbers of males and females in eaclatluster
T1is presented in Table 4.2. The largest group were those with no difficulties, followed by those
with an externalising profile. A series of edguare testsee Supplementary Table S4) revealed
that there were significantly more males than females in the externalising and social clusters

(ps<.001), and significantly more females in the internalising cluste0Q1).

Table 4.2

Number obparticipants in each cluster at T1.

Ext Int Soc ND
n
Female 153 151 92 297
Male 204 48 136 223
Total 357 199 228 520

Note Ext=externalising profile; Int=internalising profile; Soc=social profile; ND= no difficulties

group.

Thecognitive profiles of the clusters derived at T1 are presented in Figure 4.4. The
cognitive performance of each cluster was compared to the no difficulties group (see
Supplementary Table S5). Those in the externalising cluster had significantly poaiedr spat
working memory score€.003), and significantly higher rigiaking scoresp=.02)1 indicating

they were more prone to taking risk¢han those with no difficulties.
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Figure4.4

Cognitive profiles at T1 by cluster.
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Note. Each cluster is compared to the no difficulties group. *=p<.05, **=p<.01. ext=externalising

profile; int=internalising profile; soc=socia profile; nd= no difficulties group.

Those in the internalising cluster also had significantly poorer working metimeomythe
no difficulties group j§ = 0.04) but were significantly less likely to take risks than the no
difficulties group, as shown by significantly lower scones.Q4). There were no significant
differences in cognitive performance at T1 for those énsibicial cluster relative to the no
difficulties group, and there were no significant group differences on the Affective &idNo

task.
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Figure 4.5

Silhouette scores of K=25 cluster solutions at T2.
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T2 cluster identification

K-means (k = 25) clustering was applied to the dimensionaéiguced dataset at T2.

Figure 4.5 shows the average silhouette for cluster solutions ranging from 2 to 15, and as at T1,

inspection of the silhouette coefficients indicated that a tblestersolution was optimal as this
is where the silhouette coefficient exceeded the .5 threshold (Figure 4.5). Witleste3

solution was optimal at T1 and T2, it is important to note that the same participants may not
belong to the same clusters at T1 a2dand that the profiles of the clusters changed subtly
bet ween time points. The 2D UMAP space on

was projected is presented in Figure 4.6, with clusters coded in different colours.

wh i
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Figure 4.6

UMAP spaceshowng a 2D projection of each participar
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T2 cluster characterisation
The SDQ profiles of the three clusters derived at T2 are shown as radar plots in Figure 4.7. As at
T1, SDQ scores are compared to the no difficulties (ND) gnowach case and represented as

effect sizes (see Supplementary Table S6 for means and SDs).



Cognition and mental health in children and young people
97

Figure4.7

SDQ profiles of each cluster relative to the no difficulties group at T2
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Note. Group differences are shown as effect sizes. (* = small (>0.2 and <0.5), ** = medium (>.0%
and <0.8), *** = large (>0.8)). Ext=externalising profile; int=internalising profile; soc=socia

profile; nd= no difficulties group.

The first cluster had significant difficulties across all subscales of the SDQ relative to the
no difficulties group at T2 but was characterised by relativelgerpoonounced problems with
hyperactivity(d = 2.20), conduct problem& = 1.19 and prosocial behaviour (el=13) as at
T1, and emotional difficultiesd(= 1.03). As two of these areas correspond to overt behaviours
and form the externalising problemslax of the SDQ (Goodman et al., 2010), this profile was
labelled Externalising (abbreviated to Ext. in subsequent Tables and Figures), as at T1.

The second cluster also had significantly more severe problems across all subscales of the

SDQ compared to theD group, with relatively more severe emotional problems (d = 3.64) and
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difficulties with peer relationships (d = 1.50). This profile matched that of the second cluster at
T1, and so was similarly labelled Internalising (abbreviated to Int. in Tablesgure$).

The third cluster was also characterised by significantly more problems across all
subscales of the SDQ relative to the no difficulties group, with the most pronounced areas of
difficulty being in establishing and maintaining peer relationship.4b) as at T1 and more
pronounced difficulty exhibiting prosocial behaviour {®7) than at T1. As at T1, this cluster
was again labelled social (abbreviated to Soc. in figures and tables).

The distribution of participants and the numbers of malesemdles in each cluster
derived at T2 is presented in Table 4.3. The largest cluster had no difficulties, and this was larger
than at T1 (n=520 vs n=649). The discrepancies in the size of the internalising and externalising
clusterswerereduced at T2 (T1 ext:iint = 357:199, T2 n ext:int=232:213), mostly due to there
being fewer people with externalising problems (T1 n=357, T2 n=232). As at T1, chi squared
tests revealed there were significantly more males than females in the externalising clusters, and
significantly more females than males in the internalising clugtef£01). There were no
significant differences in the numbers of males and females in the social ghesen) (See
Supplementary Table S7 for the results. Overall, there were 50.23%jpufghkation with

difficulties at T2, a reduction from T1.

Table4.3

Number of participantsin each cluster at T2.

] Externalising Internalising ~ Social e e
Femae 99 163 98 336
Mae 133 50 112 313

Total 232 213 210 649
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The cognitive profiles of the clusters derived at T2 are presented in Figure 4.8. Those in
the externalising cluster were significantly more likely to take risks than those in the no
difficulties group(p = 0.01), but there were no other significant group differences. Those in the
internalising cluster were significantly less likely to take risks than the no difficulties guaup (
0.01) and had significantly poorer working memory performgpee0.03). This profile was
identical to the internalising cluster at T1. As at T1, there were no significant group differences
in cognitive performance between those in the social difficulties cluster and those in the no

difficulties group.

Figure4.8

Cognitive profiles at T2 by cluster.
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Transitions
Transitions in mental health profiles between T1 and T2 were mapped in two ways. First,
clusterspecific transitions were consideredd.,movement from a specific cluster at T1 to a
different cluster at T2 or staying in the same cluster over time). 8esiomple transitions were
mapped €.g.,a change from mental health difficulties at T1, not split by cletyfee, to no
difficulties at T2, persisting difficulties of any type, or having no problems at T1 and any type of
difficulty at T2, irrespective of cluster membership).
Cluster-specifictransitions

The numbers and percentages of adolescents transitioning across clusters between T1 and
T2 is shown in Table 4.4. Most adolescents with no difficulties at T1 continued to have no
difficulties at T2. Across the three clusters with differenfipes of difficulties at T1,
approximately 40% had transitioned to the no difficulties group by late adolescence. The
remaining 60% had persistent problems, and for approximately half (30% of the cluster) their
profiles of mental health problems did notolge (.e.,they remained in the same cluster across

time).
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Table4.4

Cluster-specific transitions between mid- (T1) and late- (T2) adolescence

Cluster Cluster

0,
aTl aT2 N %
ND 333 64
Ext 59 11
ND Int 65 12
Soc 63 12
ND 141 40
Ext 113 30
Bxt Int 54 15
Soc 49 14
ND 76 38
- Ext 32 16
n Int 63 32
Soc 28 14
ND 99 43
Ext 28 12
Soc Int 31 14
Soc 70 31

Note. ext=externalising profile; int=internalising profile; soc=social profile; nd= no difficulties

group.

Clusterspecific transitions and cognitive function

To explore the relationship between changes in mental health over time and cognitive
function, the clustespecific transitions betweéll and T2 were classified as either persisting,
emerging, or resolving. There were three groups with emerging difficulties: i) those with no
difficulties at T1 and a profile of externalising problems at T2; ii) those with no difficulties at T1
and a profié of internalising problems at T2; iii) those with no difficulties at T1 and a profile of
social difficulties at T2. The cognitive function of each of these groups at T1 was compared to

the T1 cognitive function of the group of who had no difficulties s€tone in a series of
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planned comparison pairwisagsts (see Figure 4.9 and Table S8). The results revealed that
those who developed externalising problems had significantly better T1 spatial working memory

than those with no difficulties. There were ather significant group differences.

Figure4.9

Differencesin T1 cognitive performance for those with different profiles of emerging mental health

problems.
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group.

There were three groups with persisting difficulties longitudinally, classified as such
because their profile of problems did not change between T1 and T2. There were: i) those with
relatively more elevated exterighg problems at T1 and T2, than any other problems; ii) those
with relatively more elevated internalising problems at both time p@inttii) those with

relatively more problems with social difficulties at T1 and T2. The T1 cognitive function of each
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of these groups was compared to T1 cognitive function of whose had no difficulties at T1 and
who continued to have no difficulties at T2 (see Figure 4.10, and Table S9). The results revealed
that those with persistent problems with externalising sympt@augborer spatial working

memory and were less able to adjust their risk related behaviour than those who were in the
stable no difficulties group. Those who had a profile of persistent difficulties with social
difficulties were also significantly less a&blo adjust their risk related behaviour compared to

those with a profile of no difficulties over time. There were no other significant group

differences.

Figure4.10
Differencesin T1 cognitive performance for those with persisting mental health problems that dc

not change in profile over time.
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The third category of transitions, resol vi
cognitive function was comparet that of a group who had persisting difficulties in the area in
which those with resolved problems had difficulties at T1. The comparisons were therefore: i)
those with externalising problems at T1 who moved to the no difficultiegogabT2 compared
to those with persisting externalising problems at T1 and T2; ii) those with internalising
problems who moved to the no difficulties group at T2 compared to those with persisting
problems at T1 and T2; and iii) those with social diffigdtat T1 who moved to the no
difficulties group at T2 compared to those with persisting social problems at T2. The outcomes
of these comparisons are shown in Figure 4.11 (see Table S10). There were no significant group

differences.
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Figure4.11
Differences in T1 cognitive performance for those with resolving mental health problems
compared to those with problems that persist and do not change in profile over time.
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group.

Simple transitions

To explore simple transitions in mental health longitudinally, adolescents were classified
as having mental health problems if they were in any of the three clusters (internalising,
externalising or social), and as not having mental health problems iiveéreyin the no
difficulties group. In other words, at each timepoint, the tidd&&cultieséclusters were
collapsed. This enabled us to explore three simple transitions: i) having mental health problems
of any type at T1 that resolve by T2 (resolving)having mental health problems of any type at

T1 that persist in any form at T2 (persistingndiii) having no mental health problems at T1,
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but difficulties of any type at T2 (emerging). We also recorded the number of adolescents with
no difficultiesat T1 and T2. The number and percent of adolescents following each of these
transitions is shown in Table 4.5.

Table 4.5

Simple transitions between mi@ 1) and late (T2) adolescence

Simple Transition N %
No difficulties T1 and T2 333 26
Emerging difficulties T1 to T2 187 14
Persisting difficulties T1 to T2 468 36
Resolving difficulties T1 to T2 316 24

The largest proportion of adolescents had persisting difficulties from T1 to T2 (36%),
with about a quarter of the sample eithaving a stable profile of no difficulties over time or
problems that resolved. Mental health problems emerged over time for approximately 14% of the

sample.

Simple transitions and cognitive function

The T1 cognitive function of each of the three traasitig groups (emerging, resolving
and persisting) was compared to that of the group who had no difficulties across time in a series
of planned comparisons. The results revealed that those who had persistent mental health
problems had poorer spatial workimgemory and were less able to adjust their-redated
behaviours than those with a stable profile of no difficulties. There were no other significant

group differences (see Figure 4.12, Table S11).
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Figure4.12
Differencesin T1 cognitive performance for those with resolving, emerging or persisting mental

health problems, irrespective of type or profile of mental health symptoms.
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Discussion

This study used datadriven approach to identify changes in mental health profiles
between midand late adolescence, and associations between these transitions and cognitive
function. Three distinct profiles of mental health difficulties were identified. One was
charactesed by relatively more severe externalising symptoms, another by relatively more
severe internalising problems, and a third by difficulties with social relationships. The same three
profiles emerged during miénd late adolescence, with subtle diffe their composition
between time points and some differences in the participants represented in each of them. An
inability to adjust risktaking behaviour in response to contextual information was linked to
persistent externalising and social probldrmsn mid- to late adolescence, and poor spatial
working memory was linked to continuing externalising problems. These results are discussed
below.
Mental health profiles

Three datalriven subgroups were identified among individuals with elevategsanm
the SDQ (Goodman, 1997) during mid (age 14) and late adolescence (age 22). All three had
broad ranging mental health problems relative to a subgroup of individuals classified as having
no mental health problems, but were distinguished from one emiogidifferent profiles of
relative difficulties: predominantly externalising, predominantly internalising or predominantly
social problems. These cluster profiles align with three symptom dimensions identified in
contemporary hierarchical models of psyphthology. These frameworks.g.,the Hierarchical
Taxonomy of Psychopathology, HITOP, Kotov et al., 2017) include a general factor of
psychopathology (p factor), which sits above spectra that align with broad internalising and

externalising factors dimensions that correspond to the profiles of the internalising and
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externalising clusters found here. These spectra then become progressively more specific,
breaking down into loweorder dimensions. One such dimension, social maladjustment, predicts
peer elationship problems (Holmes et al., 2021), consistent with the profile of our social cluster.
Our clustering approach therefore provides complementary information to dimensional models
of psychopathology. It also goes beyond defining broad dimensiondiffiea¢ntiate individuals,
enabling us to plot an individual s | ocation
developmental time. In doing so, our data reveals that individuals exist with profiles of elevated
mental health problems in paudlar domains that map on to single dimensions of
psychopathology, and that these profiles can change betweeandithte adolescence. In the
following sections, the detailed profiles of the three clusters are considered.
Cluster 1i Externalising

One cluster was characterised by relatively more severe externalising symptoms. In mid
adolescence, this profile was associated with relatively more severe conduct problems, elevated
levels of hyperactivity, and more antisocial behaviourld®g adolescence, it also included
elevated emotional problems. This suggests individuals with externalising symptoms that persist
from mid-adolescence to late adolescence are likely to develop equally severe internalising
problems, reflecting trends olyged in other studies showing early externalising symptoms
predict later internalising symptoms (Dugre et al., 2019; Kjeldsen et al., 2016). At both time
points, this profile was associated with increased risk taking. This aligns with previous findings
showing that difficulties inhibiting impulsive responses and delaying gratification in adolescence
are associated with riglaking (Dumontheil, 2016) and increased vulnerabilities to elevated
externalising symptoms (Barkley, 1997; Chaarani et al., 2017; &tigh, 2006; Pollak et al.,

2019; Schachar et al., 2010; Wright et al., 2014).
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Cluster 2i Internalising

A second subgroup had more pronounced difficulties with emotional problems and peer
relationships. As the sum of these two subscales of the SDQ s¢enalising problems
(Goodman et al., 2010), it was labelled internalising. The profile of this cluster did not change
between midand late adolescence: at both time points individuals in this cluster had relatively
more severe internalising problemascompanied by poorer working memory and increased risk
aversion relative to adolescents with no mental health difficulties. Associations between poor
working memory and internalising symptoms in adolescence are well documented (Owens,
Stevenson, Norgat&, Hadwin, 2008), and may reflect either the negative impact of anxious or
depressive symptoms on the limited resources of working memory (Owens et al., 2014; Visu
Petra et al., 2013), or the impact of poor working memory on the ability to direct attawagn
from worrisome or negative thoughts (Koster et al., 2017; Rinsky & Hinshaw, 2011). Existing
evidence for associations between alteredtagikng behaviour and internalising symptoms in
adolescence is mixed, typically finding no links or positive@ations between increased risk
taking and increased psychological distress (Prendeztrlst 2019; Spriggand
Halpern,2008). Finding that risk taking was lower in adolescents with a predominantly
internalising profile suggests they may exercise ngatgion and require more certainty when
making decision$ something which is more typically seen in adulthood (Tymula et al., 2012)
and may reflect more general patterns of avoidant behaviour associated with internalising
symptoms (Peris & Galvan, 2021
Cluster 31 Social

The third cluster was marked by difficulties in social functioning, with a profile of

relatively more severe problems with peer relationships at both time points, accompanied by
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elevated antisocial behaviour in late adolescencereltwere no differences in cognitive
function between adolescents with this profile and those with no mental health problems. The
absence of an association between cognitive difficulties and elevated social difficulties could be
genuine, with profiles ofypnounced social problems arising through social or environmental
factors. However, it might also reflect the limited range of cognitive tasks included in this study.
Appropriate social interaction relies on pragmatic communication skills. In turn thkbseeti
on structural (formal) language knowledge (Redmond et al., 1998) and a range of executive
functions (Tannock et al., 1996) to facilitate monitoring and maintaining appropriate topics of
conversation and planning coherent and understandable sftas¢herefore possible that social
difficulties are associated with cognitive skills, such as those related to communication problems,
that were not assessed in the current study.
Prevalence

A large proportion of adolescents were assigned to thefinutties group at both time
points. There were fewer adolescents in this group iR coichpared to late adolescence,
suggesting overall prevalence rates reduce over time. Consistent with this, our exploration of
simple transition$ difficulties that eiher emerged, resolved, or persisted over time, irrespective
of profileT revealed that mental health problems resolve for more adolescents than those for
whom they emerge. This runs contrary to data suggesting mental health problems increase into
late adokscence (Beauchamp et al., 2018). That said, our overall prevalence rates were much
higher at both times points than current estimates suggest. Our clustering data suggest as many as
60% of adolescents experience impactful symptoms in mid adolescené&®%nd late
adolescence, compared to published estimates of 28% (Global Health Data Exchange,

2019; Oksanen et.aR017). Across both time points, males were overrepresented in the
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externalising subgroup and females in the internalising subgroup) wsheonsistent with
prevalence rates previously reported between gender groups (Boyd et al., 2015; Seedat et al.,
2009).

Transitions

Transitions between clusters were remarkably similar for each of the three profiles.
Mental health problems resolvear fapproximately 40% of adolescents with either an
externalisingjnternalising,or social profile between 14 and 22 years of age. Approximately 30%
of each cluster had a similar profile of mental health problems across time points. The remaining
30% trangioned to one of the other two profiles, in each case with a reasonably even split
between the clusters they moved into.

There were more adolescents in the externalising cluster than the internalising or social
clusters during mighdolescence, but thigstribution was more even in late adolescence due to a
reduction in the number of adolescents with predominantly externalising problems. This
reduction is consistent with Bathelt et al . o6s
childhood to adolecence showing that externalising symptoms such as hyperactivity and
behavioural difficulties reduce with age. However, it is worth noting that those participants who
did not have data at late adolescence, had elevated externalising difficultiesaaldesdence,
comparative to participants with data at both time points. Although the effect sizes were small,
this may contribute to this reduction.

To explore the relationship between changes in mental health over time and cognitive
function, transitions wer classified as either emerging (mental health problems emerge in late
adolescence), persisting (mental health difficulties are present #randdate adolescence), or

resolving (mental health problems at age 14 are no longer evident at age 22). fidreshite
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between these patterns of transition was explored in relation to cognitive function at mid
adolescence.

Our data revealed that both spatial working memory and the ability to adjustlastd
behaviours were related to problems that persisted iid to late adolescence, but not to
problems that resolved or emerged over time. Exploration of the ckpeific transitions
revealed that this effect was driven by persistent externalising problems, which were related to
both poorer spatial workg memory and risk adjustment problems at age 14, and by persistent
social difficulties, which were related to poorer risk adjustment skills at 14 years.

Finding a specific link between working memory and persistent externalising problems is
consistent wth the outcomes of a recent study showing working memory deficits were uniquely
associated with the severity of externalising disorders when controlling for the association
between working memory and general psychopathology (HRatigck et al., 2017). llso
adds to evidence suggesting weaknesses in working memory contribute to the maintenance of
externalising symptoms because they provide an index of executive furicthitis that play
an important role in regulating and controlling behaviour (Bark2©12; Nigg, 2017). Links
between externalising symptoms and poor executive control in adolescenc8gkon, Deater
Deckard, Calkins, KingCasas, & Bell, 2019) may arise as a result of the poor cognitive control
of behaviour (Giancola & Mezzich, 2008y, through externalising behaviouesd.,aggression,
defiance) discouraging positive social interactions, thereby limiting opportunities to engage in
adaptive regulation strategies (Brieant et al., 2022; Eisenberg et al., 2010; FarleySp&an,

2014) While our data cannot speak directly to the direction of these effects, they do suggest that
poorer cognitive control at 14 is associated with persistent externalising problems. It should be

noted that while working memory was linked to continued extising symptoms, our measure
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of response inhibition was not. This was unexpected, but likely reflects the measure used to
index performance on the Go/N&o taskpossilly tappedinto affective biases towards negative
information rather than response inhiiuit per se.

Risk adjustment was linked to persistent externalising and socialising difficulties, but
risk-taking was not. This runs counter to evidence suggesting risk taking increases vulnerability
to mental health difficulties during adolescence (Durheifit2016). It is, however, consistent
with the notion that adolescent risk taking can be adaptive and useful in the transition to
adulthood and in peer socialisation during adolescence (Jessor, 1992; Shedler & Block, 1990;
Spear, 2007), and that it islgrihose who engage in risky behaviour without sufficient cognitive
control (.e., without the capacity to adjust rigklated behaviours) who are vulnerable to adverse
outcomes (Romer et al., 2011).

There was no association between cognitive function idtaglolescence and mental
health problems that resolved over time. Several other factors might contribute to the reduction
in mental health problems observed in late adolescence. Environmental factors, such as changes
in personal relationships, leavinglfime education and moving into employment, may have
helped adolescents overcome challenges, or they may have been able to compensate for their
vulnerabilities. The absence of an association between cognitive skills-atiolescence and
emerging mentditealth problems suggests that good cognitive function in &adidlescence does
not necessarily protect against later mental health problems, and likewise that poor cognitive
function does not increase vulnerability to the onset of later mental healtempsorhis is an
unexpected finding given the wealth of literature implicating cognitive impairments in the onset
and maintenance of mental health difficulties (Carlson & Wang, 2007; Healhgck et al.,

2017; LeMoult & Gotlib, 2019; Millan et al., 2012;dWleague et gl2016;) and the well
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documented interactions between cognition and mental health interact across development
(Furhmann et al., 2020). One explanation for our finding is that the impact of cognitive

variability on the onset of mental healttoplems between micand late adolescence is washed

out by other more impactful factors, including increased stress as individuals take on adult roles
and responsibilities, increases in substance abuse and reduced access to mental health services as
adolesents move out of schools, (Blanco et al., 2008; Compton et al., 2007; Copeland et al.,

2015; Kessler et al., 2005). A further explanation is that the cognitive tasks examined here do not
measure the constructs which are most meaningful for this group

Clinical implications

These findings suggest that mental health profiles do not align with the diagnostic
framework, rather, mental health profiles seem to be broad ranging, with adolescents
experiencing relative areas of more severe difficulties thatltange over time. The data
suggest that while individuals have relative areas of heightened need, they typically have
multiple ccoccurring mental health needs. This suggests that interventions should be tied to
individual profiles of need rather than diegtic labels, pointing toward a need for more

individual approaches to mental health assessment and support.

It should also be noted that a portion of the participants in this study had difficulties at
mid-adolescence that resolved by latilescence, without any intervention. Clinicians should
be cognisant of the balance between early identification and treatment of mental health

symptoms without ovepathologizingg r ansi ent di fficulties. 0
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Limitations

There are several limitations to tberrent study. First, the range of mental health
symptoms and cognitive assessments was limited to those available across many participants at
ages 14 and 22. This will have limited both the range of mental health profiles detectable and the
depth with wich we could explore links to cognitioRelatedly,cognitionwas measured by
artificial tasks raising the questions of how well these relate toweald cognitiveabilities.
Also, the only measure of mental health symptoms available was the\SB@seal the SDQ to
identify internalising externalisingand sociapatterns of difficultiedut this may not align as
well with diagnostic categories as other measures, such &etheed Child Anxiety and
Depression Scale€Chorpta, et al., 2000)Had a rang of other such measuresen available, this
may havampacted the result&econd, the exclusion of participants receiving treatment for
mental health problems and attrition between time points may have introduced a bias. Indeed,
those who did not returfior the follow-up assessment at age 22 had elevated conduct problems
and hyperactivity at michdolescence, and were less prosocial, than those who did. As such, our
analyses may have underestimated the prevalence of mental health problems detected in our
sample in late adolescence. Third, our analyses were based on data fnapaséetid mental
health problems. Obtaining data from other informants may have produced different clusters.
Finally, there were multiple permutations for capturing transitionsyea though our sample
size was large, we had to gs&an which ones to map.
Conclusion

We used a datdriven clustering approach to identify homogenous profiles of mental
health problems in micand late adolescence, map transitions across thellegover time,

and relatd these transitions to cognitive function in radolescence. Three profiles of relative
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difficulties emerged, which were remarkably similar at both time points. One was characterised
by predominantly externalising problems aevated risk taking, with an ovegpresentation of
males. The second had relatively more severe internalising problems, accompanied by poor
working memory and an aversion to risk, and was more common in females. The third had
difficulties with social ré&ationships and no cognitive problems and was more common in males.
The number of adolescents with a predominantly externalising profile declined betweamdnid
late adolescence. Those with persistent difficulties in this area were characterised by poore
working memory and a reduced ability to adjust risky behavi@srsneasured by tl&GT at

age 14. The rates of persistent difficulties were similar for each of the profiles. Persistent social
difficulties were linked to poorer risk adjustment behaviairage 14. There were no

associations between cognitive function at+adblescence and emerging or resolving mental
health problems in late adolescence, or between persistent internalising problem and cognitive
ability in mid-adolescence. This is thedirstudy of its kind to map transitions in mental health
profiles between midand late adolescence. Moving towards proactive models of mental health

support will depend on recognising the reproducibiityhese shifts.
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Chapter Five. Overall Discussion and Critical Appraisal

Chapter overview

This Chapter recaps the main goals of the thasgsummarises the key findings of both
the systematic review and metaalysis and the empirical paper. The theoretical and clinical
implications of both projects are considered, and a critical appraisal of the methods is provided.

The Chapter concludes withsection on selfeflection and directions for future research.

Thesisgoals

Adolescence is often described as a perio@toirm and stre§sepitomised by
accelerated cognitive development, hormonal fluctuations, changes in brain structure and marked
alterations in a individuakdenvironment and social relationships (Dahl et al., 2018). Mental
health difficulties are highly prevalent across adolescence, with approximately 14%t@fl90
year olds experiencing diagnosed mental health conditionsliyi¢Gdobal Health Data
Exchange, 2019). These difficulties change across the course of adolescent development (e.g.
Costello et al., 2011), and have been linked to the many biological, cognitive, social, and
environmental changes that occur during thisaak If left untreated, these difficulties can
significantly impact an individual 6s healt h,
and create an enormous burden on social, healthcare, and economic systems (Goodman et al.,
2011; Green et a005; Kowalenko & Culjak, 2018). The development of timely, effective
treatments relies on a deeper understanding of the factors increasing vulnerability to mental
health difficulties, and the relationship between these factors and changes in merttal healt

profiles across development.



Cognition and mental health in children and young people
13€

The factors implicated in the onset and maintenance of mental health problems are wide
ranging (see Chapté@nefor a brief introduction)This thesis focussed on cognitive factors due
to their importance in regulating emartis and behaviour (e.g., Barkley, 2012; Nigg, 2017).
ChapterTwo involveda metaanalysis and systematic review of memory and attention biases in
anxious children and adolescents. Chapteirwasan empirical research project using
secondary data analys explore changes in mental health profiles between amd late
adolescence and their links to cognitive function, as measured by working memory, response
inhibition and risktaking tasks, in michdolescence. Evidence suggests that many adolescents
who experience psychological distress and seek mental health support do not have a formal
DSM-IV diagnosis (e.g., Jorg et al., 2015; Wang et al., 2007). For this reason, a transdiagnostic
approach was adopted across both studies to explore the relatiorethipsricognitive function
andelevated symptoms of mental health difficulties, rather than diagnosed mental health

problems.

Summary of findings
Systematiadeview andmetaanalyses

Four separate metmalyses were conducted to explatentional biases towards threat
in children and adolescemtn ChaptefTwo. The data revealed that young people with elevated
symptoms of anxiety showed an attentional bias towards threatening stimuli when it was
measured by an emotional Stroop task,rmi when it was measured by a dot probe fakk.
measure of attentional bias indexed by the dot probe task could signal biases towards threat
(vigilance) in the form of faster response times, and biases away from (avoidance) threat in the

form of slowermresponse times. The analyses conducted in Chépteadopted the conventional
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approach of testing for biases towards threatening material and revealed no significant effect.
However, exploration of the pattern of results across individual studies idalutiee meta
analysis revealed biases both towards and away from threat. The differences in direction of these
effects may have therefore resulted in them cancelling each other out when they were combined
into a single metanalysis. Considering these u#ts together, it seenmossiblethat anxious
young people are biased both towsadd away from threat, and that the atalysis
conducted using the Stroop task detected the latter of these, while the dot probe analyses were
not able to differentiate Ib@een attentional biases towards or away from threat (Clarke, McLeod
& Gustella, 2013).

A key findingfrom the systematic review on memory and anxiety in youth was the
finding thatonly two studies met the inclusion criteria, mearangetaanalysiscoud not be
conductedA narrative review of treetwo studies revealegne findingthat anxious youth may
have a memory bias for negative information, with an anxious group recalling significantly more
negative false memories than a remxious group (Toffiéni et al., 2015). However, the second
paper revealed working memory was related to depression and not anxiety in young people
(Ladoucer etla, 2005). Speculatively, these two studies suggest anxious youth might have biases
for longerterm memories, butot for shortterm information that is held in shetgrm or

working memory.

Empirical researchpaper
A datadriven approach was used on secondary data from the IMAGEN cohort in Chapter
Fourto explore changes in mental health profiles betweer anid lde adolescence and their

association with response inhibition, rtking and working memonasksin mid-adolescence.



Cognition and mental health in children and young people
13¢

Overall, 60% of participants experienced symptoms of mentaddlth in midadolescence and
50% in late adolescence. These estimatesigher than previous estimates (e.g. Global Health
Data Exchange, 2019; Oksanen et2017) suggesting there is likely to be a high level of unmet
service need during this developmental stage.

Three distinct profiles of mental health symptoms weeatified at each time point.
These corresponded to: i) pronounced internalising symptoms; ii) relatively more severe
externalising symptoms, and iii) relatively more severe difficulties with social relationships.
These profiles were largely stable betwesd- and late adolescence, with some subtle
differences in symptortevels between time points and differences in the adolescents presenting
with each profile. Exploration of adol escents
had resolved itate adolescence for approximately 40% of those with any mental health
symptoms in mieadolescence. Approximately 30% continued to experience similar mental
health symptoms at both time points. The remaining 30% transitioned between profile clusters:
for example, they transitioned from experiencing relatively more severe problems with social
relationships during micddolescence to experiencing relatively more severe internalising
symptoms by late adolescence. An impaired ability to adjustalghg behawurs in response
to contextual information was linked to profiles of persistent externalising symptoms and social
difficulties. Poor spatial working memory was associated with persisting externalising problems.
These findings suggest that mental healtHilgresolve or stay consistent for approximately
70% of adolescents as they move into late adolescence, and that persistent profiles of

externalising or social difficulties are linked with cognitive control abilities in-atdlescence.
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Combinedresults

Together, the studies conducted in this thesis show that certain aspects of cognitive
function are related to youth mental health difficulties. In childhood and adolescence, those with
elevated levels of anxietyay have attentional biaseéboth towards and away from threat, and
greater symptomologsnay belinked with biases towards recalling negative information over the
long-term but not the sheterm. Memory function was also relatecelevated mental health
problems in adolescence,cam particular to having profiles of predominantly externalising
symptoms or social difficulties that persisted into late adolescence. However, this was for
working memory longerterm aspects of memory were not measured. Together these data
suggest thainental health and cognition interact across development; anxiety can impact on the
cognitive processing of information, and cognitive control in-addlescence contributes to

persistent patterns of mental health difficulties.

Theoretical implications

The data presented across the ragtalyses and empirical work are consistent with
theories describing mutual interactions between cognition and mental health across childhood
and adolescence. In the metaalysis, anxiety biaseattentiontowardsthred as measured by the
affective Stroop task. Individual papers included in the dot probe ametigses found biases
both towardsand away from threat. This is consistent with the interference hypothesis, which
suggests psychological distress disrupts cognfirocessing by shifting cognitive resources (e.g.
attention) away from taskelevant information (Llewellyn et al., 2008; Stawski et al., 2006). The
empirical project suggested that cognitive function duringaadidiescence was associated with

persistig mental health difficulties. This is consistent with the cognitive reserve hypothesis,
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which suggests poor cognitive function impairs the downregulation of negative emotional
responses, such as worry, fear or sadness, leading to elevated and persisée iteaieh
difficulties (LeMoult & Gotlib, 2019; Millan et al., 2012). Together then, these data indicate that
psychological distress can impact on cognitive function, and that cognitive function can increase
vulnerability for mental health difficultie3.hese bidirectional effects are consistent with the
theory of mutualisni a complex system approach that conceptualises development in terms of
dynamic processes in which different domains interact over time (Borsboom, 2017; Furhmann et
al., 2020; Mareva &olmes, 2021; Van Der Maas et al., 2006). According to these accounts,
cognition and mental health are complex systems that interact with one another, sometimes in
different ways for different individuals, at different points during developneegt, Furhmann
etal., 2021

The outcomes of the metmalyses revealed some evidence for attentional biases both
towards and away from threat in children and adolescents with elevated anxiety. Capacity
limitations in our processing systems, particularly ounaisystem and working memory,
require us to be selective in the information we attend to in our environments. Information is
prioritised for processing through both tdpwn, voluntary, goatlirected processeand
bottomup, automatic, attentional proses (Weierich et al., 2008). Similarly, attentional
filtering can be either overe(g.,directional eyemovements), or covere(g.,internal attention).
In overt filtering, visual sensitivity is primed for a sought after stimudug. (searching for a
particular object in the environment). However, a visually salient object can capture attention in
a bottomup manner. For example, if a person is fearful of spiders, they might be distracted by a
dirty smudge on the wall, mistaken for a spider (covertjlendttively searching for thephone

(overt). Similarly, a person might use overt attentional control to avoid stimuli thasthese
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distress. Typically, attentional selection is weighted in favour of betipmrocessing,

especially fothreatrelated stimuli, in anxious compared to ramxious people (Eysenck et al.,
2007)as foundwith the metaanalysis of emotional Stroopsks. However, contemporary

research suggests that volitional attention can be used to prevent distractionibpaiyot

salient stimuli, shifting attention towards or away from threat (Cisler & Koster, 2010).

Exploration of the direction of effects of the individual studies included in theseamalgses

suggest both tegown and bottorup pathways of attentiomaybe at play, with some studies
showing clear patterns of threat avoidance, and others showing heightened attention to threat, in
anxious youth. It is possible that these two pathways account for individual differences in the
presentation of vigilance towds and avoidance of threat in people with anxiety symptoms.

The empirical paper identified three distinct profiles of mental health inadimlescence
and a similar set during late adolescence. Each of these cluster profiles maps on to a dimension
of difficulty described in contemporary hierarchical models of mental healjhthe
Hierarchical Taxonomy of Psychopathology, HITOP, Kotov et al., 2017): internalising and
externalising to the two main spectra sitting below the p factor and social didfsctdtthe social
maladjustment factor. Each of the cluster profiles was characterised byranggaalg mental
health difficulties, with relatively more elevated internalising or externalising symptoms or
relatively more pronounced difficulties with socialationships. Thus, individuals with each
presentation did not have selective difficulties that would correspond to a particular DSM
diagnosis. Rather they had difficulties across a spectrum of mental health dimensions, with
relative difficulties in partular areas. This is consistent with predictions from dimensional
models of psychopathology that emphasise the importance of continuous factors that span the

full range of functioning, from adaptive to maladaptive, that can cut across traditional agegori
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of mental ill health€.g.,Caspi & Moffitt, 2018; Holmes et al., 2021). It is also consistent with
transdiagnostic approaches (upon which dimensional models are founded that focus on
identifying the causes of everyday symptoms irrespective of diagrmmsindariesq.g.,

Cuthbert & Insel, 2013).

The patterns of association between cognitive function and mental health in adolescence
were broadly consistent with existing theories linking poor cognitive control to an increased
vulnerability to, and maiehance of, mental health difficulties. A profile of externalising
symptoms in mid or late adolescence was linked to concurrently elevatedkiisy relative to
individuals without mental health problems, and persistent externalising symptoms were linked
to difficulties adjusting riskelated behaviours. Both externalising symptoms anetaiskg are
linked to problems inhibiting impulsive responsesy(,Dumontheil, 2016), which might explain
their concurrent association. Riakljustment skills, but noisk-taking per se, was linked to a
persistent profile of externalising symptoms. This is consistent with the idea that it is only those
who engage in risky behaviour without sufficient cognitive contrel, (vithout the capacity to
adjust riskrelatedbehaviours) who are vulnerable to adverse outcomgsRomer et al.,

2011). Corroborating this, poorer working memory (a marker of cognitive control) during mid
adolescence, was also associated with a persistent profile of externalizing problemsge Afprof
pronounced internalising symptoms was linked to concurrently poor working memory and
increased risk aversion, but there were no links between the cognitive skills measured and
persistent problems in this area. This finding is consistent with thehdé poorer cognitive

control limits the ability to direct attention away from worrisome or negative thouglats (

Koster et al., 2017; Rinsky & Hinshaw, 2011), which may increase risk aversion as individuals

are unable to focus on decisiaraking. Firally, a profile of persistent social relationship
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problems was associated with reduced-adjustment skills in michdolescence. The absence of
strong links between cognitive function and social relationship problems was unexpected, and
discussed in Chagt Four, likely reflects the limited number of cognitive skills measured in

study rather than an absence of a link between cognitive function and social functioning.

Clinical implications

Together the findings from the medaalyses and the empiricabgect point toward a
need for more individual approaches to mental health assessment and support. dralysta
suggest links between attention and anxiety may be mediated by individual differences, with
some people being biased towards threat and#weay. This raises the question of whether
services shoul dizebtea lald'o pap pmrgo aac b omre movi ng t owe
framework (for a review see Schaeuffele et al., 2020). Similarly, the empirical project revealed
that mental heditprofiles do not align with the diagnostic framework. Rather, mental health
profiles seem to be broad ranging, with adolescents experiencing relative areas of more severe
difficulties that can change over time. The diagnostic framework, with the DSMCahdtlits
centre, has become a spHrpetuating system that defines both how we conceptualise and treat
mental health difficulties (Dalgleish et al., 2020). It provides the framework for core texts in
psychiatry and clinical psychology training, whichtumn define how we assess and treat mental
health difficulties. This thesis, along with a growing body of literature, highlights that mental
health difficulties may not be so easily slotted into neat, diagnostic boxes and that we need to
consider alternate methods for identifying and supporting mental health needs.
Evidencebased interventions must remain at the centre of clinical practice, but given the

diversity of biological, psychological, and social pathways associated with the onset and



Cognition and mental health in children and young people
144

maintenancef mental health difficulties, and the broad range of individual differences in these
and other areas, a more individualised approach to therapy, such as stratified medicine may be
beneficial (Lester and Eley, 2013). As an example of the need for tadlssedsment and
intervention, consider the evaluation of the dot probe data in Chapter Two. These data show that
anxiety can manifest as either an avoidance of thedatted material or vigilance towards threat.
These different manifestations might explaihy the relationship between attentichases and

pre- and postreatment outcomes differ across studies (for a review, see Barry et al., 2015); one
treatment approach will not address difficulties that operate in opposing directions. This example
highlights the need to fully understand, at an individual level, what the specific profile of an
individual 6s symptoms are. I n this case, an
whether intervention should focus on vigilance towards, or avoidanteedt. Likewise, the

data from the empirical project suggest that while individuals have relative areas of heightened
need, they typically have multiple-@zcurring mental health needs. For example, an

externalising profile in mighdolescence was assateid with equally severe emotional problems

in late adolescence for some individuals, while others had a predominantly internalising profile
linked to emotional problems in the absence of severe externalising problems. This suggests that
interventions shdd be tied to individual profiles of need rather than diagnostic labels.

Of course, individual assessment and tailored intervention is resource and time costly, but in
practice clinicians often eschew disordgecific intervention programs for more etiec

approaches that address individual or multiple difficulties. There are a few emergent programs
that are comprised of therapeutic packages to address symptoms commonly experienced by
individuals irrespective of their official diagnostic statagy(,Weisz et al., 2012) they adopt a

more transdiagnostic and individual approach to intervention. One example comes from The
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Healthy and Resilient Mind Programme (HARMONIC; Black et al., 2018), which developed a
transdiagnostic intervention called Shaping lHe®linds. This approach draws on several

evidencebased treatment approaches to better address the needs of people with comorbid

symptoms. The intervention is modular, allowing psychologists and skilled clinicians to deliver
treatment modules basedonthe r mul ati on of <c¢clientds presenti
diagnosis. While the results of this trial are not yet available, this model offers one way to

combine individual, clienfocussed therapy in a flexible way that does not require retgain

clinicians or lengthy individualised assessment because it draws on formulation and existing
treatment tools.

A similar initiative is the harmonised transdiagnostic assessment protocol for outlined by
Boulton et al. (2021)This is one of the first attempts to incorporate a transdiagnostic framework
within services and clinics. It was formulated in consultation with a large group of clinicians,
researchers, and community gro@gesoss Australia. A national research committee surveyed
stakeholders and organised national summits to reach a consensus on a set of diverse and feasible
measurement areas to include in the harmonised protocol. The identified assessment instruments
spanseveral domains of needs, such as child functioning and wellbeing, child mental health,
caregiver mental health, and family background. The goal of the initiative is to achieve impact at
both the clinical and research level: firstly, to enable transdisigradsical assessments for
children with neurodevelopmental needs; and secondly, to facilitate harmonisesiclaledata
collection that has the potential to inform research, policy, and practice. The outputs of this
transdiagnostic protocol will enabbne of the first empirical evaluations of whether the
examination of transdiagnostic needs beyond primary diagnoses could enable more integrated

care and improve child outcomes. In the leagn, this approach could facilitate a departure
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from categorichapproaches and subsequently feed into the design of interventions in which
enrolment is based on individual needs and strengths across domains, as opposed to primary
diagnosegFinlay-Jones et al., 2019)

A major benefit of modular interventiensuch as Shaping Healthy Minds, lies in
offering people interventions targeting the most impactful elements of their presentations, before
then offering tools to help with future difficulties that might develop. As the data from the
empirical project shw, we can now use existing large datasetpredict what these difficulties
might be, and indeed what the predictors of such changes are. Adopting an approach that
addresses immediate need using a modular transdiagnostic intervention model, but islinforme
by what we know from longitudinal studies, has the potential to equip people with the tools
needed to manage later mental health difficulties rather than asking theengage with
services at a | ater peuipndt iilmohsehapnreaeduirgdffo cour s e,
consolidate previous learning and support individuals if this model were adopted.

The data from the empirical paper provide one example of how longitudinal studies can
inform prospective treatment approaches. Identifying factatspitedict later mental health
difficulties, and changes in the profile of these difficulties, provides useful targets for
intervention. In this case, tools targeting working memory and deeaisaiking in mid
adolescence might reduce the persistence efmaiising symptoms and difficulties with social
relationships. One such example is working memory training, which has been shown to reduce
symptoms of anxiety and depression in adolescergs,Beloe & Derakshan, 2020). Moving
from reactive approacheshich offer professional intervention only when difficulties have
escalated, to proactive models that reduce psychological distress by offering helpful tools before

symptoms become functionally impairing, are likely to be-edfgctive and helpful in reaing
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the burden on mental health services. In sum, the data in this thesis adds to the growing
evidencebase suggesting that interventions need to be tailored to individual needs rather than
single and potentially #fitting diagnostic labels (e.g., NewpWlc-Kinnon, Kuyken, Gilbody, &
Dalgleish, 2015; Weisz et al., 2012).

A key strength of clinical psychology lies in developing individual formulations,
summarising and integrating a broad range of biopsychosocial factors. Such formulations are
construted collaboratively with individuals, taking into account personal meanings,
psychological theory and researttsing this process clinical psychologists eana do develop
individualised approaches to support individuals to create meaningful change.éatowidv an
evergrowing demand on mental health systems, we must look to ways to provide suchrmodula
approaches as outlined above, which can be delivered at the point of identification of need, by a
range of mental health workers, under the supervidigualified clinicalpsychologistsvho can

draw on formulation skills

Critical evaluation

This section provides a critical evaluation of thetaanalysis and systematic review
presented in Chapter Two and #apirical project presented in Chapter Four.

The systematic review and metaalysis were well designed. The Preferred Reporting
Items for Systematic Review and Mékaalyses guidelinedMoher, et al., 2009) were closely
followed to ensure the quality of the review. The choice to set strict inclusion criteria ensured
homogeneity of the tasks in each matelysis. In contrast to existing metaalyses of anxiety
and memory and attention youth, (Dudeney, et al., 2015), the present study separated

congruent and incongruent trials. Previous research has suggested that there igéb@stest
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reliability among inference scores (e.g., scores calculated by subtracting performance in one
condtion from performance in another).

| made the decision to exclude studies concerned with anxieties with a specific focus,
such as social anxiety and other phobias. | also excluded studies that examined symptoms of
anxiety within a specifidiagnostic group, for example anxiety symptoms in those with autism
or with asthma. These decisions were made to offer a broad target population and a focus on
general anxiety. However, there is large overlap of symptoms across the different types of
anxidy, and a high prevalence of symptoms of anxiety experienced comorbidly with other
disorders (Palitz, et al., 2018). With this in mind, broadening the inclusion criteria for studies in
the literature search may have offered a more representative popuséfeoimg better insights
into how cognition is related to anxiety in a broader range of experiences. The inclusion of only a
specific number of presentations of anxiety in the raetyses limited the interpretation of the
results.

A major strength ofhe empirical projectvas the use of a large secondary dataset that
followed a large cohort of individuals through adolescence, with multiple measures of cognition
and mental health. It provided a novel investigation into the changes in mental healénbetwe
mid- and late adolescence. Many scientific studies define adolescence as the second decade of
life, or as ending at eighteen years. The current study is unique in exploring changes in mental
health up to 22 years of ggesignificant contribution to &literature It included participants
from a range of sites across Europe, providing a more diverse population than other large cohort
studies that typically recruit from within a country. It would not have been possible to collect

such rich data withinhie financial and temporal constraints of a clinical doctoral thesis.
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Accessing these data and using an advanceeddatn approach enabled me to capture the
complex nature of mental health symptoms, and how they change over time.

Large longitudinal datsets, such as the IMAGEN data used in the empirical project, have
revolutionised our ability to study developmental patterns across hundreds, even thousands of
participants. They offer the opportunity to expand research questions in ways which aremot oft
possible in experimental designs, and particularly well suited to the exploration of developmental
processes (Zyphur et al., 2020). They also increase statistical power by including large numbers
of participants, protecting against the misestimatioefigct sizes in a manner that would be
prohibitively costly and time&onsuming for most individual researchers or research groups
(Gelman & Carlin, 2014).

While secondary data analysis has many benefits, it is not without its challenges. Datasets
can differ substantially in the quality and richness of their data (Kievit,e2@21), constraining
the questions that can be asked and the interpretations that can be made. Indeed, the empirical
project reported in Chapter Four was limited by the data avaitgtihe two timepoints studied.
Ideally a broader range of cognitive and mental health assessments would have been included. It
would have been particularly valuable to have cognitive tasks tapping into verbal abilities to
further explore the relationshipetween social difficulties and cognitive function (see Chapter
One for a fuller discussion of this point). It would also have been useful to include mental health
measures capturing a wider set of symptoms of psychological distress to obtain potantially
nuanced profiles. Additional data on childhood experiences or socioeconomic status, which were
not available in the IMAGEN data, would have enriched the study, enabling us to explore the
effects of deprivation and threiatwo key facets of adverseitthood experiences (ACES) that

are highly related to later cognitive function and mental health,Carozza et al., 2022).
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Further,thelack ofecological validity of the cognitive tasks availabiay have limited the real
life application of these fings.

The participants recruited and selected also limits investigations that can be conducted
with secondary data. In this case, a major drawback was the exclusion of young people seeking
professional help for mental health problems. While a substantipbrtion of the sample had
symptoms ofnental health difficulties above what would be expected, a proportion of
adolescents with mental health difficulties were not represented. It is not possible to say whether
these individuals had more severe probl#émas those detected in the sample worked with here,
butwe can say the results are only generalisable to those with mental $ygafttomsamong
people not currently receiving support. It is possible other mental health profiles may have
emerged if partipants receiving support were included. A related problem is attrition,
particularly for longitudinal studies spanning multiple years. In this case, those who did not
return for the followup assessment at age 22 had elevated mental health problemd4t age
compared to those who did return at age 22, suggesting the analyses may not be fully
representative of the range of mental health problems in late adolescence.

Other general concerns with secondary data analyses include many researchers accessing
the @ame data sets, possibly with overlapping questions, using different analytic approaches. This
issue may lead to inflated Type | error rates (Thompson, &00). Further, while longitudinal
investigations are increasingly adopted to address develodmesgarch questions, they
typically span only a few years linmgg what is known about temporal stability over longer
timeframes (Taylor et al., 2020). In this case, data were only available from age 14 upwards.
Having data spanning childhood throughdteladolescence would have enhanced the richness

of the understanding of changes in mental health profiles across development.
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The aim of the empirical paper was to identify subgroups of individuals with similar
profiles of mental health difficulties wittut labelling the groups apriori. The most suitable
method for doing thisvascluster analysis, a method of identifying subgroups based on their
relationships across multiple measures with no prior assumptions about who should or should not
grouptogether (e.gthere are no assumptions that all people with depression should form a
single subgroup based on their symptoms, people are ingteaghedbased on the structure of
the data). Cluster analysis is typically applied to spatial represerstatighe relationships
between variables to determine how many subgroups exist in that spabe\.elose variables
are together in space based on their similarity to one another). In this case, the spatial
representation depicted the similarity o thdolescents to one another based on their scores on
the selfreport SDQ: those with more similar profiles were positioned closer together in space.
As there were multiple measures on the SDQ (the data were multidimensional), it was necessary
to carry outdimensionality reduction. There are multiple methods for reducing dimensionality
(e.g, multi-dimensional scaling, uniform manifold approximation and projectiochose to use
Uniform manifold approximation and projection (UMAP) as it has been showmpi@ve
cluster separation, increasing the chances of identifying distinct clusters (Dalmaijer et al., 2020).
Different clustering algorithms can be applied to dimensionaditiuced data, with community
detection, kmeans, and-means being most widelypplied (Dalmaijer et al., 2020). There are
no firm guidelines as to which method should be chosen, but betb&ugien was to identify
discrete subgroups;means clustering was discount€dmeans clustering is more suited to
identifying overlapping group(Dalmaijer et al., 2022). Communitietection methods are easy
to apply, but the application of these methods to psychological data has not been studied as

extensively as it has for other data types (Lancichinetti & Fortunato, 2009, Gates et al., 2019,
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Gates et al., 2014), relative to other clustering methods (Depaoli, 2013, Grimn2ei a|.,
Harring et al., 2016). For this reasonameans clustering/as selecteda method that offers the
benefit of not demanding a priori assumptions about the dataiogtof the parameters, and
which makes no prdetermined assumptions about the number of clusters. The optimal number
of clusters is determined by the silhouette coefficient (see Chapter Four), meaning the data
themselves determine the outcomes.

The analytic decisions made were based on the goal of the stiediglentify subgroups
with distinct profiles of mental health. It could be argued that community detection would have
been a better approach as it can distinguish betdie¢dprofiles more ealy than kmeans
clustering. Flat profiles can include people with consistently low scores across a set of measures
(no peaks or troughs across the measures), and someone with consistently high scores. It is vital
to distinguish these profiles, particularh a clinical context. In situations where there is not
enough variance in the datameans is less likely to categorise people with flat profiles of high
scores and people with flat profiles of low scores into separate clustelisié less likelyto
distinguish clusters based on severity). This was not relevant to our study for two reasons: first,
those withGaverage rangescores were not entered into the clustering, reducing the chance of
detecting onlythighdanddowdgroups, and secondly, tleewas sufficient variance in the data
for the kmeans clustering to perform well in distinguishing groups with diffeisrikeyd
profiles. For this reason, usingnkeans, which has been better validated on psychological data
than community detection, seed more appropriai@®almaijer et al., 2020)t could also be
argued that a better way to capture the complexity of mental health symptoms would be to
identify overlapping clusters, or people who sit on the boundary of two clusters;rasams

clusterng algorithm would do. While this might be more in line with a transdiagnostic approach,
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it would not map across to pragmatic interpretations of the data that would be useful for clinical
practice. Subgrouping individuals allows for simpler clinical intetation of profiles, something
that is needed in clinical services to provide time efficient and affordable assessment and

support.

Future directions

The empirical project revealed that working memory was potentially a strong indicator of
concurrent and persistent mental health problems, yet in theamalysis very few experimental
studies had been conducted to explore the relationship between anxiety and memory. Given
many longitudinal and secondary data analytic studies reveal progpassiociations between
working memory and child and adolescent mental health outcomes, a clear next step will involve
developing hypotheses to test experimentally how the two are related, and in which contexts.
Understanding more about the mechanistiksibetween the two (e,glo memory impairments
increase vulnerability to mental health problems, do mental health problems impair memory
function, or are there other variablegluencing botf?) will be important for designing
interventions.

It will also be important to lengthen the developmental timeframe when studying links
between cognition and mental health in future studies. A strength of thanadyais was the
inclusion of young people aged up to 25 yearsthy@tage range in includetudiesdid not go
beyondl8 years. Similarly, a strength of the empirical paper was that it spanned into late
adolescence, unlike many previous longitudinal studies using similar approaches that stop in
mid-adolescence (e,Bathelt et al., 2021). As it is nowidely accepted that adolescence spans

into the mid early to midtwenties (Mills et al., 2014; Raznahan et al., 2012), it is vital the field
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conducts further experimental and longitudinal work when studying youth mental health that
includes the late adolesnce period. This is relevant not only for research, but also for clinical
practice Understanding whether mental health profiles and their correlates in late adolescence
are more similar to those seen in raidolescence or those seen in adulthood cannmtlinical
practice and service models (j.€hould people in their late adolescent years be included in

youth rather adult services?). Related to this, future work exploring changes in mental health
profiles, as in Chapter Four, would benefit from ithgusion of earlier time points. Including

data spanning early childhood through to late adolescence would facilitate investigations into the
stability of individual profiles, developmental cascades, bidirectional-ctosgin couplings,

and sensitive p@ds. Studying patterns of desistence and persistence over this broader
timeframe could help identify potential modifiable factors that can promote positive outcomes.
The focus of this thesis was on cognitive factors. While these are an important $aantance

in mental health among children and adolescents, other factors that are highly related to mental
health outcomes (e,gocioeconomic disadvantage, adverse childhood experiences) need to be
considered. In short, future longitudinal investigasiovould benefit from the inclusion of

multiple levels of assessment (brain, cognition, environment, behaviour, mental health) across
broader timeframes.

The metaanalysis exploring biased information processing in anxious youth revealed one
potentially rge confound in the field: researchers typically focus on biases toward affective
stimuli and do not account for the potentially clinically significant nature of biases away from
threat. Future work should consider this issue and distinguish betweemwbesféects, both in

their experimental paradigms and in analyses that combine effects across studies.
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A final key point relates to the clinical relevance of the outcomes from this thesis, which
support the transdiagnostic movement. Rather thanspagsith diagnostics approaches, future
research should focus on datdven transdiagnostic approaches, such as the Power Threat
Meaning Framework (Johnstone & Boyle, 2018) or the HiTop model (Kotov et al., 2017), to
understand mental health difficui@s they present in relék, rather than attempting to fit
peopl eds e x pfitingidiagnaste boxdas.nJsirg sucH flameworks to identify the
mechanisms that give rise to common and complex profiles of symptoms will inform
intervention develpment. Related to this, further research is needed to explore both the clinical

effectiveness and utility of modular interventions that build on transdiagnostic approaches.

Personal reflections

A challenge in selecting a line of research was in identifan area that could add
meaningful information to the field. | decided to explore youth mental health and how it was
associated with cognitive abilities because, having worked in this field prior to beginning
doctoral training, | am keen to support yoyrepple and improve their chances of better
wellbeing. For the empirical paper, there were multiple ways | could have approached the data to
answer different questions. One was to use a latent variable approach to identify dimensions
(latent factors) of maal health and explore how they changed over time. While this would have
been informative, | felt it would be more clinically interesting to explore changes in individual
mental health presentations over developmental time. This led to learning abtartrus
methods and how they can be used to answer questions about profiles and subgroups.
It has been interesting to explore how different questions can be explored using different

methods, but it has also been incredibly challenging. Using secondaty datawer questions



Cognition and mental health in children and young people
15€

about developmental change involved the use of advanced analytic tools; analyses that were
more complex than might have been applied if a simpler experimental study had been conducted
(King et al., 2018). The methods sections of papeperting cluster analysis and other similar
analyses were advanced and highly condensed. For a novice in the field, they were hard to
understand, and it was a steep learning curve. Attempting this analysis required the support of
statistical experts, wbh underscores the importance of collaborative work in science.

| have developed several new skills that | can use in my career as a Clinical Psyghologist
through my thesis journey. | can critically evaluate research papers, which will be invaluable in
evaluating new ideas about the causes of mental health difficulties or new therapeutic
approaches. | have developed a wideging set of skills that will enable me to engage in
clinical science research. Completing a maatalysis facilitated my understand of a particular
field and enabled me to consolidate findings and present them in a manner fit for publication,
and my empirical paper has given me a greater understanding of the importance of
developmental context when trying to understand ayoungpeds di f fi cul ti es.

Completing the thesis in the context of a glgahdemicwhile home schooling two
children, tested me and my passion for research. My commitment to this area of research has
driven me to complete the work, even in the most challer@ficgcumstances. | have learnt
that, with the right support in place, | am more capable than | had perhaps previously believed.
To the point of support, this thesis has cemented in me the belief that collaboration is key for
exploring ideas and enablimgbroad range of analytic approaches which may not be possible in

isolation.

Overall conclusion
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This thesis portfolio has demonstrated: i) that youth anxiety is associatesbwith
forms ofbiased attentional processing, but that there are too few studies to determine whether it
is also related to biased memory recall; ii) that there are complex profiles of mental health
difficulties in adolescence that do not correspond to specific diagnayerofiles of mental
health difficulties are similarinmicand | at e adol escence; iv) adol
change between 14 and 22 years, with 40% of mental health symptoms reg8l¥%ngersisting
and 30% changing in presentatiefmental health profiles associated with relatively more
severe externalising problems or relatively more difficulties with social relationships that persist
from mid- to late adolescence are associated with cognitive control abilities during mid
adolescace. Together these findings highlight the bidirectional nature of the relationship
between mental health and cognitive function in young people and demonstrate that
developmental context should be considered when exploring young mental health and its
correlates. Developing eviderrtxased therapeutic approaches for alleviating current, and
preventing later, psychological distress should be one of the central motivations for mental health
research. The transdiagnostic approach adopted here can help us #ubkidi’our samples are
representative of the full spectrum of young people we are trying to help, and not just those with
diagnosed conditions, and our methods better suited to capture the dynamics of development,

then our theories will likely have gaer practical significance.
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authors.
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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.

® Language: Authors must avoid the use of sexist or any
other discriminatory language.

® Abbreviations: In general, terms should not be
abbreviated unless they are used repeatedly and the
abbreviation is helpful to the reader. Initially, use the
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for authors preparing manuscripts for submission available
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file://[Users/Jennaparker/OneDrive%20-%20University%200f%20Ea...0Developmental%20Psychology:%20Author%20Guidelines.webarchive Page 7 of 15



Cognition and mental health in children and young people
21€

British Journal of Developmental Psychology: Author Guidelines 02/05/2022, 17:50

Article Preparation Support: Wiley Editing Services offers
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formatting, and graphical abstract design — so you can submit
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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
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information which may reveal author identity is blinded in your
submission, such as institutional affiliations, geographical
location or references to unpublished research. We also
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read the terms and conditions of submission and

the declaration of competing interests. Papers will be
evaluated by the Editor and referees in terms of their fit to the
journal's aims and scope, theoretical interest, practical interest,
timeliness, topicality and readability. Only papers which report
methodologically sound and rigorous research or which make a
substantive contribution to the discipline are accepted for
publication in the journal.

We aim to provide authors with a first decision within 90 days
of submission.

Further information about the process of peer review and
production can be found in ‘What happens to my

paper?’ Appeals are handled according to the procedure
recommended by COPE. Wiley's policy on the confidentiality of
the review process is available here.

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:

® Randomised trials: CONSORT
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